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Abstract

The Nigerian geodetic reference ellipsoid is the Clarke 1880 with the centre and origin not in coincidence with
the Earth’s centre of mass. The station is roughly located at the centre of the primary triangulation network
referred to as MINNA DATUM. The Minna datum is a local datum with origin of the coordinate adopted. The
control was established using the traditional survey methods; thus resulting to a number of inherent deficiencies
that causes serious distortion in the network. These include among others; In-accuracy of the scale factor by
compression of the Clarke 1880 ellipsoid, thereby causing defect in distances measured.; the origin of the
Nigerian network is poorly defined; absence of geoidal height model; and difficulties in the determination of the
transformation parameters. However, the Federal Government of Nigeria through the Office of the Surveyor
General of the Federation (OSGOF) have set up a surveying infrastructure throughout the country known as the
Continuously Operating Reference Station (CORS); to replace the traditional geodetic passive networks which
are the basic infrastructure for Surveying and Mapping in any country. The eventual purpose is national
development, security and defence, which is in line with the government’s endeavour to improve its delivery
mechanism. The coordination of the CORS stations to the International Terrestrial Reference Frame (ITRF) has
become obvious towards the realization of the Geocentric Datum of Nigeria for various applications such as,
Surveying and Mapping, Navigation, Monitoring of large structures, landslides, subsidence as well as
Earthquake. The Centre for Geodesy and Geodynamics has embarked on a project to determine the Geocentric
Datum of Nigeria. This paper presents preliminary results for the Realization of the Geocentric Datum of
Nigeria

Keywords: international terrestrial reference frame, geocentric datum, osgof, continuously operating reference
station

INTRODUCTION is compatible with WGS84 at the centimetre level.
Global Navigation Satellite System (GNSS) has While WGS84 is established and maintained by
emerged to become a vital component in high military organization the ITRF is produced by
precision positioning suitable for survey and International Earth Rotation Service (IERS), a
mapping. The advent of GNSS and unified GIS scientific institution (Abdul, et al, 2003).
applications over large areas has caused the existing Consequently, the most rigorous way for geodesists
Minna datum to become obsolete, increasingly  to achieve centimetre level accuracy is to perform
inefficient and difficult to relate to modern systems. GPS measurements relative to ITRF control stations
The datum is regional in nature and generally not  since DoD stations are not available to civilians.
aligned with global geocentric coordinates frames.

Current trend indicates that many countries have All modern GNSS use geodetic reference systems
implemented and adopted a geocentric coordinate closely aligned with ITRF (e.g. the US GPS system’s
frame for their geodetic datum. Such earth centred WGSB84). The latest realisation of ITRF (ITRF2008)
geocentric datum is difficult to define until the recent has a precision of a few millimetres and forms a
development of space based measuring systems. This robust basis for any regional or national geodetic
is made possible because the space based positioning datum. As the ITRF continues to stabilise, it is
satellites revolve around the centre of mass of the anticipated that differences between future
earth and are therefore related to an earth centred or realisations of ITRF will differ from one another by
geocentric datum. The World Geodetic System of less than a few millimetres at a common epoch.
1984 or WGS84 is one such global geodetic datum Transformations from instantaneous ITRF to a fixed
maintained by the US Department of Defence and is reference epoch of ITRF are straightforward using a
used by GPS for space based positioning. Another measured ITRF site velocity for each station, defining
realization of the global geodetic datum is the the geodetic network, by using a deformation model;
International Terrestrial Reference Frame (ITRF) and or by using a model of rigid plate motion to compute
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a site velocity (Altamimi et al., 2007). A centimetre
accurate geodetic datum forms the spatial foundation
for any economic activity reliant on spatial data
(cadastral surveys, urban and regional planning, land
administration, resource extraction, agriculture,
engineering, transport, asset management and
navigation) as well as environmental monitoring,
search and rescue operations and geophysical hazard
mitigation (Abdul, et al, 2003) Sharing of data is
possible without the need for any transformation, if
all users (e.g. different government departments and
the private sector) are using the same datum. The
resulting economic savings and benefits are immense.

