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ABSTRACT

Geodetic knowledge of the African continent is as yet insufficient
to tie all control into a uniform datum on a single well fitting ellip-
soid. The co—ordinates of several satellite tracking stations have been
established, yet more are needed before a clear picture of the geoid in
Africa can be drawn. The cofofdinétes’of_ngvrﬂatelléte'traéking stations
‘can now be determined accurately and rapidly by Doppler methods.. The
equipment has been miniaturized and has been recently tested by the
United States for operational geodétié uge. 'This method is currently
being used by the British iteam in Kenya, and many other projects are
being planned, WYWhen a Doppler station 1is established at, or connected
to, an astronomic station, a comparison of horizontal co—ordinates yields
the slope of* the geoid. When the station is established at a vertical
control point, a comparison of the vertical co—ordinates yields the height
of the gedid directly.. Since Africa already has vertical control in many
of the areas that are lacking horizontal control, the Doppler method
should provide much of the additional information that is necessary for
the determination of a well fitting ellipsoid for Africa. The accuracy
of the Doppler poéitioning‘system based on the Geoceiver Test in the
United States and other possible uses of the system are also discussed.

* By Erich H, Rutscheidt, Defense Mapping Agency Topographic Centre,
Washington, D,C. 20315.
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I. INTRODUCTION

Over the pazt 100 years much fine survey work has been completed in
Africa. A framework of good interconnected basic control covers about
one third of the continent. In the remaining two thirds there are many

valuable local surveys, but the untouched areas are still vast (Figure 1.);

The goal to be attained is, of course, a unified continental network
that provides the basis for mapping, for the accurate delineation and

description of boundaries, and for ncessary surveys for national‘develo?— 

ment of public works and private enterprise., This can be attained by
years of intense effort on purely national lines with resulits commen-~
surate with the resources that can be applied to it or it can be obtained
mich more efficiently and economically by well plammed and co—ordinated
efforts over large areas; perhaps of many nations. Great benefits would
result from the pooling of material resources as well as the continued
exploitation of satéllite geodesy., A modern approach using the Doppler
method of satellite geodesy for the determination’of a consistent conti-
nental network ig outlined. The method proposed can effectively utilize
the existing geodesy of the continent includings: h

(1) Horizontal control .networks whether tied to other networks
or not, . ‘

(2) vVertical control, pdrfiéulquy in areas devoid of horizontal
' control, L . . -

(B)A‘Astronomic posiﬁions established'in remote areas used for
mapping in areas devoid of horizontal control networks.

(4) Control' established by satellite methods including optical
- BC-4, electronic SECOR (SEquential COllation of Range ),
. and electronic Doppler.

A% the first United Nations Regional Cartographic Conference for
Africa ~, held in 1963 in Nairobi the need for a common geodetic datum
for Africa was recognized and it was recommended that all dountries work
towards the establishment of a common geodetic datum. It was also re-
commended that the datum be the adjusted 30th Meridian Arc and that the
arc into West Africa be completed at an early date. It was only noted
that the use of smatellites for geodetic observations would open a new
.era in geodetic determinations. :

I
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A short three years later at the Second United Nations Regional Carto-
graphic Conference for Africa? held in 1966 in Tunis the emphasis had
changed 6 take advantage of satellite geodésy. The need for a common
geodetic datum for Africa was again recognized and it was recommended that
the African countries encourage and suppert the use of gatellites for g0~
detic observations aimed at establishing a common geodetic datum for Africa.

