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Abstract '
The establishment of Earth Observation Satellite (EOS) ground
receiving stations in parts of Nigeria and other parts of the globe,
similar to the Indian Remote Sensing (IRS) model will enhanced
global tele-commands, precise EOS tracking, data transmission and
distribution of NigeriaSat data, which will enhance global-scale data
awareness, usage and higher financial returns for Nigeria. This study
therefore attempts the application of Global Navigation Satellite
System (GNSS) sky visibility planning and dilution of precision
analysis technique to select optimal location for EOS ground station(s)
in Nigeria. The Nigerian Geodetic Network (NigNet) GNSS
Continuously Operating Reference Stations (CORS) RINEX data of
February 2012 and Trimble Total Control (TTC) software were used
for the determinations of the baselines and positions of the 11
available CORS. The technique of GNSS sky visibility planning and
dilution of precision (DOP) was adopted because signals from
satellites behave in similar pattern in the atmosphere, so poor visibility

in GNSS signal in a particular observation window translates
relatively to poor orbit definition signal for an EQS. Based on Jon's
rating of DOP values [1= ideal; 2-3 = excellent; 4-6 =good; 7-8=
moderate; 9-20=fair; 21-50= poor)], the DOP values for the stations
across Nigeria can be adjudged to range between excellent and good
for ground receiving stations. However, the overall results showed
that, GEMB on ellipsoidal heights of 1795.7857m has the most
suitable DOPs and sky visibility plan for ground receiving sites;
followed by CGG Toro (916.7853m) and RAMPOLY Maiduguri
(702m). The sky visibility analysis showed availability of an averageé
of 9 GPS and 2 GLONASS constellation satellites to receivers at

elfevat.ion angles of 10°-15° between 6:00hrs and 24:00hrs daily across
Nigeria. The approach of EOS ground receiving station suitability
analysis de

monstrated in this study is recommended for the Nigerian
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E‘eét;bltfrsrznzggg)e;Stauons c_ie récepl?on des S.atel.lites d'Observation

: ans certaines parties du Nigeria et dans d’autres
partics du globe, semblable au model indien de la Télédétection (IRS)
am'el-lorera les télécommandes globales et le systéme de tracking:
precis des _EOS, la transmission et la distribution de données du
satellite NigeriaSat, qui amélioreront  la sensibilisation des
consciences sur les données d'échelle globale, l'utilisation et des
retours financiers plus importants pour le Nigeria. Par connsequent,
cette étude essaie d’appliquer le Systéme de Satellite de Navigation
Global (GNSS), la planification de visibilité du ciel et la dilution de
technique d'analyse de précision pour choisir 'emplacement optimal
de la station terrestre des EOS au Nigeria. Le Réseau Géodésique
Nigérian (NigNet), les Stations de Référence permanentes du GNSS
(CORS), les données RINEX de février 2012 et le logiciel de Controle
de Total de Trimble (TTC) ont été utilisés pour la détermination des
lignes de base et des positions de 11 CORS disponibles. La technique
de la planification de visibilité du ciel et de la dilution de précision
(DOP) a été adoptée parce que les signaux de satellites se comportent
dans un modéle semblable dans l'atmosphére, donc la faible visibilité
dans le signal du GNSS dans une fenétre d'observation particuliére se
transforme relativement en un signal de définition d'orbite pauvre pour
un EOS. Considérant I'évaluation de Jon sur les valeurs du DOP [1 =
idéal; 2-3 = excellent; 4-6 =good; 7-8 = modéré; 9-20=assez bien; 21-
50 = pauvre)], les valeurs de DOP pour les stations a travers le Nigeria
peuvent étre considérées comme s'étendant entre excel'lent et bon pour
des stations de réception terrestres. Cepend.ant,“les résultats globaux
ont montré que le GEMB sur les hauteurs ellipsoidales de 1?9?.7??7111
a des valeurs de DOPs les plus appropriées et le Plz‘m de visibilité de
ciel pour des sites de réception terrestres, Suivi du ICGG T(’:lo
(916.7853m) et du RAMPOLY Maiduguri (702m). L'analyse de
visibilité du ciel a montré la disponibilité d'une moyenne de 9 PPSI et
2 satellites de constellation GLONASS aux récepteurs d’angles