The ITRF 2008

The International Terrestrial Reference System
(ITRS) is a world spatial reference system co-rotating
with the Earth in its diurnal motion in space. The
International Earth Rotation Service (IERS), in
charge of providing global references to the
astronomical, geodetic and geophysical communities,
supervises the realization of the ITRS. Realizations of
the ITRS are produced by the IERS ITRS Product
Centre (ITRS-PC) under the name International
Terrestrial Reference Frames (ITRF). ITRF
coordinates are obtained by combination of
individual TRF solutions computed by IERS analysis
centres using the observations of Space Geodesy
techniques: GPS, VLBI, SLR, LLR and DORIS.
They all use networks of stations located on sites
covering the whole Earth (McCarthy and Petit, 2003).

Twelve realizations of the ITRS were set up from
1988. The latest is the ITRF2008. All these
realizations include station positions and velocities.
They model secular Earth’s crust change that’s why
they can be used to compare observations from
different epochs. All the higher frequencies of the
station displacements can be accessed with the IERS
conventions. Continuity between the realizations has
been ensured as much as possible when adopting
conventions for ITRF definitions. The relationship
linking all these solutions is of utmost importance.
Nowadays, four main geodetic techniques are used to
compute accurate coordinates: the GPS, VLBI, SLR,
and DORIS. Since the tracking network equipped
with the instruments of those techniques is evolving
and the period of data available increases with time,
the ITRF is constantly being updated.

ITRF2008 is the new realization of the International
Terrestrial  Reference System. Following the
procedure already used for the ITRF2005 formation,
the ITRF2008 uses as input data time series of station
positions and Earth Orientation Parameters (EOPSs)
provided by the Technique Centres of the four space
geodetic techniques (GPS, VLBI, SLR, DORIS).
Based on completely reprocessed solutions of the
four techniques, the ITRF2008 is expected to be an
improved solution compared to ITF2005. Co-
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ordinates in an International Terrestrial Reference
System (ITRS) are computed at different epochs and
the solutions are called ITRF. Due to plate tectonics
and tidal deformation, the co-ordinates change for a
certain point between the different ITRF (Altamimi,
2001)

The Benefits of a Geodetic Datum based on ITRF
An ITRF based geocentric datum or CORS network
will among others;

» Provide direct compatibility with GNSS
measurements and mapping or geographical
information system (GIS) which are also
normally based on an ITRF based geodetic
datum
Allow more efficient use of an organization’
spatial data resource by reducing need for
duplication and unnecessary translation
Help promote wider use of spatial data
through one user friendly data environment
Reduce the risk of confusion as GNSS, GIS
and navigation systems become more widely
used and integrated into business and
recreational activities

The Nigerian Geodetic Reference System

The observation of the Nigerian geodetic reference
system was carried out between the late 1940’s and
early 1960’s (Arinola, 2006). The reference ellipsoid
is the Clarke 1880 with the centre and origin not in
coincidence with the Earth’s centre of mass. Rather,
the origin is one of the stations located roughly at the
centre of the associated triangulation network
(Onyeka, 2006). The geodetic reference system is
based on Minna Datum which is a local datum with
origin of the coordinate adopted. Figure 3 shows the
Nigerian geodetic triangulation network. The controls
were established using the traditional survey
methods.

&

Figure 2: The Nigerian Primary triangulation
Network ( Dodo and Idowu, 2011)
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The datum is regional in nature and generally not
aligned with global geocentric coordinates frames
(Dodo and Idowu, 2011). The Minna datum used in
the production of the Nigerian primary triangulation
network has a number of inherent deficiencies
resulting to serious distortion in the network. Some of
these problems include (Uzodinma, 2005):

i. In-accuracy of the scale factor by compression
of the Clarke 1880 ellipsoid, thereby causing
defect in distances measured.

The origin of the Nigerian network is poorly
defined
iii. There is absence of geoidal height model

iv. Difficulties in the determination of the
transformation parameters
Nigeria is yet to come out with workable

transformation parameters for the whole country,
hence the local reference system cannot be
transformed to WGS84, given the defects and
deficiencies earlier mentioned. It is anticipated that
the roll-out of Continuously Operating Reference
Station (CORS) network in Nigeria will result in very
significant  improvements in the Positional
Uncertainty (PU) attainable by surveyors using
Global Navigation Satellite Systems (GNSS)
positioning technology. Improvements will be
noticeable in remote and under-developed areas,
particularly with regard to cadastral (e.g. customary
land) and resource sector surveys. The basis for any
regional CORS network is wusually the latest
realisation of the International Terrestrial Reference
Frame (ITRF) (Stanaway and Roberts, 2011). Many
countries have modernised their geodetic datum to a
geocentric realisation of ITRF. Table 1 shows
selection of countries which have already adopted an
epoch of ITRF as the basis for their national datum.

