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ABSTRACT

Improved coordinates for the MADGAR range and range rate site have been
estimated from GEOS-I data sets using the NONAME orbit determination pro-
gram. These coordinates have been compared with a preliminary estimate
obtained under contract with Goddard Space Flight Center by the Applied Physics
Laboratory using thirty-nine passes of SRN-9 Doppler data from three satellites:

Two independent estimates were obtained using the NONAME orbit deter-
mination program; one estimate was obtained from optical flash sequence data
taken at 1”TANAN (MOTS 40" camera) during July 1966 and the other from range
measurements taken at MADGAR during November 1965. These two estimates
of the site location are within five meters of each other; whereas the Applied
Physics Laboratory estimate is separated by fifty meters, mainly in longitude.

The comparison of the Applied Physics Laboratory MADGAR location es-
timate with the optically determined NONAME estimate is shown by plots of the
residual differences of the range and range rate measurements from five refer-
ence orbits. The five reference orbits were determined solely from optical
flash sequence data, and they had a maximum root mean square of fit of less
than two seconds of arc. The residual difference for both range and range rate
measurements clearly indicate that a significantly better set of MADGAR coor-
dinates was obtained from the NONAME orbit determination program.

Table I

Estimated MADGAR C-5 Station Coordinates
(GRARR S-band Antenna)

Latitude East Longitude Spheroid Height
Optical estimate -19° 1' 195" 47° 18' 7.9" 1380.0 meters
GRARR estimate -19° 1' 19 4" 47° 18' 8.0" 1382.6
APL estimate -19°1' 19.5" 47° 18' 6.2" 1381.0

(The C-5 ellipsoid semi-major axis is 6,378,165 meters and the flattening is
1/298.25)
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THE DETERMINATION AND COMPARISON
OF THE GRARR MADGAR SITE LOCATION

1.0 INTRODUCTION

The coordinates of the two STADAN tracking stations in Tananarive, Mada-
gascar were estimated separately using two independent data sets. The stations
are the MOTS 40" camera station 17TANAN, and the GRARR station MADGAR.

The new locations were estimated using the NONAME Orbit Determination
Programl; the data used in the estimation process was tracking data from SAO
Baker-Nunn cameras, STADAN MOTS 40" cameras, and a STADAN Range and
Range Rate instrument. The location of each station was estimated separately
using independent data sets; a data set from July, 1966, was used to estimate
1TANAN, and another from November, 1965, was used to estimate MADGAR.

The estimated locations are shown in Table II; the shifts between the origi-
nal and estimated coordinates were 6.9 seconds in latitude for 1 TANAN and 6.8

Table II
Coordinates of 1 TANAN and MADGAR

1TANAN MADGAR
Latitude ) .
Deg. Min. Secs. Deg. Min. Secs.
Original location . -19 0 26.4 -19 1 12.6
Estimated location -19 0 33.3 -19 1 19.4
Shift + 6.9 + 6.8

East Longitude

Original location 47 17 59.2 47 18 8.2
Estimated location 47 17 58.9 47 18 8.0
Shift - 0.3 - 02
Spheroid Height
(Meters)

Original location 1305.5 1329.5
Estimated location 1355.9 1382.6

Shift 50.4 53.1

1The NONAME orbit determination program was developed under NASA contract by Wolf Research
and Development Corporation for the Mission and Trajectory Analysis Division (Reference 1).



seconds for MADGAR, in East longitude -0.3 seconds and -0.2 seconds, respec-
tively, and in spheroid height 50.4 meters and 53.1 meters, respectively. Thus,
the relative location of the two stations has only changed slightly. The shifts be-
tween the original coordinates and the estimated coordinates of 1I”TANAN were
applied to the original MADGAR coordinates to obtain the optical estimate of the
MADGAR location.

2.0 DETERMINATION OF STATION LOCATIONS

Orbits were estimated from two data sets using the NONAME Orbit Deter-
mination Program, operating in the data reduction mode. The program used a
Bayesian least squares technique to estimate six orbital parameters and the
three coordinates of the station being estimated.

The following data sets were used:

(1) July 9, 10 and 11, using 730 measurements.
(2) November 28 and 29, using 598 measurements.

