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DETERMINATION OF THE DISTANCE OF FOUR S.A.0. STATIONS
FROM THE EARTH ROTATION AXIS

Summary

In order to find a distance between the observing station and the Earth spin axis simu-
Itaneous laser and camera observations during two consecutive satellite passages should be
performed. According to this principle in 1972 and 1973 at four S.A.0. stations the satellites
Geos A and Geos B have been observed. Values of parallel radius of stations: Arequipa, .
Olifantsfontein, Mt Hopkins have been determined with accuracy 15 m.

Concept
Determination of station coordinates by the dynamic method requires some independent

confirmation of the results. Therefore it is interesting to determine distance from the rotation
ax1s, which'is the functxon of two coordlnates

= (Xz Y2)1/2 v B | ’ : ‘ - N ' . (1)

In the 'SSEI (Lundgwxst Veis 1966) bSE I (Gaposchkm, Lambeck 1969) and SSE III -
(Gaposchkin 1973) this distance was determined by means Doppler observations of deep -
space probes. However, probes are observed by stations located in different points from the
satellite tracking station therefore-comparing may be done only, inductly by using geodetl(‘al
tles, which introduce additional errors.

However, it is possible to take appropriate satellite observations for determination of R
at the satellite station itself if the station is equipped with photographic camera and laser
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tracking systcms Let us first consider a simplified case when the inclination of a satellite
orbit is 90°, and photographic and laser observations are made precisely in the plane of the
stations parallel of latitude. The satellite is observed during two following orbits at the moment
ol passage though the topocentrie equator of an observer using both photographic and laser equ-

ipment.
; If i = 90V, right ascension of the node £2 is not perturbed by flattening, thus we can assume
; that the orbital plane is motionless in relation to inertial system, so the satellite after a com-

pletc revolution is at the same point (Fig. 1). Then we obtain simple geometrical construction
0" P, S Py (Fig. 2). In this quadrangle the following values are know:

el

e _ Fig. 1

5o Fig. 2

b PiS. PyS distances measured by means of laser, angle 6 is the angle of the Earth’s rota-

tion (-quul to dl“ercn(,c between the times of observations,




21

angles t1, t, are hour angles of satellite. Thus we obtain the simple gedmetrical relationships

YEa iy =0 | @
d? = l‘:f + l% - 20 1, cosy 3
R=-_—9 (4)
5. 0
2sin

-

where R is the distance from the rotation axis to be determined.

In fact the situation is more complicated. First of all, the satellite after a complete revo-
lution is not at the same point in space because the orbital plane shifts. Furthermore it is
difficult to take observations in the parallel plane and in practice they are taken at any ele-
vation above the horizon. o ‘

Because of this it is necessary to make appropriate corrections when solving the problem.
The point is to reduce the real situation in Fig. 3 to the model one like this in Fig. 2. It is
possible if we have at least approximate coordinates of the satellite.

Denoting (Fig. 3)

Py Sy =n

Py Sy =y

$; 8 =1,
we obtain

d=7 -1, -4 (5)
Because

Byl =1y coséy. Irgl =1, cosé, | .

where: 6.6, are observed satellite declinations it is necessary to determine72 from difference

of coordinates 51 and 52
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Fig. 3¢
we obtain
Ax'
. ;-2 - Ay'
0

{

‘The question arises how errors of coordinates of the pbints S, and S, (the coordinates are

approximate only) influence accuracy of solution. Of course it should be assumed that the
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time of both observations are taken without ‘error, while the orbital elements are approxima-
te. The analysis proved that in unfavourable cases (i.e., the points S1 and S2 are far from one
another, a observations are far away from the parallel plane) the influence should not exceed
20 m which, is better than present accuracy of photographic observations. Assuming the latter
as equal to + 2" and limiting to geographical latitudes < 40° we obtain estimation at accuracy
of determination of distance R from one series

mR< 60 m

2. Realization

According to assumptions of the method, observations of the satellites Geos A and Geos
B at four S.A.O., stations were taken in 1972—1973 (Table 1). Results of laser and photo-
graphic observations, coded on punched cards were provided to us for processing. The material
consisted of several thousand of laser observations and several hundred of photographic
observations. Series of laser observations consisted of 5 to 40 measurements of distance taken
every 15 seconds. Series of photographic observations contained 5 to 7 positions of the sa-
tellite in 4-second intervals. Coordinates x, y, z of the satellite in the orbit for times of
photographic observations were given also. After selection of the observational material the
number of series presented in Table 2 was taken to process. In photographic series all po-
sitions from a given photograph were taken, and in series of laser observations only 10 to 15
measurements of distance to include interval of photographic observations. The main reason
why such small amount of series was processable comparing with the whole observational
material is that time of series of laser observations did not coincide with photograph times.
Solving the problem numerically, first we should reduce observations appropriate. In our
case laser observations should be corrected because of troposheric refraction. Correction of
measured distance was determined from the formula [4] .

A, . 2238 + 0.0414 PT71 — 0238 H
sinh + 1073 ctg h

where: P is atmospheric pressure (in millibars),
" T is temperature (in Kelvin temperature scale),
H is the station altitude above sea level (in kms),
h is horizontal altitude of the satellite.