In 1970 at the Fourth South African Wational Survey Conference held
in Durban, Irene Fischer of the US Army Topographic Command (now the
Defense Mapping Agency Topographic Center), presented a paper entitled .
"Constructing A Geodetic Datum That Fits 4 Continent," 3 Examples of

. national, continental and global datums as well as the construction of

the geodetic datum and the corresponding geoid for the Australian and

. South American continents were discussed. This paper included an inter-

esting case pertaining to the African continent. Using data along the

- 30th Meridian Arc it was shown that the South African Datum and the

Adindan Datum each fit (in terms of geoid—ellipsoid separation) well in
their home territory but poorly beyond the home territory even though
the reference ellipsoid ‘was the same. On the other hand, this same arc,

- When referred to a global datum, resulted in a good fit_ovef its entire

length. Base lines must be reduced from the geoid to the-ellipsoid
causing distortion if the. separation is great or requiring the applica-

~tion-of complicated correction procedures to overcome the distortions . :
-caused by an ill-fitting datum. Such is not the case for a well-fitting - °

datum. - A single geodetic datum with small geocidal separations is re-
quired for the African contihent and will serve a practical. purpose.

II. Surmory of Reccnt US ~ African Survey Programs

In recent years there have been numerous geodétic-survey pPrograms
and noteworthy accomplishments performed in recognition of the recom-
mendations made to previous African conferences. A review of the recent

“major African survey programs undertaken or assisted by the United States
-.is given to illustrate the establishment of major control networks, inter—-

national geodetic connections between existing control nets, and the
establishment of a strong continental framework of control establighed by
observing artificial earth satellites.

{a) In 1954, 1000 kilometers of geodetic triangulation along. the :
30th Meridian Arc were bompleted4, including ties to existing triangulation
at the Semliki Base in Uganda“and the Abu Qarn Base in the Sudan. An impor—
tant feature contemplated in Yhe design and establishment of the 30th Meri-~
dian Arc was its contribution to the' study of the figure of the earth. For -
thie purpose it was necessary to carry out ' a simultaneous adjustment of the
arc from Cairo to Port Elizabeth in South Africa which required an increased
number of Laplace stations. Therefore, a co—operative program was initiated
in 1953 to observe a sufficient number of Laplace stations throughout the arc.
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As a result, astronomic positions with azimuths were completed in Egypt,
Uganda, Tanzania, Rhodesia and South Africa. ILater during the }960—1962
period the Sudan Survey Department observed a triangulation chain start-
ing from the 30th Moridian Arc and extending westward between the 13th gnd
14th Parallel to the border of Chad which eventually provided the starting
control for the 12th Parallel survey. The Sudan Survey Department was
assisted by the US Army Corps of Engineers.and the Agency for Internatlogal
Development in the measurement of gecdimetre base lines and the observation
of astronomic positions. During this joint programme an increased number of
astronomic positions was observed for the purpose of establishing an cast-
west geoidal profile.

(b) In 1956 an extensive mapping programmec was started along the north coast
of Libya by the U5 Covernment at the request of the Libyan Government, A basic
network of triangulation with astronomic positions and geodimetre base lines
was extended from the Medenine Base in Tunisia eastward to the Egyptian border.
Lower order control was established from the basic networks in support of
1/50,000 and 1/250,000 mapping. Tide gauges were installed along the coast and
vertical control was established throughout the mapping area. Very little of
the older Italian control could be recovered, therefore, only a few common ties
were made. 'The completion of the basic horizontal network in Libya closed the
loop of conmtrol encircling the Mediterranean Sea, although a direct tie to Bgyptian
control was not completed. o '

(c) Betwecn 1957 and 1961, -the Blue Nile River Project resulted in the estab-
lishment of extensive triangulation and vertical control networks in west central
Fthiopia. This was also a joint programme accomplished by Ethiopian and US Coast’
and Geodetic Survey (now the National Ocean Survey) personnel. Soon after the
completion of this survey a new survey effort was initiated to establish a
network of control by HIRAN. This joint US - Bthiopia Mapping programme began
in 1963 utilizing HIRAN techniques to accomplish two independent missions: tri-
lateration Jor the control network and controlled photography for medium scale
mapping. The HIRAN control was tied to the Blue Nile triangulation which
in turn had been connected to the basic Sudanese control network. During 1963-
1964 a precise tellurometre traversc supplemented by astronomic positions on every
other station was extended from Perim Island in the Red Sea through the Ethiopian
HIRAN net and the Blue Nile Project to the Sudanese border, Thus, the Ethiopian
traverse became a geoidal profile as well as the continuation of the 12th Paral-
lel east of the 30th Meridian Arc. Additional precise vertical control networks
were established in eastern and southern Ethiopia. '

