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User apparatuses

accuracy is achieved owing to tht:
the received radio-signal.

a ftame of reference O,XYZ is chosert

ct to the Earth' This coordinate systent

object the signals emitted from fou:r

ordinates o,f the emission sources ar()

respect to the system time; V*V,V.',VL.' 
For using the multiplex syirchroni

variable) an additional variables vector

the signals from the
delays of high frequ
sources resPectivelY.

LT = {t( ,r[ \ lr,2].
The observation equation is given by [1-3]
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(2)
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s (r, Iu, Tau) = \ fob - To6u).or [ro Q 
.4j

vT; f*Q-roQ,)) is a radio-signal en-

o =2rcfo is the circular frequency of the
is the arrival time of the sisnal from

real time of the signal delaffrom the
k-th emission source ltl; "Q) 

is a white Gaussian noise whose characteristics
are described in [].

The amplitudes of rec the different em
the zone of radio-visibility equal" The state
described through..Gaussia v process which
tem of stochastic differential equationd t shown in [l]. Th
drift coefficients and the diffusion coefficients and the noise vector are also
shown in [].

The expanded Kalman filter state equation.is given by tl_3]

,^\ f, i .2 - '"i'-,,d"(l,Ir1"*,1)(r) Lag+r)=Ia(u+r)+;ftu+r J\U)-:fizat
lv

where Ir1u*l) =tDai4., is.avectorof thestaieprediction; @, isthestatetransi-
tion matrix for sampling interval (D ttl;

tl" = {},1 ,f["], i I = ir" ,t2,,,gu,tr,,2u,f ,,,A,,rro,],

. 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.

d"(r,f,71u*,1), as(r,[a("*r)) . .From (2) ror --]-ffir ana ff it is obtained

f[" = {io r, ,iaz, ,io 3, ,ia ar};

d"(r,Ir1".,y)

dTa
t
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where
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From (4 - 7) it follows

(8) in*r =Iu*r+ >_+lnr(u*r)"*-
,k=1 " I

lv+l -

,"1' uro a - T*r(?'u,' )).or[ro (t -Tat (,*r))]eal o t
,v

d 7r, fu.,)) tui' 
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coslrno (, - Too O.t)fEf , p,
lv

dflark*r\ ti'- - ,: r r N l
+ R4 (v+r) -ff-ro ) ft Q - Tr,(l,u*1 ))sin[ro(r - Tar (v+r))leCl arp

' {v 
\ "r 

)

.. . 
Thg algorithm of expanded Kahnan filter (3) can be represented in the fol-

lbwing form

(e)

(10)

lv+l

,.J

-# E .12ra (v+t) = ra (v+r) * 4 ,l:=l
- R".' ,,.. ,,,, 

d4 (ro*r )
'd,\ \vrl/ al.

=R^(v+r) E$ol,

=RLrot"-rl ff;
=n4r.(v+r)11$d,

=fta(u*r) fr#t

iu*, =f,"., *i(a^ *Br t frro-Boo)

fa(v+r) =\a(v+r) *2(rrr,r-Bo + rro-Boo),
,k

where

(11)

(12)

(13)

(14)

, r^o

'f^roo

f ,oLo

r
tdk

(r5) uo = -*"1'E|,,
dt

f r r't
cos[oo(r - Ta*(v+r))]a t;

e'ujl(r6) Bdr = i.r,rf,, [eAVr(, - ro([".,)),i,lrr(, - Too1".j)fa, .

. Th. analytical op_r!!9iqnr of the correlation integrals Bu and 871, of the
signals received from NAVSTAR syste n at multiplex slnctrrof;ization ;; ;p;;-
sented in [4, 5].

afo(t -rr(T,u))



The following recursion algorithm is obtained by passing from the vector
equations (10) to scalar ones.

4

iv+r = iv +en12,,, * 
Fr(a^,_ 

Bo + frroroBal,);

.4
4O*l = @nf ,u +\(t-^,rno

k=I

4

ly+t = 1,, +@rot2r, * f (f^,- Bn I fxrouuBao);

^4Av+r = A,, *Q7gV6u * I(Irru Bo + f'ro.,*8a1,);
k=l

f ,(ru) = Qa4ty, Bo + fpoonBal,);

2v+r = 2, +,Qrut" uBt r fxroruBoo);

f 
"1r*t1 

= @6e'f", 81, + f77o;uoBalr);

+ rrroroBolr)il;

+ rxrornBat);

(1 7)

tt(,+r)= or, y'ou n!1rr,ruo
' k=l

4

iar.+r)=inr,+errt*;, +<Deatr, +@rut"u +Qn tou *\(f,or,uBo n f,0,oB*),
k=l

4

ia4v+r)= fuzu *(Dro ,rt* +o'ro3t, +aro.;ot"v +o10,8l2^v *\(rro^*81, + f7ornBa11);

k=l

4

4zru *rf hz, +Qrr,r4, +Qryat) +Qrrr\,+or,8/^u *Z(fro^rrBu + rro*a*)t
' k=l

4

ia+g+r.,=iaci+C-rr,rt*, +C-p3fy, +@rz,a4u +@rr3to, +\(fr;x,rBr,*f ,oorBoo),

where f^,n it computed from

from (13), fro,o t from (14)
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(18)