'é ' 215" .00 et 24.00 heures quotidiennement a
d'élévation de 10°-15° entre 6.0 0% des stations de

travers le Nigeria. L'approche d'analyse de suita



72 V. L. Ojigi, J. D. Dodo & Y. D. Opaluwa

o -
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terrestre,

uction ,

I(Ii‘r:l?:d receiving station network (GRSN) is the means by whig,
satellites in space stay in contact with the Earth. [-lumar.] oqcratgrg at the
ground stations send commands to correct the Si]ll}'”l.[CS trajectores,
:n-.mcurcr them into different orbits, and opcerate their instruments, The
satellite transmits back to carth not only the scientific data that jy is
catherine, but also the ‘housckeeping’ information nceded by the
chmmr; to cheek the satellite’s performance (ES{\. 2008). The types of
control necessary lor carth observation satellites include those of orbir,
attitude, pomting of observation instrument, thermal, telemetry,
communication, command, and electric power (ERSDAC, 2010). Wi
the rapid advancement in the technologies of Earth Observation Satellites
in low Earth orbit, the ability to precisely predict the position ang
veloeity of the satellite is extremely important.

The ground station of an Earth Obscrvation Satellites (EOS) system
consists of all communicating carth stations which access the opcrational
satellite. The ground station's job is two-fold. transmitting and receiving,
When transmutting, the terrestnial data in the form of basceband signals is
passed through a baseband processor. an up-converter, a high-powered
amphifier, and through a parabolic dish antenna up to an orbiting satellite,

In the case of a receiving station, it works in the reverse fashion by
converting signals received through the parabolic antenna to baseband
signal. The mission d

ata acquired by the ground station from a spacecrafl
are transferred to the data users along with any telemetry and tracking
information the data users may need for general station keeping. The
basic functions of GRSN include among others; relemenry tracking and
control support, satellite orbir determination and monitoring, general
Station keeping, satellite pavioad management and in-orbit test (107)
One of the strategic ways of monitoring the Orbit of an EOS is the use of
(TLE) for velocity, orbir inclination, cccentricity and cocefficient of drag
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variation analysis (Langer et al, 1994, 2002; Cox et al, 2000; Ojigi,
2012). o .

Obtaining a precise orbit with sparse tracking data and the ability to
accurately propa'igate 1t so that it can be used for scheduling instruments
and ground station operations are important procedures selection of the
estimation algorithm and force modeling. When GNSS observables have
to be incorporated in the software, those suited for batch estimators must
be used. The option is to obtain the processed bascline and navigation
results using double differences of ionospheric free carrier phase and
double difference pseudorange. Dow et al (1994) suggested that,
measurements with GPS observables should be implemented either for
pairs of ground stations or for geodesy, and for orbiting receiver or
ground station pairs, in order to obtain precise orbits of the satellite
carrying the GPS receiver.

Most modern satellites utilize space-borne GNSS receivers as primary
navigation sensors, which allow positioning accuracies to the decimeter
level because of the high precision of GPS carrier-phase measurements
(Hauschild, undated; Hauschild & Montenbruck, 2008). The
determination of Two Line Element (TLE) sets are enhanced by GNSS
observable and receivers on EOS, whose orbit attitudes are subsequently
tracked, monitored, propagated and modeled. High accuracy in EOS
telemetry tracking and control is guaranteed using the GNSS carrier
phase observable, free of ionospheric errors when dual frequency data is
used. The unsurpassed observability is provided by the high number of
GPS satellites that can be simultaneously tracked by an orbiting receiver
(http://nng.esoc.esa.de/gps/onboard_gps.html; Cox et al, 2000).

