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User apparatuses and used algorithm for processing of re-
ceived navigation signal proves to be important for accurate positioning of the
satellite navigation systems. The receiver based upon an algorithm of Kalman
filtration with multiplex synchronization [1] provides higher accuracy characteris-
tics in comparison with one which carries out measurement of time delays only by
“envelope” (range-finder code). The increase of accuracy is achieved owing to the
more complete use of information contained in the received radio-signal.

For synthesis of such receiving set a frame of reference Oy XYZ is chosen
with origin O, which is fixed with respect 1o the Earth. This coordinate system
is described in [1]. On board a mobile object the signals emitted from four
emmission sources are observed. The coordinates of the emission sources are
known X (1) = (x, (v, ()2, (), k=14

The state vector A’ = GC,VX P Vys2Vy ,A,Vﬁ) includes: the coordinates of the
mobile object — x,y,z; A — the scale disagreement of the mobile object with
respect to the system time; ¥, W, V, Vs — the respective velocities of x,y,z and A.

For using the multiplex syichrenization method (the method of additional
variable) an additional variables vector T, = (T}, T4 T;3.T 44 ) is introduced for
the signals from the four emission sources. Ty T2 Ty and Tyy are the time
delays of high frequency filling of received signals from the separate emission
sources respectively. Then the vector state A is expanded to the new state vector
A=)y [1,2)

The observation equation is given by [1--3]

6% E()=slthg 4 () te (tutour)s
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where kf;\, = t\,i, } Tﬁ;} T, =1, (!v ); L, =vT; f, (t—Tk (?g.)) is a radio-signal en-
velope from the k-th emission source; Wy = 27:fy 1s the circular frequency of the
high-frequency filling; 7, (k): T.(X)+ A is the arrival time of the signal from
the k-th emission source; 7, Xj is the real time of the signal delay from the
k-th emission source [1}; n(t) is a white Gaussian noise whose characteristics
are described in {1].

The amplitudes of received signals from the different emission sources in
the zone of radic-visibility are assumed to be equal. The state vector A can be
described through Gaussian diffusion Markov process which satisfies the Sys-
tem of stochastic differential equations that is shown in [1]. The matrices of the
drift coefficients and the diffusion coefficients and the noise vector are also
shown in [1].

The expanded Kalman filter state equation is given by [1—3]
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where X 4,.1) =®; Ay, is a vector of the state prediction; @, is the state transi-
tion matrix for sampling interval (T) [1]; .
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The above equation describes the algorithm of expanded Kalman filter which
gives optimum receiving of signals and filtration of the parameters. An optimum
system for processing of the received signals will be synthesized with the help of
this equation. -~
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where
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The state equation takes the form
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From (4 = 7) it fqllows
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The algorithm of expanded Kalman fitter (3} can be represented in the fol-
lowing form
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The analytical expressions of the correlation integrals B, and By of the
signals reccived from NAVSTAR system at multiplex synchronization are repre-
sented in {4, 5].
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The following recursion algorithm is obtained by passing from the vector
equations {10) to scalar ones.

4 .
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where I'y,  is computed from (11), I'yz, =~ — from (12} ¥ ( 18k =1,4),1"Tdijk -
from (13), I'y, , — from (14) (j=14).
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Having found the filtered estimate vectorsh Td (vu1) O €very step v+1),
the time delays of the envelopes of the signals from tile separate emission sources
are computed
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After the estimates 7,.{%, .1, Pyi1. 2410 2\.\,“[) [-uﬁ) are obtained, an opera-
tion is carried out aiming at finding how many whole penods k. v+1) Of the
carrier frequency with period T, =1/f, are necessary to minimize the expres-
sion {?:h (v+1) +k, (v+l)Tt} (xv+1 }’v+1*2v+llA\a+1 )} i.e. the estimate (v+1) is
found by the rule

* e S R A ~ ~ “
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So a decision is taken that the time delay of the signal from the r-th emis-
sion source is

(20 Ty = Torat) + T

In this way the lack of uniqueness in measuring the time delay by the high
frequency filling is removed. On the other side the higher accuracy of these
measurements is used. This concept is a typical one for the systems with multi-
plex synchronization (SMS) [3—8].

