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Foreword'

The imperious necessity to have a unique datum for Africa can not be questioned

nowadays1. This task has been conducted for other continents, where-unique datums have

already been adopted. The-definition and adoption' of a1 unique datum*'for' Africa is still

• pending,1 although the issue has been raised for several years in many forums and documents

of distinct nature. . > .

It can be recalled that twenty years ago, Resolution No. 17 of the first United

Nations Regional Cartographic Conference-for Africa, held in Nairobi, Kenya, 1963

recognized the need of a common geodetic datum forAfrica; Almost two decades later, the

seventh UN Cartographic Conference, held in Ouagadougou; Burkina Faso; 1989, included

agenda*item 5 to recognise'the prevailing problem of the establishment of a' common

geodetic datum for Africa. ■< „ ■ . . . _.:

i; Among the actionsthat haVe been implimented in order to reach this objective; it is

noteworthy mentioning the African DopplerSurvey (ADOS), proposed and launched back

in 1981 by the Commission of Geodesy for Africa, which included as one of the its main

objectives the provision of control for datum unification. The project is concluded, the

computations have been finished, yet the objective referred is still to be achieved. Actually,

it has been foreseen to be carried out during the called "post-ADOS phase".

In 1990, at the occasion of the Fourth Symposium of Geodesy in Africa, special

sessions were held on the African integrated geodetic network, as well as post-ADOS

activities. As a result of a resolution, an ad-hoc committee was selected with the task that

could lead to the unified reference system for Africa.

In a simultaneous move, responding to the need strongly expressed by the

cartographic community of Africa, ECA included in its work programme for the biennium

1990-1991, the publication of "guidelines for a common geodetic datum for Africa". This

paper has been prepared attempting to respond to such mandate. It intends to provide a

document for discussion on the matter, identifying some of the main approaches that could

be adopted and exploring some possibilities of implementation. But its main purpose is to

reactivate awareness of all those organizations and scientists of different nature who in



Africa and beyond, in one form or another, are affected by the problem, and can contribute

efficiently to its solution, so that practical, prompt and resolute initiatives and steps are

taken.

It should be understood that, contrary to what may be expected by some readers, the

present document is nota.technical paper on geodesy or mathematical cartography. It does

not address any elaborated formula. Such analysis are not within the scope of the paper and

are left to the specialists. But nevertheless, it expects to give an understanding of some basic

technical aspects with which the non specialized reader should be acquainted.

,. The author wants to express, on behalf of ECA and on his own, his deep gratitude

to all those colleagues, who in one form or another, helped him in compiling the present

document. In particular, he wants to thank: Prof. Dr. Ivan Mueller, for his support; Prof.

Dr. Gunter Seeber, whose prompt responses and invaluable ideas were fundamental to orient

him in this particular field of Geodesy, and whose contributions, I must confess, have been

included to a large extent integrally in the document; Mr. Martins Chodota, for his

enthusiastic comments and suggestions; and last but not the least, his predecessor at ECA,

Chief F. Olujohungbe, for his encouragement. . ■ _.
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Justification

The economic development of Africa depends on comprehensive and accurate

geodetic survey network. They provide a framework for accurate mapping, large engineering

projects, accurate land parcel registration, equitable and comprehensive taxation all of which

are basis for the development of natural resources. They are also used for earthquake

prediction which leads to avoiding expensive losses in both lives and property.

In many countries of Africa, as it occurs frequently in other developing countries of

the world, the basic geodetic network of first order 1/, which forms a unique skeleton

around which the maps and all terrestrial measurements are made and to which they are

referred, is endowed with numerous deficiencies These deficiencies or shortcomings, which

are reflected, inter aliaT in unknown, low, or variable accuracy, or in being quantitatively

poor, causes serious problems in the execution of projects based on terrestrial measurements

(surveys).

Multinational projects, covering several countries, requiring surveys and

measurements based on different networks 2/, cannot be economically planned and

implemented.

Standardization of map specifications will clash against the lack of homogeneity of

African networks.

