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Abstract

Simultaneous photographic observations of flashes from the ANNA I-B geo-
detic satellite were made by Air Force PC - 1000 cameras during the period Septem-
ber 1963 to January 1964, Geodetic position determinations using these ANNA ob-
servations indicate that the PC-1000 camera system used with the intervisible
technique is capable of extending geodetic control to a proportional accuracy of
better than 1/100, 000,

iii



Contents

I, Introduction 1
2. Satellite Beacon 2
3. POC-1000 Camera Nystem 2
4. Intervisible Adjustment Theory B
. Observation Network 4
pg Resualts 10
7.  Conclusions and Recommendations 1
Acknowlcdpgments 17

References |



Tables

Table Page
| Geodetic Coordinates of Camera Sites, NAD 27 9
2. Station Observations 9
3. Geodetic Position Determination of Station 640 from Stations 648 11
and 649

4, Geodetic Position Determination of Station 648 from Stations 641 13
and 643

2. Geodetic Position Determination of Station 648 from Stations 640 14
and 643

6. Geodetic Position Determination of Stations 640, 641, 643, and 16
647 from Stations €48, 649, and 650

llustrations

Figure Page
1, Emergency Override System 3
2 PC-1000 Geodetic Stellar Camera 4
3. Stations 640, 648, and 649; Nets 30 and 34 11
4, Stations 641, 643, and 648; Nets 8 and 22 13
5. Stations 640, 643, and 648; Nets 19 and 28 14
6, Stations 640, £41, 643, 647, %48, 649, and 650; Nets 30 and 34 14

Vil



Geodetic Positioning From Simultaneous Optical
Observations of the ANNA |-B Satellite

L. INTRODUCTION

The ANNA I-B geodetic satellite was launched on 31 October 1962, Since that
time many optical observations have been made utilizing the satellite in the orbital
mode, the short arc mode, and with the intervisible technique,

This p .per, the second in a series on geodetic determinations from ANNA op-
tical observations, covers the intervisible technique during the period September
1963 to January 1964, Previously, ANNA short arcs were investigated under an
AFCRI. contract. ! Azimuth determinations from simultaneous ANNA photographic
observations have been completed recently. < Orbital techniques for geodessy using
ANNA data are being evaluated at this time,

In this project, commonly known as the "Gulf Test," the simultancous observa-
tion network was made up of ten PC-1000 cameras located in the soutnern United
States (Table 1), The camera site layout, chosen for an Air Photog aphic and
Charting Service rocket flare triangulation test, was used as s matter of expediency,
although the station geometry was not the best.

In the Gulf Test, as in the whole ANNA project, the Air Force has utilized the
optical portion of the ANNA geodetic satellite program through the participation of
three agencies: Air Force Cambridge Research Laboratories (AFCRL), Air Photo-
graphic and Charting Service (APCS), and the Acronautical Chart and Information

Center (ACIC), AFCRL computed the look-angle intormation, scheduled the flash

{Received for publication 11 June 1964)




sequences, triggered the flashes with the emergency override system when neces-
sary, and performed the final geodetic reductions. APCS distributed the look-
angles and operatr d and maintained the PC-1000 stellar cameras. ACIC performed
the plate reductions, forwarding right ascensions and declinations of the flash posi-
tions to AFCRL for use in the geodetic reductions,

The purpose of the Gulf Test is to prove-out a stereo-triangulation system that
encompasses a satellite-borne light source, PC-1000 carnera systems, a plate re-
duction method developed specifically for long focal length cameras, : and a computer

. . . : 4
program for intervisible geodetic reductions,

2. SATELLITE BEACON

Although the ANNA satellite carries SECOR, an electronic ranging system,
and the Transit doppler e¢quipment in addition to the flashing light system, only the
latter has direct application to this paper,

