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The method of processing navigation information from heading-speeding and satellite
navigation systems for unmanned ground vehicle is offered. Such method envisages the
evaluation of corrections to the meterages of course and speed sensors by the iteration
algorithm of nonlinear regression, and also evaluation of coordinates and accurate
determination of corrections to the meterages of sensors with the use of generalized discrete
filter.
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Reliable navigation information is necessary to land mobile objects (for example, unmanned
ground vehicles) performing complicated technological operations. Nowadays there are numerous
technical feasibilities to navigate the vehicles [1].

In order to control motion of the vehicle on the reference trajectory it is necessary to
determine parameters of object motion taking into account accuracy and reliability of data involving
coordinates, speed and spatial orientation of the vehicle. Onboard navigation system and certain
algorithms for calculating navigation information are necessary to address this goal.

As a rule, onboard navigation system integrates two and more navigation subsystems (fig. 1).

The structure of the onboard navigation system includes:

— heading-speeding subsystem (HSS), which includes speed sensor for measuring current ground
speed, and heading sensor;

— differential global positioning system (DGPS).
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Fig. 1. Block diagram of the known method of complex processing of navigation information from HSS
and DGPS

Accuracy of navigation system functionality depends on the method of calculating complex
navigation information.

The method based on difference measurements (estimation differences of navigation
parameters which are outputs of HSS and DGPS) is often employed [2].

Such method of processing navigation information from HSS and DGPS is in the evaluation
of HSS errors with the use of current information about speed from DGPS by the linear discrete
filter and proper correction of HSS in relation to determination of vehicle centre-of-mass
coordinates.
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The drawback of such method is possible violation of linear model character of navigation
system errors evaluation with simultaneous errors growth in coordinates calculation.

The other drawback of the known method of processing navigation information is the low
integration level (integration takes place at the level of the systems: HSS and DGPS), and also
ignoring dynamic properties of the vehicle navigation parameters.

The task of removal of the noted disadvantages and of increasing of the spatial accuracy of
calculation of coordinates and vehicle kinematics parameters is marked. Eliminating such
disadvantages is required to increase the spatial accuracy of coordinates calculation and vehicle
kinematics parameters.

To implement the method of calculation navigation information it is suggested [3] to use the
block of estimating of corrections to the meterages of speed and heading sensors with the help of
iteration algorithm of nonlinear regression. In addition, the block of corrections for the estimation of
coordinates and for the sensors meterage and covariance matrix of errors with the next extrapolation
of coordinates estimation and covariance matrices of errors on one step is used (fig. 2).

The method of processing of navigation information provides, at every discrete K -th step of
calculating information from DGPS about the vehicle speed components with the help of special
procedure of nonlinear regression, calculation of estimations of corrections to the meterages of
heading sensor &y, and values of scale factor of speed sensor AS, . The meterages of DGPS

receiver for components of speed can be shown by the following expressions:
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where A3, and 3y, — are amendments to the meterages of speed and heading sensors; n, ~and
n,, — are random disturbances which are conditioned by the random error terms of DGPS and also
speed and heading sensors.
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Fig. 2. Scheme of the offered method of processing of navigation information

Based on equations (1) the vector model of nonlinear regression:
Yo =h(B. 7))+, 2
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where Y, = (Voo™ V2T — is vector-column of the current measurements of speed components
by DGPS; B =(A8,,8y,)" — is vector-column of amendment to the meterages of heading and
speed sensors; 7, = (V,,J )" — is vector-column of current meterages of course and speed sensors;
h(B.7e) = (X, Z¢ Vi L+ A8 ) cos(§ +3y,), V, (L+A3,)sin(, +8y,))"; N — is vector of

random disturbances in equalization of nonlinear regression, that conditioned by the random errors
of DGPS in measuring of components of vehicle speed and by the random components of errors of
heading and speed sensors.

The estimations of amendment vector B of corrections to the meterages of heading and speed

sensors on the every K-th step of navigation information processing is suggested to get by the
generalized nonlinear regressive procedure as Gauss-Newton in form [4]:

A

B =B +ATSIYe ~N (B, 7] 1012, @3)

i+l

where I',, =——=—"=; @ —is character of operation of matrix pseudorotation; A — is parameter of

iteration step; i, — is maximal number of iteration that is set.

The initial values of component of vector of corrections on the first step of processing of
navigation information are set to zero (at K=1). The initial values of estimations of vector of
corrections for the steps when K>1 are taken from a previous step (K-1) as the results of evaluation
of vector of corrections.

Expressions for matrices I, and T, in procedure (3) have the following form:

o [cos(iry +80 ) —@+ A8, )sin(, +80) .
Cw =Vi| K . ) N E 4)
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V@425, ) =Sin({ +5%) Cos(f +83y) )

On every K-th step of processing of navigation information, except for the evaluation of
corrections to the meterages of sensors with the help of procedure (3), the estimations of current

positions of vehicle centre-of-mass and the estimations of corrections Ad, ,dy, to the meterages of

sensors are also received. For implementation of the last operation the procedure of the generalized
discrete filtering is performed. To do last the correction of estimations of vehicle coordinates and
corrections to the meterages of sensors is executed only at the presence of current information about
the position and speed from DGPS, and the operation of extrapolation of estimations of coordinates
at every processing step is executed by formulas for the heading-speeding calculation of coordinates
with taking into account the current values of estimations of corrections to the meterages of speed
and heading sensors.
The state vector for generalized discrete filter can be determined as:

EK = (X, Z, A8, 8y,)" (6)
where X, ,Z,,Ad,,dy, are the amendment values of coordinates and corrections to the meterages
of sensors.