1/ A geodetic network is desirable to be able to constitute the

main framework on which 1ess precise surveys can be based and

which, in turn, may form the basis for topographic and cadastre

maps,.. (ECA document NRD/CRSU/89/7)

There are different reference ellipsoids which form the basis

of national co-ordinate systems. As such there is no single

homogenous co-ordinate system on the continent and hence, no common

datum for Africa. Development of projects spanning more than one

country will resort to cumberome and laborious co-ordinate

transformation and embarking in new mapping.

It is necessary to bear in mind that there are sixteen

different/datums' in use in Africa, a chaotic situation presently

not seen in any other continent.



Creation of geographical regional and ■■ sub -regional databases, and particularly,

integration of distinct referenced databases within a CIS, will face serious problems not

always possible to overcome II. This is socially pneoccupant when the use of G1S

technology is becoming more and more important for resource planning and management,

and the establishment of all sort of geographic dala bases, concerning all kind of topics, is

proliferating at regional,subregional and national levels.

The adoption of a unique reference system is essential lo the .solution of the problenis

stated above. 4/ The consequences of such implementation have been summarized as

follows: '

- a better control of the scientific aspects of mo*teni.geodesy, for the Africans.-

- the necessary harmonization of I hi* national networks.

- the possibility to base future cartography of the African countries on a continental

geodetic system.

The geodetic reference system or datum. ;.■

The author believes that, before going any further, some-explanation should be given

on what is a geodetic datum, for the benefit of the non -specialized reader. In the succeeding

paragraphs, it. is intended to do it briefly:

3J- This aspect can be simply be understood, by visualising that

two different geometric data sets do not match.

4_/ Inter alia, a common geodetic datum: (i) is the first step
towards the establishment of -the■Integrated Geodetic Network for

Africa (IGNA), (ii) will permit the- homogenization of {the national

geodetic networks. '



Until not too long ago, the objective assigned to geodesy was the geometric

description of the earth 5/. In order to describe it globally,, it is: necessary to substitute by

the earth a relatively .simple model. Computations of earth-magnitudes based on.such model

are referred to geodetic computations. The4 simplest model is evidently, a .plane^ as was

conceived initially by our ancestors. The model changed to a sphere, then to an ellipsoid of

revolution, which is the model presently adopted. The ellipse generating the ellipsoid is

defined by two parameters: the two semi-axis, a1 and b, or the major semi-axis a and the

flattening f defined by f=(a:b)/a. Sometimes the eccentricity s = [(a2 - bW]1* is preferred

over f. - , ,

The next step is to define the orientation and the location of. the ellipsoid with respect

to the earth itself (or with respect to the portion of the earth of interest, such as a country

or a continent). This ^definition together with the ellipsoid, constitutes a geodetic datum

At this juncture I would like, to; point out that discussion on geodetic datums is

normally divided into discussing horizontal datums and vertical datums. In our case, we will

restrict our discussion to horizontal datums.

Usually, a horizontal datum originates from the definition of the .origin (fundamental

point) of a geodetic network together with the specification of the surface (the ellipsoid and

its location) on which the geodetic computations will be performed. A simple set of data can

be formed by the following: a geodetic latitude, a geodetic longitude, a geodetic azimuth of

the origin towards some point of the system, and the two parameters of the, ellipsoid a and

f. These five parameters constitute the minimum required for definition of a geodetic datum.

This definition, though, says nothing about the angular orientation of the surface, neither of

the position of it with respect to the fundamental point. It can be considered, e.g., to have

the minor semi-axis parallel to the mean axis of rotation of the earth, and that the geoid £/

and the ellipsoid are coincident at the point of origin.

5J From the advent of artificial satellites, the object of geodesy
is the global study of the earth and its gravity field.

6/ ^ The geoid can be considered as the surface of the earth from
which the topographic relief has been removed. It corresponds to an
equi-potential surface (normally a surface coinciding with the mean
sea level).