The majority of the :1easurements were from SAO Baker-Nunn camera
stations; the remainder were froia STADAN MOTS 40" camera stations and
MADGAR GRARR.

The coordinates of I TANAN were estimated using data set (1), and the co-
ordinates of MADGAR were estimated using data set (2). A representation of
the geometry of the passes over 1 TANAN and MADGAR is given in Figure 1.
Summaries of the data sets are given in Tables III and IV.

3.0 COMPARISON OF STATION LOCATIONS

To compare the new locations, the original, NONAME, and APL coordinates2
of MADGAR were used in turn to obtain the residual differences for ten passes
of GRARR observations from five reference orbits.

The reference orbits were estimated using optical data only, and they all
had an rms of fit of 2 seconds of arc or less. The following periods and data
sets were used:

(1) November 23 and 24, 1965 using 519 measurements.
(2) November 27, 28 and 29, 1965 using 826 measurements.

2This is a preliminary result obtained by APL under a NASA contract from the Mission and
Trajectory Analysis Division.




~
N e .

8A1IDUDUD | 13A0 S3SSD YYYYO pup |poudQ | @4nbig

B 22 LA (4] os 81 9 pSs
AR 25~
3 A 8-

ssed YIVYD S
ajuanbag ysery reorzdp{---- -
ov- 0p-
(LWD) Ad
2¢- 0080 ¢ -
AON 87
&
/
ve- L vo-
N /
/
’v
91 - 91~
/
4
/
- /
z .
? 4
/
0 Vi o
8+ g+
99 (44 [11% 8T 9 1411

8L



Table III

Summary of Data by Station for July 9, 10, and 11

No. of Measurements

Station Right Ascension Declination
1TANAN 14 14
1ROSMA 7 7
1COLBA 14 14
1BPOIN 14 14
1DENVR 20 20
1JOBUR 14 14
10RGAN 91 91
10LFAN 28 28
1SPAIN 21 21
1QUIPA 28 28
1CURAC 28 28
1JUPTR 35 85
1VILDO 7 7
AUSBAK 14 14
1MAUIO 28 28
EDWAFB 2 2
TOTAL 365 365

Table IV

Summary of Data by Station for November 28 and 29

No. of Measurements

Station
Right Ascension Declination
10RGAN 59 59
10LFAN 1 1
1SPAIN 1 1
1QUIPA 2 2
1CURAC 96 96
1JUPTR 127 127
1VILDO 1 1
TOTAL 287 287
Range
MADGAR 24




(3) November 28 and 29, 1965 using 574 measurements.
(4 July 17 and 18, using 780 measurements.
(5) July 22, 23 and 24, using 641 measurements.

Summaries of these data sets are given in Tables V -IX,

Table V
Summary of Data by Station for November 23 and 24

No. of Measurements
Station
Right Ascension Declination
1EDINB 17 10
1FTMYR 41 44
1PURIO 19 19
1BPOIN 11 13
BEDFRE 13 13
10RGAN 62 55
1CURAC 59 51
1JUPTR 34 34
1COLBA 4 2
10LFAN 3 2
1SPAIN 2 2
1QUIPA 1 1
1VILDO 3 3
AUSBAK 0 1
TOTAL 269 250

The geometry of the ten GRARR passes during these periods is shown in
Figures 2 and 3. The residual differences obtained using the three locations are
summarized in Figures 4-23. The range residuals in these figures have been
corrected for refraction, transponder delay, and known cable bias; no correc-
tions were applied to the range rate residuals. Figures 4-23, clearly indicated
that the NONAME estimated coordinates are a significant improvement on the
other two sets.

The residuals obtained using the NONAME location are smaller in sixteen
out of the twenty plots, by as much as 45 meters in range and 50 cm/sec inrange
rate in some cases. In three of the plots the size of the residuals is approxi-
mately equdl, and in one plot the residuals obtained using the APL location are
slightly smaller. The sizes of the differences between the two sets of residuals
correspond to the 50 meter separation in the longitude coordinate in combination
with the pass geometry.