The ANNA optical beacon, developed for AFCRILL by Edgerton, Germeshauscen
and Grier, Inc,, consists of two pairs of xenon-filled stroboscopic lamps mounted
in reflectors, one pair on the north face of the solar cell panel and one pair on the
south face. Since the satellite is magnetically stabilized, + ne pair of lights is
utilized when the setellite is north of the magnetic equator. A flash sequence is
composed of five flashes spaced 0.6 sec apart., The energy per flash is 1100 joules.
The flash duration is 1.2 msec, producing a light output of about 8800 candle-scc
per flash. Under normal operation, flash times are inserted into the satellite mem-
ory from an injection station located at the Applied Physics Laboratory in Maryland
when the satellite passes within range of the station. The timing of the flash se¢-
quences is controlled by the memory clock, At the predetermined times the clock
initiates the flash sequences, to an accuracy of 0,1 to 0.5 msec,

An alternative method of initiating flash sequences, in the event of satellite
memory problems, is afforded by the cmergency override system (IFMOS), which
was located at AFCRL, Bedford, Mass., du: ‘'ng the Gulf Test exercise. The FNOS
(Figure 1), made up of an antenna, transmitter, and timing system, enables an
operator to initiate flash sequences on command, to I-msec accuracy, \bsence of
doppler tracking data, necessary for accuracy checks on the ANNA clock timing,
has necessitated using the EMOS for executing flash sequences since 11 October

1963,

Jo PCHBD CAMERN SYSTEM

The PC-1000 (Figure 2), o fived stello camera has a 1000-mm focad length, g

1 ) 5 . vy TR .
200-mm aperture, and a 1007 square tiekd of view, Tvpe T03EF emulsion photopraphic



Figure 1. Emergency Override System



plates were used to photograph the ANNA flashes simultancously against star back-

grounds that included stellar magnitudes as low as the 9th,

.

Figure 2, PC-1000 Geodetic Stellar Camera

A normal observation is made as follows. T'wo precalibration sequences of
shutter openings scparated by approximately 40 sec are taken with openings of 2,

1, 0.5, 0.3 and 0,1 sec, the shutter being closed for 15 sec between openings,
Each recorded star gives rise to a trace of pointlike images.  Fifteen seconds after
the precalibration, the shutter is opened for 1 min to photograph the ANNA five-
flash sequence, which produces flash images ranging from 40 to 70 microns in
diameter, depending on the camera-satellite range.  After the shutter is closed for
a 19-sec period, a series of double postealibrations is taken.

The final plate consists of a series of tive-flash images recorded on a back-
ground of hundreds of control points provided by the star images. The control
points selected are those that closely match the photographic characteristics of the
flash images. This climinates the measuring bias problem since the bias is the

same for both the flash images and the measured control. An ANNA plate reduction



usually involves 60 to 70 stellar images corresponding to the double precalibratiorn
and postcalibration exposure times,

The flash directions from each observing station are determined trom the plate
measurements of control points and flash images. These are torwarded by ACIC to
AFCRL in the form of topocentric right ascensions and declinations. Included wath
the flash directions are their standard deviations, which are by-products of the
plate reduction program. These, together with the observing station positions and
their assumed uncertainties, comprise the input for the intervisible (sunultaneous

observation) geodetic reduction program.

LOINTERVISIBLE ADJUSTMENT THEORY

The usual departure point for the adjustment of overdetermined systems, such
as those stemming from the Gulf Test, is the method of least squares. This method
is based rigorously on the method of maximum likelihood for norinal deviates, which
is the foundation on which the reduction technique for the Gulf Test syvstems is di-
rectly constructed,

The principle of the method of maximum likelihood is to maximize the likelihood
function or its logarithm L with respect to the parameters to be adjusted Up;
p=12,...,P. Consider these parameters as the elements of a P-vector ©. Then

the conditions for a stationary point at © = © can be written

AL =0, p=1,2, ..., P

p
‘806

Suppose that © is an approximation to ©. By Taylor series expansion to the

first order in (6p - 5p), these conditions become

}‘ 'I‘I A~ ~
E-L =+ oL G150 p=1, 2 ..., P,

anPi~ anlan", L
q =1 ()
2 .
. . 9 L Pq : : = .
Let the inverse of the matrix - o be|n . The first-order solution
- \aoPagi~.
A antaay
for ©® becomes 3]

\

P
— b
LA 2 V,qu_éa'r. p=1,2, ..., P. (1)
3 et 1y



This array 1s the form used in the iterative solutions of the Gulf Test networks.
It can be shown that with such an iterative technique, 6 converges in probahility to
the true parameter © and nP4 converges in probability to the expected value of
(;‘,P o np)(ﬁq - 4, that is, [nqu is the solution covariance matrix.