, , In .the classical case when the establishment of a datum was done from astronomical

observations, a best fitting ellipsoid was attained by minimizing the undulations (separation

between the surface of the.geoid and the surface of reference or ellipsoid) throughout the

geographic area of interest: a continent, a country,etc. This is no longer applied, particularly

when using satellite data, ' •• • ■

A different point of view can be taken for horizontal geodetic datum. We can

consider the angular deviations (or rotations) between the axis of the earth and the axis of

the ellipsoid, and the separation between the centre of mass of the earth (origin of the earth

axis) and the origin of the ellipsoid. In such case, eight parameters would define the datum,

namely: the three rotations (u,ifr,e), the three linear components of the separation between

the two origins (Ax/Ay,Az), and the two parameters (a.,k) of the ellipsoid. If we set the

second three.parameters to zero we have a geocentric datum if the first six (normally

referred as shift parameters) are set to zero, we obtain a geocentric datum defined only by

two parameters: the parameters a and h of the ellipsoid.

Now, it is useful to bear in mind that, in such case, the establishment of a horizontal

geodetic datum, consists, fundamentally, in the selection of the ellipsoid, which can be

determined by'geodetic procedures, normally sophisticated, or can simply be assjjymjed, as

it has, been the case in many parts of the world.

The advent of the artificial satellites have given a new dimension to geodesy. In can

be foreseen that, in the near future, satellite positioning methods will substitute entirely

classical geodesy procedures, and all continental and local networks will be established using

satellite technology. ' J
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The satellite positioning systems ■ "

Two satellite positioning systems have been developed. The Doppler method and the

Global Positioning System, or GPS. ' • . -

' The Doppler method uses the radioelectric radiation emitted by satellites (U.S.*Navy

TRANSIT satellite network or Navy Navigation Satellite System NNSS) and exploits the

Doppler-Fizeau effect, caused by the relative displacement of the satellites and the receiving

station, which is expressed as a deviation between the frequency emitted and the frequency

received. Thanks to this effect, and to the knowledge of the reception time of the signal as

well as of the position of the satellite, the unknown coordinates of the station are

determined. " ■■•■-.■ . ■<".-■.

. The GPS method, developed by the U.S. Defence Department, uses a set of satellites

orbiting at an altitude ;of 20.000 kilometres. The final constellation will'comprise 18

satellites' allowing the precise determination of coordinates at any place and at any time. An'

ultra-stable clock is on board where two frequencies 1^ and L^ are generated. On L^ two

signals are modulated, referred as code P (precision) and code C/A (Coarse Acquisition).

On L, only code P is modulated- Code P is restricted to U.S. military use.

It is important to note that GPS has superseded Transit Doppler positioning, which

is practically no longer in use. GPS is more reliable, far more precise, and, what-is also

very important, field operations are considerably faster (10 to 20 times).

The two satellite positioning methods provide the coordinates x,y and z within

geocentric reference systems. The Transit Doppler method is based on the World Geodetic

System (datum) WGS 72. GPS uses the WGS 84 datum.- .

The determination of ground x,y,z coordinates by satellite techniques adds a new

dimension to standard geodetic positioning, and particularly, in our case, to the definition

of geodetic datums. Inasmuch as x,y,z coordinates can be converted to geodetic coordinates

A,<£,h, just by defining two ellipsoidal parameters, it is clear that no datum, in a classical

sense-is involved with these coordinates. The natural extension of our discussion is the

incorporation of the x,y,z coordinates within a classic geodetic network! For this purpose,



no geodetic datum as such will be introduced; instead we will allow the coordinates x,y,z

of the network to provide its orientation and location.

Several authors have described techniques to attain the required combination of data. _

The simplest approach is to convert, through a similarity transformation, the x,y,z

coordinates in a system which is compatible with the local geodetic, network. The resulting

coordinates are then converted into X,<£,h. 7/ , ...

Activities undertaken I: The African Doppler Survey/ ADOS 8/.

A concrete proposal to carry out a zero order satellite Doppler survey network for

Africa was made at the 1969 Camberra, International Union of Geodesy and Geophysics

(IUGG) General Assembly. This was recommended after a joint meeting of Commission X

(Continental Networks) and Commission XI (Commission for Geodesy in Africa, CGA).

