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ABSTRACT. The paper deals with the relative coordinate-and-time determi-
nation in a ground based reference frame by using the NAVSTAR/GLONASS
radio interferometry and duplex clock comparison techniques.

1. REGIONAL SPACE-TIME REFERENCE FRAME SPECIFICATION

Let us introduce a regional Space-Time Reference Frame (STRF) as the ag-
gregate (C,t) of n*3 matrix C:(xi,y »Zy) of the adopted coordinates of
the feducial stations A;(i=1,2,....,n) and of the vector of some referen-
ce time scale t. For ex@mple, we can take t=t,(j€i). The STRF is given
if both the matrix € and the vector of current“differences Ati:ti~t bet-
ween local and reference atomic time scales are known at any time.

The best combination of techniques of the STRF feducial stations is
the collocation of some VLBI-network and the LAGEOS laser ranging. It is
proposed that all laser ranging stations to be eaquirred by clock compa-
rison technique, for example, the duplex method via space communication
(Imae et al.(1983) and Gubanov, Kajdanovskij and Umarbaeva(1989)). More-
over, no less than four of the fedacial stations must be equipped with
GPS/GLONASS radio interferometric techniques of SYRIUS type (Umarbaeva
et al.(1991)). This approach is illustrated on the Figure 1.
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Fig.1. The example of the techniques collocation
on the fedacial and mobile stations. Designations:
® VLBI, © SYRIUS, © Laser ranging, ® DUPLEX
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2. MOBILE STATION

The Mobile Station (MOST) is an aggregate of two transportable measur-
ing systems that are the SYRIUS and DUPLEX techniques wusing the 1.532
metre diameter antennas. Potential accuracies of both techniques in time
-delay measurements are about 9.1 ns (Gubanov, Kajdanovskij and Umarbae-
va (1989) and Gubanov, Brumberg and Solina (1983)). At present these ac-
curacies achived are about 1 ns (Imae et al. (1983) and Umarbaeva et al.
(1991)).

The MOST A_ has to operate together with not less than four fedu-
cial stastations A, as seyeral very-long-baseline interferometers and
has to observe syn%hronously the GPS/GLONASS navigation satellites. The
atomic clock of MOST is compared periodically with one of feducial sta-
tion A, by the DUPLEX technique. As long as the differences Atiz t,- t
and At =ty-ty (1i,3=1,2,...,n) are known at any time for all the fedu-
cial s%gtlons it is sufficient to compare the MOST clock with only one
feducial station Aj because

Atoiz tem ty= (bymty) - (44— ty) = ﬁtoj— Atij.

3. RELATIVE COORDINATE-AND-TIME DETERMINATION

The problem is to determine the MOST local time and coordinates in the
STRF using the above mentioned technigues.

Let us consider the VLBI observations of the GPS/GLONASS satellite
S,. by the SYRIUS tecnique at a few interferometers A Ai simaltaneously.
Tﬁe equation system for time-delay measurements is

Clyp = Ry~ Ryt OBty (1=1,2,...m), (1)

where C is the light velocity, R ;and R , are the instantaneous distan-
. . ok 1k
ces A Sk and Aibk, respectively.
Introducing into eqs.(1) the increments of rectangular coordinate°
of the stations A (x Y, ,uo) A, (x,,vy,2,) and satellite (x o Vi Z
and tdklng 1nxo uccount “that the dlfferenres At ol and p0331b1e correc%—
ions ( x%hAy »4zy )} to coordinates of feducial sfatlons are known, we can

rewrite the system of equations (1) in the matrix form as follows
L = B, + G (2)

where lk:(li)k is the data vector

()= Oy - Oty - (aypbxys by by ey bz, (3
u, (Ax Ay A? ) , W —(Ay Ay are the vectors of unknown correct-
1ons to coordlnutes of the M0§T dnd observable satellite, respectively;
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B =(ay,by0p), G=(ayy.byy.cqy) are n*3 matrices of the coefficients
2= (XX Roges By= (VM Reges 0425720 Ry