Table 1: ITRF aligned datum of some selected
countries (Source: Authors)

Country Datum Realisation Reference
Epoch
Australia GDA9%4 ITRF92 1994.0
China CTRF2000 ITRF97 2000.0
Indonesia DGN1995 ITRF2005 1995.0
Japan JGD2000 ITRF2000 2000.0
Malaysia GDM2000 ITRF2000 2000.0
New NzGD2000 ITRF96 2000.0
Zealand
Papau New | PNG94 ITRF92 1994.0
Guinea
South Korea | KGD2002 ITRF2000 2002.0
The Nigerian Permanent GNSS Reference

Network (NIGNET)

The Nigerian Permanent GNSS Reference Network
(NIGNET) is established by the Office of the
Surveyor General of the Federation (OSGoF). The
goal of the NIGNET is to implement new reference
frame for Nigeria in line with the recommendation of
the United Nation Economic Commission of Africa
(UNECA) through Committee on Development,
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Information Science and Technology (CODIST)
(Jatau et al, 2010). The core of NIGNET is formed by
network of Global Navigation Satellite System,
Continuous Operating Reference Stations (CORS). It
is expected that, NIGNET will directly contribute to
the Africa Reference Frame (AFREF). Presently,
there are eleven (11) NIGNET CORS stations as
shown in Figure 3. With the growing capabilities of
GPS as a high precision positioning system for
surveying and mapping, monitoring geophysical
hazards, sea level change and as well as coordinating
geodetic activities; there is a necessity for the
NIGNET stations to be defined on the precise
reference system such as International Terrestrial
Reference System (ITRS) that managed the
International Terrestrial Reference frame (ITRF). The
realisation of the Geocentric Datum of Nigeria
(GDN)
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Figure 3: The Nigerian Permanent GNSS Reference
Network (NIGNET)

Implementation of the Geocentric Datum of
Nigeria (GDN)

The depiction of three-dimensional position is most
conveniently represented by a regular mathematical
model instead of the geoid, which is the equipotential
surface of the earth’s gravity field that coincides with
the mean sea level. Currently, the best mathematical
model is an ellipsoid defined with orientation and
position as well as size and shapes to fit the globe.
Modern geocentric datum has its origin (0, 0, 0) fixed
at the Earth’s centre of mass and the directions of
their axes are defined by convention. The
International Earth Rotation Services (IERS)
maintains this present day terrestrial reference system
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through an International Terrestrial Reference Frame
(ITRF), which is defined by adopting the geocentric
Cartesian coordinates and velocities of global tacking
stations derived from the analysis of VLBI, SLR, and
GPS data [Bock, 1998]. The implementation of
geocentric datum for Nigeria will required the
connection to such reference frame (ITRF). The
following stages of realization of the geocentric
datum are being carried out at the Centre for Geodesy
and Geodynamics.

» GPS data collection for the Zero Order
Geodetic Network.
Data processing and adjustment of Zero Order
Geodetic Network.
Computation of the new geocentric datum
coordinates at a specific epoch.

» Determination of velocity model for Nigeria

» Derivation of transformation parameters.
Meanwhile, this preliminary result will cover only the
first two

>

>

Zero Order Geodetic Network

The realization of the Geocentric Datum for Nigeria
(GDN) is based on a network of permanent GNSS
tracking stations or NIGNET, which fits into the
global ITRF geodetic framework. Currently,
NIGNET consists of eleven (11) continuously
operating reference stations (CORS) which were

Table 2: NIGNET approximate information

established for geodetic surveying and geodynamic
activities.

Figure 4: NIGNET Network Configuration of 9
CORS
(Source: Authors 2011)

These stations form the so-called Zero Order
Geodetic Network. However, in this preliminary
work, nine (9) stations were used as shown in Figure
4. Similarly, Table 2 provides basic information on
the NIGNET CORS used in this preliminary work.

