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Abstract 

Simultaneous photographic observations of flashes from the ANNA I-B geo- 

detic satellite were made by Air Force PC    lOOü 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. 

in 



Contents 

1.      [nlroduction 1 

Satelliti1 lieacon 2 

'i.      I'i'- LOUD Canu-ra System 2 

4.      Intci'vi.siblf AdjuHtmrnt Theory .r) 

()b.Sfi\atlon Network 8 

Mi suits in 

Com lusions und Kfcuinmendatione 1 i 

AcknowIt (i^tnents 17 

Id f(i crut-s 17 



Tables 

Table 
1. Geodetic Coordinates of Camera Sites,  NAD 27 

2. Station Observations 

3. Geodetic Position Determination of Station 640 from Stations 648 
and 649 

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

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

6. Geodetic Position Determination of Stations 640,  641,   643,  and 
647 from Stations 648,  649, and 650 

Vagt 

9 

9 

11 

13 

14 

It. 

Illustrations 

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 H 

6. Stations 640,  641,   643,   647,   648,   649,  and 650; Nets 30 and 34 1^ 

VI i 



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

I.  IMIIOIH ITION 

The ANNA I-B geodetic satellite was launched on 31 October 19()2. Since that 

time many optical observations have been made utilizing the satellite in the orbital 

mode, the short arc mode,  and with the intervis'ble 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 

19(J3 to January 1964.    Previously,  ANNA short arcs were investigated under an 

AFCRL contract.       Azimuth determinations from simultaneous ANNA photographic 

observations have been completed recently.       Orbital techniques for geodes\ using 

ANNA data are being evaluated at this time. 

In this project,   commonly known as the "Gulf Test," the simultaneous 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 Fhotog 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 (AFCKL),  Air Photo- 

graphic and Charting Service (APCS),  and the Aeronautical Chart and Information 

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

(Received for publication 11 .June 1964) 



sequences,  triggered the flashes with the emergency override system when neces- 

sary,   and performed th»- final geodetic reductions,    APCS distributed the look- 

angles and operated and maintained the PC-1000 stellar cameras.    ACIC" performed 

th" 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 camera systems,  a plate re- 

duction method developed specifically for long focal length cameras,    and a computer 
4 

program for intervisible geodetic reductions. 

2.   vVIKI.MTK BKACON 

Although the ANNA satellite carries SECOK,  an electronic ranging system, 

and the Transit doppler equipment in addition to the flashing light system, only the 

latter has direct application to this paper. 

The ANNA optical beacon,   developed for AFCRL by Kdgerton,  Germeshausen 

and Grier,   Inc. ,  consists of two pairs of xenon-lilled 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 srtellite is north oi the magnetic equator.    A flash sequence is 

composed of five Hashes spaced   >. fi sec apart.    The energy per flash is 1100 joules. 

The flash duration is 1.2 msec,  producing a light output of about 8800 candle-sec 

per flash.    Under normal operation,  flash times are inserted into the satellite mem- 

ory from an injection station locat« d 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  emergency override  system (EMOS), which 

was located at AFCHL,   Bedford,   Mass. ,  dui  ng the Gulf Test exercise.    The FMOS 

(Figure 1),   made up of an antenna,   transmitter,  and timing system,  enables an 

opc-rator to initiate flash sequences on command,  to 1-msec accuracy.    Xbsem e of 

doppler   tracking data,  necessary for accuracy checks on the ANNA clock tuning, 

has necessitated using the FMOS for executing flash sequences since 11 October 

1963. 

;»   pr-moo ( \MI:IU >\snM 

The PC-1000 (Figure -).   a fixed stellar' camera,   has a  lüOO-mm foi al Li-ngth,   a 

200-mm aperture,   and a   1U    squan   field of view.    Type  103F emulsion photographic 



Fi^urt1 1.    Emergency Override System 



platos were used to photograph the ANNA flashes simultaneously against star- back- 

grounds that included stellar magnitudes as low us the !*th. 

Figure 2.    FC-1000 Geodetic Stellar Camera 

A normal observation is made as follows.    Two precalibration sequences of 

shutter openings separated 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 15-sec period,  a series of double postcalibrations is taken. 

The final plate consists of a series of live-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 eliminates 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 correpponding to the double precalibiation 

and postcalibration exposure times. 