Satellite Visibility and Observation Planning

GNSS planning software have been developed (Fruet et al, 1999;
Sguerso & Zatelli, 1999; zatelli & D’Inca, 2004) and recently updated
(Federici & Sguerso, 2009), and introduced as modules of most GNSS
solution software (commercial, scientific and open source software).
GNSS Planning allows the identification of optimal areas to perform a
survey in a given temporal window, or the best time interval for a survey
campaign in a certain area (Federici, ef al, 2010), taking into account the
realistic obstructions to satellite signals due to factors such as terrain
morphology, building and communication structures, weather apd
atmospheric conditions, etc. A popular representation of sate:lllte
availability is the skyplot, which is a plot of satellite tracks on a zenithal

projection centered at the ground station (Fgurel.1).
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Figurel.1: Skyplot showing absence of Satellites in Northern  sky
(Source: Oppliger, 2007)

Dilution of Precision (DOP)

The Dilution of Precision (DOP) is a measure of the geometrical strength
of the observations model. DOP can also be a measure of the strength of
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canges and solves for the 3-D receiver coordinates (X, Y, Z) and the
receivers clock offset (dT) using the [cast squares algorithm. In the least
squarcs solutions, the inverse of the normal matrix is, of course, the

variance matrix of the estimated parameters and therefore takes the form
of equation (1) (Langley, 1999; Misra & Enge, 2001).
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Where,

TDOP =0,
(2)

VDOP = o,
3)

HDOP=(o2 +07)"
(4)

PDOP = (o-§ +oL +0; )”2 = (cri, +0y +0; )”2
(5)

GDOP = (o*é rol+ol+col)’ = (Jf{ +0y+0; +col, )”2
(6)

¢ = velocity of light (= 3.0%10°m/s-?)
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Statement of Problem
. lfee’ rol.mdjl:ecei\xing station network (GRSN) allows for de}ta access gng
¢ ephemerides carth-centered inertial (g

rovision of hiohly-accuratt_a : . .
Eoordinates, sat;llite sub-point (!at1tude, lo11g}tude, and altitude for nop.
spherical earth), look angles (azunuth, elevation, range, and range rate

and right ascension and declination. One major outlet of satellite gy,
distribution from the Indian Cartosat-1 _Spacecraft.ls the Ir@an Remote
Sensing (IRS) International Ground Stations operating in Various parts ¢
the World (http:/www.nrsa.gov.in). The establishment of groyyg
receiving stations elsewhere in Nigeria and other parts of the globe,
similar to the IRS model will enhance global tele-commands, dat,
transmission and distribution of NigeriaSat imageries, and lead to globg|.
scale data awareness, usage and higher financial returns.

GNSS technology plays strong role in the selection of suitable groupq
station location through sky visibility and DOP analysis, precise
determination and monitoring of orbital elements of Low Earth Orbjt
Satellites (LEOS), determination of unpredictable spacecraft trajectories,
leveraging on GNSS continuous coverage and great accuracy (when
spacecrafts are performing frequent maneuvers or flying at very low
altitudes their flight modes may sometimes be so unpredictable), and
computation of the relative position of two spacecrafts (e.g. N-2 and N-
X) using relative or differential modes of GNSS receivers. In view of
this, it is therefore imperative to use the GNSS CORS infrastructure in
Nigeria and associated International GNSS Service (IGS) facilities to
plan and select the optimal ground stations for Nigeria space programme.