a1 (XX ) /Ryp-ays by =V ) Ryp by €437 (2572 ) /Ry

The system of normal equations in two-group form is
f
k,
|
[

szfﬁTcpkBk’ Hk:BkTPkck’ Gk:cl.T(Pkck’ fk:BiEPklk’ gk:CxT(Pklk

and Pk is the data weighting matrix

Fﬁ“b + Hkvk

Hiub + Gkvk

where

2 -1 2, .2 4 -1
B= 0o@, = 05(c%q; + ca, + GRG0, (5)

which according to (3) is expressed through the data variance-covariance
matrices . and of time-delay measurements, clock synchronization
and adopted coordinates of the feducial stations, respectively. Exclu-
ding the vector Vi from eqs.(4), we obtain

D, = By (8
where
~(F.- —1H£ —(f - -1
D =(F- G W),  h=(f- WG g).
If n24 we have detGk#Q and Dk#[OJ, though detD, 0. However, if the same
and other satellites are observed in this manner several times we can

sum up egs.(6) and obtain

Du = h,

where n n
DDy, hihy .

It is easy to see that detD#@, and thus, according to the least-
squares technique we have the following estimates

_1 1
w=D'h, Q70D .
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m
02=5/(mn-3u-3). 5 =3, (LR L~ BF £) - wh.

4. NUMERICAL SIMULATION RESULTS

Due to the fact that the spatial distribution of the GPS satellites
relative to ground stations is repeated from day to day, it is enough to
consider one period of twenty-four hours duration. The program of the
GPS observations during this period is simulated in the same way as that
described by Gubanov, Brumberg and Sollna (1989). However, here only thﬁ
fo&low1ng Asian deuflgl stations A (@ ) w1ll be used: Aehkgabado(SB
587 ), Irkutsk (527,1837), Bangalour (lj} j{' y and Kungming (25,102 7).

The results of numerical simulation are the correlations r/@, r/A
and /A between the MOST spherical coordinates corrections (Ar . rAm
rﬁlocos@O) and their RMS, recpectively. They are shown in Tables 1 and 2.

TABLE 1. Correlations between the TABLE 2. RMS of the MOST coor-

MOST coordinates dinates in cm

g\f 50° 60~ 70° 80” 90° 100”110°) 50° 60” 70° 80" 90" 100°110°
o -0 -1-.1 .8 .1 .2 7 5 3 23 3 4 6
g0”| .0 .@ B -1 -.1-.1-.1 7 5 3 3 3 4 6
-1-.1-.1 .8 & .8 .9 6 4 3 3 3 4 5
ol -1-1 .12 2 1t 4 2 2 3 3 2 3
50 9 9 9-.1-.1-.1-.1 4 2 2 3 3 2 3
-1-1-.1-.1-.1 .8 .9 4 2 2 2 2 2 2
J @-1 0 0 0 .8-.1 4 2 4 4 4 3 2
49 9 .8 -.1-.1-.1-.1-.1 3 2 4 4 4 3 2
-1 @2-.1-.1 .8 .0 .0 3 2 4 4 4 3 2
of @-3-2-1-1-2-2 4 2 3 4 4 3 2
30 9 0-.1-.1-.1-.1-.1 4 2 3 4 4 3 2
-1 ®-.1-.1-.1 .8 .0 2 3 4 4 3 2
o e-1l-z-2-2-2-2 7 3 2 2 2 2 4
20°] 8 .1-.1-.1-.1-.1 .9 6 2 1 2 2 2 4
0-.1 B-.1-.1 .0-.1 7 3 2 3 2 2 3
ol —2-1-1-2-2-2-1 |20 B 5 3 3 6 12
0] 2 8 ®-.1-.1 .1 .1 |12 6 3 2 2 5 1@
-1-.1-1 ® B®-1-.1 |13 B 5 3 3 5 10

The estimates given in Tables 1 and 2 are obtained by suitable
transformation of the unknown parameters vector w. with the wvariance-
covariance matrix Qu under the condition that the data variance-covari-
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ance matrices in (5) are
e 3 b4 . 2
Q= diag(Og), Q= diag(0y), Q= diag(0y)

and
CO,{: COt: Gf: D: 13cm.
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