The flash directions from each observing station are determined from tin   plate 

measurements of control points and flash images.    These are forwarded b\  AC'IC" to 

AFCRL in the form of topocentrit  right ascensions and declinations.    Included ^ ith 

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 (simultaneous 

observation) geodetic reduction program. 

J   IMKKMSIBI.K \I)JI STMKM TIIKOm 

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 normal deviates,   which 

is the foundation on which the reduction technique for the Culf Test systems 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 Ö   , 

p = 1, 2, .. . , P.    Consider these parameters as the elements of a P-vector 0.    Then 

the conditions for a stationary point at 0 = 0 can be written 

-   0.       p -  1.   2, P. 

0 

Suppose that 0 is an approximation to 0.    By Taylor series expansion to the 

first order in {tr   -  (P),  these conditions become 

{0l] - 0 4) =    0     p -  1.  2 P. 

Let the inverse of the matrix —r—- be Upq   .    The first-order solution 

for 0 becomes 

eP   op+   ">    npq;—'       P = i. 2 P. n: 

= i 



This array is the form used in the iterative solutions of the Gulf Test networks. 

It can be shown that with such an iterative technique,   O converges in probability to 

the true parameter O and ir " converges in probability to the expected value of 

(fl'' - f)P){fl^ - '/').  that is, I')   'J is the solution covuriance matrix. 

The elements of the parameter vector Ü for the intervisible networks of the 

Gulf Test are taken as the coordinates of H flash positions x. ,   r = 1,2, . . . , K,   and 

the coordinates of S ground stations,  y  ,  s = 1,2, ... ,S,    (Subscripts always pertain 

to the 3-vector of cartesian space,  and the convention of summation over repeated 

subscripts is adopted.)    Estimates are available before the reduction of the coordi- 
0 s s nates of the stations y.   5:   y    and of their uncertainties.    The uncertainties for each 

station are normally distributed with zero means and inverse covariance elements 

K. .    It is assumed that there is no correlation between stations and that each error 
1J s ellipsoid defined by K.    is 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 

rs i" H w x. - V 
i    i ■ 1 

and the direction cosines from "e station to the flash are 

,   r       s v ( x. - y. ) 
rs i     Ji 
1 rs w ' a 

r s 
The corresponding observed direction cosines are v.   .    It is assumed that the angle 
J. T*S f   i' s I I   rs I 9      between the vectors    M   '    and   r "    is normally distributed with zero mean and 

standard deviation u     .     For a missing observation,   i/o   '   is taken as zero.     Be- 

cause Ö      is small (~ 10   " ), 

.  rsv2 2   ,rs      , 2  ,rs      ,     ,  rs   irsv2 
(0     )    = sin    i>       =   1-cos    <i>       =   1 - (^i       l\   >  ■ 

The log likelihood function for this model is 

HS S 

S   =   1    \ / 8   =   1 

Its first derivatives are,   to the first order in <i> 

rs        rs 

/ ,., rs,   rs72. 
Ox ^—'    w     <"     ) 

i s = 1 



9L 
a   s 

R 
rs        rs 

Mi 
rs  ,   rs. 

r '- 1 

.,S      ,8 "S, 

r s      I's        r s Its second derivatives are,  to the zeroth order in 0  '   {^.'   = i     ), 

a2L 
,,   r  ^  s 9x.   oy 

i     • J 

rs    rs 

.    rs    rs,. (w       o     ) 

a2L 
,.   r  ,,  r 

1     J 

rs    rs n   ft,   - M     M 

(wrS   ürS)2 

a2L 

9y^ ^Vj5 

rs    rs 
iJ ! L_ - KS 

,    rs   rs.2 ij' (wo) J 

where ,s.    is the Kronecker delta.    All other second derivatives are zero. 
ij r 

The second derivatives are calculated from the first approximations for x. 

and y. ,  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 x.   and 

y.   (that is,   to (r ),  which are in turn used t<   update the first derivatives for iterative 

.plication of the equation.    Iterations are continued until all the corrections gener- 

ated are significantly less than the solution variances. The criterion that 

OP - Mi'r  i 00 i) 11 p, 

is usually satisfied by the second iteration of the CJulf Test solution, one application 

of the first-order solution is therefore usually (|uite sufficient. 