The elements of the parameter vector O for the intervisible networks of the
Gulf Test are taken as the coordinates of R flash positions x{, r=12,..., R, and
the coordinates of S ground stations, y?, s =1,2,...,5. (Subscripts always pertair
to the 3-vector of cartesian space, and the convention of summation over repeated
subscripts is adopted.) IEstimates are available before the reduction of the coord:-
nates of the stations qu = )’? and of their uncertainties. The uncertainties for ecach
station are normally distributed with zero means and inverse covariance elements
Kf. It is assumed that there is no correlation between stations and that each error
ellipsoid defined by Kis_] 1s an ellipsoid of revolution about the local vertical axis.
Properly interpreted, the solution to be derived is valid in the limit as any error
ellipsoid becomes infinitesimal (fixed station) or infinite (completely unknown station)

The range from station s to flash r is

and the direction cosines from ’“e station to the flash are

r S
X. - .
rs ( 1 yl )
[ =
1 rs

w
. . ; , : rs .
The corresponding observed direction cosines are v. ", [t is assumed that the angle
rs rs rs].  — .
¢" " between the vectors [u. ] and [l‘i J 1s normally distributed with zero mean and
standard deviation 0”7, For a missing observation, 1/o is taken as zero., Be-

cause 0% is small (~ 10—3),

V. y 3 2 ..r G 2
(OIS)Z : sz :,“" | -cos OIS . (uirq l_irs) :

The log likelihood function for this model is

R S S
] % /“iFSL.;SZ 1 S 8, .,§ , 8§ °§
L = umstant*’z \—or——s~ ol B (yi-yi)KiJ (yJ-yJ)'
r=1s-=1

. . . . . rs
Its first derivatives are, to the first order in ¢ 7,

S
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Its second derivatives are, to the zeroth order in ¢ (ui = b ),
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where by is the Kronecker delta. All other second derivatives are zero,

The second derivatives are calculated from the first approximations for xf
and _y'iq, and the covariance matrix is found by inversion. For reasonable first
approximations, this matrix need be evaluated only once. The first derivatives are
multiplied by the covariance ..atrix as in Eq. (1) to generate corrections to xf and
y? (that is, to #P), which are in turn used tc update the first derivatives for 1terative
cplication of the equation. Iterations are continued until all the corrections gener-
ated are significantly less than the solution variances, The criterion that

L T T T L S S S T

15 usually satisfied by the second 1teration of the Gult Test solution, one application
of the first-order solution 1s therefore usually quite sufficient,

If station s 1s completely unkown, }\‘?] = O and the above formulas need no

modification, If, however, the station 15‘1'1xvd, set K‘: = uﬁlj and let « =, Then

J L - @iy ana the corresponding elements an the covariance matrix approach

ay Jdy
A R

-1

s s
oo These elements multiply only N '"(-\J . }J)

in the application of

. s ° 8 :
Fq. (1}, the net result 1s that any y© are replaced by yo after one iteration, and

1 i
they are not modified thereafter, In practice this is accomplhished siumnply by drop-

ping y; as adjustment parameters,



The above solution is valid only for intradatum ties, but it can easily be extended
for interdatum ties as well. For instance, supposec that fors =1,2,...,T, ;'? is
referred to one datumn, andfors = T+ 1, T+2,...,5, ;,ls is referred to a second

datum. Let the datum displacement be . and in all of the above formulas replace
°S

Yi

fied log likelihood function are, to the uppropriate order,

by ;f + z, when s>T. The additional derivatives with respect to z; of the modi-

5
Jal &
. KS (VS“;“T),
Jz, yoy )
=
53 T+1
S
d
'_]. o .S
i?l J'!I 1!
s = T+l
82 5
al T
:JzidyJ

All other additional derivatives are zero, With the modified and new derivatives,
the datum displacement can be carried along with the coordinates of the stations
and flashes in the parameter vector ©O.