(d) 1In 1964 a separate aerial survey programme was started in Liberia. The
horizontal control for this programme consisted of a trilateration network of
HIRAN control which was used also to control the aerial photography ocovering
the entire country. A Tellurometre traverse from Monrovia to Nimba in the
north connected two of the HIRAN sites and mrovided a scale check of the network,
The horizontal control, however, was not tied to existing control networks in
the surrounding countries, Therefore, a local datum was established based on
the astronomic observation at Roberts Field Airport. Vertical control was
established throughout the mepping area and several ties were made to the vertical
control.in Sjerra Leone. The project was completed in 1967. : .
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(e) A precise geodimetre traverse along the 12th Parallel was started in
1967 and completed in early 19705. The traﬁérse,e;tepﬁs over a distance of
44650 kilometres beginning with the connexion ‘to the Sudanese control at the Chad-
' Sudan border; through Chad, Nigeria, Niger, Upper Volta, and Mali onward to
Dakar in Senogal. The. portion of the traverss across Nigeria was observed by
- & survey party composed: 6f personnel from the US and the Nigeria Survey Department.
~“The ‘remainder &f the traverse was observed by the Institut Géographique National
(France) under contract with the US. All distances along the traverse were
measured with the Model 4-D. geodimetre and astronomic pesitions were established
al every other station, thus providing sufficient.data for a geoidal profile, .
The completion of the Rth Parallel provides a continuous network of control extend~
ing from the Red Sea to the 30th Meridian Arc and thence through the major control
network of Nigeria to the West Coast of Africa at Dakar, The completion of the
12th Parallel Survey fulfilled onc¢ of the. recommendations made at: tho .first United
Nations Regional. Jartographic Conference for Africa-held in Nairebi; in that
the arc into West Africa was completed.. The precisely measured distance from,
Fort Lamy, Ched to Dakar has been used as a scalar for the Worldwide Geometric
Satellite Triangulation Programme. The 30th Meridian Arc and the 12th Parallel
Aro are -considered to be the badkbone of the conventiomal geodetic control on
the African Continent. . .

... 7(f) Saveral major US satellite geodesy programmes, each having statione on
the African- continent, recently have been completed but the combindd results of
these have not yet. been fully analyzed. The major result of these progfammes -
“in particular the results from the Worldwide Geometric Satellite Triangulation
(BC-4) Programme will be discussed in detail in a separate paper being presented
at thie conference. Therefore, only the BC-4 station locations will he noted:
Dakar, Fort Lamy,Addis Ababa, and Johannesburg as well as the stations on the
neighbouring islands of Ascension, Mauritius, and Mahe in the Seychelles.

In early 1970.the electroric SECOR (Sequential Collation of Range) programme
encircling the earth approximately along the equator was completed. -Since a ranging
system is inherently weadk in direction;. some of the SECOR station sitcs were -
collocated with BC-4 optical sites to permit directional constraints of selected
lines along this network, SECOR stations were collocated with'BC—-4 stations at
Dakar, Fort Lamy, Addis Ababa and Ascension Island. An additional SECOR station
was established at Roberts Field, Liberia. These stations will provide independent
comparisons against conventional control as well as comparison with other satellite
gystems, - , : : . )