If station s is completely ankown,   K"    = O    and the above formulas need no 
lJ s modification.    If,   however,   the station is tixed,   set K     = ah     and let u --r .     Www 

2 lJ lJ 

__!__JL      ,     - ah\\ an(:i the corresponding elements in the covariance matrix approach 
s     ..  s J 

i)y       dv 
■ i        ' I 2 

-1 ' ilk a     ,S    ,    These elements multiply onlv a 
i,l »   . .       i)v 

s 0 s Eq.   (1), the net result is that any y,   are replaced bv y,   after one iteration,   and 
i ■   - 1 ' -   ■ i 

they are not modified thereafter.    In practice this is accomplished simply by drop- 

ping y    as adjustment parameters. 

(   s   -    s) ■ I   " ^]     in the application of 



The above solution is valid only for intradatum ties,  but it can easily be extended 

for interdatum ties as well.    For instance,   suppos«. that for s =  1,2,...,T,   y    is 
0 S referred to one datum,   and for s ^ T + 1,  T + 2, . . . , S,   y.    is referred to a second 

datum.    Let the datum displacement be z.,   and in all of the above formulas replace 

y.    bv v.   + z.   when s>T.    The additional derivatives with respect to z. of the modi- 
-'i      -   - i i ' i 
tied log likelihood function are,  to the appropriate order, 

BL 
3z. 

i 

..s   ,  s 
\ (yJ 

T+I 

s 
y 
■ .1 

z ), 
J 

ij' 

T+l 

a2L 
3 z . ci y 

= Ks, 
i.l 

s T. 

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 6. 

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 rnlculated 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 in 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. 

j.  (MM RN VTION M IRORK 

The eleven FC -1 IHM) camera sites occupied during the (Julf Test are listed in 

Table  1.    Station i.ii),   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 lli81st Geodetic Survey Squadron of AFC'S provided the coordinates 



TABLE 1.    Geodetic coordinates of cam« ra sites,   NAD 21 

Geographic Site 
Station 

No. 
Latitude 

i          North 
l>ongitude 

West 

Height 
Above 
Mean 

Sea  Level 

Height 
Above 

Spheroid 

I            it) (A) (h) (11) 

llouma,   La. (.40 29° 33' 44'.' Ho 90O40' 44'.' 19 2. Om 7. iim 

KUington,   Tex. (.4 1 2(J03.V 3'j': 89 95° 09' 14'.' 04 8. 2m 12. 2m 

Kngland,   La. (.43 31° 19' 15'; |il 92° 31' 31'; "1 2(.. Hm 2". Hm 

Corpus C'hi'isti,   lex. Ii44 27° 4 1' 20'; 88 :'7() 14'3(i'; 88 3. 4m (i. 4m 

Dauphin I.   Ala. (.47 30° 14' 48'.'28 88o04,42'  51 1. 2m i. 2III 

Hunter.  Ga. (.48 32° 00' ().')'.'H7 8lO09' 13.'(.4 12. 2m 12. 2m 

Jupiter,   Fla. fi49 2(.<) 57' 12'.' 'Ü 81)" 04' 3,")'; 80 f). H n 9. 3m 

Jacksonville,   Fla. f)50 30° 14' 10!'72 8!O40' 37 .' 4(1 5. H n '.'. 3m 

Mulberry,   Fla. tiöOM 30° 13' ()•')' 4(i 8 1° 4 1' 47'.' 81 (>. 4 n 9. 9m 

Orlando,   Fla. t,H(, 28° 34' 2(i"03 Hi" 1!»' 39' 07 28. fi n 33. 7m 

Orlando,   Fla. (iBfir 28° 34' 2(.   70 Hi" 19' 38" (.:> 28. fi n 33. 7m 

TABLK 2.    Station observations (ANNA satellite altitude 
approximately  1100 km) 

Sub- 
Sat. 

Sub- 
Sat. 

] 

Net Tune I at. Lat. Flash 
No. Date GMT N0 wo Mo. e (.40 (.41 ' 4 3 ( 47 (.48 i 4'» firuiM 

H 1 Oct (13 093.') 53 83 Memnr\ X X X X 

19 22 Oet (.3 0347 31 H7 KM OS \ X X X 

22 2(> ()ct (.3 030H 2*1 88 I, M ()S X X X X 

28 19 Dec (i3 022 8 3 3 90 KM OS X x X x X X 

3 1 20 Dec (13 014!' 3 1 88 IM OS \ X X X X 

34 3 Jan (.4 0(101 28 92 KM OS X X X X X X X 



10 

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 

heights above mean sea level to heights above the reference spheroid. 