Table VI

Summary of Data by Station for November 27, 28 and 29

No. of Measurements
Station
Right Ascension Declination
1EDINB 12 14
1FTMYR 21 21
1COLBA 10 11
1JUM40 6 6
10RGAN 66 73
1SPAIN 1 1
1QUIPA 133 128
1JUPTR 169 148
1VILDO 2 2
AUSBAK 1 1
TOTAL 422 406
Table VII

Summary of Data by Station for November 28 and 29

No. of Measurements
Station
Right Ascension Declination
10RGAN 60 60
10LFAN 1 1
1SPAIN 1 1
1QUIPA 2 2
1CURAC 96 96
1JUPTR 127 127
1VILDO 1 1
TOTAL 288 288




Table VIII

Summary of Data by Station for July 17 and 18

No. of Measurements
Station
Right Ascension Declination
1JOBUR 13 13
10RGAN 73 73
10LFAN 31 31
1SPAIN 48 48
1QUIPA 21 21
1JUPTR 112 112
1VILDO 14 14
1MAUIO 29 29
AUSBAK 49 49
TOTAL 390 390
Table IX

Summary of Data by Station for July 22, 23 and 24

No, of Measurements
Station
Right Ascension Declination

10RGAN 145 163
10LFAN 31 35
1SPAIN 31 35
1QUIPA 27 27
1VILDO 21 21
1MAUIO 15 13
AUSBAK 49

TOTAL 319 322




AUVOAVW 4940 sassdd JJVHI T ainb14

8L 99 +S v 0s 81 vs
2S- -
wvl ﬂvl
061
AON 82
o \\ oY -
008T \ 06T 0002
AON $2 AON L2 AQN §2
0080
AON 87
V.
e 7/ \ 2s-
e N / \ ve-
) \ \\ o
w- \ \ \\ )
\ 4
| \\ \ |
_ \ 5
w.vwn 99 ¥S tA [13% 81 12




S-

8Y-

ov-

¢-

ve-

91-

8+

HVYOQVW 19A0 sassod YAVYD ‘g @nbig

5~

8v-

ov-

z€-

ve-

91-

8L 99 s ¥ 0¢ o1 zm
0090
ATng nmv/ 0080
/ me LT
0090
SURIAN
N\
A
\
\\ v
00ST 1
Mnge 22
0.1 )
AIng 81 / F
L \
8L 99 s 123 0€ 81 ¥s¢



G961 ‘ET 19quaroN ‘p aanbBi4

‘NIN ‘S¥H LN
65°02 8502 L5°02 95°02 §S°02 ¥S°02 mm..oN 75°02
. 4
x
x +
%
[ ] e [5) (-]
[} @
® e © e
- . x
[ ] ! P hd - [ ] *
L[4
x
x
Uof3Ied0T ,,1dVe
uo13ed07 pIjewrisy o
uotr3edsor TRUFSTI0 x 1
YVOQVK WO¥d STVNAISIY FINVE

0s1-

0o1-
=
[ 3
"
5
o
I3
0

0s- &
)
@
[2d
[
-
Z

0s

001

0st

10



G961 ‘g 4equenoN G 2inbiy

*NIN ‘S¥H LIWD
65°0C 85702 L5°02 9502 $S°02 s 02 €5°0C 25702
- mhl
T 0§-
z
+ St [
e
[="
[=1
1
-
“
hd - - .
e e - o © ° T
) ) - h a
wn
o
A
T S
e
®L ® X
x %
x X 2 »
T+ 0§
uoy3ed0T T1dVa @
uoT3ed0] PIIBWIIST ©
uo138d0] reutdtip X
dVOaQVW Wodd STvVnalsdd F1Vd FONVY 1

11



G961 ‘P 19quaroN 9 2nbl

9581 55581 ¥5,81 £5°81 75°81 15°81 0s°81 6¥°81
TV T L4 r T + llo\
x X X
X x
x T Ost-
X
} 3
x
T 001
X
+ 0S-
L ] L]
L 4
[ ]
L J
L ]
= \\\hﬂ\‘\\gwll|||AW|\\ \\ﬂ||||||-1||l||h1|||||||l|w|||||b\\‘\\hﬂ\\
0 0
T 0S
+ 00t
UOTI®I0T ,IdVi @
UOFINO0T POICWIISH e
uoF3wd0] [PUIBIIO X
1l
0s1

