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Satellite Laser Ranging Mobile Station :
Presentation and Geodetic Applications
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Résumé : Le présent travail est souscrit dans le cadre
de coopération dans le domaine de la géodésie
spatiale entre le Centre des Techmques Spatiales
(CTS, Algérie) et I'Observatoire de la Cote d'Azur
(GEMINI / OCA, France). L article présente la
station de Télémétrie laser ultra mobile (FTLRS) et
ses experiences de positionnement géographique en
Corse (France). Le site gé€odé€sique d'Ajaccio en
Corse est le site principal du calibrage dalumetres
du satellite dans la région méditerranéenne, Il a €t¢€
développé pour les missions altuimétriques tel que
TOPEX / Poseidon (T/P, 1992), Jason-1 (2001) et
Envisat (2002). Le FTLRS a €€ deéploy€ la pendant
deux campagnes laser, en 2002 et 2005. Ici, nous
présentons le calcul des deux ensembles de coordon-
nées geocentriques des données FTLRS acquises
principalement dans les deux campagnes sur les

satellites géodésiques Terrestres basses: Starlette et
Stella (altitude de 800 km).

L article résume les différentes ¢tapes du traitement
des données laser. La moyenne des arcs RMS obtenu
est environ de 1-2 centuimetre pour les satellites
Lageos-1, Lageos-2, Starlette et Stella; il est indiqué
que les meilleurs résultats des orbitographies du
satellite et de posittonnement géocentrique sont
obtenus avec le modele de gravité Eigen-Grace03s.
La différence du positionnement 3D absolu du
FTLRS, entre 2002 et 2005, d'environ 7.7 mm (i.e.,
2.6 mm / yr) est moins que les erreurs résiduelles de
vélocité ITRF2005 (d'environ 4.3 mm/yr). Finale-
ment, quelques suggestions de 'usage de FTLRS en
Algerie pour les applications géodésiques sont faites.

Mots-clés : station de Télémétrie laser ultra mobile
(FTLRS), Positionnement, Stabilité, télémétrie
Laser du Satellite, modele du champ de gravite
terrestre,

Abstract : The present work 1s subscribed in the
framework of cooperation in space geodesy domain
between the Centre des Techniques Spatiales (CTS,
Algeria) and the observatory of the Azure coast
(GEMINI/OCA, France). The paper deals with the
presentation of the French Transportable Laser
Ranging Stauon (FTLRS) and its experiences of
geographic positioning at Corsica (France). The
geodetic site of Ajaccio in Corsica is the main
calibration site of satellite altimeters in the Mediter-

rancan area., It has been developed for altimetric

missions such as TOPEX/Poseidon (T/P, 1992),
Jason-1 (2001) and Envisat (2002). The FTLRS was
deployed there during two laser campaigns, at 2002
and 2005. Here, we present the computation of the
t(wo sets of geocentric coordinates from the FTLRS
range data acquired in the two campaigns mainly on
the low Earth geodeuc satellites: Starlette and Stella

(altitude of 800 km).

The paper summarizes the different steps of
the laser data processing. The average arcs RMS
(Root Mean Square) obtained are about 1-2 c¢cm for
Lageos-1, Lageos-2, Starlette and Stella satellites; it
Is showed that best results of satellite orbits
determination and geocentric  positioning  are
obtained with Eigen-Grace(O3s gravity model.
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The difference of FITLRS absolute 3D positioning,
between 2002 and 2005, of about 7.7 mm (i.e.,
2.6 mm/yr) is less than residual errors of ITRF2005
velocities (of about 4.3 mm/yr). Finally, some
suggestions of the use of FITLRS n Algena for
geodetic applications are made.

Key words : French Transportable Laser Ranging
Station (FTLRS), Positioning, Stability, Satellite
Laser Ranging (SLR), Earth gravity field model.

1. Introduction

The Satellite Laser Ranging (SLR) plays a key role
both in the determination of the orbit of oceano-
graphic satellites (in particular for the calibration
passes) and of the geocentric positioning of the site
|2]. In issue of collaboration between CNES, IGN,
INSU and OCA, the French Transportable Laser
Ranging System (FTLRS) has been developed
specifically for realizing geodetic campaigns. This
highly mobile system, with a weight of 300 kg and a
telescope of 13 cm diameter, is the smallest
operational SLR station in the world [3]. If its great
mobility 1s 1ts main advantage that confers it
campaigns on dedicated sites, its indispensable
miniaturization could constitute a disadvantage. In
particular, its small telescope makes difficult the
reception of laser pulse echoes from high orbiting
satellites (as LAGEOS geodynamical satellites at an

altitude of 6000 km) particularly at elevations lower
than 40 degrees [1].

Therefore, to compute highly accurate geocentric
coordinates the difficulty lies in using range data of
low Earth orbiting geodetic satellites (like Starlette
and Stella, at an alutude of 800 km). As a
consequence of their lower alutude, the accuracy of
their orbit determination is more sensitive o
remaining uncertainties i1n the dynamical models.
The error budget of the geocentric positioning then
1Is affected notably by introducing correlations
between the satellite geocentric altitude and the
adjusted terrestrial coordinates [2].

Operational since 1996, the FTLRS has participated
to several absolute calibration campaigns in the
framework of the T/P and Jason-1 CNES and NASA
missions: in Ajaccio in 2002 [2], in Crete (at Chania
University) in 2003 [6], and for the second time in
Ajaccio in 2005,

The present article deals with the description of
FTLRS experiences carried out in Ajaccio (Corsica),
during SLR tracking campaigns made in 2002 (from
January to September) and in 2005 (from May to
October).

2. Satellite Laser Ranging (SLR)
Technique

The SLR technique is based on ultra precise timing
(approximately 30 Pico seconds) of round trip of
fight of ultra short pulses of light from a station on
the ground (Telescope) to a satellite equipped with
retro-reflectors (made up of cube corners). This
provides Instantancous range measurements of
millimeter level precision, which can be accumu-
lated to provide accurate measurement of orbits and
a host of important scientific data.

The telescopes laser are equipped with motorized
tracking systems, precise and fast so as to be able 1o
track the satellites of which speed can reach 7 km/s.
The only information collected by these instruments
s the distance telescope satellite and the precise
moment of the measurement, fig.1.(a) | 3].

However, the technique is tributary of the metho-
dology and of the need of technicians specialized for
its implementation. The contribution of the SLR
measurements, gathered these last years, on the
gecodetic satellites, see fig.(1.b) . Starlette, Stella,
Ajisai, Etalon, Lageos, etc, was important in the
improvement of the terrestrial gravity field model
(first model coefficients and their variations), for
orbitography, positioning and space oceanography.

Among the space geodesy techniques, SLR tech-
nique does not seem to be the most precise one with
the best temporal resolution. However, it 1s most
exact on long term, which confers to it a unique place
for observation of slowly variable phenomena (e.g.
postglacial rebound), and for the realization of a
stable geocentric terrestrnial reference frame. By
providing an absolute scale factor via the determi-
nation of the gravitational constant (GM), and its
contribution in the calibration of the radar altimeters
of the French organisations CNES, IGN, and OCA
have developed a new concept of satellite laser

ranging (SLR) system called the French Transpo-
rtable Laser Ranging Station (FTLRS), fig. (2).
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Fig. 2 French Transportable Laser Ranging Station. (a) Main components of FTLRS (b) Photo of FTLRS
during the Corsica campaign (on left, the meteorological station and GPS antenna).

The 1dea was to reahise a very small SLR station measurements in oceanic zones such as islands or
(telescope of 13 cm diameter, weight 300 kg), that offshore platforms. The technical description of the
is ecasily transportable, for example to make instrument i1s described in the table 1.

Table 1. Summary of FTLRS characteristics |3].

Total weight : 300 kg (8 containers <55kg)

Laser : Nd:YAG doubled in frequency, A=532 nm (green), 50 mJ
by impulse, 10Hz, impulse width of 35 ps
Detector : Photodiode with avalanche in Geiger mode
Telescope : 13 cm diameter , 2 kg
Climatic Conditions of use : 0 to +35°C, until 95% of humidity

Calibration : External target, target on the outlet side of the telescope
Error of pointing : <10” rms
System of chronometer : Standford SR620, Rubidium controlled on GPS

-4 -
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The main objectives are to participate in space
oceanography, centimetric calibration of radar
altimeters, precise positioning and geodynamics. To
reach this performance, many major improvements
have been carried out on the FTLRS. According to
Pierron et al. |7] and Nicolas |3], they mainly
concern ;

Topex/Poseidon, Jason-1, ERS, etc., this technique
occupies an essential and complementary place for
other space techniques.

3. FTLRS Description

- Laser configuration (wavelength, pulse width,
cooling, stability, rehiability in hard environments);
- Detection package with new optical configuration
and C-SPAD (Compensated Single Photon Ava-
lanche Diode) detector;

- Start detection with permanent laser monitoring;

- New GGPS steered rubidium clock;

- Software improvement.

The success of all these upgrades has been confirmed
at the level of few millimetres by the analysis of a
collocation experiment performed at the (Grasse
observatory bpetween the three laser nstruments
(autumn 2001) and the evaluation of data set from
the 2002 Corsica campaign [4].

4. FTLRS Experiences in Corsica

The geographic configuration of the Corsica area is
shown in Fig.3. Effectively, the TOPEX/Poseidon
and Jason-1 ground tracks pass over the Senetosa
Cape which 1s the dedicated site for altimeter
calibration where in situ instruments (tide gauges,
GPS, and a meteorological station) have been
installed permanently. The naval base at Aspretto
(Ajaccio) is used since 1996 as a semi-permanent
site where the FTLRS can be deployed for several
month campaigns assuring security and local
facilitics.

During the two campaigns, the laser tracking has
been done both on oceanographic and geodetic
satellites. The LAGEOS-1 & -2, due to their high
altitude, are difficult to reach as it 1s shown by the
low number of normal points collected on these
satellites (Table 2). The only measurements avail-
able on these two satellites are not enough to perform
a 3D geocentric positioning at the level of less than
1 cm. On the other hand, the data acquired on low
Earth satellites, mainly Starlette and Stella (see
Table 2), form the great part of the basis of our
computation,

Senetosa/Capraia Calibration Site
OE 10E

8 45E 8 50E Km

—_— I ——
Q 50 100

B Permanent LASER, penmenent DORIS (project), permanent GPS
0 Mobile LASER, DORIS Localization, permanent GPS

¥ Permanent Tide Gaxle 9 Tide Gauge (project)
——  Topex/Poseidon, Jason - —— ERS, ENVISAT

Fig. 3 Ajaccio Site in Corsica.

Table 2. Number of normal points collected by FTLRS
during 2002 and 2005 campaigns.

Satellite 2002 Campaign 2005 Campaign
LAGEOS-] 301 377
LAGEOS-2 323 235
Starlette 34173 53294
Stella 1731 2069
Total 5768 7973

The adopted methodology to determinate the FTLRS
gcographic position, at Ajaccio site, i1s based on a
multi-satellite semi-dynamical approach |2]. First,
orbits are computed as precisely as possible
(especially for the lower alutude satelhites) without
the FTLRS tracking data. Then, the normal matrices
are estabhshed and the FITLRS parameters
(coordinate updates and range biases) are solved
through a weighted least-squares adjustment.

The precise orbit determination is performed by
GINS (Géodeésie par Intégration Numérigue,
Geodesy by Simultaneous Numerical Integration, in
English) software (GRGS, Toulouse) assuming the
following dynamical models and reference frame
listed bellow (see Table 3). A subset of SLR fixed
stations from the International Laser Ranging
Service (ILRS) network, which are well distributed
on the Earth, is used as the reference frame for the
orbitography. Of course, the FTLRS range data are
not included in the orbit computation.
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Table 3. Some dynamical models used
for the orbit computation.