Station | Station locations Receiver | Antenna Antenna | App. Lat.(N) App. Long.(E) Ellipsoidal

1D ht(m) height (m)

OSGF Office of the Surveyor | Trimble Choke Ring 0.1710 09° 01°39.597"" 07°29’ 10.830” 532.6447
General of the Fed. FCT
Abuja

ULAG University of Lagos, | Trimble Choke Ring 0.1710 06°31'2.375”" 03°23'51.444"" 44,5752
Lagos

RUST | River State Univ. of Sc. | Trimble | ChokeRing | 0.1710 04° 4876.609”’ 06°58’ 42.677"" | 45,5892
and Tech. Port Harcourt

UNEC University of Nigeria | Trimble Choke Ring 0.1710 06° 25’ 29.301"" 07°30° 17.968” 254.4055
Enugu campus

BKFP Birnin Kebbi Fed. | Trimble Choke Ring 0.1710 12° 28°6.876"" 04°13’ 45.271” 250.0118
Polytechnic

ABUZ Ahmadu Bello  Univ. | Trimble Choke Ring 0.1710 11°0976.263"" 07°38’ 55.274" 705.0666
Zaria

GEMB Gembu, Taraba Trimble Choke Ring 0.1710 06°55’ 1.917”’ 11°11° 2.185” 1795.6424

CGGT | Centre for Geodesy & | Trimble | ChokeRing | 0.1710 10°077 23.141” | 09°07’ 5.922” 916.4462
Geodynamics, Toro

FUTY Fed. Univ. of | Trimble | Choke Ring 0.1710 09° 20°59.073"" 12°297 52.072”" 247.4052
Technology, Yola

(Source: Authors, 2011)

Data Acquisition

Five (5) continuous days in year 2010 and three (3)
months in year 2011 of 30 seconds GPS data were
acquired from 9 NIGNET stations. The data were

Table 3: GPS Campaign

grouped in six (6) different campaigns as shown in
Table 3.

Campaign Date
1% 12" Feb.-16™ Feb. 2010
2m 1% Jan.-19" Jan 2011
3" 20™ Jan.-31% Jan. 2011
4" 1% Feb.-7" Feb 2011
50 1% Mar.-17" Mar. 2011
6" 18™ Mar.-31° Mar. 2011

Day of the Year GPS Week

043-047 15705-15712
001-019 16172-16193
020-031 16194-16211
032-038 16212-16221
060-076 16252-16274
077-090 16275-176293
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The links to ITRF2008 were made by acquiring GPS
data from nine (9) International GNSS Service
stations (IGS) as shown in Figures 5 and 6. The data
were acquired at the period with those of NIGNET.
Four (4) of the stations are located in Europe, while
five (5) of the stations used are in Africa. These
stations served as the fiducial points in the
processing. Table 4 provides information on the IGS
stations used.

Figure 5: African IGS Stations used as fixed stations
for NIGNET (Source: http://igscb.jpl.nasa.gov; Last

Accessed 16" September, 2011)

Table 4: IGS Stations used

EE T )
Figure 6: European IGS Stations used as fixed station
for NIGNET NIGNET (Source:
http://igscb.jpl.nasa.gov; Last Accessed 16"

September, 2011)

_hmpiigsch jplnasa.gor

Station 1D Station location Country Appro. Lat (N) Apro. Long (N) Ellipsoidal Height (m)
HARB Pretoria Republic of south Africa | -25°53’ 12.84’" | 27° 42’ 27.00’ 1555.0000

NKLG Libreville Gabon 00° 21’ 14. 04" 09° 40’ 16.56"" 31.4800

RABT Rabat Morocco 33°59’ 53.16"" 353° 08’ 44.52" 90.1000

RBAY Richardsabay South Africa -28°47° 43.80"" | 32°04’ 42.24”" 31.7927

SUTH Sutherland South Africa -32°22 4872 | 20° 48’ 37.80” 1799.7659

CAGZ Capoterra Italy 39° 08’ 09.24”" 08° 58’ 22.08"" 238.0000

MAS1 maspalomas Spain 27° 45’ 49.32”" 344° 22’ 0.22" 197.3000

NOT1 Noto Italy 36°52’ 33.96" 14° 59’ 23.28” 126.2000

SFER sanfernando Spain 36° 27’ 51.48”" 353° 47’ 39.84"" 85.8000

Data Processing for the Zero Order

The processing was carried out using precise
satellites orbits also acquired from IGS. The Trimble
Total Control version 2.73 GPS processing software
was used in the processing of the acquired data.