UVOQVH WOud STVAQISTY FONVY

(s1s39u) STENPISY

12




G961 ‘pT 1equaAoN *('3u0)) 9 2inbi 4

£9°81 No“ma 19°81 09°81 6S°81 8581 LS°8T 95°8T
T 0St-
T 001-
x
-t . + os-
4
x
o Qo
T 0S
T 001
uot3edor ,,IdV. °
uoy3eds0] pajeuUr 3 ©
uoy3®o0T TRUIBTIQ x
-

YVOAVW KWOYd STVAQISIY FONVE

(s1939u) STENPISIY

13



G961 ‘pT 1equaroN °/ @inBiyg

9581 55;81 581 £5°91 2581 1581 0581 6781
L] A\ T T ¥ * -
+ Om.na
|
|
T 00T-
x
[ d
(4]
B
. £
T 0§ 5
=
7]
o
Y . L) ) [} * Py - . ]
e o © ° ® ° e o ° e @ > *
—— O o
x x A
x x
®
x
= x x x
T 0S
+ 001
uor3ed0l ,1dV. e
uo138d01 pajeuwrlisy O
uoj3edo] [euldrip x
YVOAVW WO¥d STvAAISTY 2Lvd FONVH 1 ost




CO6L 'pT JoquanoN (4uoD) £ 24nbi

£€9°81 79°81 19°81 09°81 6S°81 85°81 LS° 8T 95°81

+ O0SI-

T 00T-
~
o
w
o
A
c
+ 0§- e,
1]
N

. g A
. ®
Y N e 2
x * x
+ 0§+
+ 001+
uotr3edorl ,1dVe ®
uoy3®O0T pIIeUIIST O
uorzes0ol TRUIBIIQ X i

AVOAVH WOdd STVNAISIY ILVY FONVY



G961 ‘L7 4equsAroN '8 aanbig

IT1:61 0161 80°61 L0°61 90°61 S0°61 $¥0°61
t t + + } t -
+ 0ST-
x
x
x
x T 001-
x
=
o©
% 7]
N
+ 0s- &
x =
w
. 7
° bt L o
@|||a||@||IT|F 2 8 © g © o 0 8
L J ® ° re..\
T 0§
T 00T
UofI®O0T IdVa ©
uoI38O0T PpIIBUIIST ©
uoF3IeBd0T Teutdrao x
1

YVOAVA Woud STVNAISTY FONVY

16




§961 /T 1oquanoN ‘g 2inbi g

YVOAVK WOUd STVNAISTY FIVd FONVY

11:61 01°61 60°61 80°61 L0761 9061 mo”mﬁ v0°61
¥ L] L) T T L) LJ
T SiL-
T 0S§-
o
o
+ sz- %
[=%
c
Iy
A
A4 - - L] ° @
° o
——6— € o— - WY - S R I~ 9o g
o
2
+ s
x
X
x
x
% x x x T 0S
uot3edor ,IdV. e
UOT3EBD0T PIIBUWIIST o
uot3zesoy teurdrip x
- SsL

17



G961 ‘8T sequsroN ‘0L b1

$2°8 €T°8 Z7°8 17°8 0z°'8
i $ + }
T oSt~
x
To00T1-
x S
los- %
< 5
"]
* L4 . E)
) © © g
B A d g | g
A
T os
x
X i
00T
UOT3IBIOT ,TdVe @ X
UOTIBIOT PIIBUEIST O
uoy3ed0] [BUI3TI0 X
;. 0ST

AVOAVA WOdd STVNAISTd HONVY

18



961 ‘8 4eqwanoN ‘|| 24nbiyg

Lt's 9Z°8 LY AR L2 £2°8 '8 1°8
T 0St-
x x
X 4
X 00t~
X
b
X
X T 0S§-
x
x ® : “ “ . . ®
—— [} ® e ° ° ®
- Qm.’
uoyled0] ,,IdVs @
UOY3BO0T PIIBWIIST @
uoyies0oy TBuUISTI0 X

YVOQVK WOHd STVNAISTY FLVE FONVY e

(29s/wd) sTBNPISANY

19



91°61

ST76T

LAY

L

G961 ‘87 1equsaoN ‘z| @inbiy

€1°61 Z1°61
)