Having found the filtered estimate vectorsf,,"r, ,frr*r, on every step (v+t),
the time delays of the envelopes of the signals frorniheffiirate emission sources
are computed

t(iu*,, g v+r, 2 v+r,A.,*, )=

4 (i"*,,i v+r,2v+t,Av+r

Tr(iu *r, g 
v +t, 2 u +r, a, +r

Tr(in u, g 
n +r, 2 u*t, L u*r

To(iru, g v+r, 2u+r, L r+r

by using the following interrelations

I(iu*r,lu*r,2u*rAu*r)=r-t|(iu*r-",)'*(ln*r-yr)tr-(2n*r -rr)']'l'*A,n*,
Tzbn *r,9, *r, 2 u *t A, *r) ={' |( 

iu*, - r r)' + ( !u*r - v r)? + (2n *t - r r)'lt 
t' 
* A,, *t

Tzbu*r,gr*r,4,*r,Au*r)=.-t[(iu*, - *r)' +(lu*r - yr)t +(2u*r- rr)'ltl'*A,r*,

Tqbr *r,g r *r, 2u*r Au*r ) = r- t 

|(iu*, - * o)' + { ln*r - y o)t + (2n *r - r o)'f' 
l' 

* Au *r.

(19) ki("*r) = -T-t14,(r+r) +ft,(v+r) To-L,(ru+t,9v+r,2v+r,o".,).

So a decision is taken that the time delay of the signal from the r-th emis-
sion source is

(20) rir+r) =ia,(v+r; +ft"1n*r;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) t3-81.

A final step of the recursion algorithm is the determining of the cor-
rected estimates xJ-,,vJ-, zJ,,,Al,,i of the coordinates of the mobile object and
disagreement of itd'sdald'witlf reii'ect to the system time. For this purpose the
system of nonlinear equations (sphere equations) must be solved

arcs Tr(iy
tion aiming'at
carri ith period

sion qTo- f,(
foun
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f t \^ /' \^ t '^-'tl/2
4i".,) = r-'lkJ., -",1 *0J*, -y,I ok., -,,Yf"' + Al*r

+Al,*r

+Alrnr(21)

?"*,) = .'[ftJ., - rrl * bi., - yrl o(4r-,r1l'''

4("*,) = .-'[kJ, - 
",1 ,-bJ., - yuY n (,J., -,rff'''

d0*,) = .'[kJ., - *rY * (ui., - ,ol n (,i., -,of)''' + Al,*r.

F'ig. I represenf5 ffus structural scheme of thrs recursion algorithm (11 + 21).
The reeeiving set is composed of four (number of the emission souries) tirne
discriminators and proQessor for formi
the base of the results of the estimate o

- T'a*(u+r). A mixture ((r) of an
of the discriminators. From each

discriminator two digital signals BI and, B'ao'enter the processor. These signals
are associated with 81, and Bro thiough tti6 following interrelations

))
B p = - !- 5'r: B r,- = -1(inB),,.

ff@Nv@:

Fig. l. Structural scheme of the synthesized SMS
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s of the state transition matrix (D7 
;

the optimum processing is carried

. The synthesized receiver represen 
ceiver's input'

chronization. It is constructed on the
In the receiver an estimate of the

used for filtration of the error obtained
of the supporting generator in receive

system i.s expected to be close to the
when A(lu)= 0. It is researched and it
ranging method is optimum one for wh
very small ones or very slow ones [3J.
(Fig. 1) has some diffeiences froni ih!

systems for tracking the ,

exists for tracking of the
from the corresponding

uted.
with multiplex synchro trization allows

signal from one emission source for 
g of the accuracy when'there is loss of

be increased owing to tire lack of ob
porting generator. In this case three.coo
means of ranging method with receivine
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Cfinres Ha rrprleMuo YcrPoftcrBo c

o6eAusesa crlHxPoHH3aII[s B

oII5THI{KOBU HaBI{raIIuoHHI{ CnCTeMI{

Beuqecttas PautKoe, Auzen XPucmoe,

Burcmop MaPuuoa

(Pesror"re)

CunresupaHo e oIITLrManHo yarpoficrno 3a rlprleMaHe rI

o6pa6orra Ha cnbTHrrKOBr,r HaBr.IIaqIIoHIlI{ C]1tr]f^Ajtr:1r. c nerona IIOMOIq co

onpeAenflT KOOpAITHaTuTe u I

Gb) no KBa3I'ItaneKoMePeH (

IIpQAcTaBn.sBa c[cTeMa c I

paAI,IOHaBIIIaIIUOHHT'ITe cHrIraJII{ ce u3 I
'Q"rrtpuut". B cnnresupaHoro ycrpoicrBo I
cuHxpoHI{3 Arlvts, ce ul[on3Ba uHoOpMarIvfrTA 3a BpeMe3aKbcHeHlrtra Hi:l

jlaneroVepHu.tr KOA tI BtIcOKoqeCTOTHOTo 3a[lJIHeHue. KsaSuAaIeKOMepHOTo

paAHOHaBUraqr{oHHo ycTpoficTBO OTqI{Ta pa3cbIJIacyBaHeTo Ha eTaJIoHHIIf,

i.Hrputop Ha 6opAa Ha fIO cflptMo cncreMHoro BpeMe'
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