Photographic observations were given in the system of equatorial coordinates a, & relati~-
to epoch 1950.0, the epoch of catalogue. The convert into the systemn of equatorial coor -
‘nates of the observation epoch, precession, nutation as well as abberration and satellite refr.-
tion should be considered [2]. ' ' :

Sinee coordinates, x, ¥, %, of a satellite in orbit were expressed in the orbital system, a
transformation should be made to express them in the observation system.
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Table 2

- Statistics of observations

Number of series
Station . . ) . Number of de-
code No Satellite observed aftef terminations
selection )
© 7907 | GEOS'A,B | 60 2. 13
7902 GEOS B 14 6 3
g 7921 | GEOSB | 34 16 8
g 7929 GEOS B 8 - -
% ’xo cos{u + Ap) sin (u + Au) 0
Y= |y —sin (U + Ap) cos (U + Ap) 0 )
z | % 0 0 i

where t is precession in right ascension since the epoch 1950.0, Ay is nutation in it[2].
Considering that the camera location differs from the laser stand, corrections regardmg
the station eccentricity should be made in photographic observations

Ad ~C08 & 8in & — sin ¢ sin 8 cos & AX
3‘11" LY ®)
cos b Aa —sin o cos o 0 AZ

where «, § are equatorial coordinates of satellite position, [ is distance to satellite, AX, A Y,
A Z, are differences of coordinates of the laser and photographic stations.

In order to determine vectors ry» 1y (Fig. 3) laser observations should be synchronized

with photographic ones. From series of photographic observations (57 positions) one satel-
lite position was calculated as mean moment of the series usi

’ ng the following polynominal app-
B roximation

- 2 3 n
B v, t Aai a, +ayl; + agly + agly + .+ at;

9
- 2 3
vﬁi +AS, = bo + blti + bzti tobgt? 4oLt bnt?

! where: Aoy = (o — @) cos 8,
AS;

I

®; - 8)
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& & are mean coordinates from all satellite positions, i, v? are corrections of error
equations. '

- After determination of coefficients 4 and bj G=12,3,..n) for the mean moment
t, from the equation system (9), mean satellite position &, 5, for the given series was deter-

mined. Solving the equation system (9), mean error single observation can be also determined

(10)

where: n is number of equations,
k is number of determined coefficients.

The errors allow to estimate “internal” accuracy of satellite position in a given series.
Approximation of the coordinates a, & for photographic observations could be done with
satistactory accuracy using polynomial of the third degree. In a similar way mean satellite
position x_, y . 2, on orbit for mean moment ¢ was determined

- 2 3
v txo= A+ A+ Agt] t Aqt;

vy +y, = By + Byt + Byil + B, o (11)

0

L _ N 2 3
vtz = Lo + (‘1‘:' + Czti + C3tl.

Solving the f;)llowin.g system of ‘eqluaﬁons for series of laser observations

o * b s D+ Lgs, + Lot 4+ L] - ~ (12,
]

the coefficients Lj(j = 1, 2, 3 ... n) were determihed, and then the value [ for the same

moment £, i.e. topocentric distance to satellite synchronous with photographic position
a,. 8, was computed. For laser observations polynomial degree was assumed according tc

length of ‘series interval and number of observations. In this case also mean error of a single
measurement was determined

(3
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Table 3

Results of the data reduction for the station Arequipa

Photographic Laser observa- | Radius
i olhiservations ) tion |
- No of . .
No series m o, m 60 n m R ) Uy Satellite
2| coss ° [m] [m]
{»] 1] [m]
1 1 71 1,64 1,40 9 | 127 ) :
2 71 1,44 0,86 71 1,19 6.120576,5 +4,4
2 3 71 044 2,84 10 | 0,97
4 5. 256 2,38 8 | 0,42 465.4 +115,5 <
3 .5 9| 184 2,01 9| 171 : n
6 | 7| 237 | 084 9 ].0,37 570,3 +10,6 2
4 7 9] 159 3,03 7 11,93 , i
8 81| 1,34 1,15 9| 075 593,3 12,4
5 9 71 125 2,12 7 1 113
10 71 147 1,09 10 | 1,14 . 5127 +68,2
6 11 71 273 2,27 7l2i |- TT T 7" T T
12 6| 0.60 2,38 10 | 063 | 599,9 19,0
7 13 71 225 2,52 6 | 0,41
14 51 1,32 1.03 9 | 081 640,1 © 59,2
8 15 71 153 2,42 8 | 322
16 8| 1,63 2,66 6 | 044 622,1 —41,2
9 17 5 | 14,36 4,36 8 | 526 o ' o
18 71 267 0,96 8 | 2,46 801,1 - "
10 19 71 1,89 1,49 10 | 1,05 _ =
20 71 068 3,11 7 11,93 . 6688 88,9 o
11| 21 71 1,25 | 2,12 7 11,30 :
22 71 246 1,80 10 | 1,78 604,4 —23,5
12 23 71 273 2.27 7 1219 ' )
24 71 040 1,12 10 | 2,26 559.7 +21,2°
13 25 71 255 2,52 6 1010
26 71 168 0,46 9 | 0,48 ' 537.8 +23.1
6.120580,9 +15,8

After all above reductions, vectors '71, 72, and 73 could be determined, and then the parallel
radius.