Model Designation

Gravity field model GRIMS-C1 or

Atmospheric pressure ECMWF
Solar activity ACSOL?2
Atmospheric density DTM-94
Ocean tides FES-2002
Planets DE403
Terrestrial reference frame ITRF2000
Earth Orientation Parameters FEOPC04

EIGEN-GRACEO3S

The orbit quality i1s given by the rms of orbit
residuals after fit. Table 4 gives these rms for the four
used satellites: all arcs of 2002 and 2005 periods for
the two considered solutions. As expected, the orbits
of the Lageos-1 and Lageos-2 are more precise
(2 umes) than those of Starlette and Stella, and they
are also less affected by the change of the gravity
field model. Based on these tests and other recent
results concerning the assimilation of GRACE data
into Earth models, we have adopted the EIGEN-
GRACEO3S gravity model for the 2002 and 2005

positioning,

Table 4. Average weighted rms (in mm) of the range
residuals after orbit fits of the satellites
used for the FTLRS positioning.

2002 campaign 2005 campaign
Satellite GRIM EIGEN GRIM EIGEN
LAGEOS-1 13 - [ |
LAGEOS-2 10 - 10 09
Starlette 23 |8 23 18
Stella 23 19 21 16

SLR techmque i1s known as the most accurate
technique for positioning, more especially in the
vertical direction. However, SLR measurements

present biases which are mainly due to satellite
ignatures and to inaccurate internal calibration of
tracking instruments, These biases pose problems
because they are strongly correlated with the vertical
component of the station position (correlation
greater than 0.9).

However, this component is important for the
geodynamical studies since it holds 73 amplitude of
stgnals acting on the station motion | 1]. To reach the
intrinsic accuracy of SLR technique, the data
processing strategy must gua-rantee a correct
estimation of the biases. Exeruier et al. [2] have
developed a specific method, called remporal
decorrelation, decreasing the correlation between
biases and vertical coordinates at level of (.5,

The estimation of station coordinates updates and of
the FTLRS range bias 1s performed using the
MATLO (MAThématiques pour la Localisation et
['Orbitographie; MAThematics for Localization and
Orbitography, in English) software (OCA. Grasse)
| 1]. For both campaigns, the initial coordinates used
in the adjustment are the pubhshed ones by Exertier
et al. [2]. These later correspond to the 2002 epoch.
The FTLRS coordinates of the first campaign were
recalculated with respect to the published position,
which was corrected from plate tectonics (ITRF2000
velocities) at Ajaccio.

Table 5 gives, for the two periods 2002 and 2003, the
range bias per satellite and the geographic coordinate
updates. Concerning the bias, one can note that the
global mean (-3 mm) is very close to the value which
had been determined previously (—7x2 mm, |2]). We
know that this value did not change since the first
technological tests made in 2001 |8]. The differences
between the 2002 and the 2005 solutions, in terms of
gcographical coordinates, are very small and are at
the level of residual errors of the ITRF2005
velocities. By consequence, differences between
2002 and 2005 coordinates are at level of the tectonic
movement and show that the point is locally stable.

Table 5. Range bias per satellite and geographice coordinate updates (in mm) of the FTLRS,
for the two campaigns 2002 and 2005.

Mean  Starlette Stella Mean Starlette AQ Al Ah 3D
Lageos & Stella
2002 -0 -13 -13 -13.0 £0.7 -0.8 £0.7 +1.60.7 +0.2+0.8 +1.841.3
2005 +4 -6 -4 -5.0 + 0.8 +4.1+0.4 -2.9+04 +4.0+04 +6.440.7

20035-2002

+4.9 —4.5 +3.3 +7.7
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The fig. 3 represents the coordinate update time
series with their standard deviations, according to the
two gravity field models during the two observation
campaigns. Statstically, the estimates of coordinate
updates with the Eigen-Grace0O3s model are better
than those with the Grimd3-cl model. Indeed, we
nave reduced the weighted mean of the geographical
position from about 7.7x1.3 mm to 1.8x1.3 mm
(in 2002) and from about 168 =*1.0 mm
to 6.4 =0.7 mm (in 2005).
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Fig. 3 Coordinate updates time series of the FTLRS
(a) 2002 campaign (b) 2005 campaign.

5. Some suggestions of the use
of the FTLRS in Algeria for geodetic
applications

We propose some suggestions of the use of the
FTLRS in Algeria, as following :

Until today, there is no point of I'TRF network on the
Algerian territory (and even on the North of Africa),
where the interest of deploying the FTLRS in our
country in view {o :

a. Contribution to the International
Terrestrial Reference Frame (ITRF)
densification in North of Africa

- improve of the ITRF quality in term of
configuration and also to allow to Algerian resea-
rchers to participate in I'TRFE observations programs.
- 1ts extension to the nauonal territory for the
revaluation of the Algenan geodetic system (Nord
Sahara 1959) in order to validate its quality and to
facilitate the utilization of space techniques, notably
the possibility of passage between the different
systems used.

b. Study of geophysical and geodynamical
phenomena

SLR technique, by measure for long periods of
stations positions, contributes to observation and
study of geophysical and geodynamical pheno-
menon (geological movements, notably the plates
tectonic). It contributes also to the study of
movements of Geocentre and terrestrial pole. In
addition, considering insufficiencies of the national
cartography relative to the seismic risks, the
contribution of this space technique in deformation
monitoring of the North of Algeria will have a
positive impact on all works and projects relative to
the study of seismic risk in Algenia,

c. Space oceanography

SLR allows precise tracking of oceanographic
satellites. Thereby, it plays an important role in space
alumetry missions (ERS-1, TOPEX/Poseidon,
Jason-1, ...) dedicated to momtor the evolution of
the mean level of Mediterranean sea, phenomenon
that interest Algeria, in priority. This priority is
justified by the important population density on
coastal zones (as, in Algiers, Oran, Annaba,..).
Another advantage of this system is its contribution
In the determination of an absolute altimetric
reference (geodetic fixing of SLR stations to the tide
gauges) which constitutes capital information for
representation of the third dimension of the National
geodetic system.

d. ALSAT Tracking

Installation of Laser retro-reflectors on future
Algerian satellites (ALSA'T generations), permits to
allow making measurements by FILRS for the
orbital monitoring,
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6. Conclusion

The FTLRS system confirms its place, as a unique
highly mobile SLR system designed to participate to
tracking campaigns on dedicated sites. According to
the results obtained from the Corsica experiences,
the FTLRS has demonstrated successtul perfor-
mance in the absolute geographic positioning as well
as in CAL/VAL missions. For future campaigns, and
parallel to the technological progress of the FILRS
instrumentation (according to Nicolas et al., 2002),
ideas were discussed between the OCA and the
different French partners for planning the develop-
ment of a new telescope of 25 cm diameter, This will
permit to greatly improve the tracking particularly at
mean and low elevations, as for high geodetic targets
as for satellites equipped with small laser reuro-
reflectors. Thus, this will contribute to the impor-
tance of the role of SLR techmque for aluimeter
calibration missions as for space geodesy and so in
the realization of the I'TREF. Finally, the idea to
deploy this laser mobile station in Algeria 1s very
interesting and fruitful for national geodetic applica-
tions as contribution of ITRF densification in North

of Africa, geodynamics studies, space alimetry and
ALSAT tracking.
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Determination and analysis of stations coordinates based
on Starlette and Lageos-1 &-2 satellites laser ranging data
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Résume : Le présent travail traite le calcul du
réeseau du Service International de Télémétrie Laser
(ILRS) non seulement basé sur les observations des
deux satellites LAGEOS mais aussi sur ceux des
satellites d’Orbite terrestre basse (LEQO), tel que
Starlette. Le défi est d’obtenir une bonne qualité des
coordonnées des stations par la combinaison inter
satellite de Hautes et Basses données satellitaires.

La restitution d'orbite de différents satellites est
effectuée avec le logiciel GINS (GRGS, France) et
e traitement des données laser est réalisé avec le
logiciel MATLO (OCA & IGN, France), pour une
période relativement longue de 14 années (entre
octobre 1993 et février 2007). Les résultats prélimi-
naires de l'analyse de la combinaison de données
SLR de 14 années, pour étudier les reperes de
Référence Terrestre (TRF) sont présentés et discutés.

Mots-clés : restitution d’Orbite, combinaison Inter

satellite, technique SLR, analyse Spectrale, étude
du Bruit.

Abstract : The present work deals with the
calculation of International Laser Ranging Service
(ILRS) network notonly based on observations of
both LAGEOS satellites but also on those of Low
Earth Orbit (LEO) satellites,such as Starlette. The
challenge 1s to achieve good quality on stations
coordinates by inter-satellite combination of High
and Low satellites data. The orbit restitution of the
different satellites is carried out by GINS software
(GRGS, France) and the laser data processing is
performed with MATLO software (OCA & IGN,

France), for a relatively long period of 14 years

(between October 1993 and February 2007). The
preliminary results about the analysis of 14 years
SLR data combination, in order to study the
Terrestrial Reference Frames (TRF) are presented
and discussed.

Key words: Orbit restitution, Inter-satellite combi-
nation, SLR technique, Spectral analysis, Noise
study.

1. Introduction

Satellite Laser Ranging (SLR) i1s on¢ of the main
spacegeodesy techniques for the establishment and
the maintenance of the International Terrestrial
Reference Frame (ITRF), as Very Long Baseline
Interferometry(VLBI), Global Positioning System
(GPS) and Doppler Orbitography Radiopositioning
Integrated by Satellite(DORIS). It contributes to the
frame determination by providing time series of
terrestrial stations positions, 1.e., Terrestrial Refer-
ence Frame (TRF), and Earth Orientation Parameters
(EOPs). Generally, for such determination, only the
measurements on high altitude satellites (LAGEQOS-
| & LAGEOS-2, 6000 km) are used. However,
computation of the laser ranging station’s coordi-
nates on the basis of data other than those from
LAGEQOS-1&-2 observations 1s desirable for the
following reasons: (1) significantly increases the
number of observations used for determination of the
station’s coordinates and EOPs, (2) permit
verification of results obtained from the LAGEQOS-1
&-2 data, (3) permit determination of coordinates of
the stations that cannot observe LAGEOS satellites.
The aim of the study is to check if the laser ranging
observations of low altitude satellites such as
Starlette (altitude of 800 km) can be used for a
precise determination of the laser ranging stations’
coordinates and to investigate the contribution of the
Starlette data on the geodynamic study, during
relatively a long period. Hence, the work concern the
re-computation of the network of International Laser
Ranging Service (ILRS) based on both LAGEOS
satellites measurements with those of Starlette over
14 years period (from October 1993 to February
2007), according to three data combination solu-
tions, namely LAGEOS-1 (LA-1), LAGEOS-1&-2 (
LA-1&-2) and LAGEOS-1 & Starlette (LA-1
&STAR). The methodology adopted, in this paper,
comprises three main steps:

-9 -
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a. The orbit restitution of ditferent tracked satellites
is performed by the GINS (Géodésie par Inté-
gration Numérique Simultanée, Geodesy by
Simultaneous Numerical Integration, in English)
software (GRGS,France), based on purely
dynamical approach, see section 2.

b. The estimation of stations coordinates updates and

of Earth orientation
the MATLO (MAT

parameters 1s performed using
hématiques pour la Localisa-

tion et I’Orbitograp.

hie, MAThematics for Local-

ization and Orbitography, in English) software
(IGN, Grasse)[6], which can also determine orbit
correction via simply kinematical assumptions,
sec sections 3 and 4. This estimation provides
weekly time series of stations positions, in which
their analysis permits tomake in evidence the
geophy-sical phenomena effects on the station
vertical coordinate (Up component).