Further discussion was held at two meetings in Addis Ababa in November, 1980, where the

project ADOS was launched. The main aim was to establish 200 or more zero-order Doppler

points in Africa, with, inter alia, the two following clear objectives:

(a) to provide zero-order control for future geodetic networks for mapping control;

(b) to provide control for datum unification and strengthening;

The project was to be undertaken jointly by the International Coordination of Space

Techniques for Geodesy and Geodynamics CSTG and the Commission for Geodesy in Africa

CGA, under the International Association of Geodesy 1AG umbrella. The Nairobi Centre

was proposed as the executing Agency. The.resolution was also backed by the Counc.il of

2/ Ch. Fezzani. Rapport de la geodesie spatiale a la mise en oeuvre

rapided'un systeme geodesique unifie en Afrigue. ■- „ ' ..-,;

8/ * Project proposal for AFRICAN DOPPLER SURVEY, 1981 ',Department'
of Geodetic Science and Surveying, Columbus, Ohio, in collaboration

with IAG Commission for Geodesy in Africa. a Progress reports

presented by RCSMRS, Nairobi.



Ministers responsible for Surveying and Mapping in Eastern and Southern Africa held in

November 1980 in Addis Ababa.; .

Bilateral agreements between member states and "sister states" were negotiated and

signed for the implementation of the project. The sister states provided the equipment and

funding to the. member states in order to implement the ADOS observations. Six computing

Centres were established for the reduction of the data, one of which is at the Nairobi Centre.

Although its execution was tainted with some delays and hindrances £/, the

Doppler Survey project was successfully concluded in 1986 !£/, and the final results for

46 countries were presented at the IUGG General Assembly in Vancouver in 1987.

In total 307 Doppler points were accepted. The points are well distributed throughout

the continent and the countries which did not carried out the observations are so randomly

scattered that practically they do not affect the uniformity of point distribution

, .. The results allow to attain three of the objectives'envisaged,.in particular datum

unification and network integration. ■ . ■

Activities undertaken II : The art-hoc Committee of CGA on the Integrated Geodetic

Network for Africa/ IGNA.

The application of the ADOS results for the fulfilment of the objectives of the

project, constitutes what has been christened as the post- ADOS strategy or epoch, its main

9/ a simultaneous observing periods originally planned for

could not be implemented due to the non uniformity in securing the

bilateral agreements. For this reason the proposed short arc

computations were not possible.

m Four countries did ,not carry out the observations.

10/ The positive ^cooperation among the African countries has to

be praised and highlighted as one of the conditions that made

possible the success of the- project.
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concern being the establishment of an integrated geodetic network in Africa (IGNA), as has

been presented and debated in many forums and documents U,/.

The 4th symposium on Geodesy in Africa, organised by CGA in Tunis in 1990,

recommended that an ad-hoc committee be set up (Resolution 2) and ask the Secretary

General of IAG to form it. This was done and the first meeting of the committee was held

in December 1990, in Aswan, Egypt. The terms of the Committee were established as

follows: "To formulate a project that will establish a Uniform Geodetic Network from the

existing heterogenous data following the successful completion of the ADOS project. The

realization of this project will result in a common geodetic datum for accurate mapping."

The work of the ad-hoc Committee led to the preparation of a report to be presented for

discussion and endorsement at the IUUG General Assembly in August, 1991 Vienna,

Austria. Technically, the report advises to keep in mind the adopted solutions for the North

America and Europe (NAD and EUROEF) and recommends the adoption of a geocentric

system as the reference, on account of its compatibility to the previous ones. The ADOS

points would be the base for defining the system. Concerning the organization of the project,

the IAGN should be placed under the sponsorship of AOCRS and of IAG; a sub-commission

of Commission X (continental networks) of IAG would be created with the responsibility of

managing the project. Such sub-commission, would consist of a permanent technical

committee, composed of African and foreign experts, in charge of scientific and technical

problems, as well as those concerned with the operation of the project. The data treatment

would be realised essentially by African centres with the help of foreign centres. At least

two computing centres would be established, one for the French speaking and one for the

English speaking countries.

We have to keep in mind, that the task of the ad-hoc Committee goes beyond the

definition of a common datum, which is only an initial phase for the establishment of the

IAGN.