11°61

60°61

1

1
T T

uoI3B|dIOT IdVu
UOT3BO0T pajeurlsy
uotjedor TeuldTIO

YVOAVYH WOUd STVNAISTA

(]

JONVY

0St-

oot-

0S-

0S

00T

(sxo3ou) sTenpIsSay

20




G961 ‘87 sequasoN ‘gl ainbi4

9T1°61 ST°61 p1°61 €T°61 Z1°61 I1°61 01°61 60°61
% t t + t } t
° . P L] [ ] [ ] [ [ ] ° .
L4 .
(] (o} o ° L] Q © © (o) ® (9] ®
x X
x X
% %
x
x x x » x
uot3ed0T ,IdV. @
UOT3IED0T PAIBWIISH O
uor3edol Teurdrip x ﬁ

YVOAVH WOY¥d STVNAISIY¥ ILVY FONWA

0s-

0S

(o9s /wd) sTenpIsSay

21



9961 ‘2L AInf "yl @anbiyg

Zy°8 1v°8 0y°8 6£°8 8c°8 8¢°8 L8 9¢°8
x
x
" + 0ST-
x x
X
X
X T oot~
x
X
T 0s-
a|\||IP||I|@ 0
@
[}
] ® () °©
(]
[} [ ] | ]
. o ¢ JJ 08
[ ] hd [
T oot
uoT3ed01 ,IdVe @
UOT3BI0] PRIBUTIST @
uoyzedor TRULBTI0 X ;
WVOAVH Wodd STVNaIsad FONVY T 0ST

(siajouw) STenprsay

22




€v'8

A A}

'8

9961 ‘L1 AIpf G| @inbiyg

o8 6878 8¢°8

Lg°8

T

uot3ledol ,1dV. @
uoTIBOO0] pIIeuUIIST ©
uorjedsoy TeurdII0 X

YVOAVW WoYd STVNAISTY TLVY HONVY

0S-

SZ-

SZe

(o8s/wd) sTenptIsay

23



9961 ‘gl Ainr 9| 2464

IS 9Z° L1 §Z° L1 | XA S €T LT [AANA S 12°L1
} } t + } t '
T osi-
X
T oo01-
X
X T os-
[}
Q (>}
© [ 0
®
[ ° * ° *
®
x .
T os
x
x
T oot
uot3ed01 , 1dVe @
uoy3Ed0] poIeUWIIST O
uot3ed07 Teutdri0 x
1

AVOQVW WO¥d STVNAISTd JONVY

(si1938uw) STEBNPISHY

24




9961 ‘8L A|nf /| 2nbig

+

LT L1 92" L1 YAt | ZANAS [ YA [AANAS 12°LT
1 ! L ; L ! L
1 t 1 t T T T
L ) [ 4 [
® o ® o [
) (oI
X
X x
x
x

uor3led0l ,,IdVe o
UOTIBDO0] PIIBUIIST ©
uorjesoy Teurdtipo x

YVOAVH WOMA STVNAISTd JLVY FONVY

001~

0S-

0S

00T

(oas/ud) stenprsay

25



9961 ‘zz AIor "gL @inbi4

$5°9 ¥s°9 £5°9 5°9

uoy38d0T ,1dV. @
UOF3IBI0T pIJeWIST ©
uof3edor TRuUIBri0 X

YVOAVH WO¥d STVNAISTY FONVY

00zZ-

0ST-

00T1-

0S-

0s

(saajow) syenpisoy

26




29°9

19°9

9961 ‘2z AInf “("4uo))) gL e4nbig

09'9 65°9

98°9

T

-+

-+

@

.0

uorled01 ,,1dV.
UOT3IEBI0] pPajewWIISy
uof3ed07 TBUIBTIQ X

o e

YVIAVH WO¥d STVNAISHY FONVYE

00z-

0ST-
=
[+]
0
e

o01- &
»
2
0
)
o
Py

0s- 3
A\

0

0s

27



9961 ‘zz AInr "6l @4nblyg

9s°9 SS°9 $S°9 €S9 89 1S°9 0s°9 6v°9
. L 3 s 1 3
+ 0ST*
T oot
x X T %
X X
'S x X X X X
— -~y v % 5 % | 0
T 0§
+ 001
UoTIBd0T ,,IdVi e
uoT3EO0] PIIBUTIST ©
uot3edor Teurdtip X
YVOAVA WOYd STVAQISEY ILVY FONVY ;. 0ST