¢. Analysis of coordinate time series based on (i}
frequency analysis by FAMOUS sofitware
(Frequency Analysis Mapping On  Unusual
Sampling) 9], and (i1) noise estimation (type and
level noise) by Allan variance method.

Finally, the preliminary results of 14 years combined

SLR data analysis of different satellites used,

namely, LAGEOS-1 &-2 and Starlette, for the study

the TRF are presented and discussed in section 4.

2. Determination of Orbital Arcs

The orbit resutution of difterent satellites used
(LAGEOS-1, LAGEOS-2 and Starlette) 1s
performed with the GINS software, from a subset of
SLR fixed stations well distributed on the Earth as
reference frame for the orbitography. For example,
the dynamical models and the reference frame used
arc; Fes-2004 ocean udes model, Dinm-94 aimo-
spheric density model, Ecmwf atmospheric pressure
model, LOPCO4 conventional pole model etc. and
ITRF2005 solution |5].

We have used the Grim5-s1 for LAGEOS satellites

and Eigen-Grace03s for Starlette, in order to reach
more precision in the orbit estimation |7].

The satellites arcs were calculated using the laser
ranging data from precise ILRS stations.

Great quantities of observations were collected
during a period of 14 years (from 2nd October 1993
to 24th February 2007). The quality of the
positioning is directly linked to the accuracy of the
orbits used (in addition to the data accuracy it self).
For this reason high altitude geodetic satellites
(LAGEOS-1 and LAGEOS-2) are used primarily by
geodesists to the SLR network computation (EOPs
and stations coordinates). Indeed, these satellites
have the advantage of being less sensitive 0
remaining uncertainties in the dynamical models
than low attitude satellites like Starlette. It concerns
gravitational and non gravitational effects. But since
few years, global Earth gravity field models have
greatly improved the accuracy of their coefficients
notably thanks to the recent GRACE mission [10].
As a consequence, empirical coefficients can be
estimated along the orbit with more consistency than
before; their role i1s to compensate part of the
unknown non gravitational forces (constant and
periodic). In this fact, we have used Eigen-Grace03s
gravity field model for Starlette [7].

The last ITRF realization has shown that a scale
difference between SLR and VLBI exists and has
revealed a bias in scale factor between both solutions
of about 1.0 ppb (drift of 0.08 ppb/year) at epoch
2000.0. The ITRF2005 scale is defined by VLBI
technique. Consequently, 1t was decided to make
available to SLR users an SLR solution extracted
from the ITRF2005 and re-scaled back by the
aforementioned scale and scale rate [4]. So, this
ITRF rescaled wversion is considered in our all
computations. The figure (1) illustrates the ILRS
network considered in the determination of the
ITREF2005. The table (1) gives some statistics
resulting from calculations of different satellites
orbits. One can retain that the WRMS of orbit
residuals are at the centimetre level but with more
precision for LAGEOS satellites orbits, because they
have low sensitivity to gravitational and non
gravitational forces effects. However Starlette data
are slightly dominating the measurements set and the

average contribution of normal points per satellite is
about 36.8 % of all data.
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Fig. 1 ITRF2005:

ILRS network, source: |3].
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Table 1. Statistics of the orbit residuals (in mm). RMS:
Root Mean Square of orbit residuals & WRMS:
Weighted Root Mean Square of orbit residuals.

Satellite Normal Mean Mean residual
points residual RMS WRMS
Number &
{0)
LAGEOS-1 543969 [2.7 9.8
(32.2%)
LAGEOS-2 521734 [2.2 8.5
(30.9%)
Starlette 621408 [8.3 3.9
(36.8)

3. Computation of SLR Stations
Coordinates

The determination of SLR stations coordinates was
carried out by MATLO software |6]. In this study,
the computation comprises two principal phases.
The first relates to the use of the minimal constraints
for the resolution of the weekly normal equations
systems of the network which are initially singulars
due the rank defect corresponding to three rotations,
In case of the laser ranging technique. In order to
define the datum of the network in question, we have
applied the following values of constraints: =] mm
(3.3 mas) for rotations (Rx, Ry and Rz) and =1cm for
range bias per station and per satellite.

The reference frame of the network was defined by
the ILRS stations among the best ones as (7090,
7840, 7080, 7110, 7105, 7810, 7839, 7237).

The results obtained are in terms of time series of
coordinate updates which are considered as indi-
vidual solutions. Each solution generates 1ts proper
terrestrial reference frame.

However, the second phase consists in applying a
seven parameters Helmert transformation (3 transla-
tions, | scale factor and 3 rotations), by choosing a
set of stations of good quality, on weekly solutions
of the staunons coordinate updates. This transfo-
rmation permits to project the individual solutions
according to a combined and homogeneous terres-
trial reference frame. The results of the processing
carried out, tlustrated hereafter, are expressed
according to topocentric coordinate updates of laser
tracking stations (North component: N, East
component: £ and Up component: U).

4. Results and Analysis

The station position time series are estimated with
respect to the I'TRF2005 mean position corrected
from plate tectonics (ITRF2005 velocities), Earth
solid tides, pole tide and oceanic loading effects.
These time series must consequently evidence the
atmospheric and hydrologic loading effects. The
figure 2 gives examples of series of topocentric
coordinate updates (N, £, U) tor two stations 7080
and 7090, according to different combination
solutions.

qmnnn 7030

N

4010

East (cm)

| Li.‘l.l.ll:l_l.J. 1 LAN |

I-Iil]l.llll
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L] [] 1 ] []
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Fig. 2 Topocentric coordinate updates of SLR stations :

7080 and 7090). The series corresponding to the satellites

combinations are in red for LA-1, in green for LA-1&-2.
and 1n blue for LA-1 & STAR.
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Table (2) exhibits the statistics of results obtained on

coordinates updates of some ILRS stations. The

contripution of the Stariette data on the determi-

nation of the estimated parameters of these stations

is as follows:

- Increase of solutions number compared to those
obtained from the LA-] and LA-1&LA-2 solutions;

- Improvement, of some mm, the quality of few
series; for example UP series of station 7090 and
East senies of station 71035; by adopting the solution
LA-1&STAR compared to that of LA-1. However,
we notice in general, a quite degradation of quality
of coordinate updates series of about 3-5 mm
which is mainly due to noise induced by low
altitude orbit of Starlette;

- Statistically, the results obtained by the Starlette
observations without and with weighting are
slightly 1identical with a margin of some millimetres.

The interest of the time series of stations coordinates
calculated 1n a homogeneous reference frame is to
enable us to highlight residual signals compared to
the a pniori signals used 1in modelisation (geophysical
signals). In this framework, one carried out a
frequency analysis on vertical component series of
some stations by FAMOUS software. We have
focused on this component because it 1s important
for the geodynamical studies since it holds
amplitude % of signals acting on the stauon
motion |6].

The results in terms of amplitude and phase of the
signal in each UP series of station and according to

combination solutions (LA-1, LA-1&LA-2 and
LA-1&STAR) are given by table 3. One could detect

annual and semi-annual signals, in vertical tme

series of stations (7080, 7840, 8834, 7110 and 7839),
with amplitudes between 1 to 8 mm. Since, the
effects of ocean loading were considered in the
model a priori of restitution, the signals detected are
probably related to residual loading effects as
atmospheric and hydrologic loading eftfects, which
typically have amphtudes of a few mm, (see

figure 3).

Table 2. RMS and number solutions of the topocentric

coordinates of some stations, according to different satellite

combinations. The letters a and b correspond to non weighted
observations and weighted observations

of Starlette satellite, respectively.

Station Combination

Noith
(cm)

East

Up

{cm)

7090  LA-
LA-1&LA-2
LA-1&STAR (a)
LA-1&STAR (b)

7105 LA-
LA-1&LA-2
LA-1&STAR (a)
LA-1&STAR (b)

7403 LA-
LA-1&LA-2
LA-1&STAR (a)
LA-1&STAR (b)

3834 LA-
LA-1&LA-2
LA-1&STAR (a)
LA-1&STAR (b)

784() LA-
LA-T&LA-2
LA-1&STAR (a)
LA-1&STAR (b)

7839 LA-
LA-1&LA-2
LA-1&STAR (a)
LA-1&STAR (b)

(.90
+0.34
+1.14
+1.22

+1.20
(.90
+1.43
+1.20

+2.08
+1.41
+3.00
12.48

+1.46
+1.12
+1.40
+£1.34

£1.15
£0.76

+].16
*1.12

+1.26
+().74
£1.05
+£1.09

527
590
599
613

459
521
563
546

230
304
368
361
451
489
507
508

549
556
596
596
512
516
547
572

I
ot
o

=+ I+
-
-

+ 4+ 4+ I+
— M2 L
o th —
~J 3D

+ 4+ H
s -
bad (D
e =l

+1.52
+0.69
1+0.96
+1.06

+0).62
+0.87
+1.34
+1.33

+2.22
+1.8]
+2.8]

+ I+
™
L
]

30
31
68
87

10.90
+0.94
+1.30

+ I+

594
580
587
600
513
5328
301
552
261
290
341
341
470
488
501
513
576
578
385
3901
517
5376
560
368

Table 3. Annual and semi-annual terms of vertical coordinate (Up component) of some stations, according to combinations
(LA-1, LA-1&-2 and LA-1&85TAR). Amplhitude (A 1n mm) and Phase ((P1n degrees).

LA-1 LA-1&LA-2 LA-1&STAR
Station Period A o4 ¢© T GO A oA ¢ * GO A = oA t o
7110 l yr 1.2+0.6 2152+30.7 3.7£0.7  241.8+ 125 4,1 £0.7 263.9x 188
7090 | yr 6.6 £ 1.3 435+ 11.4 - 2.1 £0.8  53.4123.2
V2 yI - 1. 4+04 177.3 337 -
7080 | yr - 20+09 2209+17.4 3.6+ 1.3 23541219
Va2 VI 24107 1399+17.4 - :
7105 | yr - 2.2+08 56.8%£22.6 4.2+20.7 88.1x204
V2 I .6 0.6 22083=+22.3 - -
8834 Y - 29209 350.5130.4 48+ 1.1 98.9x23.0
V2 ¥r - - 4415 59.0x22.3
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- 7090
0 LA-1

we have used the Allan vanance [1].[2]. By
definiion the Allan variance of position residuals,
for a given ume interval, 1s computed by averaging
position the residuals over that interval and comput-
ing the variance of differences between adjacent
averaged values. The Allan varnance analysis was
developed and is widely used for estimating the
frequency stability of atomic clocks. This tool was
extended to geodetic data. It allows one to
characterize the type of noise and, in particular, to
Identify white noise (spectral density S independent
of frequency f), flicker noise (S proportional to 1/f),
and random walk noise (S proportional to //f%).

UP time series
mmem LI periodic signal
memm ECMWE modeld
15195 'I.DI:IU EC'G‘:F 2010

IIIIIIT[IIT

IIIII1I[I!II

= LA-1&-2

eH (om)

B LIk IllltJ IHIJ!]I[I[IIII[IIH[IHJII

M L A M M L 1 . L [ M ] A
1083 200G 2005

dH {cm)

The dependence of the Allan variance of a time
series on the sampling time T can be interpreted In

anree terms of its error spectrum by means of the Allan
X diagram, which gives Allan variances for increasing
JE LA values of T [8].

In logari-thmic scales, slopes —1,0 and +1 corre-
spond to white noise, flicker noise and random noise,
respectively.