11/ a Council of Ministers of the Organization of African Unity,
Addis Ababa, 1985.

a 6th and 7th United Nations Regional Cartographic
Conferences' for Africa.

m 4th Symposium of Geodesy in Africa.
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Technical approaches for the definition of the datum.

It has been stated previously that there are different ways or" defining geodetic

datums. In the present chapter, it is intended to give a summary of two different criteria,

which, according to the state-of-the art of geodesy and space technology, the author believes

are technically adequate to achieve the task, each one havingadvantages over the other.

The first criteria departs from the concept that a datum is somewhat an idea (this has

been sensed already) which is realised or defined through observations and monumented

stations with coordinates. In the case of GPS (and DoppleT) the Datum is cartesian and

geocentric. The datum will be realised through the geocentric coordinates of all fundamental

stations. Hence, it will primarily consist of a set of coordinates. Once the observations and

computations of the fundamental network are finished, the coordinates of these stations can

, be defined as the realization 199.•; of.the African Datum. No role is given to existing data

(networks, ADOS, etc).for the establishment of the datum*. Further continuous densification

work will be carried out with these coordinates, so that ultimately no parameters are needed

for the new Datum.

For practical reasons it is advisable to relate the coordinate system with a geocentric

ellipsoid. It is proposed to use the ellipsoid parameters of the Geodetic Reference System

1980 (GRS 1980) 12/. Cartesian coordinates and ellipsoidal coordinates are equivalent

and easily transformed into each other.

". . i -

In other words: the horizontal datum is established from the GPS observations which

.will be linked to the international GPS network. • • \ •-'.

.-'■"'=,'■//. '( *' ■

In this approach, existing networks are not used for the establishment of the new

datum; they can, however, be.related Jo the control points of the new datum, and can be

used for practical work until a dense GPS'network is available for a particular country.

Alternative translation parameters between the existing networks and the view GPS network

are determined by having common points and the rest transformed into the view system.

/ These are identical to the ellipsoid parameters of the World

Geodetic System 84 (WGS 84), which is the system used by the GPS
technique.
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The practical realization would be as follows: ■ .

(a) As a first step, a "zero order" network of more or less evenly distributed highly

precise base stations ( fundamental network) would be established on the

continent with interstation spacing of about 500 to 1000 kilometres. This would

amount to some 40 stations. The network would be related to the International

Earth Rotation Service (IERS) Terrestrial Reference Frame (1TRF), which

provide as for now the best geocentric coordinates. These coordinates are tmri

on space techniques and have an accuracy level of about 10cm. or better.

Unfortunately, the distributions of ITRF stations is very unfavourable for Africa.

Later, the network should be related to the ITRF within a precise global

framework, as already has been proposed, including some 20 stations for Africa.

(b) In a second step, a densification to interstation spacing of about 100 km. would

be undertaken with GPS, if necessary, isolated for the individual countries or

groups of countries.

(c) In a third step, a densification at will and as necessary can be performed with

GPS, completely independent.

The second approach aims at using the ADOS coordinates, already available, as the

base of the new datum. It is the basis of the post-ADOS strategy. In summary:

(a) Initially, a thorough analysis of the ADOS data would be required, then

obtaining a final adjusted coordinate list.

(a) In a second step; a number of the Doppler stations should be tied to the local

networks. If not enough ties are identified, actions should be undertaken inorder

to secure that condition, for the different datums presently in use in Africa. This

might become necessary as apparently a significant number of the doppler

stations were not established on first order local network paints.
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(b) Then, transformation equations would be derived for each one of them,

computing the shift parameters. By applying the transformation .equations, all

geodetic points would have a set of coordinates belonging to a unique datum.

The adopted datum would be the satellite datum WGS 72 with an ellipsoid

having a = 6378145 m, f - 1/298.256. Each country would carry out its own

transformation. . -

While both approaches are satellite based and use geocentric coordinate systems for

the establishment of the fundamental network", substantive differences can be identified:

GPS is about ten times more accurate than Transit .Doppler 12/, a difference that

can not be overlooked, and favour the adoption of the first method. In fact, a new datum

should.have the highest possible accuracy. When today's requirements in Africa, do not ask

for highest accuracy, they will certainly do so in the future (e.g. earth-quake prediction,

control of land subsidence, soil motion, metropolitan mapping, cadastral mapping, etc).