Thirty-nine observation nets were obtained in the Gulf Test.    (A net is defined 

as a flash secjueru e successfully photographed from three or more camera stations.) 

The analysis in this paper on the capabilities of the PC-1000 camera is based on 

Mala currently available (Table 2),   obtained from six rets and seven cameras.    It 

is anticipated that all nets will eventually be combined in one overall reduction 

and publish( d. 

h    HI >l I l> 

four geodetic   networks wert- examined with the intervisible computer program. 

In general,   the horizontal standard deviations of the stations to be adjusted were 

chosen as  IDOm.    Kxcept for one case in which the initial coordinates of one of these 

stations were deliberately in error by  HO m,  these constraints were relatively so 

weak that they were tantamount to assuming infinite horizontal standard deviations. 

The horizontal constraint was rather harsh for the station deliberately in error but 

was offset by the strength ol the observations,  coupled with the assumption that the1 

locations of the other two stations in that reduction were perfectly known.     In 

general,   the vertical standard deviations of the stations to be adjusted were chosen 

as   i ni.     These are reasonable uncertainties for the geoid-spheroid separations in 

the (iull  Test area.     Hecause ol 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 virtual constraints were usually necessary to keep thi 

vertical coordinates from    running away. 

The coordinates ol Station MO (Table A and Figure -i) were determined from 

intervisible observations of 10 flashes in Nets  SO and 34,   using MH-4i-l!< as a base- 

line.    The   mean obs< rvation standard deviations were 0'.'85 for Station f>4H,   l'.'iio 

for Station 'i4I*,   and  1'.'r)'i for Station (> io. 

The coordinates ot Stations '«4H and •'4!' were assumed to be perfectly  known, 

but Station fi4il was given an input position error1 of * A'   in latitude and -4"in longi- 

tude and standard deviations of liib m  in north-south and east-west directions and 

>  in  in height above  the  spheroid. 

The sizable fi4i) position error was removed in the reduction,  with a resulting 

distance  H ol 7.1 rn  between the \AI) 2'i  position and the ANNA determined position. 

This c or responds to a proportional ac c ur ac v  ol   1    1 In, 000.    The square root ol the 

trace of the station solution covanance matrix  H     is H. 7 m. 

A sec ond .eduction was done using observation sigmas derived from the Irrst 

geodetic  reduction  rather   than A( It   plate reduction standard deviations.     These 



TAHLF 3.    Geodetic position determination of station Mn ironi 
stations f)48 and (149 

1 1 

Reference stations 
f.48 and (i49 o N-s : ü

K-W   
: !,i: = <, 

Injiut standard deviations 
station f)40 u p.   ^   =   loom,   ii      ..    -   100m,   o      -   öni 

Input error 
station f)4ü (*   =  +3';   >        -4" 

Observations:   All stations okser   .d   ' flashes each on nets 30 and 34 

Average observation o used:   ti48,   '.'rifi; 1,4!',   1'.'08; 'lid,   1'.'.>' 

0 

L'lt" 33'   44'.80 

4 4,.7;! 

> lUrnete  s) 

7. 0 

7. h 

1. H 

Hdnctt is) 

North Amei H an 1 )atuni 27 

ANNA Data Redu( turn 

<>nu 41)'   44' 

4 3' 

1" 

93 

i) 

"A)2 

'.1 1 ' 

21, 7. 1 

B. 7 

r        J ■> 2"! i /2 
[iS-..r   ♦   (Ay)    +  (Az) J 
[   J J 21 I'2 

Distance        ÜH7 km 

l'i open iKinal Ac ( uia( \   (\ A D Standard) 
1    1 40,000 

35 
95 + t 35 

90 

35 
85 

35 x- ,/' f 

80 / 

^^^•A640 

f-; 25 
95 

+- 25 
90 

649 

h*      25 
25 "80 
85 

Figure 3.     The Coordinates ol Station t,4ti are  Deterrmru d Kroin 
Those of Stations t.4H and (.4!' In  Nets  30 and   U 
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sigmas wore 1'.' 17 for 648,   \". 9i> for 649.  and l'.'69 for 640.    With this change in 

weight,   R and R    become,   respectively,   (J. 8 rn 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 o'.'84 for 

station 64 1,   0'.'7l for station 643,  ami o'.'TT for station 648. 