= "UP time series

= s Ty periodic signal
Em— ECMWE model L s
1995 200.3 ZIS 2010

IIIIlIIIIlIIIII]IlIlIIIIIIII|J|fIIII3IIII

dH {cm)

d< {em)

19832 2004 e

LA-{&5TAR

I]llllllllll-l

Fig. 3 Comparison between seasonal signals of the
Up components and atmospheric loads model
(ECMWF) tor 7090 and 7080 stations.

The figure (3) gives an example of comparison
between the UP perniodic signals according to the
different combinations and the atmospheric loads
model (ECMWF series), for 7080 and 7090 laser
stations. The correlation between the two signals is
about 40-50%, in the case of the LA1&STAR
combination, which explains that the UP vaniations
of the two stations (7080 and 7090) are due to
atmospheric loads. The remain varnations are mainly
come from noise.

[t i1s interesting to exhibit which type of noise
atfecting the time series of coordinates in order to
determine the possible sources of errors in the

estimation of these parameters. In this stage,

1520 1985 20C0 2005 2010

In the context of this study, a white noise signature
in the position residuals would point to random
errors (Gaussian errors) affecting the measurements,
while a flicker noise signature would point to
perturbations that may have different origins,
like local tectonics, instrument defects, analysis
consistency, etc.

The noise type 1s measured by the slope of the Allan
oraph, which describes the log-log relationship of the
Allan variance of the time series.

The noise level measured by the Allan deviation for
a one-ycar sampling time of the non-linear,
non-seasonal position time-series.

The table 4 provides the bias and slope of the Allan
graph of some stations UP components. According
to figure 4, and as first interpretation, we notice that
the white noise 1s the dominant noise in these series
according to the different solutions (LA-1, LA-]
&LA-2 and LA-1&STAR).

While a weak flicker noise combined with white
noise is observed in the Up component of the
different stations, according to the LA-1 and
LA-1&LA-2 solutions. In addition, periodic signal
was detected in UP series of 7835 station.,
According to the table 4, the noise level i1s about
of 3 —7 mm.

- 13 -
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Table 4. Slope and bias of noise aftecting the Up component
signals of some SLR stations, according to the LA-1, LA-1&-2

and LA-1&S5TAR solutions. These values are computed from 1
Allan variance tor each series. The noise type, (Wh.) or Flicker upP 7110
noise (F1.) 18 listed when available. Ps. means periodic signal.

Station Solution Slope  Noise Noise type ol
(cm/yr) level -
(cim) % R Rﬁf‘-—-\
7080 LA-l 0.6 03  Wht weak FL. T > ST
LA-1&-2 0.7 04  Wh.t weak Tl S TR “““\\
LA-I&STAR 09 0.5 Wh $ 7 e
7090 LA-] 0.7 0.6 Wit weak Fl. e R
LA-1&-2 06 03 Whet weak Fl. g “‘“‘*§1 -
LA-1&STAR <09 0.4  Wh A 1 mm
7835 LA-Il 0.4 0.6  Wh. +Fl+ ps : A
LA-1&-2 0.5 0.6 Wh. 1Lt ps. r
LA-T&STAR -0.7 0.7 Wh.+ ps. .
7110 LA-] -0.5 (0.3 Wh, +F1. 4 ST B SFEPEE SPEE B
LA-1&-2 0.6 0.3  Wh. IFL 66 05 1.0 1.5 2.0 25
LA-T&STAR <09 0.4  Wh. loq10(tau in years)

Fig. 4 Allan vanance graph ot Up component updates

T S B e S S e B e Ea of stations 7080, 7090, 7835 and 7110. The series corresponding
upr 7080 j to the satellites combinations are in red tor LA-1, 1n green tor
: f LA-1&-2. and in blue for LA-1 & STAR.
Dix tem -
P T
g M“‘xm_x\ i 5. Conclusion
s b e 1 q
g B \ N 4 The results obtained revealed that the contribution of
= ""‘n,\‘} : the Starlette data is acceptable, in general, to study
¢ _of \‘{; mm i the Terrestrial Reference Frame and to analyse the
j quality of the related parameters. In spite of the
r 3 significant number of the normal points on this
—gj} e 25 satellite and the recent dynamic models used, in
log10(tau in years) particular the Eigen-Grace(03s gravity tiecld model, in
5 [ the calculation of its orbit, the impact of Starlette
UP 7090¢ remain not very important, Nevertheless, we demon-
1 - : strate that the use of low orbit altitude such Starlette,
In geodynamic field, is rehable in order to supply the
& study of behaviour of stations position motion.
g0 e S In order to improve these results, it is necessary 1o
QEJ -ﬁﬁfﬁi\zhtﬁa develop and to %nvestigate l.he followﬁing poINts:
= ~1F 3 e S - method of ngorous weighting of measurements
“ \ | SLR by satellite and station;
LE L \\3\;\_-_\_1,-”.-” - comparison of the coordinate tume series with
geophysical signals,
N T T As prospects, it will be interesting to generate and to
GG 05 |ng11dgau N 1};E5m> 20 25 study, for a long period (34 years: 1976 — 2009), the
R time series of TRE and Earth Orientation Parameters
U 7835 : (EOPs), based on low satellites such Stella,

Topex/Poseidon, Jason-1, in addition to Starlette and
LAGEQOS satellites.
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Résumé : Dans la théorie de Stokes, le probleme de
valeurs aux limites géodésiques de troisieme espece
est formulé sous les conditions d’harmonicité du
potentiel perturbateur et d'absence de masses
topographiques a I'extérieur de la surface limite qui
est le géoide. Or, en pratique, ces conditions ne
peuvent €tre satisfaites et, de ce fait, des hypotheses
simplificatrices sur la densit¢ des masses
topographiques et sur l'analycité de l'intégrale de
Poisson sont €¢mises pour obtenir une solution du
probléme. La reformulation du probléme de valeurs
aux limites dans l'espace de «Helmert» permet une
meilleure modélisation de la topographie et mene
ainsi a une estimation plus précise de la solution. Le
theme développé a travers cet article porte sur la
détermination du géoide gravimétrique en adoptant
‘approche de Stokes-Helmert pour résoudre le
probleme de valeurs aux limites et exprimer les
anomalies de gravité¢ dans l'espace d’Helmert. Dans
la détermination de la solution, nous tiendrons
compte des effets directs topographiques et atmo-
sphériques sur le potentiel de pesanteur, des
corrections ellipsoidales et du prolongement descen-
dant des anomalies de pesanteur. Les tests effectués
ont port¢ sur la détermination du géoide
gravimétrique au nord de I'Algérie par la méthode de
Stokes-Helmert. Les données utilisées sont consti-
tuées de 2064 points gravimétriques, du modele
agéopotentiel EGM96, du modele global d'élévation
TUG87 et du modele numérique de terrain
GTOPQO30. Les différents résultats obtenus sont
illustrés.

Mots-clés: Anomalie de pesanteur, Effet atmo-

sphérique, Effet topographique, Géoide, Co-géoide,
potentiel.

Abstract: One of the most advantageous methods is
the approach of Stokes-Helmert developed at the
University of New Brunswick (UNB) in Canada. In
Stokes’s theory, the geodetic boundary value
problem (GBVP) of third kind is formulated under
the conditions of harmonicity of the disturbing
potential and absence of topographical masses
outside the boundary surface which is the geoid. In
practice, these conditions cannot be carried out
exactly and, so of the simplifying assumptions on the
density of topographical masses and the Poisson’s
integral are introduced for obtaining the solution of
the problem. The reformulation of the GBVP in
“Helmert’s space” allows modeling better of topog-
raphy and thus leads to a more precise estimate of the
solution. The objective of this article consists in
using the Stokes-Helmert scheme for the definition
of the BVP and expressing the gravity anomaly in
Helmert space. This will require holding account
rigorously, in the determination of the solution, the
direct topographic and atmospheric etfect, the
ellipsoidal corrections and the “downward continua-
tion” of the gravity anomaly. The made tests
concerned the determination of the geoid in the
North of Algeria by the method of Stokes-Helmert.
The used data are constituted by 2064 points, of the
geopotential model EGM96, of the global model of
rise TUG87 and the digital model of ground
GTOPO30.

Key words: gravity Anomaly, atmospheric effect,
topographic effect, Geoid, Potential, Co-Geoid.

1. Introduction

LL.e processus le plus adéquat a la définition de la
forme réelle de la Terre se base sur le "troisieéme
probleme de valeurs aux Ilimites géodésiques”.
Ce probléme dans la théorie du potentiel gravita-
tionnel consiste a déterminer une fonction harmo-
nique (potentiel perturbateur) sur une superficie
limite (le géoide) par I'intermédiaire d'une combi-
naison lin€aire de cette fonction ainsi que de ses
dérivées normales. La théorie de Stokes-Helmert
présentee dans cet article €tudie en détail la méthode
de condensation de Helmert pour une détermination
précise du geoide.
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Dans ce contexte, le 3°™ probléme de valeurs aux
limites géodésiques est ramené au 1 probleme de
valeurs aux limites géodésiques qui est résolu dans
I'espace de Helmert. La solution est obtenue alors sur
le co-géoide et sera de nouveau transformée dans
I'espace réel (géoide) par I'évaluation précise de
"effet topographique indirect primaire.

Le but principal de la méthode de Stokes-Helmert est
de fournir une théorie assez précise pour le calcul du
geoide. Ce but sera atteint dans le cas ou toutes les
corrections et les transformations de lI'anomalie de
pesanteur observée dans l'espace de Helmert sont
effectuées avec une précision de 10 xGal [14]. Cela
implique a priori que tous les effets sur la pesanteur
superieurs a 10 xGal doivent étre pris en compte.

2. Probleme de valeurs aux limites
geodésiques

Un probleme de valeurs aux limites en géodésie
physique peut étre exprimeé comme suit :

- AT =0 al &xteneurde X
s Br=f sur
I=0r") a l'infin

-

Ou T est le potentiel perturbateur, 5 est un opérateur
défini sur la surface limite2, ¢t f est une fonction
définie sur 2 résultant des mesures gravimétriques,
des observations de nivellement, des systemes de
positionnement globaux (GPS), etc.

Selon les différences des données, on €nonce le
probléme de valeurs aux limites gé€odeésiques sous
diverses formes:

- Probleme de 1°" espeéce (Dirichlet):

A= 1[ alexténieur de 3
fT=W-U Sut I
T=0r") 3 Uinfini

Avec ;

IV : potentiel de pesanteur
U : potentiel normal.
- Probleme de 2 espéce (Neumann):

AT =10 3 'extérienr de X
T

< AR 0g sur
T = 0§ & infini

Ou %T et og représentent respectivement la dérivée
normale et la perturbation de pesanteur.
- Probléme de 3°" espéce (mixte) :

alegeniewr de 5

A =10

o l O

e % r_ i surs
or  ron A I'infini
T=0#%)

Ag est I’anomalie de pesanteur.

Ce probleme représente le probleme fondamental de
la gé¢odésie physique dont la formulation est donnée,
selon I’approche de Stokes par I’équation [3]:

BT':?}:' 1 é';r
- T A =0 (2.1)
a5 y Ak )+ Agln)

Une approximation sphérique a cette ¢quation est
donnee par :
o7 (r

a(rf)+%T(rt)+ﬁg(rt)=U (2.2)
Ou R est le rayon moyen de la Terre.
Rappelons que les mesures de pesanteur sont
effectuées a la surface du sol ou a une certaine
hauteur de celui-ci; Ce qui nous amene a utiliser une
méthode de réduction pour le calcul de la pesanteur
au géoide. Cependant, le manque d’informations
preécises sur la densité de la masse topographique ne
permet pas de calculer correctement la pesanteur au
niveau du géoide. Pour pallier a ces inconvénients,
plusieurs approches ont €t¢ proposées dont la
meéthode de Helmert [4] que nous décrirons en détail
dans ce qui suit.