As noted above, the US geometric programmes (i.e, optical BC—4 and electronic
SECOR) have been completed; however,” the Doppler eléctronic positioning programme
which began in'thé early 1960's continues as the primaty geodetic positioning
tool of the US Defense Mapping Agency (DMA). " The Doppler stations that have been
established on the African continent are located at Dakar, Fort Lamy, Addis Ababa,
and Pretoria. Nearby island stations have been established at Las Palmas, Madeira,
Ascension, Mauritius and Mahne. These positions were established by the heavier
Doppler equipment including the permanent stations and the portable vans. The next
section discusses many. of the reasons supporting the DMA decision to adopt the
miniaturized Doppler receivers as_the primary geodctic positioning tcol of the

In this paper it is not intended to disciss the rationale for the densification
of the worldwide geometric. control system to serve as zero order nets for the:
irterpolation of all geodetic surface operations since this has been coverad in -
considerable detail at a previous conferencef. The purpose of this paper is to -
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show how the all-weather portable Doppler receivers cen be used not only for
densification but for many other purposes that will result in major chenges
in the concepts of establishing geodetic positions rapidly and accurately

regardless of terrain and weather, a aad which can be impglamented to arrive at

* a unified datum for the continent,

I1I. Qeneral Background Relating 1o the Development of Doppler Geodetic Pros-
"' rammes_and Test Regults of the Portable Doppler Recciver Obtajned g,.n_tm_ug

The scientifie work that led to development of dynamic satellite geodesy
was the measurement of the Doppler shift in the radio transmissicns from the
Ruesian satellite 1957 Alpha (Sputnik I) by scientists at the Applied Physios
Laboretory (APL) of Johns Hopkins University. Using the Doppler shift data they

- wore able to determine the satellite orbit, Shortly thereafter it was suggested
" that the same type of measurement could be applied to the inverse problem - that
of locating an observing station based upon knowledge of the satellite orbit.
The tracking system known as TRANET was then developed by APL for the US Navy to
position ships as an aid to na.vigation using this principlen '

'The TRANET system is based on radio Doppler measurement so that the funda-
mental physical quantity measured is the propagation velocity of radio waves.
The Doppler shift is generated as a result of the relative motion between
satellite and observer, and is a direct measure of the rate of change of the
di stance from transmitter to receiver. Consequently, if the observer's position
ie known accurately, the measured Doppler shift will define the velocity of the
satellite during the itime of observat:.on. If Doppler measurements are made from
a number of observing statinns relative to the centre of the earth, it is possible
to use this velocity information - in combination with an adequate specifioation
of the earth's gravitational field — to compule very accurate satellite orbits,
Conversely, Doppler measurements made from an unknown location can be combined .
with a known satellite orbit to compute the location of the observing station. -

The Doppler system has been successful in obtaining geodetic accuracy; it is
an all-weather, relatively inexpensivc geodetic tool, in terms of our mapping
~ and survey budget, because fortunately the Navy'!s navigation programme pa,ya for
the fabrication and leunch of the satellites.

The number and loocation of geodetic stations established on and near to the
African continent was noted in the previcus section. The weight of the Doppler
equipment required for each station amounted to approximately 13,000 pounds, 7

In recent years, soveral US companies have successfully manufactured miniaturisad /-

Doppler receivers that weigh only a small fraction of the initial first generation
Doppler vans, .

In recent years, the Defense Mapping Agency contracted for the purcha.se of:
miniaturized Doppler systems, ca.lled GEOCE:L’VE:RS (Geodetic -Doppler Receivers)s
The Geoceiver consists of an a.ntenna, a receiver, a paper tape recorder and a
power source. Whenever power is not commercially available, a portable generator
*is required. The entire unit weighs about one hundred pouzds, which is a
tremendous advantage for field deployment when comparing one hundred pounds to -
the tons of equipment that was previpusly required for an observing Bystem.