Flawless geodetic information was assumed lor the known Stations 641 ani 643 

but the unknown Station 648 was given standard deviations of 100 m in the north- 

i-.outh 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 K is 13.4 m. For a distance of 1220 km (the average of Stations 

641 to 'i4H distance and Stations 643 to 648 distance), the proportional accuracy is 

1   HI,000. 

For this reduction,  the vertical standard deviation of Station 648 decreased from 

). 0 m to  <. 8 m.    Compared with other runs,  this indicates relatively favorable 

geometry for vertical control.    If there had been no vertical constraint,  the vertical 

standard deviation of the solution would have been approximately 6 m. 

A comparison ol the observational ami solution geometries indicated that the 

i'lash observation standard deviations were slightly overoptimistic.     The computed 

H    of 12.0 m is therefore underestimated by perhaps 30"'«, either way,   it is entirely 

consistent w ith 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 each is aligned in the general direction of the t)4 1—643 baseline from the 

flash location.    For flashes in Net 8,   the  standard deviations along the longest axes 

an«! normal to these axes are about   I > m and 2. 5 in.     For flashes in Net 22 these 

standard deviations are about 12..i m and 3 m. 

Stations 640,   643,   and 'i48 simultaneously observed four flashes of Net 19 and 

three flashes ol Net 28 (Table ■> and Figure   ').     Three adjustments were made with 

the data.    The average observation sigmas for each station wore as follows:   640, 

1'.' 2'i, 'i4 i,   ()'.' 83, 6 38,   M .' 7 D.     The i or responding sigmas of the second fit were, 

respectively.   1'.''  i,   r.'26,   andii'.'',2. 

l-'or the first run the coordinates ol the reference Stations (J40 and 643 were 

assumed to be known perft-ctly.     For the   second run the reference stations were 

^iven horizontal standard deviations ol  3 in and vertical standard deviations of 0, 1  in, 

AIIU h arc sti.l optimistic   for NAD 27 first-order stations.    For the thud run,  the 

horizontal standard deviations were doubled to 6 m and the vertical standard devia- 

tions were   unchanged.    For' all runs the unknown Station fi48 had horizontal standard 

deviatmns ol   100 in and a  vertical standard deviation of   >. 0 m. 



TABLE 4.    Geodetic position determination of station f)48 from 
stations 641 and B43 

Reference stations 
«41 and 64 3 'N-S 'V.-W "H   = () 

Input standard deviations 
station 648 "N.s = 1()0m' "K-W 

100m,  o am 

13 

Observations:   All stations observed 4 flashes on nt t B and 5 flashes 
on net 22 

Average obsei'vation o used:    641,   '.'84, ()43,   '.'7 1, 648,   '.'77 

North American Datum 27 

ANNA Data Reduction 

A 

o 

32     00'   or)'.'87 

 06'.'()1 

-•.'14 

'.'11 

r 2 2 21  1   '' 
H       [{Z\)     +   (Ay)     +   (Az)  J      " 

H    -lo2  +n2   +a
2ll/2 

ii     |_ x y z J 

81°  09'   13'.'64 

 13'.' 18 

'.'46 

'.'4 3 

H (meters) 

12.2 

8.7 

3. 5 

3. 8 

R(meters, 

13. 4 

12. (t 

Distance:   1220 km 

Proportional Accuracy (NAD Standard) 
1/91,000 

35 
95 

641 

'igure  ).    The Coordinates of Station ''48 are Determined From 
"hose of Stations 641  and 643 h\   V ts 8 and 22 
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TABLE 5.    Geodetic position determination of station 648 from 
stations 640 and 643 

Reference stations 
640 and 643 

Runl    VS   '  0E-W Cm, J     ■ 0m 
r! 