3. Theorie de Stokes-Helmert

La deuxiecme méthode de condensation de Helmert
est appliquée en méme temps qu'a la théorie de
Stokes comme étant la méthode la plus simple pour
résoudre le probleme de valeurs aux limites géode-
siques. LLa combinaison de ces deux meéthodes est
dite Theéorie de "STOKES-HELMERT™ qui est basée
d’une part, sur l'idée de condensation de Helmert
pour la détermination précise du géoide, et d’autre
part, sur les propriétés théoriques de la solution de
Stokes dans I'espace de Helmert.

[e potentiel perturbateur 7" dans I'espace de Helmert
devient :

T'(r) = T(r) - SV(ry (3.1)
et oV(r) = oV'(r) + oV (r) (3.2)
- oV est le potentiel topographique résiduel, tel
que : oVit(r)= Vi(r)- V'(¥) (3.3)

Ou V" et Vct représentent respectivement le potentiel
des masses topographiques et le potentiel des masses
topographiques condensées

- oV est le potentiel atmosphérique résiduel

OV (i) =V (r)—V(r:) (3.4)

Ou J*“ et V¥ représentent respectivement le potentiel
de la couche atmosphérique condensée et le potentiel
des masses atmosphériques.

La fonction 7" est harmonique en tout point &
I’extérieur du co-géoide (le géoide décalé) ;

AT "(r) =20 P> e (3.5)
1 est le rayon géocentrique du co-géoide.

Le co-géoide de Helmert est décalé de quelques
metres du géoide sous l'effet indirect de condensa-
tion de Helmert.
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Ce dernier est connu sous le nom de I'effet
topographique indirect primaire (PITE) [3].

La pesanteur de Helmert g”(#) a la surface de la Terre
¢st la somme de la pesanteur observée g(r) a la
surface de la Terre, de l'effet topographique direct
oA'(r) et de 'effet atmosphérique direct o44(r) rétéré
a la surface de la Terre, telle que :

g'(r) = g(r) -04'(r)) - 64°(r) (3.6)

L.a forme sphérique de la pesanteur observée peut
étre écrite en termes d'anomalies de pesanteur de
Helmert de la maniere suivante :

Aé"h(f}) = Ag" )+ 88" (r) + 88" (1) +84" (1) +
SA (5, )+ 85" (r,) (3.7)

: 68’0-,.):%81/’(n)

secondaire indirect sur la pesanteur .

Etftet topographique

S8 5 () = %:ﬂf’a(r,}

Effet atmosphérique secondaire indirect sur la
pesanteur.

Z
- B () = = Ho(r) Ag™®(»,) Correction du géoide

au quasi-geoide.
- Ag™(r)) : L'anomalie compléte de Bouguer

3.1 Effets des masses topographiques
sur la pesanteur

- Effet topographique direct

L'effet  topographique  direct des  masses
topographiques sur la pesanteur, cré€ en un point a la
surface de la Terre, est donné par [8]:

- 'f .

A () = 2L (3.8)
or o
r=R+1f7{82)
R+ H (L)) aN F, jr'
=G [[plQ) | (Y, r) P2drtdQY.

(e !.2“ NN af’ p= R+ {130

p(r' ) Densité des masses topographiques.

N(ry,r') Forme spatiale du noyau de Newton.
H°(Q2’)  Altitude horthométrique.

L'effet  topographique  direct des  masses
topographiques condensées sur la pesanteur, compté
¢galement sur la surface de la Terre, est représenté

par [8] :

o ct (..
or
F=R+117(82)
ON(r v, R
_ GR? '“‘G(S‘)!) (f ?w p ) 40"
(Q'elly ar F=R+17(Q)

Ou o(£2) représente la densité de la couche
topographique condensée.

- Effet topographique secondaire indirect

[application de la correction topographique a
‘anomalie de pesanteur donne l'onigine de Deffet
topographique indirect secondaire. Il est donné par
'equation suivante [9] :

Rodf el

V' =G fipl@) |

rr - -‘ ‘ ___1_2 U - I_
N\ i );- PN dr ' d€
dellp r'=R

G Hp(ﬂ')r-(Q'_)_R N(rw L RYAQ (3.10)

£2% Q) 3 |

3.2 Effet des masses atmosphériques sur la
pesanteur

- Effet atmosphérique direct
L'effet atmosphérique direct sur la pesanteur
rapporte a la surface terrestre est [14] et [11]:
aa V”(f') B a Vﬂ (f") a Vﬁ'ﬂ(r) (3 | l)
or o o

ref+17102) r=R+H"{{1)

ref+H(82)

- Effet atmospheérique secondaire indirect
L'effet atmosphérique secondaire indirect sur la
pesanteur définie sur la surface de la Terre, peut €tre
décrit par I'expression suivante [11] :

2
25 pa(ry=2pa(ry -2y (3.12)

Iy ' It

3.3 Prolongement descendant des
anomalies de pesanteur de Helmert

Dans la formulation standard du probléme de valeurs
aux limites geéodésiques de Stokes, la solution
(potentiel perturbateur 7) est déterminée au-dessus
de la surface limite (géoide) alors que les observa-
tions (valeurs de pesanteur g) sont mesurées a la
surface de la Terre. Pour obtenir ces valeurs aux
limites, les observations doivent étre réduites de la
surface terrestre au géoide. Cette réduction est
appelée le prolongement descendant d'anomalie de
pesanteur.

L'outil mathématique standard utilisé pour I'étude
des prolongements descendant et ascendant est basé
sur le théoreme de Poisson qui définit une fonction
f, connue sur une sphere de rayon K et harmonique
en dehors de cette sphere. Le calcul des valeurs de la
fonction f(r Q) s'effectue sur n'importe quel point a
Pextérieur de la sphere (r >R} par l'intégrale de
Poisson selon [6] :

L [ F(RLOVYK (W, RYIQY, (3.13)

o
o=

Ou K est le Noyau de I'intégral de Poisson défini par
[15] - o
. R ;

K(p, W R)=> 2n+1)|- -
T P

P,(cosy) (3.14)
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Puisque les masses topographiques et atmo-
sphériques sont condensées sur le géoide, I'espace de
Helmert, au-dessus du geoide (rapproche par la
sphere  géocentrique de rayon R (r:~R)), est
harmonique. L'anomalie de pesanteur de Helmert
Ag” multiplié par le rayon géocentrique de la surface
terrestre #/ satisfait I'équation de Laplace au-dessus
du geoide, pyi R:?E\nﬂg&("!j=ﬂ [16].
L'intégrale de poisson pour Ag” est donnée par la
formule suivante [6] :

- [[K (W, RIA G (R)AKY, (3.15)
A py (Yeld,

Ag‘f’ ()=

Ou Ag'(r) est le vecteur des anomalies de pesanteur
de Helmert sur la surface de la Terre et Ag"(R) est le
vecteur des anomalies de la pesanteur de Helmert
sur le Co-géoide (rapprochée encore par la sphére de
réeférence de rayon R).

LLa forme discrete de I'équation de l'intégrale de
Poisson dont la forme générale est l'équation de
I'intégrale de Fredholm de premiere espece, peut etre
exprimeée comme suit [10] et [4] :

Ag ()= KE(Grow, BYhg" (R),

Selon I'itération approchée de Jacobi [12] pour la
solution d'un systeme d’équations algébriques
lin€aires, on obtient le systeme d’équations alge-
briques suivant [10] :

(3.16)

Ag" (R =Ag" () + Blrw, RAL"(R) (3.17)

B est la matrice creuse déduite de la matrice K par
suppression des termes de la diagonale.

Ce systeme d'équation (3.17) peut étre résolu
itérativement. On commence par le vecteur
d’anomalies a l'air libre de pesanteur a la surface
terrestre Ag' " (car ces derniéres sont semblables aux
anomalies de pesanteur de Helmert sur le géoide),
tel que :

Ag'(R) (3.18)

= Ag (r,)

La k'™ étape d'itération (k>0) Ag™(R)|«, est
cffectuée selon I'équation suivante [10] :

A" (R) - B RIAG (R +ag (3.19)

Ainsi, lorsque la différence des résultats de deux
itérations | Ag"(R)|x - Ag"(R)|[k-1| est inférieure a la
tolérance g, le processus itératif s'arréte. Le résultat
de cette opération e¢st la solution de I'équation
(3.7), [10] :

19 -

&gh(R):&gh(rr)-l_iﬂgﬁ(R)ﬁy (320)
A :

Ou zest la valeur de la derniére itération.

Les différentes étapes de cette étude sont illustrées
dans le schéma suivant ;

L'espace réel
;‘ngl‘i i |

surt.topo. --*"'-/-‘\__,_..

L'espace de Helmert

3
Az,
F

, — - JPITE<x2m o
geolde Pp— - T - co-geoide

___,—u—“

Eilipsoide —
Flg. 1 Schéma des deux espaces (Reel, Ilelmert).

4. Probleme de valeurs aux limites de
Stokes

Le potentiel de pesanteur de référence W’ (r) dans

I'espace de Helmert peut étre exprime par la formule

suivante [15]: )
l+ H (i”_)l
i nzz':z r

N GM
(r)==
Cette relation est valable au niveau du co-géoide.
Comme cette surface est inconnue, I'approximation
appropriée du géoide (r:~rg) peut Ctre utilisée avec
[15]:

—

N T

fi
Z ;II! I )I N

nt=-n

f

ref

r>R: W (4.1)

—

r. = ry = a(l—fsinzQ)

Le potentiel de pesanteur de référence de Helmert au
niveau du co-géoide devient :

vy GM| N\ > >
r>RW LG, = VY (1) sin‘ WY o
) = Z[ (n+1)f pJZ Yo
Tel que: (4.2)
oo+
n=12...n;: {ﬂ“ =1l+{n+1)fsin ‘p—..