An advantage of this type of solution over the usual least squares approach is
that if the geometry and precision of a network and its measurements are specified,
the covariance matrix can be calculated without requiring actual observations.
Thus, error analyses can be performed for hypothetical models. For the Gulf Test
measurements, the observed apparent right ascensions and declinations and their
standard deviations are calculated 1n the least squares plate reductions of ACIC,
These standard deviations are checked against the solution errors (that is, the
magnitudes of the cross products of the solution and observed vectors), in some
cases they require modification and second solutions.  In such cases, there are
slight differences between the solution parameters, but the covariance matrices

change moderately,

3 OBFRMYATION NETRORK

The eleven PC-1000 camera sites occupied during the Gulf Test are listed in
Table 1. Station .00, Jacksonville, and Station 650M, Mulberry, were occupied by
the same camera, the camera being at Jacksonville for the first half of the test

program. The 1381st Geodetic Survey Squadron of APCS provided the coordinates



TABLE 1.

Geodetic coordinates of camera sites,

NAD 27

Mgt Herght
Geographic Site Station Latitude Longitude Above Al ()“;(
rwograpiic - No. North West Mean o
o Spherod
Sea l.evel
(6) (X) (i) {t)
Houma, La. 640 129933 44" 80|00 40" 44" 10 2. 0m T i)
Ellington, Tex. 641 12993539780 95009 147 04 8. 2m 12, 25
Fngland, La. 643 (31710 150 01 02?30 31 e | 26, Bm 20, Bim
Corpus Christy, Tex.| 644 (27941720788 (077 14730 88 3.4m {2 Sgin
Dauphin 1, Ala, 647|307 1448728 (887041427 51 1. 2m b 2m
Hunter, Ga. 648 (32700000087 [81°209 13764 | 12, 2m 12, 2
Jupiter, Fla. 640 (267970 12757 (807 04" 53" 80 f. 8m G, 3m
Jacksonville, Fla, 650|309 14" 10072 #1°30' 57" 46 5. 8m G, 3m
Mulberry, Fla, 650N |[307 13105746 81741477 81 b, 4m o, om
Orlando, Fla. ng6 (2893426003 (81710030707 28, bm 33. 7
Orlando, Fla. 6B6C 12834 26 770 (81710 38" 65| 28, bm 33, T
TABIL.E 2. Station obscervations (ANNA satellite altitude
approximately 1100 km)
Sub- [ Sub- I I
Sat. [ Sat. ,
Net Time | Lat, | [.at. I'lash |
No. Date GMT | N? | WO | Mode | 640 | 641 ] 543 | 647 | 048 | 640 | 500
I
4 1 Oct 63 | 08505 33 Ho Memors X | X X hS
10 |22 0ct 63| 0347 | 31 | 87 | EAOS x | x x x
22 |26 Oct 63 [ 0306 | 26 | 88 [ EMOS | x X X X
|
2.8 19 Dee 63 0228 33 ag) FALOS | X i X N X N b
30 (20 Dec 63 ] 0140 | 31 | 88 | FAOS x x x < N
34 3 Jan 64 0601 28 a2 FATOS N N X X X b Y
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of the camera sites, which were tied to first-order control of the North American
Datum (NAD 27), ACIC supplied the geoid-spheroid separations necessary to convert
herghts above mean sea level to heights above the reference spheroad.

Thirtyv-nine observation nets were obtained in the Gulf Test, (A net s defined
as o flash sequence successtully photographed from three or more camera stations,)
The analyvstis 1o this paper on the capabilities ot the PC-1000 camera is based on
data currently available (Table 2), obtaired from six rets and seven cameras. It
1= anticipated that all nets will eventually be combined in one overall reduction

and published,

b RESEL DS

Four peodetic networks were examined with the intervisible computer program.,

In general, the horzontal standard deviations of the stations to be adjusted were
chosen as 100 m, Eaxcept tor one case in which the initial coordinates of one of these
stations were deliberately in error by 140 m, these constraints were relatively so
weak that they were tantamount to assuming intinite horizontal standard deviations,
The horizontal constramnt was rather harsh for the station deliberately in error but
was offset by the strength ot the observations, coupled with the assumption that the
locations of the other two stations in that reduction were perfectly known, In
general, the vertical standard deviations ot the stations to be adjusted were chosen
as o m. These are reasonable uncertaimnties for the geoid-spheroid separations in
the Gulf Test area. Because of the poor vertical control inherent in the Gulf Test
nets, the vertical standard deviations were usually decreased only slightly in the
reductions, that is, tight vertical constraints were usually necessary to keep the
vertical coordinates from "running away, "