Run 2     "jog   •  "JT.VL   '   3m'  "ii ' 0- lm 

Run 3    o N-S  '  0E-W   ' 6m'  aH '0-lm 

Input standard deviations 
station 648 o..  c   «   100m, o^,  ,„   «   100m, o,. N-a E-W H 5m 

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

Average observation o used   640.   r.'26, 643,   '.'83, 648,  '.'75 

* A H(meters) R(meters) 

North American Datum 2' 32°  00'   05'.'87 81°  09'   13'.'64 12.2 

ANNA Data Reduction       1 05'.'76 14'.'47 10.4 

A ♦'.'11 -'.'83 + 1.8 21.7 

0 '.'07 '.'50 4.9 14.6 

ANNA Data Reduction       2 05'.'76 14'.'44 10.5 

A +'.'11 -'.'80 + 1.7 21.3 

a '.'11 '.'83 4.9 22.2 

ANNA Data Reduction       3 05'.' 80 

+ '.'07 

14 "26 10. 5 

+ 1.7 A -'.'62 16.5 

0 '.'22 r.'3o 4.9 35.1 

R   ■ [(Ax)2  +  (Ay)2   +  (Al)2] 1/2 

R   =L2  +o2  .a2]'/2 
o    L    x        y z J 

Distance     1015 km 

Piuportional Accuracy    JAD Standard) 
Run 1.   1/47.000 
Run 2,   1/48,000 
Run 3,   1/62,000 

Figure b.    The Coordinates of Station f)4H are Determined From 
Those of Stations 640 and 643 by Nets 19 and 28 
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The difference between the NAD 27 position and the ANNA determined position 

for the first run is 21.7 m (R    = 14.6 m),  which corresponds to 1/47,000.    For ttr 

second run this difference is 21. 3 m (R    = 22.2 m) and the proportional accuracy is 

1/48,000.    For the third run the difference is 16. 5 rn (R    = 35. 1 m) and the propor- o 
tional accuracy is l/o2,000.    In each case the major portion of the station error is 

in the longitude, this is understandable because of the long narrow triangle formed 

I y the stations involved.    The reference Stations 640 and 643 have R values of 1 m 

for th<' second run and 2 m for the third run; the R    of these stations for these runs a 
were not appreciably decreased by the reduction. 

It should be noted that geodetic reduction with the above stations using Net 19 

(geometrically,  much the stronger of the two) alone,  produced an R of 3. 9 m and 

an M    of 20. 6 m.    The resultant proportional accuracy of 1/260,000 is deemed 

fortuitous for so little data. 

One 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: o.,  „MOOm.o,,   ... = ;00m,   o„=5m. N - S F - W H 
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,   l'.'08 for 649,   l'.'09 

for 650,   1'.' 16 for 647,   l'.'56 for 640,  0'.'79 for 643.   and l'J 19 for 641.    Once again 

a comparison between the solution angular deviations and the observation sigmas 

indicated the sigmas were slightly overoptimistic and that each R    is somewhat 

underestimated. 

The proportional accuracies are 1/122,000 for 640,   1/86,000 for 641,   1/138,000 

for 643,    In view of the short distance involved (761 km) for ♦he 64',  determination, 

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

7.  COMCLI SKINS VM) 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 observe 

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 I-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 operational 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:   ^«i.c = "K-W = 0H = ^ 
Input standard deviations,  stations 640,   641,   643,  and 647: 
0»i o = lOOin,  o,,  ,„  =  lOOm,  o,, = 5m N-S E-W H 

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 Uatum- 
ANNA Data Reduction R 

(meters) 
Distance 

(km) 

Proportional 
Accuracy 

Sta. 0* aA 0H Ra A4 AX AH Ax Ay Az (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 

641 .14" .36" 5.0m lL7m -'.'06 + '.'61 0.0m -16.8m + 0.7ri -1,4m 16. 9 1454 1/86,000 

G43 .11" .29" 5.0m 9,7m + '.' 09 + '.'33 -0.4m -8.3m +2.5m +2.5m 9.0 1238 1/138,000 

647 .07" .18" 4.6m 6.9m + '.' 14 + '.'42 +0.7m -11.3m + 1.5m +4.5m 12. 3 761 1/62,000 

R    ■ 
o 

2   .   ,.   .2   ,   ,,.,211/2 
(Ax)'  + (Ay)'   +  (Az) 

'l\12 0+0       + 
x y 

35 
95 '+ f, 35 

90 
\ 

35 
85 

643 
A 

fi 25 
95 4- 25 

90 

Figure 6,    The Coordinates of Stations 640,   641,   ti43,   and 647 are 
Determined From   Thus«' of Stations 648,   649 and 650 by Nets 30 
and 34 
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