Aim and Objectives of Study |
The study aims at applying the GNSS sky visibility planning and dilution
of precision analysis for EOS ground station selection for Nigerian space
programme. The objectives of the study are to:

i.  carry out the sky visibility analysis at elevation cutoff angles of
10°, 12° and 15° using satellite visibility planning technique;

ii. carry out the multiple and single station dilution of precisions
(DOPs) analysis of eleven (11) Nigeria Geodetic Network
(NigNet) GNSS COR stations in Nigeria at elevation cutoff

~ anglesof 10°, 12° and 15° respectively;

i1i.  use the DOPs and satellite visibility analysis to identify al,ld
select suitable locations for ground receiving antenna in Nigen®
in addition to the existing one at the National Space Researc!
and Development Agency (NASRDA) in Abuja;
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iv.  articulate Strategies tqo .
i mit - ;
interferences in GRSN Mtigate  signal  obstruction and

Space programme,

N;ggrf{z ’s t:’?round Station Facility and Satellites in Orpit
The NigeriaSat-2 and NigeriaSat-X have two commr 1 '

: on ground stations
located n Surrey, UK and NASRDA, Abuja receptively. The satellites
are routinely tracked by the two ground stations, with a s.atellite pass in
about 3-4days for N-2 and N-X in 3-5 satellites days interval. The
integrated Ground Station Telemetry Tracking and Control (TTC) also
consists of GPS_Receivers (onboard N-2 and N-X, and operated at the
ground simultaneously) to create reference frame of the satellite, and the
Inertial Reference Unit (IRU) to record attitude variations (pitch, roll and
yaw) of the platform; required for satellite orbit’s attitude corrections.
Parameters involved in typical command links include changes and
corrections in attitude control and orbital control, antenna pointing and
control, transponder mode of operation and battery voltage control.

OPSB Satellite 1
g r
—

NigeriaSat-2

Satellite

Telemerry . Data Ephemeriz
Receiver Processor Data

Oréund ,_T
Receiving & l
Sy Satellite Satellite Ateltude
e o Tracking (roll, pitch, yau)

System & Orbit Comtrel

Processor
Satellite l | )
Command J Controller

Transminer

of Tracking and Control Functional Elements for

o st RDA, Abuja, Nigeria (Source: Authors’ Design).

the NigeriaSat at NAS

NigeriaSat Infrastructure
The NigeriaSat infrastructurc

NigeriaSat-X (N-X) spacecrafts, GS) and the Mission Operations
St oo (0 S Grouﬂaéiig;a;!zg govﬁer Control Systems, etc. N-2

: - : :
Ceg ?Je{MOC)]iafz?l;Iiltlillllnngow Earth Observation Satse;iltzesis@ga?nse)r:-
and N-X are po ; eriaSat- .
an altitude of about 700km. (GSD) panchromatic

based, comprising 2.5m ground sa
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] rised of the NigeriaSat-2 (N )
- com{\)/lission Control Centre [Mission

mpling distance
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(very high resolution

Figure 1.3(a, b and c): The NigeriaSat Spacecrafts and Ground Station
Antenna [a, b: N-2, N-X (http://www.sstl.co.uk); c: GS Antenna at
NASRDA, Abuja (source: Authors’ field work)].

MISSION CONTROL CENTRE
Ground Station

Mission Operations Centre Mission Control Suite

Mission Planning Sysem

Antenna Comirol

Remote User

Fi R
gurel. 4. Mission Control Centre (Source: Chizea et al, undated)
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tals and Methods
Mattelz‘o llection and Sources |
Da adataset used 1s a collection of NigNet RINEX data for nine (9) COR
ghiiol‘ls observed in February 2012 and obtained f
ta

om the Office of the
r1a, and International

Data (http://igs.org;

gurveyor General of the Federation (OSGoF) Nige
u

GNSS  Service (IGS)  Navigation
Mgscb.iol.nasa-gow )-

Descri}{’“;]"tofggﬁgeéacr;lofito existence in 2008 and since then thf:
i fe tations have increased gradually to eleven (11) as of April
Sl '/S/ ww.nignet.net). The CORS were established by the Office
e r General of the Federation (OSGF). The eleven (1.1).
¢ thf:atséglzy%tations already installed and operational are ]l;) Catii 1:;
S P P e O [ S
Kebbi ), Zaria g : ’
gh%;}r)EUCAL), %oro (CGGT) and Maiduguri (RAMPOLY).