L
Selon la condition aux limites [3], ’anomalie de

pesanteur de réfeérence de Helmert peut etre exprimee
comme suit :

oo,
Ag, (ry)=

(4.3)

2
T ET;L’! (FL{)

.T':f-t[}

ou 7 (- )=7" ) =w", i )-U, @) décrit le potentiel
perturbateur de référence de Helmert,

e

La surface limite équipotentielle dans l'espace de
Helmert est donnée par I’ondulation co-géoidale
N'(€Q). Cette surface peut étre évaluée a partir des
anomalies de pesanteur de Helmert Ag"(R) rapportée
a la sphere de référence de rayon R par l'application
des formules de Stokes et Bruns dans l'équation
suivante [3] :



BULLETIN des SCIENCES GEOGRAPHIQUES N° 24 (2°™¢ Semestre 2009)

K
A g RSy ydld' 4.4
o gy ) L (RS (4.4)

4.1 Fonction sphéeroide modifiee
de Stokes

N (L) =

Les valeurs de la tonction sphéroide de Stokes
S»-7 (w) varient proportionnellement par rapport a la
distance sphérique y. Le domaine d'intégration £ de
I"intégrale de Stokes peut étre décomposé en deux
domaines. L’un concerne les zones proches Oy
(@ e [0, wo]) et autre les zones éloignées 20-Quo
(welwo 5T ), tel que [13] :
[[d0Q = [[dQ +

e, D:Qru

[ d 2
0eQo-Q,, (4.5)

Les contributions des zones proches et €loignées, a

haute fréquence, aux altitudes co-géoidales
i i ’

N gy, et N oo o sont données respec-

tivement, par ;

i R I
N @)= fag (g, -wyaa (4.0)
Yo
Nj::.;].Q' - (£2)= H&gI(R)Su;-E(W Jal) (4.7)
| 4H:Yu 2-€) -€)

[La fonction sphéroide modifice de Stokes
Sn.a (o) peut alors €tre exprimée comme suit ;
* 01 w = O"‘lj ?
S (\P 1V ) =« < “> (4.5)
Son W), Y e <0“W (}>

LLe développement en série de polyndmes de
Legendre est donné par :

Yye (:I:I,?r:):

© 1 (4.9)
Sm;,(;-‘fu:%f/)= 2. : Qq(;{/n,w}pn(cnqy)

Y= -1

Ou OQn(woe. ) décrivent les coeflicients de troncation
pour la fonction sphéroide modifiée de Stokes
Sq & (woy). La contribution de la zone proche des
anomalies de pesanteur a haute fréquence de
Helmert & Ialtitude géoidale N .-7.Q%n co-géoidale
peut €tre décrite par :

/1 _ R h _ i

Nn.‘:}n.gg‘]. g B ATt ﬂ&gu;;}(R) S”?"” (w )dQ
’ FYU £2EQHI
La contribution d¢ la zone <¢loignée a haute
fréquence des anomalies de pesanteur de Helmert
A g':};(R) I”altitude co-géoidal N”}—H ¢st donnée
H=HE, “I'JU

par :

(4.10)

(4.11)

: C o fagl RS, tde

N — —
e LY
Yo AmY . Qeldy,
Si les anomalies de pesanteur ne sont pas disponibles
au-dessus de la Terre entiere, le calcul numérique

peut €tre fait en employant I'équation suivante :

N”};.(._l*[]*ﬁ*w “.(Q)— P Z Q”(w []‘*l“) ZT”.HJ (4‘12)

=+ m=—"n

[La relation entre Iondulation du géoide N (£2) et
I’ondulation du co-géoide N'(£2) est présentée par la
formule suivante :

SN R) = N(@) - ph (e = 2V

SVR s o9 1)
w9 Sl e sont respectivement l'effet topogra-

phique indirect primaire sur la hauteur géoidale et
I'etfet atmosphérique indirect primaire sur la hauteur
geoidale.

(4.13)

4.2 Effet topographique indirect
primaire

['effet topographique indirect primaire sur la hauteur
géoidale prend la forme suivante [7] :

5 1 ' 012 A 3
o ] ':R): { 47:[3'[-"?”{"'4'[” _]_J, RI+
Y, (0) Y o (@) : 2 IR
G i £t
N{IR . w " )r'dr T d ) —
ﬂl’ 1 (@) p ) L2 -52 L .FEJ— I
(; |.j Ik 03 e fr; (4'14)
—=0s | : LN (R R+
ﬁl{ |||'I“‘-)’:I PN gl 0 3
G R+ H'
'1,; (¢,} _” 15[:.' (izl} JIAF{R"F 4.1"}."1}dr'f!£2|—
H vy, rie R
» (1:::) [ op (2" "’;R N(RY LRI
1 LE 51 i "

4.3 Effet atmospherique indirect
primaire

['effet atmosphérique indirect primaire sur l'altitude
geoidale peut étre décrit par la forme de base
sutvante [11] :

il Flim
OV (K) = G ” j p”(r'}h"(&w?r")f"zdr'dﬁ'—

Y, (¢) ”‘{D(q)) Qe () r'=R+1T9L2) (4* 15)
G Flim

H I p T(FN(RW, R d<Y.
Yol®) e (Y r'=R+II(LY)

L'ordre de grandeur de I’effet atmosphérique indirect
primaire sur l'altitude géoidale est relativement plus
petit que ’etfet topographique indirect primaire sur
a hauteur géoidale.

Une fois le potentiel perturbateur réel déterminé sur
¢ géoide, sa conversion en hauteurs géoidales peut
étre effectuée par la formule de Bruns.

Le potentiel perturbateur réel T(r) a extérieur de
I'atmosphere est obtenu a 1’aide d’un prolongement
continu de T(R). Le potentiel de pesanteur
réel W, pour n'importe quel point donng, en dehors
de I'atmosphere, est alors simplement calculé a partir
de la formule de Bruns.

5. Application : Nord de I'Algérie

[La détermination du géoide, tenant compte des
noyaux modifi¢s de Stokes, est effectuée a I’aide des

programmes du logiciel GRAVSOFT et d'autres

programmes réalisés au LAREG (Laboratoire de

Recherche en Geodésie de I'Institut Geographique
National, Marne la Vallée) et a I'ESGT (Ecole
Supérieure des Géometres et Topographes) [2].
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5.1 Description des donneées utilisées

Les données utilisées sont 1ssues de différentes
sources: données gravimetriques, modele géopoten-
tiel et modéle numérique de terrain.

Données gravimétriques: l.a zone d'é¢tude est
limitée entre [32°, 37°] en latitude et [-3°, 5°] en
longitude et comprend 2064 points gravemitriques
(Figl). Ces données sont fournies par le BGI
(Burecau Gravimétrique International de Toulouse).
Elles sont extraites d'un fichier nommé EOL dont
dispose le CTS. Ce choix est di a la densité de points
relativement €levée et a la nature du terrain dans
cette région.

Données du modeéle géopotentiel : l.e modele
géopotentiel utilisé est le modele EGM96 (Earth
Geopotential Model - 1996), développé jusqu’au
degré et ordre 360. Il résulte des données issues de
I’analyse des orbites des satellites et de la gravi-
metrie de I’ancienne Union soviétique, I’Ameérique
du sud et I’Atrique.

Le modele global d'élévation TUGS87 qui contient la
représentation harmonique sphérique de la topogra-
phie globale au degré et a I'ordre 180 a été également
utilis€. Les coefficients pour la puissance de la
topographie globale jusqu'au degré et a l'ordre 90
sont ¢galement disponibles pour I'évaluation des
effets dus aux masses topographiques €loignées.

Latitue (%)
N
o

18
-10 -5 0 5 10 15
Longitude {%)

Fig 2. Domaine de calcul du géoide et la répartition
géographique des données gravimétrigues.

Modéle numérique de terrain : Le calcul des effets
de la topographie nécessite lI'existence d'un modele
numérique de terrain de haute résolution. A cette fin
et par manque d'un MNT précis sur I'Algérie, un
modele a été généré a partir des informations
altimétriques liées aux observations gravimétriques
fournies par le BGI. Ce MNT généré n'est pas plus
homogene que la répartition des  stations
gravimétriques et présente quelques lacunes. Clest
bien évidemment un handicap pour une solution
définitive de géoide [1].

Dans cette application deux modeles numériques de
terrain ont €t€ soustraits du modele numérique de
terrain  GTOPO30 employés dans ces calculs
numériques: le M.N.T Large (5' x 5') pour les zones
¢loignées du point de mesure et le M.N.T Fin
(30" x 30") pour les zones proches de ce méme point.
Les surfaces océaniques sont indiquées par les
valeurs 9999. Ces deux MNT sont illustrés dans les
figures suivantes:

ot o

ok P

1T e

I I
TR M b T

Fig 3. Modele numérique de terrain (30”7 x307")
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Fig 4. Modele numérigue de terrain (5°x57)

5.2 Traitement des donnees

Le programme dénomme "GEOGRID" et dével-
opp¢ dans le cadre de cette application, permet de
générer une grille gravimétrique a partir d'un
¢chantillon de données réparties aléatoirement. Il est
¢crit en langage Fortran et 1l fait appel a plusieurs
routines suivantes :

DTE : calcul de la contribution des zones proches a
I’effet topographique direct sur la pesanteur.

DTEF : calcul de la contribution des zones ¢loignées
a I’eftet topographique direct sur la pesanteur.

DAE : calcul de I’effet atmosphérique direct sur la
pesanteur

PTE : calcul de la contribution des zones proches a
I effet topographique primaire direct sur I’ondulation
du géoide.

PTF : calcul de la contribution des zones éloignées
a Deffet topographique primaire direct sur
|”’ondulation du géoide.

STE : calcul de la contribution des zones proches a
‘effet topographique secondaire indirect sur la
pesanteur.
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STF : calcul de la contribution des zones éloignéesa 9.3 Résultats obtenus et Analyse
I’effet topographique secondaire indirect sur la
pesanteur.
GIN : transforme les anomalies de pesanteur via la
formule de Stokes-Helmert en  ondulations
géoidales.

Les statistiques des e¢ffets topographiques et atmo-
sphériques de pesanteur sont fournies dans les
tableaux suivants :

Tableau 1. Effets topographiques de pesanteur "zones proches”

_Paramétre | Min | Max | Moy | o

mGal
Effet ter. cond. -110,75 468,7 1.69 20,92
et IR M I M

Effet dir. -166,99 | 387,03 11.4] 36,17
I I
Effet sec. ind. | -0.4721 0.0000 | -0.0250 0.0519
Mol Il Il Ml
Effet prim. , , 13¢ |

Tableau 2. Effets topographiques de pesanteur "zones €loignées”

—_Paramétre [ Min | Max | Moy | o _
Effet ter. (mGal

Effet ter. Cond. -31 43 117 424 61.039 | 36, 628
(mGal)

Effet dir. (mGal) | -0,311 | 0,066 -0.101

Eftet sec. Ind. -0.059 0.068 -0.007 0.0256
(mGal)

Effet prim. Ind. (m) | -0,079 [ 0,165 | 0,0615 [ 0,0419

Tableau 3. Eftfets atmosphériques de pesanteur

— Paramitre [ Min | Max [ Moy | o

Effet atm. Dir. 0,6603 | 0,9064 | 0,807 0,0295
maay | M)

Accél. plateau sph. | -0,8692 | -0,715 | -0,787 0,032
Bl R B I

Accél. Résid. Atm. 0,102 | 0,042 | 0,0127 | 0,0063
Accid. (mGal)

Le tableau (4) présente les statistiques correspondant aux
ondulations du co-géoide N" et les ondulations du géoide N:

Tableau 4. Statistiques des ondulations du geoide et du co-géoide

Parameétre Min | Max | Mo 8]

Ondulation du co-géoide(m) | 6.21 | 638.91 | 33,43 | 13,65
Ondulation du geoide (m) | 5,61 | 68,69 |33,20| 13,96
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On constate bien que I’ondulation du co-géoide
se rapproche de I'ondulation du géoide
(différence=~23cm), cecit est du probablement a
I”influence des etiets topographiques.

Pour mettre en €vidence la précision du modele du
géoide gravimetrique estime, une ¢tude comparative
entre les hauteurs géoidales calculées par voie
gravimétrique et les ondulations du géoide dérivées
a partir des observations GPS ¢t de nivellement de
precision (points GPS nivelés), tel que :

N apsnivellemeny = e — H°

Ou 4. et H® représentent respectivement la hauteur
cllipsoidique obtenue par GPS et laltitude
orthométrique déterminée par nivellement. Ces trois
quantités doivent €tre d'une part, référencées au
meéme cllipsoide, et d'autre part, de précision
comparables.

Dans le cas de notre application, [’absence
d’informations relatives a la précision des mesures
gravimétriques et a I'inexistence d’un mode¢le
numerique de terrain réel, ainsi que I’insuffisance
d'observations ne permettent pas d’effectuer une
analyse de précision réelle et fiable.

6. Conclusion

La résolution du probléme de valeurs aux limites
géodésiques dans I'espace de Helmert nécessite une
¢valuation des valeurs moyennes des anomalies de
pesanteur de Helmert sur la surface de la Terre.