During the period October t6 December 1971 the US mihta.ry a.gencies tha.t are
now a part of the DMA, participated in a co-cperative test of the Qeocoiver. As
noted earlier, previous experience with the Navy's TRANET system had demonstrated
that this type of data may be used to perform orbit determination, to navigate
a moving ship, or to determine a geodetic position with high Trrecision. Being
designed specifically for this last purpose, the Geoceiver is miniaturized to the
extent that its components are hand-portable, requiring no van, truck, or other
-8pecial housing.

s
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The ‘primary purposes of the Geoceiver Test were to evaluate field operation
concepts, data reduction procedures, and to establish the capability of the
Geoceiver as a geodetic tocl. To accomplish these purposcs, observing stations
were established in the United States at points where geodetic co—ordinates”
had been established with high acouragy. The High Precision Geodimetre Traverse,
observed and adjusted by the National Ocean Survey, was adopted as the standard
to which co-ordinates derived from (eoce€iver cbservations were compared.

The fest was conducted in two phases each lasting approximately one montha

During the first phase, 15 stations in the eastern half of the United States

" were occupied, seven for the entire one month period and eight for one week each
(Figure 2), Tight stations in the western half of the United States were .
occupied for the cntire four weeks of the second phasé (Figure 3). This test
provided an opportunity for extended use of the Geoceiver in the fielc and also
provided a substantial amount of data from which point positions, translocations,
and short-arc solutions could be computed., Altogether approximeteiy 10,000+ satel-
lite passes were observed from 20 distinct stations, :

Modes of Data Béductiog and Regults
(a) Point Positioning Mode

This technique is characterized by the treatment of the satelliteophemeris,
which is considered to be without error and is held fixed during the adjustment.
Since the path of the satellite is. not determined from the observations, the
satellite orbit for the period of data acquisition must be available from some
outside source. Commonly used sources of orbitg for the Navy Navigation Satel-
lites are the precise ephemeris determined by the Naval Weapons Laboratory (NWL)
and the satellite message ephemeris, which is a predicted orbit hroadeast . by the
satellite itself, Since the orbit is considered to be without ecrror there is
no statistical correlation between station positions. Furthermore, each point
position solution is performed-indcpendently of all cthers. and there is no need
to co-ordinate the occupation of hetworks of stations. Statiors positioned using
this technique are referred to the co-ordinate system of the ephemeris; however,
if several positions on the lécal system are established with the Geodeiver then
. & transformation to the local system can be derived,

The accuracy of a point position solution is largely dependent on the accuracy
of the fixed ephemeris and on the distribution of the passes seen by a station,
Even though.thé ephemeris is treated &as though it were without error, one does

not, necessarily asgsume that the given orbits do not ‘contain errors. Instead,
' one. agsumes .that if enough passes dre tracked by the station; in all directions
and at all elevation angles, then the effects of the orbit errors will largely can-
CGI out, ’ .

The point position solutions performed for.the 15 stations in Phase T of
the test are shown in Table 1, As previously noted the stations had been
placed on the High-Precision Geodimetre Traverse so that the traverse could
serve as a standard. - A special adjustment of the traverse was performed by the
National Ocean Survey for the purpose of - the test, so that the co-ordinates
used for comparison were modified, rather than published, Cape Canaveral Datum
(CCD) co-ordinates, -These co-ordinates were transformed into the NWL system,
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using datum shifts, and comparéd with the co~ordinates derived from the Geoceiver
data. These comparisons are shown in Table 2. It is significant that the '
largest co-ordinate differences are found in the verti-al components. The heights
associated with the CCD co~ordinates actually refer to the 1930 adjustment of the
North American Vertical Datum. The Geoceiver sites had been tied to bench marks’
on this datum by low—order levelling, or in many cases, by vertical angle measure-
ments. The modern precise traverse provides only horizontal co-ordinates, and
thus serves as a standard for comparison only in those co-ordinates, The systematic
nature of the differences between the satellite and CCD co—ordinates suggests that
the comparisons could be improved if better values for the datum shifts had been
used, However, a solution for improved datum shifts yiclded values which were not
gignificantly different than those used., Table 3 summarizes the accuracy that can
be obtained using the point positioning mode, based on the resultvs of the testy.