The discrete model of state vector evolution is calculated according to the formula:

EK+1 = f_(EK)+ BlKglK + BZKEZK (7)
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where €, , &, — are 4-dimentional vectors-columns of the uncorrelated random disturbances with
the zero mean values and single variances — that are vectors of “white” noise;

0 0 O 0
. 0 0 O 0 AT%
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00 0 o,
o, cosy, -8V, AT 0 0
sing, SV, AT 0 0] 1
B, Oy, SNy nys AT?:
0 0 00
0 0 00

G, 1 O:a, — are the set parameters that characterize the small changes (random changes) of bias
errors 8, and Ay intime; V, =V cosy,; V, =V sing, .

Vector-function f(E,) is

= = (V.@+A J
f(E.)=E, +[ NK( + SPK)C(.)S(\JIK +0W )j ®)
Vi @+ A8, ) Sin(r, +06wpy )
The vector of observations for the generalized discrete filter is expressed by:
Ve = (X§. 28 Br, 9)

where B, — is the estimations vector of corrections to the sensors meterages which are taken by
procedure of nonlinear regression (3).

The vector of observations Y, corresponds to the formula:
Y_K = EK + Dy ek + Dy i (10)

In expression (7) the matrices D,, and D,, are the following:
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The procedure of the generalized discrete filtering (evaluation of vector E, ), which
corresponds to the model (7) and in accordance to the observations in form (9) is characterized by

the formulas (5) of correction of vector E{’ estimations and by the covariance matrix of errors of
estimation P~ which is performed under conditions of position-speed information from DGPS:

EY = EQ +ROQY (T, —EL); (13)
P =P -PQPPT, (14)
where Q, =P{? + Dy Dy " + D, Dy
P =By DlKT +B,, D2KT + Pé"; @®— operation symbol of matrix pseudorotation.

Operation of extrapolation E(” and P!”, that is executed at each step of processing
navigation information, is expressed by:

E¢h = f(EC): (15)
PK(?l = q)KPI<(+)q)KT + By BlTK + B,y BzTK’ (16)
1 0 V, AT -V, AT
0 1 V,AT V : . :
where @, = % Xk is transitional matrix.
00 1
00 0 1

The offered method of processing of navigation information is characterized by the high level
of integration of onboard navigation subsystems (integration takes place at the level of primary
information sensors), that enables to increase the convergence speed of estimated corrections to the
sensors meterages and estimations of vehicle coordinates. Because of that, high accuracy of
estimating vehicle navigation parameters by minimizing the cost of equipment and computing
operations is provided.

Thus the offered method of processing navigation information does not need using the linear
model of heading-speeding subsystem errors evolution in time, allows increasing the level of
integrating subsystems, and (taking into account dynamic properties of navigation parameters of
vehicle), as a result, improves navigation of vehicle on the reference trajectory.
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1. B. AHickeBny, ®. M. 3axapiH

Cnoci6 KoMnieKcHOT 06pobKu iHthopMau,ii 41 6e3niJIoOTHOro Ha3eMHOro anapara
MpeacTaBneHo HOBWUIA cnocib 06po6KM HaBirauiiHoOi  iHopMauii Bif KypCO-LUBWAKICHOI i
CYNYTHMKOBOI HaBirauiiHux cucteM ans 6e3ninoTHUX anapaTiB Ha3eMHOro 6a3yBaHHS. TaKui
crnoci6 nepefbayae OLHIOBAHHA MOMPaBOK [0 MOKa3HWKIB AaTuvKiB Kypcy i LUBUAKOCTI 3a
[AONOMOrOK iTepaliiiHOro anropuTMy HeNiHINHOT perpecii, a TakoX OLiHIOBaHHA KOOpAWMHAT i
YTOYHEHHS1 OLIHOK MOMPaBOK [0 MOKAa3HWKIB [aTyuMKiB 3 BUKOPUCTAHHAM Y3aralbHeHOro
OMCKPETHOTO (inbTpy.

. B. AHnckesuy, ®. M. 3axapuH

Cnocob KoMMeKCHOM 06paboTKM MHGopMaLmMn ans 6ecnAI0THONO Ha3eMHOIo annapara
MpeacTaBneH HOBbIN cnocob 06paboTKM HaBUraLMOHHOM WH(OPMaLUMK OT KypCO-CKOPOCTHOWN 1
CMYTHWKOBON HABUraLUMOHHbIX CUCTEM A/19 GeCnWIOTHBIX arnmnapaToB Ha3eMHOro 6a3vpoBaHuS.
Takoli cnoco6 npegycMaTpyBaeT OLEHMBaHVE MOMPaBOK K MOKasaHWsM [aT4MKOB Kypca U
CKOPOCTW C MOMOLLBI0 UTEPALMOHHOIO anropuTMa HeMHEHON perpeccun, a Takxe OLEeHUBaHUS
KOOpAMHAT U YTOYHEHWS OLEHOK MOMnpaBoOK K MOKa3aHWAM [JaTyvMKOB C  MCMOJ/Ib30BaHWEM
0606LLEHHOr0 ANCKPETHOrO (hUIbTPa.