The coordinates of statton 640 (Table 3 and Figure 3) were determined from
intervisible observations of 10 flashes in Nets 30 and 34, using 648=64% a8 o base-
hine. The mean obscrvation standard deviations were 0785 for Station 648, 170
for Statton S, and 1) 56 tor Station b i,

The coordimates of Stetions (48 and 640 were assumed to be perfectly known,
but Station “40 was piven an input position crror of +3' 1 latitude and -4" in longi-
tude and standard deviations of 100 m 1n north-south and east-west directions and
vnoan herght above the sphervond,

he sizabie 40 position error was removed an the reduction, with a resulting
distance R oot 7.0 between the NAD 27 position and the ANNA determined position,
This corresponds to o proportional accuracy ot 1 110,000, The square root of the
trace ot the station solution covariance matrix R” 1s 8.7 m,

A second ceduction was done using observation sigmas derived from the tirst

peodetic reduction rather than ACIC plate reduction standard deviations,  These



TABLE 3. Geodetic position determination of station 640 trom
stations 648 and 649

Reference stations

648 and 649 Iy Upow T O

Input standard deviations

station 640 ON-S 100m, Ve w 100m, Yip am
Input error ' .

station 640 O = +3, 2 -4

Observations: All stations obser o o flashes cach on nets 30 and 34

Averape observation o used. 648, U85; 00, 1708, 640, 1o

0 A HOncters) [ Rimete rs)
North American Datum 2712097 330 34" 80100 400 4410 7.0
ANNA Data Reduction 1474 43,03 T
= 02 o S To 1
0 1 2P 4.8 8.7
0 [(\ )) (A )2 . (A )3]1 ) istande 987 ki
Ay + v p4 —_
: , 2] 0 Proportional Accuracy (NAD Standard)
I [: + ):, + o;-J - 1 140,000
'
§ 22 som
35 $33 85 A
951 90
5
649
25
80

25 25 85
tg5 +30

Figure 3. The Coordinates of Station b0 are Doternaned From
Those ot Stations 648 and 640 by Nets 30 and {4
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sigmas were 1,717 for 648, 196 for 649, and 1. 69 for 640. With this change in
weight, R and Ro become, respectively, 9.8 m and 11.8 m; these results may be
more realistic.

In determining the geodetic coordinates of Station 648 (Table 4 and Figur. 4},
simultaneous observations from 648, 641 and 643 of four flashes in Net 8 and five
flashes in Net 22 were used, The average of the observation sigmas were 084 for
station 641, 0. 71 for station 643, and 0" 77 for station 648,

Flawless geodetic information was assumed for the known Stations 641 and 643
but the unknown Station 648 was given standard deviations of 100 m in the north-
gouth direction, 100 m in the east-west direction, and 5 m in height,

With a short baseline (317 km) and poor station-satellite geometry, at Station
648 the distance R is 13,4 m. For a distance of 1220 km (the average of Stations
o411 to 648 distance and Stations 643 to 648 distance), the proportional accuracy is
1o, 000,

FFor this reduction, the vertical standard deviation of Station 648 decreased from
2.0 m to 3.8 m, Compared with other runs, this indicates relatively favorable
peometry for vertical control, [f there had been no vertical constraint, the vertical
standord deviation of the solution would have been approxamately 6 m,

A comparison ot the observational and solution geometries indicated that the
ilash observation standard deviations were shightly overoptimistic, The computed
R ’ of 12.0 m is therefore underestimated by perhaps 307, either way, it is entirely
consistent with R.