; ' S
Ground Station Site Selection If’rocea;unt?i:gﬁhggffd -
he factors used for selec : isibility, site’s
i(rilzllls:izu}gec;[graphic location, ground elevanon& :Ill(lit;sﬂ; 0‘361- and
geology and  structural stability, antennad d 1ta acce;s, weather and
communication facilities, security, Interset zn !¢ asatellite sy visibility
' 1 ] b : lites
. The site selection was b: o frorn satelli
;lllartrigf{g zifd dilution of precision. This 18 bc?causeosolrgz?;ibﬂity in GNSS
behave in similar pattern in the atmo.sphere, SO Iiates relatively to poor
Signal in a particular observation window 'ffa‘:ls <levation, geographical
orbit definition signal for the EOS. The grt?znm (LMT) were used for
e i) B 1oca1dm5%1Ps criteria for site selection
generating  the sky visibility an -
Procedure in this study.
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Figure 2.3: GPS Monitoring Stations, NIMA Tracking Stations across
the globe and NigeriaSat Ground Monitoring Station (Modified after
Langer et al, 2002)

To schedule GNSS operations for effective EOS operations and
maintenance, the following factors, amongst others need to be
considered:

1. From the ground stations, satellites are not normally tracked

below an elevation of 10° to 20° due to large atmospheric
refraction and interference errors at lower elevation angles.

ii.  There is a 24 hour observation window for GNSS, but not
possible for EOS

ii.  There are periods when many more satellites are visible than the
other due to climatic factors.

iv.  The satellites' positions i the s
computed and output in a copy
out into the field during reconn

ky are predictable. They can be
enient graphical form, and taken

aissance,
Data Preparation and Processin

The NigNet RINEX data for February 2010 were prepared and proc@ssed

at interv i - '
als of 10seconds, Fixeq solution, ionospheric free computatio™

and biased adjustment of :
. : the base] : : were
carried out using Trimble Total Contr::iesso glil:liarsetatlon coordinates
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. Visibility and lf)Of.’s‘bCiom putation

he multistation sKy Visl ility plots for the entire -
;rarried out for three different elevation cutoff angllésszl?;t(?"d 113(2)311;:8;] f ;e"
respectively using Trimble Total Control software. This ap,)prorclclll1 is t
simulate the availability of the Global Navigation Satellites S ;ien(i
during station and space craft tracking sessions. The input var?ables
include the 3D spatial coordinates (latitude, longitude, and ellipsoidal
height) of the stations, time and period of observation (06hr-24hrs/28
days of February 2012), and cutoff angles of 10, 12 and 15 degrees
Similarly, the mean DOPs values were computed for the same stations ai
elevation cutoff angles of 10° 12° and 15° respectively for the same
period of observations. A popular representation of satellite availability
is the skyplot, which is a plot of satellite tracks on a zenithal projection
centered at the ground station. The satellite azimuth and elevation are
functions of time.

- OFstruction

Figure 2.4: A sample of satellite signal obstructions (shadow regions) on

a skyplot

Results and Discussion

Results

Table 3.1 shows the post-processed curvilinear coordinates (O, A, h) of
nine of the eleven NigNet reference controls in Nigeria. The relevance of
these points to the selection of ground station is that they provide the
frame work for baseline and spatial analysis in relation to the NASRDA

Satellite Ground Stations in Abuja, Nigeria.
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d reference points in WGS84 (geographicy