Ces valeurs dépendent des valeurs moyennes des
anomalies de pesanteur a Iair libre, des corrections
ellipsoidales a la perturbation de pesanteur, de la
correction ellipsoidale due a Il'approximation
sphérique, des effets topographiques et atmo-
sphériques directs, des eftets topographiques et
atmosphériques indirects secondaires et de la correc-
tion du géoide/quasi-géoide.

Les principaux facteurs limitant la théorie de
"Stockes-Helmert" sont l'approximation de la
densit¢ topographique réelle par la surface
topographique de Stokes, la détermination des
donnees de pesanteur  pour le prolongement
descendant, I'effet topographique direct primaire, et
I'approximation sphérique du géoide dans le cas de
I'évaluation des effets topographiques.
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Résumé: Le systéme de positionnement global
(GPS) permet une mesure précise n'importe quand,
facile a mettre en application et de cout faible. Ces
caractéristiques font du GPS un outil favorisé pour le
positionnement et 1’observation des phénomenes
geophysiques a diverses €chelles (tectonique des
plaques, surveillance sismique, mesures de géoide).
Dans ce contexte, la durée d'observations est en
genéral tres longue (quelques jours dans plusieurs
années). [.’action de recherche est réalisée conjoint-
ement par I'Institut National de Cartographie et de
Télédétection (Algérie) et le Centre National de
) I'établissement du

I'élédétection (Tunisie) sur
Réseau GPS Unifié Algero- Tunisien et 'amélio-
ration de la précision du positionnement, en
particulier vertical, en utilisant la technique GPS.
Dans ce contexte, huit bornes (de limite de terrain)
Algero-Tunisien ont €t€ observés simultanées par
I'Institut National de Cartographie et de Télédétec-
tion - Algérie et le Centre National de Telédétection-
Tunisie en utilisant Ja technique GPS pendant la
semaine GPS n°1502 (du 19 jusqu’au 25 octobre
2008). Les données GPS collectées ont €t€ traitées
par le logiciel scienfifique Bernese 5.0 en mode
automatique en intégrant les données IGS et les
produits. La précision obtenue pour toutes les
coordonnées est dans l'ordre de quelques
millimetres.

Fax : +213 21 2343 K1

Mots-clés: Réseau GPS Unifié Algero- Tunisien,
Bernese, PCF RNX2SNX, coordonnées rms

reiterees.

Abstract : GPS allows a precise measure at any
time, easy to implement and of weak expense, These
characteristics make of GPS a favored tool for
positioning and for geophysics phenomena observa-
tion with various scales (plate’s tectonics, seismic
surveillance, measures of geode). In this context, the
duration of observations is in general very long
(some days in several years).

A research action is jointly performed by the
Nattonal Institute of Cartography and Remote
sensing (Algeria) and the National Centre of Remote
sensing (Tunisia) on the establishment of Algerian-
Tunisian Unified GPS Network and improvement of
the positioning precision, notably vertical, using the
GPS techmque. In this context, cight Algeran-
Tunisian boundary markers were observed by the
National Institute of Cartography and Remote
Sensing - Algeria and the National Centre of Remote
sensing - Tunisia) in simultaneous using GPS
technique during the GPS Week n°1502 (from 19"
till 25" October 2008). The collected GPS data were
processed using Bernese 5.0 scientific software in
automatic mode while integrating the 1GS data and
products. The precision obtained for all coordinates
Is in the order of some millimeters.

Key words : unified Algenan-Tunisian  GPS
network, Bernese, RNX2SNX PCEF, repeatability
coordinates rms.

1. Introduction

In the goal of unification of GPS networks of Algeria
and Tunisia, a set of eight Algerian-Tunisian
boundary markers (102, 219, 315, 02, 146-01, 17-02,
275 and 005-01) were observed by the National
Institute of Cartography and Remote Sensing -
Algeria and the National Centre of Remote sensing -
Tunisia) in simultaneous using GPS technique
during the GPS Week n°1502 (from 19" tll 25"
October 2008). Considering the precision asked for
the data processing, it was necessary to use adapted
scientific software. For that, the collected GPS data
processing was performed using Bernese software
available at level of the National Institute of
Cartography and Remote Sensing.

- 25 -



BULLETIN des SCIENCES GEOGRAPHIQUES N° 24 (2°™ Semestre 2009)

The difficulty of Bernese software manipulation and
the tiring character of the preparation of processing
as well as the possibility of choosing numerous
processing options, forced us to use its BPE
automatic mode. This mode allows having the
simplicity of use of commercial software while
benefiting from advantages of scientific software.

The objective of this paper consists in the
presentation of the different stages of data
processing and the analysis of acquired precision.

2. Campaign of GPS measurements

—

'he campaign of observations of unified Algerian-
Tunisian GPS network Look place during all GPS
week n°1502 (from CREH) 25 October, 2008).
Observations were organized by daily sessions
of 24 hours. The cadenza of recording was

30 seconds with an angle of elevation of 5°.

The table (1) represents collected daily GPS
observations (in blue by National Institute of
Cartography and Remote Sensing - Algeria and in
red by National Centre of Remote sensing - Tunisia)
and the GPS data of IGS used as reference stations.

Table 1. Collected GPS data.

Num.
otation

19 October 2008
23 October 2008

24 Ocfober 2008

22 Ocfober 2008

20 Octfober 2008
21 Oetober 2008

I 25 Ocfober 2008

The figure (1) represents the geographical
distribution of the eight Algerian-Tunisian boundary
markers (points in red):

Fig. 1 Geographical distribution of the eight Algerian-
Tunistan boundary markers.

Data collected by National Institute of Cartography
and Remote Sensing - Algeria and National Centre
of Remote sensing - Tunisia were transformed from
constructor's format to the international standard
format RINEX to be useful by software Bernese. The
RINEX observations files are in the form of an
ASCII file and decline in two versions: an O file
which contains observations and an N file which
contains the ephemerides satellites.

3. Preparation data and products
IGS files

For the preparation of the group of files necessary for
the GPS observations processing by Bernese 5.0, an
informatics program "Rin2Sindown" was developed.
We note that this program is based on the subroutines
of the free program "NetDownload" developed by
Dr. Marco Roggero of the polytechnic school of
Italy. "Rin2Sindown" allows the automatic
downloading from Internet the precise ephemerides
(sp3) files, clock information (clk) files and GPS
observations files of IGS stations in RINEX format.
The figure (2) represents the execution window of
"Rin2Sindown" program:
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Fig. 2 Execution window of "Rin2Sindown”
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4. Data processing

The Bernese GPS Software v5.0 (Dach et al., 2007
& 2004) was used to process the daily observations
sessions of unified Algerian-Tunisian GPS network,
session by session.

The reference sites used in process are the seven
stations of International GNSS Service (IGS): GRAS
(France), Caghar1 (Italy), Matera (Italy), NOTI
(Italy), MAS1 (Spain), SFER (Spain) and VILL
(Spain).

A first process was performed in automatic mode
using the PPP PCF of Bernese 5.0. Coordinates
acquired from the eight stations, from sub-
decimetric precision, were used on one hand, for the
preparation of the oceanic tide corrections file and on
the other hand, as approached coordinates for the
final process using Bernese 5.0 in RX2SNX PCF
automatic mode.

The RNX2SNX.PCF i1s intended for a double-
difference based analysis of RINEX GNSS
observation data from a regional network. Station
coordinates and troposphere parameters are
estimated and stored in Bernese and SINEX format
to facilitate further processing and combination.

For the seven daily data sessions of unified Algerian-
Tunisian GPS network, the basic options of the used
RNX2SNX processing strategy are:

The consideration of “absolute” GNSS receiver and
satellite antenna phase center offset (103).

- Observation files with significant gaps or
unexpectedly big residuals will automatically be
removed from the processing to ensure a robust
processing and a reasonable network solution.

- Phase ambiguity fixing is attempted for baselines
up to 2000 km length based on the Quasi-
lonosphere-Free (QIF) resolution strategy.

- The final network solution is a minimum constraint
solution, realized by three no-net-translation
conditions 1mposed on a set of IGS05) reference
coordinates. The coordinates ot all involved fiducial
stations are subsequently verified by means of a
3-parameter Helmert transformation. In case of
discrepancies, the network solution is recomputed
based on a reduced set of fiducial stations.

For each session, the corresponding normal equation
information is saved for a subsequent multi-session
solution,

5. Final coordinates

The Bernese GPS Software allows estimating final
site coordinates in a network analysis. The normal
equation systems from different sessions are
combined in a multi-session solution with
ADDNEQ?2. All coordinate parameters belonging to
the same station are combined to one single set of
coordinates.

—

['he seven daily solutions of unified Algerian-

—

[unisian GPS network were therefore combined by
adapting the Minimum Constraint Solution strategy.

—

['he 1GS stations were considered as fixed stations.

—

['he resulting coordinates then refer to the middle
epoch (October 22, 200%).

Held count, that we do not dispose enough
observations repeated on more than a year, we did
not consider the speed dimension in this
combination.

To appreciate the quality of results, we are interested
to the weekly coordinate repeatability,. A bad
repeatability indicates possible environmental,
station, or processing problems. It also may be
caused by  geophysical phenomena (e.g.,
Earthquake).

For that, a seven-parameter Helmert transformation
was applied to compare each individual solution of
unified Algerian-Tunisian GPS network with the
combined solution. The geodetic datum of the
network is defined based on minimum constraint
solution. The table (3) represents the repeatability
coordinates rms values of the combined solution;

Table 3. Repeatabihty coordinates rms values
of the combined solution.

Weekday Repeatability (mm)

_Station #Days 0123456 N E U
102 4 AXKXK 1.58 0.91 3.135
146-01 3 XXX 0,91 0.32 3.43
17-02 3 XXX 0.71 2.19 2.69
219 7 XXXXLCX 1.51 1.19 5.37
275 3 XXX 6.29 6.75 3.95
315 7 XXX 1.14 1.17 9.79
005-01 3 XXX 0.72 1.63 4.58
02 7 XX 0.41 1.34 3.90
CAGL 7 XXX 2.15 1.33 4,351
GRAS 7 OXXXXEKKX  0.95 0.86 1.96
MAS1 7 XXX 1.23 1.08 2.68
MATE 7 XXX  1.05 0.84 2.85
NOT1 7 XXX  0.69 0.88 1.92
S FER 7 XX 0.86 1.08 3.06
VILL 7 OXXXXLLCKX  0.85 0.49 3.83
Total 8 1.56 1.57 4.4l

The precision of results acquired for all the
coordinates’ stations is in the order of 1-7 mm for
planimetric components and of 2-10 mm for the
vertical components.

After verification of the precision of processing,
descriptive maps were prepared. Fach map contain
the coordinates of point expressed in the IGS05
geodetic system at the epoch October 22, 2008, the
detailed description of the geodetic monument and
extract of topographic map and satellite image.
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Fig. 3 Example of descreptive map.

6. Conclusion

The essential objective of this project "definifion of
a unified Algerian-Tunisian GPS network"” concerns
the mastery of a new technology: positioning by
GPS satellites in general and her application at
concrete needs having a direct impact on the
modernization of Algerian and Tunisian geodetic
facilities.

On data processing of Algerian-Tunisian unified
GPS network, all our efforts are shared out on two
parts:

- Make easier the preparation of IGS files essentials
for the GPS data processing by Bernese 5.0 software.
- Data processing of unified Algerian Tunisian GPS
network by Bernese 5.0 software.

In the first part, an informatics program was
developed and exploited with intent to make ¢asier
the preparation of GPS campaigns to be treated by
Bernese 5.0. In effect, this program allows recove-
ring automatically the ephemerid files, the satellites
clock information files and the GPS observations
files of IGS stations in RINEX format.