A final step of the recursmn algorithm is the determmmg of the cor-
rected estimates x..;,yy.1.2y,1,4,,; Of the coordinates of the mobile object and
disagreement of its scale with respect to the system time. For this purpose the
system of nonlinear equations {sphere equations) must be solved
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Fig. 1 represents the structural scheme of this recursion algorithm (11 + 21).
The receiving set is composed of four {number of the emission sources) time
discriminators and processor for forming estimates of the parameters ?4,:. On
the base of the results of the estimate of the parameters A and the known coor-
dinates of the emission sources — Xy Pz = 1,4) the current values of the
time delays of the supporting signals are formed in the discriminators: by range-
finder code 7} (A, | and by carrier frequency — Zz(,41)- A mixture &(¢) of an
useful signal and noise is received at the input of the discriminators. From each
discriminator two digital signals B; and B, enter the processor. These signals
are associated with B, and B, through the following interrelations
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Fig. 1. Structural scheme of the synthesized SMS
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The discriminators are analog devices. The initial analog signals B; and B, by
means of analog to digital converter are transformed in digital and enter the proces-
sor where they are processed by means of the represented recursion algorithm.

For carrying out the computing procedures in the processor the following
data are passed: components of the matrix R, .,; coordinates of the k-th emis-
sion source — XV Z\k =1,4); components of the state transition matrix D,
carrier frequency / of the signal at which the optimum processing is carried
out; spectral density N of the noise at the receiver’s input.

The synthesized receiver represents an optimal system with multiplex syn-
chronization. It is constructed on the base of nonlinear filter with four inputs.

In the receiver an estimate of the time disagreement A(r) is done, which is
used for filtration of the error obtained owing to the instability of the frequency
of the supporting generator in receiver of the satellite navigation system. This
completely corresponds to the concept of quasi-ranging method [3, 9]. With
high stability of the supporting generator the time of disagreement A(t\,) is slowly
varying value in comparison with the errors of the coordinates estimate of the
mobile object — x,,y,,z,. Therefore, it could be determined with higher accu-
racy owing to the accumulation of the observations. Thus the accuracy of the
system is expected to be close to the accuracy of the ranging system [3], i.e.
when A t\,)= 0. It is researched and it is proved, that the concept of the quasi-
ranging method is optimum one for whatever deviations A(t\,), and not only for
very small ones or very slow ones [3]. The structure of the synthesized receiver
(Fig. 1) has some differences from the known devices which using quasi-ranging
method. Usually availability of autonomous systems for tracking the arrival
moment of the signals from the different emission sources is supposed. The
estimates of the time delays of the signals (by range-finder code — fl vay) and
by carrier frequency — Lot +1)) are used by the systems for tracking i l)n the
synthesized receiving set (Fig. 1) there are no separate systems for tracking the .
time delays of the signals. An integrated closed system exists for tracking of the
parameters A by which the time delays of the signals from the corresponding
emission sources by envelope and by carrier are computed.

The synthesized navigation system with multiplex synchronization allows
normal working and unessential decreasing of the accuracy when there is loss of
signal from one emission source for determinate time. The positioning error will
be increased owing to the lack of observation of the disagreement A of the sup-
porting generator. In this case three-coordinate navigation will be carried out by
means of ranging method with receiving of signals from three emission sources.
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CuHTe? Ha IPUEMHO YCTPORCTBO €
obeqUHEeHa CUEXPOHU3AIN B
CII'BTHUKOBH HABHTALMOHHH CHCTEMHU

Benyecnas Pawkos, Anzen Xpucmos,
Buxmop Mapunos

{Pesome}

CHuTe3UpaHO € ONTUMAJHO yCTPOHCTBO 32 NpHEMaHe H
o6paboTka Ha CO'BTEHKOBH H2BHIAUMOHHU CHUTHAJIH. C Herosa OMONI ¢
onpeneNaT KOOPAUEATATe W MapaMeTPUTE Ha JABMNKEHHC HA MOABMKCH obexrt
(TI0) o KBa3MAAJIEKOMEPEH METOL. CHHTE3UPAHUAT HABUIAIMOHEH NPHEMHUK
npeAcTaBnABa CHCTeMa ¢ OOeJHHEHA CHHXPOHM3ALMI. O6paborkara Ha
pa[MOHABMIAUMOHENTE CUTHA/IK CC M3BBPUIBA 110 AJITOPHTEM Ha ONTHMAaJHA
drnTpanug. B CHHTE3MPAHOTO YCTPOHCTBO, MPHUIATALIO METONA Ha obenunena
CHEXDOHE3allAS, €€ M3M038a RHGOPMAUMATA 38 BPEME3axbhCHCHUATA HA
HaneKOMEpPHEA KOL W BHCOKOYECTOTHOTO 3AMBIHEHHE. KpaspaanexoMepHOTO
paAMOHABATAIMORHO YCTPOHCTBG OTHHTA pa3sChIiacyBamneTo Ha eT2JIOHRHA
resepaTtop Ha Gopaa na [1O cnpAMO CUCTEMHOTO BpEME.

54