coordinates and std. dev.) Height
Point [Latitude(0) o(mm) Longitude(l) o(mm) (m) G(mm)
N 11° 09 E7°38 | 00 |705.4601| 0.0
ABUZ| oc nenosn | 00 | 55.22929"
N 12°28' E4°13' || 63 [250.5099| 8
BKFP| ¢ s707" | 27 | 45.22956" | "~ |°" >
N 10° 07" E 9° 07'
; 6.785 )
CGGT| 53 14085" | % | 05.87589" 16J91 7853 5.2
N 9° 20 E 12°29'
FUTY| oo coaaor | 32 | 52.02238" | 20 H;w.mlé 9.9
N 6° 55' E11°11" I -
GEMB| o' o ocon | 35 | 02.13748" 7.7 11795.7857| 10.5
N 9° 01" E 7° 29"
GEGF} o Somenn | 18 | 1pvmssan | 17 532.9498 | 6.1
N 4° 48' E 6° 58'
RU
8T | necrane | 5% | 4y gzamms | 123 45.5320{ 17.0
N 6° 31" E3°03 | |
ULAG ‘
N 6° 25' E 7° 30 l |——‘
UNEC 7° 30 _
29,30450" 3'1 17'92300u 5.9 “ 254.4941] 10.5
- e
PP o
Hﬂggﬂ'ujdr,a
Hoo
e “ SE=S e c
(et P R g T
Figure 3.1:

Abuja

Ni . o
1gNet Stations and NigeriaSat Ground Station at NASRDA
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a-c show the multistation sky visibility chart for the elevation
o angles 15°, 12° and 10° respectively. On the other hand, figures
gugtg_b show the single station sky visibility plan for GEMB station ‘t

both 1 50 and 10° elevation cutoff angles.

Figurcs 3.2
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Figure 3.2b: Multistation (11 stations) Satellite Visibility Chart at
Elevation Cutoff Angle of 12°
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Elevation Cutoff Angle of 10°

RUST, UNICAL, RALIPOLY

|

Number of Satellites

i
10900

Eld o Olug

Malireg 38 B Epal 11 01 Wiy g7 e . i
BP0 Ohenin 7 (Airaras o, tITEm Saveton cutof! 19° Ovatesw




J. D. Dodo & Y. D. Opaluwa

84 M. L. Ojigi,

Figiure 3.3a: GEMB (Single Station) Satellite Visibility Chart g
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Figure 3.3b: GEMB (Single Station) Satellite Visibility .Chart at
Elevation Cutoff Angle of 10° -

Figures 3.4a-c show the multistation (11 stations) DOPs at elevation
cutoff angles of 15°, 12° and 10° respectively. The single station DOPs

for each of the 11 stations in the network are shown in fiugres 3.5a-k.

DOP (all)

Vutamios Arstyss Ngeda 11 Sustions .
Suietes 12 GPS 24 Gionass'7 {Amanse ain)

Figure 3.4a: Multistation (11 i
Angle of 15° (11 Stations) Mean DOPs at Elevation Cutoff

g 240 74:00
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Figure 3.4¢: Multistation (11 Stations) Mean DOPs at Elevation Cutoff

Angle of 10°
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Figure 3.5a: GEMB (Single Station) DOP at Elevation Cutoff Angle of

10° [all round GDOP <2.8 (Overall Best DOPs)]
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Figure 3.5b: CGGT (Single Station) DOP at Elevation Cutoff Angle of

10° [all round GDOP <2.9]
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Figure 3.5c: RAMPOLY (Single Station) DOP  at Elevation Cu
Angle of 10° [all round GDOP £2.9]
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Figure 3.5d: ABUZ (Single Station) DOP at Elevation Cutoft Angle of

10° [all round GDOP <3.0] . _
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Figure 3.5¢: FUTY (Single Station) DOP at Elevation Cutoff Angle of
10° [all round GDOP <3.0]
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Figure 3.5 ABUJA-1 (Single Station) DOP at Elevation Cutoff Angle
of 10° [all round GDOP <3.0, but GDOP <4.0 at 14:40-14:50hrs]
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Figure 3.5g: UNEC (Single Station) DOP at Elevation Cutoff Angle of
10° [all round GDOP <3.0, but GDOP <3.4 at 14:30-14:50hrs]
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Figure 3.5h: ULAG (Single Station) DOP at Elevation Cutoff Angle of
10°all round GDOP <3.0, but GDOP <3.3 at 15:30-16:00hrs]
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Figure 3.5i: BKFP(Single Station) DOP at Elevation Cutoff Angle of 10°
(all round GDOP 3.0, but GDOP <5.0 at 10:00hrs]
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Figure 3.5j: RUST (Single Station) DOP at Elevation Cutoff Angle of |
10° [all round GDOP £3.0, but GDOP <3.2 at 14:40hrs]