-

b. Translocation Mode .

A translocation solution consists of determining the difference between two
point position solutions, performed under special circumstances. It is used
only to determine the relative positions of two points, never to determine the
position of a single point. The special circumstances are that each pass used
in the infividual point position solutions must be observed similtanecusly by
both stations, and that each station must observe the same number of data points,
Tt is not necessary that each data point be observed simultanecously. This concept
assumes that errors in the satellite ephemeris will, to a certain extent, affect
both stations in a similar manner, These similar errors will cancel when the
co-ordinates of the two stations are differenced, so that in many instances
the relative position between two stations can be determined more accurately
than can the point position of either.

P .

Because of the requirement for simultaneous observation of each pass, trans-
locations may be observed for station separation up to to about twice the altitude
of the satellitesemployed. However, the assumptions that lead to the trans-—
location concept are most valid when the two stations ire close together and only
a few passes are observed, and it is under these conditions that the trans-
location concept offers 1:,he most significant advantages.

Phase I of the test providéd a vast amount of data from which translocations
could be computed. From these data, a subset of the possible translocations
was choden for the investigation of the accuracy uncertainty, and closure pro-
perties of these solutions. The reduction of the translocations followed the
point position solutions. These solutions provided a convenient method of
identifying thése passes for which simultaneous iwo—station data was available.
For each translocation, the data was edited to include only simultaneous passes
and to include equal numbers of observations in each pass from cach station.
This translocation data set was then used to compute point positions at each
station and the translocation or relative station co—ordinates were then cbtained
by differencing these point positions. )

The translocation results have been. compared to the precise traverse and
these comparisons are summarized in Tables 4a and 4b. The relative positions
determined by translocation and by differencing point positions are compared
to the precisec traverse relative positions. The components of the difference or
discrepancy vector are shown in a local latitude, longtitude, and height co-
ordinate system at the second station.
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Tables 5a and 5b summarize the comparisons to the precise traverse of the
relative station chord distances defermined by both satellite techniques, The
results indicate that the relative station positions determined either by dif- .
ferancing the point- position solutions using dll available passes or by computing
translocations agree remarkably well with the precise traverse. The magnitude
of the discrepancy vectors increases from approximately 1 metre for the shortest
line to approximately 4 metres for the longest. In the region from 100 km to
800 km it appears that the translocations compare somewhat more favourably to
.the traverse than do the point positions. For lines longer than 800 km the
differences between the point positions determination and the translocation
start increasing, with the translocations becoming gignificantly worse for
the longer lines, = - : : '

Theory and simulations indicate that translocations provide an sffective :
method of decreasing the uncertainty in relatfve positions over:that obtained
using point positions -for the same number of passes. The results indtcate
that the translocation concept is valid and realized in practice. The advantages
.of translocation, however, depend on the distance and orientation of the baseline.
For distances in excess of approximately 1,000 km almost all the advantage of

.. Yranslocation is lost. The results also made it apparent that for translocations

- there is an appreciable loss of data over that which can be used for point
position solutions, - The translocations are on the average based on only 40 per
cent of the data used in'the point positioning solutions. Table 6 summarizes
the accuracy that operational tests have indicated can be obtained using the
tranglocation mode,

(c). Short—-Arc Mode

According to this concept, unknowns describing the orbits are solved along
with the co~ordinates of a network of observing stations. Each pass of a
satellite over the observing network is treated as a separate orbit, so that
a somewhdt simpler orbit model -may be used than if multi-revolution . (long-arc)
orbits were considered. Normally; a short-arc (SA) network consists of six
or more stabions, all of which must be operational during the same time period,
To be useful, each pass should be observed by four or more stations. Since
there are no fixed quantities, the co-ordinate system for a short-arc solution
is not automatically defined, and external constraints on the co—ordinates of
some or all stations must be used to effect this definition,

The main advantage of the short-arc concept is that it frees one of the .
necessity of obtaining a satellite ephemeris from an outside source. Because
of this; all broadcasting satellites, not cnly those for which eplemerides are
available, may be utilized. If one assumes that the short-arc ephemeris de-
termined during the data. reduction is more accurate than any ephemeris that
can be obtained from other sources, then it may be desirable to perform short-—
arc solutions even when ex%ernallyAdetermined ephemerides are available.