Of Incidental interest are the uncertainties of the final flash positions, The
flash error ellipsoids of this reduction are approximately cigar-shaped; the longest
axis of cach is aligned in the general direction of the td41— 643 baseline from the
flash location. For flashes in Net 8, the standard deviations along the longest axes
and normal to these axes are about 1o m and 2,5 m. For flashes in Net 22 these
standard deviations are about 12,0 m and 3 m,

Stations o440, o420 and 048 stnultaneously observed four flashes of Net 10 and
three flashes of Net 28 (Table o and Figure b)), Three adjustinents were made with
the data, The average observation sigmas tor cach station were as follows: 640,
1026, vds, 083, 638, 070, The corresponding sigmas of the second fit were,
respectively, 1003, 1026, and 0 a2,

For the first run the coordinates ot the reterence Stations 640 and 643 were
assurmed to be known pertectlv, For the second run the reference stations were
given horizontal standard deviations of 3 moand vertical standard deviations of 0.1 m,
vhch are st optimistic tor NAD 27 first-order stations, For the third run, the
horzontal standard deviations were doubled to 6 m and the vertical standard devia-

tions were unchanped,  For all runs the unknown Station 644 had horizontal standard

deviations of 100 m oand o vertical stancard deviation ot o, 01,



TABLE 4.
stations 641 and 643

Geodetic position determination of station 648 from

Reference stations

641 and 643 ON-S T 9w TV O
Input standard deviations

ation 0 T B E
station (48 (JN_S 100m, 011-\\ 100m), )”

Observations:
on net 22

Average observation o used: 641, "84; 643,

71, 648, V77

Jm

All stations obscrved 4 flashes on noet 8 and O flashes

o A H(meters) | R{meters
North American Datum 27 | 322 00" 05787]819 09 1364 12.2
ANNA Data Reduction 0601 1318 8.7
A -4 46 3.5 13, 4
g 11 43 3.8 12,0
R - [(A)\)g 4 (A}')z + (AZ)2] 1,2 Distance: 1220 km

E . . /e
R = [()2 + 02 + 02 ]1 .
0 X v z

1/91, 000

25
20

25
fag

Figure 1,
Those of Stations 641 and 643 by Nets 8 and 22

The Coordinates of Station 648 are Determned From

Proportional Accuracy (NAD Standard)
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TABLE 5. Geodetic position determination of station 648 from

stations 640 and 643

Reference stations
640 and 643

Input standard deviatione

station 648

Run!: ¢ =

Run 2 - o -

N-s "~ °E-w

N-S © E-w

Run 3 o =

N-s " PE-w

aN-S = 100m, o

E-W

= 0m, y, *» Om

H

Im, a“ = 0.1m

6m, OH =0.1m

= 100m, aH m

Observations: All stations observed 4 flashes on net 19 and 3 flashes
on net 28

Average observation o used: 640, 1.26; 643, 83, 648, 75

¢ A H(meters) |R(meters)
North American Datum 27 | 32° 00' 05"87{81° 09' 1364 !
ANNA Data Reduction 1 05,76 14,47 10.
a +11 -.83( +1.8 21.7
g 07 ''50 14.6
ANNA Data Reduction 2 05.76 1444 10. 5
A +11 -U80 | +1.7 21.3
o 11 ''83 4.9 22,2
ANNA Data Reduction 3 05"/ 80 14726 10.5
a +', 07 -U62| 1.7 16,5
o 22 1730 4.9 | 351
o [(Ax)z v (ay)? s (m)z] 1/2 Distance 1015 km
2 2 211/2 Proportional Accuracy VAD Standard)
R = [(ux *oy + az] Run 1, 1/47,000
Run 2, 1/48,000
Run 3, 1/62,000
+
+33 8"
54 +30 -
95

25 (29
t95 T90

[,

Figure

5, The Coordinates of Station
Those of Stations 640 and 643 by Nets 19 and 28

\

[
[

#,y 425

BO

648 are Determined From
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The difference between the NAD 27 position and the ANNA determined position
tor the first run is 21.7 m (R0 = 14,6 m), which corresponds to 1/47, 000, For th«
second run this difference is 21.3 m (R0 = 22,2 m) and the proportional accuracy is
1/48, 000, For the third run the difference is 16.5 m (RO = 35.1 m) and the propor-
tional accuracy is 1/02,000. In each case the major portion of the station error is
in the longitude, this is understandable because of the long narrow triangle formed
L v the stations involved. The reference Stations 640 and 643 have R values of 1 m
for the second run and 2 m for the third run; the Ro of these stations for these runs
were not appreciably decreased by the reduction.