H H i H
00 08.00 10:00 1200 1400

Etton UNICAL Morth Hegh
57 Zan3 7y HeghSm  Bevaton cxiolt 107 Onsuces O
\eihes 18 QPSIE Giotasy ¥ {hérarpz aim]

Figure 3.5k: UCAL (Single Station) DOP at Elevation Cutoff Angle of
10° [all round GDOP <3.0, but GDOP <3.2 at 14:40hrs]
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' jon of results ;
{[);f)i:s;l?’ shfows the ionospheric-free, processed and adjusted WGS34
' h their corresponding standard deviationg,

i rdinates wit :
geographical €00 atial locations of the 9 out of the ||

hile Figure 3.1 shows the geos
lt?l{ilgll\?et‘gCuORS on the ITRF-based global earth model (subset for

Nigeria). These points provided the frame \_Nork for baseh.ne al}d Spatial
analysis in relation to the NASRDA Satellite ground stations in Abuja,
Nigeria. o .

The sky visibility planning with the multistation analysis showed that,
more satellites are available at the elevation cutoff angle of 10° than

those of 12° and 15° respectively. Similarly, the single station sky
visibility planning for GEMB station as a test case also showed that,
wider view of the sky is possible at elevation cutoff angle of 10° at the
station than for higher elevation cutoff angle of 15°. Therefore, if a
ground receiving antenna is to be established at Gembu, in Taraba State,
it therefore implies that, longer session of satellite signal and telemetry
tracking would be possible and enhanced at elevation cutoff angle of 10°,
and with 0% obstruction, compared to elevation cutoff angle of 15°. The
only potential drawback with low elevation cutoff angle may be the
atmospheric refraction effect. From the sky visibility analysis, average
of 9 GPS and 2 GLONASS satellites are visible daily to receivers at 10°-
15° elevation angles between 6:00hrs and 24:00hrs across Nigeria. The
advantage of the skyplots and visibility chart is that, in the actual satellite
data tracking, information on possible percentage obstructions becomes
useful. If the data quality is poor (usually indicated by the signal-to-noise
ratio during operations), the possible source(s) of interference can be
identiﬁt?d and appropriate actions taken to assist subsequent data
processing. '

From figures 3.4a-c, the multistation DOPs analysis for elevation
cutoff angle of 10° recorded excellent results ranging from 0-4, while
those of 12° recorded similar results, but with slight decline between the
hours of 8:00am and 10:00 am. For elevation cutoff angle of 15°, the
DOP values declined to between 4-9 for the time period of 8:00am to
10:00am, and 14:00hrs tol16:00hrs, while other hours of the days
recor.ded.DOP values <.3.0. On a general note, the interpretations of the
multistation of the DOP values indicated ideal to fair values. DOP is 8
measure of satellite fix geometry quality, which is a product of signal

travel time, overhead satellite geometry and the ranged positions
(horizontal and vertical).
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The individual stz.ltion DOP analysis showed that, GEMB in Gembu
Taraba State on ellipsoidal height of 1795.7857m has the best DOP
values of <2.8, followed by both CGGT in Toro, Bauchi State on
e[lipsoidal height of 916.7853, and RAMPOLY, Maiduguri, Borno State
on ellipsoidal height of about 702m with DOP values <2.9 respectively
ABUZ in Zaria, Kaduna state and FUTY in Yola, Adamawa State,
located on ellipsoidal heights of 705.4601m and 247.6116m resPectivel;'
recorded DOP values of <3.0. ABUJA-l1 in Abuja, RUST in
portHarcourt, ULAG in Lagos, UNEC in Enugu, UCAL in Calabar and
BKFP in Bimin Kebbi showed DOP values of <3.0 at all times,
excluding hours of 10:00am and 14:00-16:00hrs with values ranging
between 3.2 and 5.0.