The short-arc mbde reduction contains -a great many more unknowns and neces-
sitates a greal many more computations than point position solutions with the
same data. Not only are the orbit computations more time consuming, but the
computation of the local clock correction and the tropospheric refraction, which
depend on the position of the satellite in its orbit, arec more extensive. In
addition for the short-arc mode the input orbit may not be sufriciently accurate
and new computations are needed at each iteration, Another consideration in the
case of the short-arc mode is that the co-ordinate system must be defined by
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information external to the data itself, In the point positioning mode, the
solution is automatically in the co-ordinate system of the ephemeris, "but the _
co~ordinate gystem is arbitrary in short-arc mode processing., The co—-ordinate
system ‘can be defined in different ways producing different results, which v
complicates the comparison of co-ordinates determined by a short-arc. network ’
ad justment with co—ordinates determined by other means. ' :

Table 7 shows the difference between the minimum constraint solution designated. -
S4~5 and the modified CCD co-ordinates of the stations, This ‘solution used o
only the minimum number of comstraints necessary to define the co-ordinate o
systems Thedifforences found in this table are much larger than those found
when the data is processed in the point positioning mode, This is partly due. -~
to the diffioculty of defining the co—ordinate system of the adjustment to conform
with the MCCD system and the significant edge c¢ffects of tho network (JonCStown,
Meades Ranch, Beltsville, and Woodbine) which are apparent. Since passes seen by
tbkreec or fawor stations were not uscd, therc are faw passes to the west of the
western edge of the network or to the cast of the eastarn edga, Ap "rontly a poor

solution is obtained for those stations on the edge of the nebwwiik § o .

Table 8 shows the results of Solution SA-5A; in which the four ocutside stations
were constrained using the co-ordinates obtained from the point position solwtions,.
These results are representative of. those that can be obtained with a modified
short-arc concept. The table indicates that the modified short-arc concept .
can produce co—ordinates with an accuracy approaching that obtainable from point
positioning with the same number of passes. Based on the results indicated in
Tables 7 and 8, networks should be adjusted according to the modified short-arc
concept rather than the pure short-arc concept. One of the obvious disadvantages
of the short—ara modo-or the wedified short-arc mede is the number of equipments: -
that must be available for simultaneous observations, ‘ ) -

Although the modes of data reduction have been discussed:{he relative difficul-
ty involved in the processing -0f the observed data has been mentioned only briefly.

The processing of Geoceiver data at the Defense Mapping Agency Topographic Centre
(DMATC) involves six basic steops: ' ' C

. 1,-}Predictions for trackiﬁg teéms, S e
2e Conversicn:of GeOCeiyer punched péber tape tofﬁun;hed“cards, .'
3, Preprocessing, ' I ) ‘j'

4+ Preliminary multi-pass solutions for point positions; '

5o Final multi-pass solutions for poinmt position, =

6« Translocation or short~arc‘sqlutioné}.as appropriate.

. Before a tracking team is deployed to a specific,station, it is provided
with satellite alerts for the entire operatiénal period, When the Geoceiver ‘
output (punched. paper tape) is received from the field; the tapes are immediately. .
converted into punched cards: These cards are then used as input to a pre- |
processing- computer programme which produces Doppler observational data in the
format required by the multi-pass point positioning and short-arc.solution pro—
grammes. Following these basic steps the data (with minor changes) also can
be used for the translocation and short-arc solutions, ” '

>~