The GPS data processing is divided into three parts
namely (a) Pre-processing (b) Daily Adjustment and
(c) Weekly combination. Daily pre-processing was
preformed to eliminate satellite clock biases, estimate
receiver clock correction, and to screen for cycle
slips. The lonosphere Free strategy has been used for
the ambiguity fixing with the average resolved
ambiguity at around 75%. The daily solutions of
independent baselines were computed using carrier
phase double difference with Saastamoinen model for
troposphere estimation. Analyses of the weekly
solutions were carried out to exclude bad station
solutions based on both free and heavily constrained
(with respect to the 9 IGS stations) network
adjustment. A total of 13 weekly solutions were
obtained. Table 5 shows summary of the processing
parameters.

Table 5: Processing Parameters used

RINEX data at 30 second sampling rate
IGS final orbit

24 hours sliding window processing

ITRF 2008 reference frame

Cut-off satellite elevation angle at 10°
Quasi-lonosphere free ( L) ambiguity free
Saastamoinen Troposphere model

IGS fixed stations

Free network adjustment

Constrain Network adjustment
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ANALYSIS OF RESULTS
Two strategies were employed to obtain optimum
results and to check for outliers in the final
adjustment:

i) Free network adjustment and

ii) Heavily constrained adjustment.
The objective of the free network adjustment is to
adjust the weekly normal equation freely and
transform them using the nine (9) IGS stations. This
strategy will align the NIGNET network onto
ITRF2008 Reference Frame. The free network
adjustment also allows for the investigation of
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internal reliability and the detection of outliers. The
quality assessment for the NIGNET is based on the
coordinates Time Series analysis, and the internal
accuracy for the NIGNET station coordinate from the
Free Network adjustment

Free Network Adjustment

The analysis is done based on individual campaign.
As stated earlier, the free network is to check the
internal consistency of the network using standard
deviation in each case. Figures 7a to 7e representing
each of the six (6) campaigns, shows the standard
deviation of the free network adjustment.

1st Campaign: 15705 - 15712

uNorth

STD { mm)

M East

B Height

ABUZ BKFP CGGT FUTY GEMB OSGF RUST ULAG UNEC

NIGNET CORS STATIONS

Figure 7a: Standard Deviation of the 1st Campaign

2nd Campaign: 16172 - 16193

250
200

150
mNorth

STD (mm)

100  East

W Height

50

BKFP CGGT FUTY RUST ULAG UNEC

NIGNET CORS STATIONS

Figure 7b: Standard Deviation of the 2nd Campaign

In Figures 7a and 7b representing the 1% and 2™
campaign; the internal accuracy of the free network
adjustment shows that, there is no consistency in the
two campaigns. Least international accuracies were
obtained during the 1% campaign with standard
deviation of 17cm, 68cm and 76.5cm in the north,
east and height component respectively. This could
be as result of data for the 1 campaign logged on
hourly i.e. at lhr interval as against 24hrs interval
during the 2™ campaign. Similarly, data gabs were
present in 2™ campaign.
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3rd Campaign: 16194 - 16211

100 4

£
£y moth
g W East
B Height
0
BKFP CG6T FUTY ULAG UNEC
NIGNET CORS STATIONS
Figure 7c: Standard Deviation of the 3rd Campaign
4th Campaign: 16212 - 16221
250 1
200 4
150
uNorth

STD (mm)

100 B East

50 1 Height

BKFP CGGT FUTY ULAG UNEC

NIGNET CORS STATIONS

Figure 7d: Standard Deviation of the 4th Campaign

However, from figure 7b to figure 7e, there is
consistency in the internal accuracy, although there
are slight differences in the standard deviation
between the campaigns, however, the differences
ranges between 2mm to 4mm which could be
tolerable. This can be attributed to the fact that, the
data set was of the same rate of 30 second-intervals,
also most of the stations streamed data. Except RUST
whose dataset were incomplete during the third
campaign.