{(o9s/wd) stenprsay

28




9961 ‘zz AInf *(*4uo)) | 34nbi4

mcuh Np.n 10°4 oa.n mmho mm.c LS°9 95°9
+ 0ST-
T 00T-
-~
[+
n
105 &
[
I
x x L
x x ~
X (2]
x ]
X X [3 * * ~
¥ $——%5 % T o 0 @
(g]
T 0§
+ 001
uotr1edor ,1dV. o
UOT3IEO0] PIIBUWIIST ©
uoy3ed0] TRUTSTI0 X
0ST

YVOAVK WOYd STVNAISIY F1vd 3ONVY

29



9961 ‘Tz AInr "0Z @bty

B 0% ST 65'ST 8¢ ST Lg'ST 9¢ ST Sg°S1 ye°ST
T T T T T T T
T O0ST-
X
T 001-
X
L
L ] P L]
Y . - + 0S-
<} X
o]
° © o o] o [0]
3% 0
X
X X T 0S
%
T 00T
uotiesol ,,TdV. @
uoI3BO0] pIJBUIIST ©
uotyedoy reurdrip x
YVOAVW WOdd STVNAISTY TONWVY L ost

(s1o3ouw) STENPISaY

30




9961 ‘zC A1 *1Z 24nbig

I#°ST 0¥:ST 65£°S1 8€°51 LE°ST 9¢ ST SE°ST pg:ST
" “ t ? “ _ “
4 ost-
+ oo1-
- Om:
.
. *
° ® ) & é e 1) ) 0
X
x
x + os
x
X
X
X
x T 001
UoT3IBd0T ,/IdVi @
UOT3BO0] PIlIBUIIST ©
uorjedol [eurdrip X
-~ 0ST

YVIAVA WOUd STVNAISTY dIVY FONVYE

(oos/wd) sTenprsay

31



10°¢L

9961 ‘€T AInr "zg 24nbiy

00°¢ 65°9 85°'9 LS°9

uot13ed0T ,,/1dV. @
uoTIeO0T PIIEWIIST ©
uoj3ed01 TBUTIBTI0 X

YVOAYW KO¥d STVNAISTY FONVY

0ST-

00T1-
o
@
n
=

0s- &£
-
w
£l
®
°

0 -
2

0S

001

0s1

32




9961 ‘s AInr "("dueD) Zg 2anbiy

90°L $0°L $v0°L

£0°4

uotriedo1 ,,TdV. *
UOTIBOOT PIIBUIIST @
uoyiedol 1eurBrap X

UVOQVW WO¥d STVNAISIY TONVY

0ST-

00T~

0S-

0S

001

0ST

(sx93ou) sTenpIisay

33



9961 ‘€T AInr €7 @4nbiyg

YVOAVH WOYd STIVNAISTY IIVY FONVY

10°L 00°L 65°9 85°'9 LS°9 95°9 §6°9
t t t —+ +— i +
T 0S-
x b4 x x x X X x
x
K
& [] ® 0
o ® ) ® ) o ) 8 ® ®
1 0S+
uoT3ed07 ,TdVe ¢
q0T38D0] pojeurysy O
uor3ed07 T1BUIBTIO X

(99s/wd) syenpIsay

34



9961 ‘€z AInf *(4ueD) gz a4nB1y

90°L s0°L

v0°L £0°L

T 05-

O
O px

uot3IBI0T ,,IdV. @
UOT3IBO0T POIBWIIST ©
uoy3ed01 TeUTSTI0 X

UVOAVA WO¥d STVNAISTY FLVY HINVH

oo X
]

T 0Sse®

(29s/wd) sTENPISNY

35



REFERENCES
1. NASA Contract Document:

Wolf Research and Development Corporation: Interim Status Report on
Program Development and GEOS-A Data Analysis (NAS 5-9756-44A, 55, T1),
August 1967,

36