To realize numerically determination of the parallel radius of a station the FORTRAN
program RADIUS has been prepared for the computer CDC 3170. Using the RADIUS, the
observational material was reduced and values of parallel radii were determined, shown in

Tables 3, 4, and 5. In the tables the values of a errorsm  , my , and m, as characteristics
¢ ] )

of internal accuracy of medsurements are shown also. In Table 6 parallel radii calculated as
mean values from all determinations, and values of radii calculated from geocentric coordinates
X, Y, Z (Table 1) are summerized. As shown, mean error of determination of a single value
of the radius does not exceed the expected accuracy. Differences between mean values of
radii determined using the presented method and radii computed from geocentric coordinates
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Table 4
Results of the data reduction for the station Olifantsfontain
! . : Laser observa- ; Radius
No of Photographic observations tions
No " T -
ries 5 )
se n | ma,cos 8 ms n mlo R v,
[»] [»] [m] [m] [m]
1 1 6 3,29 1,64 7 0,95 5.739673.0 +7,5
2 7] Le67 3,02 7 1,14
2 3 5 1,23 2,34 7 | 13,97 626.4 +54,1
4 7 2,03 1.77 8 5,32
3 5 1 - - 6 1,59 742,1 —61,6
6 8 1,58 2,66 7 3,70
: 5.739680,5 +33,6
4 Table 5
’ L Results of the reduction for the station Mt. Hopkins
B o e Laser observa-
| 7 Photographic observations tions Radius
4 No No of : o . |
1 series | . m o cos 5 m 50 m, R v,
| n n o
B | : i [m] [m]
Bl - [] B I [m]
‘1 1 i a - 6 | 6,70 5.434571,3 +25.1
'N 2 6 4,10 3,43 7 0,28
s 2 - 3 7 0.68 i 273 77 | 1,08 589,3 +7,1
i 4 7 3,05 - : 1,91 T 0,74
& 3 5 6 0,52 ; 1,20 7 1063 641,4 —45,0
k| 6 7 2,62 2,42 6 | 7,07
%’ 4 7/ 8 0.85 2,98 9 1092 605,6 -9.2
a 8 6 5,23 " 468 6 1090 f
| 5 9 7 1,07 i 2,14 -6 | 080 608,7 i -12,3
1 10 5 017 1,92 9 11,06 | - i
3 6 11 7 0.63 ) 275 6 235 | 532,8 i +63,6
| 12 7 180 © 127 ¢ g | q98 |
. 7 13 5 2,34 : 0.06 ! 9 | 1.54 i
s 4 7 2.68 2.23 9 | 1.07 . 7087 i -
. 8 15 8 1.31 2.37 7074 ;
57;’,‘“ 16 ‘ 7 | 180 2.21 : 9 i 079 3 625,4 i =290
5 54345964 1136
31 o ]
;. | n  — number of points in one serie
j Mgy — mean error of a single measurement
S R — radius of parallel calculated
it v, — deviation from the mean  value
"
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Table 6

Final results

Radius calculated

; i
" Number | e .
Station i of determi- | Radius [(Xi;]temuned from coordinates SE 111
‘ : nation : [m]
%’.‘.907 Arequipa 12 6.120580.9 - 15.8 6.120607.9
7902 Olifantsfontein 3 3.739680.5 - 33.6 5.739674,3

T ; 5.434596.4 = 13.6 5.434536,8

7921 Mt Hopkins ‘

for two stations are of the order of mean error of ‘arithmetical mean value, and for the sta-
tion Mt. Hopkins considerably exceed this error.
Obtained results encourage us to repeat the experiment at other stations.
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OMPEAEJIEHUE PACCTOSIHMSI YETBIPEX CTARLIMIA CAO

C. Homapgosku, A. B. 3eaunvcku

OT OCH BPAWIEHK ST 3EMITU

Copepxasue

Inisi onperenieHusl PacCTOSHUS MeXOy CTaHued HaOmopeHuli ¥ OCTHIO BpALIEHUS 3eMJIH HCIONB3YIOT
opHoBpemenHo (oTorpaduyecKue U Jla3epHbie HaG/moneHus, BLUIONHEHHBIE HA 9TOH CTAHLHM BO BPEMA
OBYX HOC/IEHOBATENBHBIX TEPeeToB MCKYCCTBeHHOTO CIryTHUKa 3emid. Cornacho SpHHUMNAM 3TOIO Me-
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Tona, B rogax 1972-73 Gsumu BeinonHens! Habmonenus CoyTHMKOB I eoé A uB Ha 4 cramuusax CAO. Og

HEeRIMCh 3HAYSHMS MEPUIMAHHOTO Pajiyca ¢ TOYHOCTHIO HOpAfKa + 13 M. ans Tpéx craHumit: Apexu
Tlepy; OmmdanrchonTeit, Pecn. 1oxHolt Abpuxu; Mout Xonxkuuc, ClIA. -