For Earth observation satellite system, the quality of satellite signal or
telemetry at a the ground receiving station may be significantly
compromised by permanent scene cloud cover, interferences from
spectrum and signal propagation activities near or around the site, which
sometimes results in broken images and creation of artifacts. Therefore,
the establishment of ground station based on excellent sky visibility and
DOP will favour high telemetry signal reception and quality data access
in Nigeria. In the case of ground stations in other countries of the world,
bilateral agreements or scientific collaborations between the affected
countries and Nigeria are necessary conditions, in addition to the
geospatial and infrastructural criteria.

Summary of Findings
The key findings from the study are summarised as follows:

1. Based on Jon's rating of DOP values [1= ideal; 2-3 = excellent; 4-6
=good;  7-8=  moderate;  9-20=fair; 21-50=  poor
(http://www.developerfusion.com)], the DOP values for the
stations across Nigeria can be adjudged to range between excellent
and good for satellite ground receiving stations;

2. The DOP and sky visibility for satellite observat ; 1
cutoff angles of 10° are better than those of 12° and 15
respectively; o

- 3. GEMB on ellipsoidal heights of 1795.7857m l}ag the ‘most suita Z
DOPs and sky visibility chart for ground receiving s1tes;-f0116)2we
by CGG Toro (916.7853m) and RAMPOLY Maidugtr (7 m)(-1
‘This is a strong indication that, ellipsoidal heights Dagp
geographical locations are key factors in achieving excellent
and sky visibility for very good satellite observations

jons at elevation
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analysis, average of 9 GPS and )
ble daily to receivers at 10%]5°
24:00hrs across Nigeria;

90

4. From the sky visibility

GLONASS satellites are Visi
elevation angles between 6:00hrs and

Conclusion

In this study, . B
generate multiple and single stations sky visibility

precison analysis as vital criteria and preli‘min.ary decision support for
satellite ground station site selection in Nigeria. The key datasets and
materials used include the geographical coordiates, ground elevation,
local mean time, elevation cutoff angles, GPS and GLONASS
constellations for a period of one month. The technique therefore,
produced excellent results, which were used to rank and select most
suitable locations for ground receiving antenna in Nigeria, in addition to
the existing one at the National Space Research and Development
Agency (NASRDA) in Abuja.

However, it should be noted that, this approach of sky visibility and
DOP analysis does not provide the final criteria for ground receiving
antenna selection; hence other key factors such as the site’s geology and
structural stability, antenna diameter, power and communication
facilities, security, Intermet and data access, weather and climate
yaraiablilty, etc, must be considered in an integrated manner. In case of
International ground  stations, bilateral agreements and scientific
col]a-boratlons between the affected countries and Nigeria are additional
requirements.

satellite observation planning technique was u.sed to
and dilution of

Recommendations
The following are hereby recommended:

.. In order to avoid signal obstruction and interferences at GRS in
Ngena, the stadtions should be located on elevated ground outside
city centres and regions free o icati
& it End e f telecommunication masts and tall

ii. Elevation cutoff angle of 10° from the horizon should be

1mplernented in ground receiving station sclection in Nigeria

1. This approach should be adopted for the Ni e%ian 'space
programme 1 EOS ground-based antennae farm c:gstablishmeﬂt
an.d for the dfensiﬁcati(m of GNSS reference stations b public:
private organizations involved in geoinformation deve);opment,
geodetic and atmospheric research, engineering infrastructure
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(racking and navigation at state and local government levels across

the country.

Before selecting an acceptable site and to be fixed with certaint

for satellite tracking or ground station, several stations of interes};

should be sampled, as there may be many candidate locations with

similar geospatial characteristics suitable for the desired station.

v, Other key factors such as the ground stability, security, power and
communication infrastructure in the phases of ground station site
analysis and selection must not be compromised.
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