Otherwise, they will run into conflicts and problems with precise GPS (or alternative)

techniques. GPS will certainly be the leading geodetic, surveying and navigation technology

of the next decade in all parts of the world, including Africa. Each surveying agency

(governmental and private) will use GPS. Therefore it can be visualised that there will be

a definite need for a increasing number of reference coordinates that are compatible with the

GPS accuracy. It is then logical that the establishment of a new datum, today, should meet

future accuracy requirements. On the other hand, as it has been expressed by some geodetic

leading scientists, we can consider that Doppler accuracy would be sufficient,for the

foreseeable future and if in the future higher accuracy is required, then the ADOS stations

could be reobserved using GPS 14/. The survey itself, could be conducted quite, rapidly

using bilateral agreements similar to those of the Doppler campaign.

GPS has an accuracy level of 10 cm. or better. Accuracy of. ADOS
coordinates is- still to be assessed, but are.not believed to be
better than 1 m. .'..'

2A/ provided that the necessary, auxiliary information suc.h\.as
precise ephemerides will be made available for that purpose; ■•■
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The first described method using GPS foresees the realisation- of entirely new

geodetic networks in the hear future, replacing the existing ones. The second approach (post-

ADOS) will maintain the existing networks as the main geodetic framework, adjusting them

to the new datum. This fact certainly weighs in the decision to be taken, as it is not

foreseeable that the countries in Africa will easily replace their existing networks.

Furthermore, the doppler approach will result in homogenizing the existing networks of

Africa, which is one of the objectives sought with the common datum.

A third difference is the fact that the ADOS observations and computations have

already been executed and the results are available, whilst the application of GPS would

require the setting up of a new campaign. In this respect, it is worth noting the huge effort

of cooperation done by the African countries in having the ADOS project implemented, as

well as the huge resources that were devoted to the project. While they can not be consider

as compelling conditions to make use of the ADOS results, it is believed that to disregard

them, just after the successful completion of the project, could have negative consequences

for new efforts of cooperation in the future, as well as the credibility to be given to similar

projects might be seriously questioned. These considerations are certainly valid and have

substantial weight in the actions and decisions to be taken.

Some conclusions.

Certainly it is not easy to reconciliate the different criteria, approaches or strategies

that are involved in the definition of a new datum. The experience gained in similar tasks

previously carried out in other continents should not be disregarded 15/. From a practical

point of view the rough procedure for Africa could be:

15/ In Europe, a continental triangulation network was adjusted

using Doppler stations, and the European Doppler Network (EDOC) was

determined. Immediately after finishing it, a new effort started

with the EUROF concept (European Reference Frame), based on GPS

because it became clear that EDOC cannot meet the requirements of

the near future that are all linked to GPS.
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(a) as Phase I, ADOS coordinates would be used for the realization ofthe common

geodetic datum. The WGS-72 coordinates should be transformed to the reference

system WGS-84. ' V

(b) to carry out as many GPS observations as possible on ADOS stations, preferably

together with national GPS campaigns.

(c) to link GPS,.linked to the ITRF, for the final establishment of a Phase II

precise Common Geodetic African Datum...

(d) link national networks, possibly via existing ADOS stations, to the GPS

reference frame, in order to use the best existing geodetic .information in a

particular country for the establishment of a preliminary set of coordinates that

may meet the nearest forthcoming requirements, until a final GPS based national

network can be established in that particular country, i

Once more, the author wants to point out that the ideas expressed in this document,

are only a rough sketch which has to be analyzed carefully among experts. It intends to

serve as an input for discussion.

The Sub-Commission of Commission X of the International Association of Geodesy,

proposed at the Vienna IUUG General Assembly, with the terms of reference that were

given to it, appears to be the. most logical body to discuss and define the issues of a new

datum, in which other eminent African geodesists, not includecUn it, may be invited to

participate.
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