5th Campaign: 16252 - 16274

100

mNorth

STD (mm)
o~
o

mEast

1 Height

BKFP CGGT  FUTY  OSGF  RUST ~ ULAG ~ UNEC

NIGNETCORS STATION

Figure 7e: Standard Deviation of the 3rd Campaign
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STD (mm)

6th Campaign: 16275 - 16293
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NIGNET CORS STATIONS

Figure 7f: Standard Deviation of the 4th Campaign

Mean STD (mm)

Mean of the Six Campaigns

HNorth
W East

1 Height

NIGNET CORS STATIONS

Figure 8: Mean Standard Deviation of the six
campaigns

Interestingly, the summary of the free network
adjustment for the six campaigns as shown in Figure
8 indicates that CGGT station has a better internal
consistency with a least value of standard deviation
of 4cm 5cm and 6cm in the north, east and height
components respectively.

Constrained Network adjustment

Comparison of NIGNET coordinates was made in
order to determine the accuracy of the network with
respect to the IGS stations. Table 6 shows the average
of the six campaigns and their values in the north,
east and height components.

Table 6: Mean Coordinate Standard Deviation of the
Six Campaigns

Stations Mean Standard Deviation of the Six

Campaigns (mm)

North East Height
ABUZ 103.066 315.933 405.533
BKFP 64.681 212.365 206.953
CGGT 26.847 66.007 63.773
FUTY 59.304 191.050 172.127
GEMB 151.3 564.3 670
OSGF 68.759 191.833 206.365
RUST 54.379 158.224 157.316
ULAG 48.182 129.582 111.7314
UNEC 54.848 159.787 150.989
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In Table 6, it is evident that station CGGT has the
least standard deviation in the north, east and height
components respectively. This may suggest that,
station CGGT has more stability compared to the rest
of the stations.

Further analyses carried out on the coordinate
differences repeatability base on each campaign as
shown in figures 9-11; reveals that, in Figure 9,
station CGGT has the lowest coordinate difference of
-3.686m between 1% and 2™ campaigns in the north
component while station ULAG has the highest in the
north component of about 0.741m.
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Figure 9: North component coordinate difference
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Figure 10: East component coordinate difference

In the east component as presented in Figure 10, the
results reveals on the contrary where station CGGT
has the highest coordinate difference in the east
component of about , 7.848m between 1%-2"
campaigns and lowest in FUTY with coordinate
difference of about -3.625mm between 2"%-3"
campaigns. In Figure 11, CGGT station has the
lowest coordinate difference of -0.7938m in the
height component between 2"-3" campaigns and
highest in FUTY in the height component with
difference of about 0.9605m between 4"-5"
campaigns.
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Figure 11: Height Component difference

CONCLUSION

It is evident that, the result obtained is yet to meet the
required standard. Difficulties were encountered at
this preliminary stages include; among which are,
missing data in the RINEX files, data for some days
were not available, inconsistencies in the RINEX
header for some stations etc. Similarly, the use of
high precision GNSS processing software will do
better in eliminating some the cycle slips, ambiguity
resolution. This will be the next stage of this
research.

The development of the Geocentric Datum of Nigeria
(GDN) should be seen as a national project. It will
unify the geodetic datums in Nigeria with respect to a
geocentric reference frame defined in ITRF system.
Subsequently, the GDN will form the backbone for
the national adjustment of all future GPS stations to
define all coordinates in ITRF system. The new GDN
would be maintained and managed through the
permanent GNSS tracking stations, which form the
Zero Order Geodetic Network and thus a high
accuracy, homogeneous and up-to-date datum would
always be available to the nation. It is undeniable that
the GDN would provide an internationally
compatible system for all spatial data. This in turn
will generate greater benefit in the application of
satellite positioning particularly GNSS in the country.
Finally, a series of approaches and strategies need to
be developed to encourage users in the usage of the
GDN. The Centre for Geodesy and Geodynamics is
working achieving the realisation of the Geocentric
Datum of Nigeria

FUTURE WORK

The next stage of this work is the re-processing of the
data using high precision GNSS software to confirm
the Zero Order Network and to obtain the new
geocentric datum coordinates. Finally; to determine
the velocity model for Nigeria, and derivation of the
transformation parameters.
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