It should be noted that geodetic reduction with the above staticns using Net 19
(grometrically, much the stronger of the two) alone, produced an R of 3,9 m and
an R _of 20.6 m. The resultant proportional accuracy of 1/260, 000 is deemed
fortuitous for so little data.

Omne overall reduction encompassed four unknown stations (647, 643, 641, and
640), three known stations (648, 649, and 650), and two observation nets (30 and 34),
(Table 6 and Figure 6.) As in earlier cases, the known stations were held fixed
while the unknown station had standard deviations: IN-S =100 m, Uh‘-W =100m, Y =5m,
Ten flashes were observed by all stations except 641 and 643, which observed only
the five flashes of Net 34,

Mean observation sigmas were as follows: 0" 85 for 648, 108 for 649, 109
for 650, 116 for 647, 156 for 640, 0.79 for 643, and 119 for 641. Once again
a comparison between the solution angular deviations and the observation sigmas
indicated the sigmas were slightly overoptimistic and that each Ru is somewhat
underestimated.

The proportional accuracies are 1/122, 000 for 640, 1/86,006 for 641, 1/138,000
for 643, In view of the short distance involved (761 km) for the 647 determination,

the proportional accuracy of 1/62, 000 is not too meaningful.

7. CONCLE SIONS AND RECOMMENDATIONS

The results of the Gulf Test reductions demonstrate that the PC-1000 geodetic
stellar camera system is capable of extending geodetic control to a proportional
accuracy of better than 1/100, 000 when cameras in a network simultaneously obscrve
a flashing satellite beacon.

It is recommended that where the operational requirements exist, PC-1000
camera systems be used to make geodetic ties and strengthen geodetic control by
observing the ANNA [-B satellite. When the ANNA beacon, which is now going into
its twenty-first month of operation, ceases to produce the required lig! output,
rocket-borne pyrotechnic flares could serve as intervisible light source..,

Long-range planning should be undertaken so that the maximum operationz! use

can be made of the GEOS satellite beacon when that vehicle is placed in orbit,
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TABLE 6. Geodetic position determination of stations 640, 641,
643, and 647 from stations 648, 649, and 650

Reference stations 648, 649, and 650: UN-S " UE-W © oy = (e]

Input standard deviations, stations 640, 641, 643, and 647:
= = { = 5
IN-S 100m, k. W 100m, gy = Om

Observations: Stations 648, 649, 650, 640, and 647 observed
5 flashes on Net 30 and 5 flashes on Net 34.
Stations 6.1 and 643 observed 5 flashes on

Net 34.
North American Datum- Proportional
edyction ANNA Data Reduction R Distance| Accuracy
Sta.{ oy |0y { oy | R, | 66 | X | &H Ax Ay Az |(meters)| (km) [(NAD Standard)
640 [.11"[.21"{4.7m|8.3m |+ 09 |+ 29[-0.2m}| -7.7m |+1.6m|+2,0m 8.1 987 1/122, 000
6411{.14"1.36"|5.0m|ILTm|-" 06 [+ 61| 0.0m|16.8m [40.7m|-1.4m 16.9 1454 1/86, 000
643 1.11"[.29"(5.0m| 9.7m|+"109 |+ 33|-0.4m| -8.3m [+2.5m | +2,5m 8.0 1238 1/138, 006
647 1.07"[.18"|4.6m| 6.9m|+") 14 [+". 42 [+0.7Tm|-11.3m [+1.5m | +4.5m 12.3 761 1/62, 000
R o= [@o? + @ay? + 2?2
R - [02 O B 02]1/2
o] X y z
A5 4
35 + »
95 30 -
y
643 g
A 648
: - 50
64| - & .
? £ RA 15640 4, L \\
¥
4 649
!
FF 25
25 = +-
95 90

Figure 6, The Crordinates of Stations 640, 641, 643, and 647 are
Determined From Those of Stations 648, 649 and 650 by Nets 30
and 34
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