Concerning the second part, a series of data
processing of the eight Algerian-Tunisian boundary
markers was made with software Bernese 5.0 while
integrating the data of seven IGS stations: GRAS
(France), Caghari (Italy), Matera (ltaly), NOTI
(Italy), MASI (Spain), SFER (Spain) et VILL
(Spain).

The process in PCF RNX2SNX automatic mode has
allowed us to get closer to the simplicity of
commercial software use while benefiting from
advantages of Bernese 5.0 scientific software. The
precision obtained after compensation of all the
baselines of the seven daily sessions of unified
Algerian-Tunisian GPS network in the order of some
millimetres 1s very promising,

In conclusion, we will keep the importance of the
densification of the unified Algerian Tunisian GPS
network which represents a key stake for the
modernization of Algerian and Tunisian national
geodetic facilities. This densification will indeed
allow the improvement of quality and precision of
this network.
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Résumé : La tache principale du Projet Spécial
analyse des Séries chronologiques est le controle de
I’ENP hebdomadaire combiné SINEX solutions pour
améliorer plus la qualité des produits de I’'EPN. Le
controle routine nécessite le lissage des séries
chronologiques coordonnées de la  station
individuelle et l'entretien et la publication de la
coordonnée de compensation et des valeurs
aberrantes détectées. Cette information a également
été utilisée pour le calcul de I'I'TRF2005 et sa
densification régionale. L’usage du logiciel
CATREF (Altamimi et al 2004) qui lisse les
solutions cumulatives sont €galement calculées et
analysées. LLes coordonnées estimées et les vitesses,
ainsi que la base de données de compensation et de
a valeur aberrante sont régulierement mis a jour et
publiées sur le site Web EPN CB. Au-dela du
controle routine le bruit et I’analyse harmonique de
sérics coordonnées EPN a ét€é lancée. L'analyse est
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faite avec le logiciel CATS (Williams SD,
Laboratoire Oc€anographique Proudman) qui utilise
MLE (Estimation du Maximum de¢ Vraisemblance
d’un modele semi Markovien caché) pour
déterminer la caractéristique du bruit et la variation
saisonniere des séries chronologiques coordonnées.
['analyse du bruit a prouvé la présence du bruit
coloré dans les séries chronologiques de I'EPN.
L'utilisation des caractéristiques exacte du bruit a
permis le calcul de la vitesse incertitude de la vraie
station. L'analyse harmonique a couvert I'¢stimation
des amplitudes et les retards de phase du signal
saisonnier peuvent présenter dans les  séries
chronologiques. L'analyse a montré les amplitudes
salsonnieres modéreés, 1-2 mm pour T'horizontal
et 2-4mm pour la composante verticale.
[.a distribution du retard de phase pour les
composantes horizontales n’est pas aléatoire, les
valeurs bien déterminées du retard de phase ont été
trouvées. La composante supérieure du retard de
phase est fotalement différente, elle est plus
uniforme sans pics. La réalité physique des valeurs
du retard de phase n'est pas encore étudiee. Les
résultats et les produits sont publiés et mis a jour
récguliecrement dans la section des  Séries

chronologiques du site Web EPNCB.

Abstract : The main task of the Time Series
Analysis Special Project i1s the monitoring of the
EPN weckly combined SINEX solutions in order to
further improve the quality of the EPN products.
The routine monitoring involves cleaning of the
individual station coordinate time series and the
maintenance and publication of the detected
coordinate offsets and outliers. This information has
also been used for the computation of the ITRF2005
and its regional densification. Using the CATREF
software (Altamimi et al 2004) cleaned cumulative
solutions are also computed and analyzed.
The estimated coordinates and velocities, together

with the outlier and offset database are regularly
updated and published on the EPN CB website.
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Beyond the routine monitoring the noise and
harmonic analysis of the EPN coordinate series has
been started. The analysis is being done with the
CATS software (Willlams SD, Proudman
Oceanographic Laboratory), which uses the MLE
(Maximum Likelihood Estimator) approach to
determine the noise characteristic and seasonal
variation of the coordinate time series.

The noise analysis proved the presence of the
coloured noise in the EPN time series. The use of the
right noise characteristics allowed the computation
of more realistic station velocity uncertainties. The
harmonic analysis covered the estimation of the
amplitudes and phase lags of the seasonal signal
may present in the time series. The analysis has
shown moderate seasonal amplitudes, 1-2 mm for
the horizontal and 2-4 mm for the vertical
component. The phase lag distribution for the
horizontal components are not random, well
determined phase lag values were found. The up
component phase lag distribution is totally different,
it 1s more uniform without peaks. The physical
reality of the phase lag values 1s not yet studied.
The results and products are published and
regularly updated at the TimeSeries section of the

EPNCB website.

1. Computation of the EPN cumulative
solution

The primary product of the EPN analysis 1s the series
of the combined weekly SINEX files created at the
BKG Combination Centre. The combination is based
on the subnetwork solutions of the 16 EPN Local
Analysis Centres. The combined solutions are
tied to the actual ITRF realization by tightly
constraining a subset of EPN-ITRF sites. Since
GPS week 1330, the new ADDNEQ?2 program
(Beutler et al 2006) and the more favourable
minimum constraint (MC) approach is used.

During the 10 years of operation both the
network of reference sites and the reference
frame realizations were changed resulting in inho-
mogenecous coordinate series.

To eliminate part of the inconsistencies (reference
frame changes and misalignment) the EPN Time
Series Special Project computes monthly a
cumulative  solution using CATREF.  This
software applies the minimum constraint approach
to align the EPN to the latest ITRF realization (by
the end of 2006 we used ITRF2000 and the
following reference sites: BORI1, JOZE, GRAS,
MATE, NYAI, MASI, METS, ONSA, VILL,
POTS, WTZR). The main advantage of the minimal
constraint approach is that the influences of the site
specific, non-stationary coordinate variations of
the reference sites on the results are minimized.
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Fig. 1 Distribution and 'age' of the EPN sites
(status 30.11.2006). The orientation and grey shades of the
triangles indicate the length of the available data series.

The final step of the combination i1s a series of
7-parameter Helmert transformations, performed
between the cumulative and each of the individual
weekly solutions. The transformation residuals
represent the time series that will be analysed.
As a by-product, the wvalues of the weekly
transformation parameters are saved and plotted in
Fig. 2. All parameters show a drift and an annual
periodicity. The periodicity of the rotation param-
eters appears only for the X and Z components,
while the translation parameters only have a
periodicity for the Y component!
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IFig. 2 "The [lelmert translation, rotation and scale parameters
between the multiyear and the weekly

The positive offset in the Z ftranslation at GPS
week 1303 corresponds exactly to the epoch,
when the ITRF2000 was introduced. The offset
is caused by the reference {frame difference
between ITRF96 and ITREF2000 implicitly present
in the EPN solutions through the IGS orbits, which
are kept fixed in the EPN analysis.  Similarly
the  new ITREF2005 also has, but a negative
(-5.8 mm) Z offset with respect to I'TREF2000
(Altamimi, 2006) — not yet seen on the plot. The
temporal appearance of the seasonal variation
of the scale between GPS weeks 1020 and 1280
caused by the tidal bug of the Bemese software.
Before starting any further interpretation of the
discussed  transformation  parameter  series

it must be emphasized that the evolution of the
series reflects the time variable recovery of the
global reference frame by the regional network
and 1s not necessary related to real physical
phenomenon.

During the routine analysis the coordinate offsets
related to equipment change and the outliers
caused by short or long term inconsistencies (€.g.
snow coverage, antenna problems) are manually
identified and removed from the time series.

The database of the outliers and offsets are
published at the EPNCB website both in a
simple text file and in the internationally
recognised SINEX format. An extract of the outlier
datafile i1s presented below in Table 1.

Table. 1 Anextract of the EPN_outliers.www file available at the EPNCB website

Statmx: 2906: 2890

Statien I) CPSvmek Exfiimated entliex walume (™ explanatien
--------------- fraim--te -----Nerth-----Fazt-----¥p----rr-crcermrenncenee-
ANEE. 203050002 1823 1440 [-3,31 [¢,31 [-15,0] Xamlt EN
ANEE 20305X002 1034 1054 -3 X (14 pingle emilderx
ATEE 20305H002 1266 1231 K X [13,55] antermnz mulfunciien?
LeCs 122077M602 360 0833 X R [-5,-13] rtatiex xtart
Lo _12207M002 1123 1125 [$,21] X ® zimyle_ suiliex
RS2l 12205K002 0343 0344 X x [-14_ -22] pingle emtlier
ESL1 12205M002 1307 1301 H H 13 ringle emtlder
EORE 14263M001 1212 1221 3 M [-3,-231 antenna ymlfunctien
EORE 142¢8N001 1222 1224 " X 5 torperary antemna
ERST 10004X004 10313 1083 g -16 -13 single_entlier
EEST 1ee0d84Ne04 1237 1231 X X 14 2ingle eutlier
ERST _18064X004 13171 1324 [%,131 -6 X antenna melfanctiien
ERVS 13101H004 1059 1659 ~3 -2 13 zingle_enflier
E¥CYV_11401N001 1002 1021 Al -3 R ztatien ztaxt
EZRC 12751Me01 1123 1161 [0,-34] 0,51 [18,-13] anterna ralfanciien
TECK 12351M001 0935 0335 X R ~34 equiprent charpye
SENN 14001M604 9336 0336 " X ~11 zingle_ ounildex
TOVE_J2743M00L 1301 1391 -4 X -3% equipnent chanye
IWEN 12334001 1037 18é6¢ [-34,-53] [20 ,44] [-20] anterna mulfanciien
ENEX 12330M001 1073 1830 1 [15] [-40] tenpoexaxy equipment
INEX 12330Xe01 1115 1123 [-31 [-¢,-20] [1,3%8] antemna ymlfancidien
INEN 12330M001 1219 1219 " X 21 zingle_emflierx
INEN 12330M001 1274 123% [36,0] [1¢] [18] frampment
SWNEX 12330M001 1233 1236 X ¥ [-180] fragprent
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(*) Explanation of outlier value designations:

X : no significant outliers for the component single value : well determined single value for the week(s)

from, to] : the outliers vary between the given range

The quality of a single weekly solution is
characterized by the weighted RMS (root mean
square) values (see Fig. 3a,b) obtained from the
multiyear combination. The quality improvement
after the removal of the offsets and outliers,
especially for the height component is quite
remarkable. However, still some seasonal variation
of the WRMS (weighted RMS) remains, with peaks
around winter time; these are clearly correlated with
the snow coverage of some GPS antennae.

EPN WEEKLY WRMS
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14
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Fig. 3a-b Weighted RMS of the weekly EPN solutions before and after the elimination of the coordinate offsets

(mm)

14

12

-,
<

single value] : typical, well determined average value for the interval

The reason of the temporary drops in the horizontal
WRMS values is not yet understood, but we suspect
that it caused by the improperly removed constraints
from the combined solution.

The WRMS plots, given in Fig., 3a-b, stress the
importance of the offset and outlier elimination
from the time series. After the cleaning we obtained
an RMS of 1.4, which is an improvement of 40%
compared to the results obtained without any offset
and outlier elimination.

EPN WEEKLY WRMS

2003 2005

1997 1958 1999 2000 2001 2002 2004 2006

== 2D-WRMS

904 850 1000 1050 1100 1150 1204 1250 1300 1350 1400

and outliers.

The improvement 1s more than 40 %!

2. Noise analysis of the EPN series

The power spectra of the noise present in the
coordinate time series 1s characterized by a
power-law dependence on frequency f:

P f =Pof

where K 1s the spectral index and Po 1s a
normalizing constant. The spectral index can get
any Hoating number, but as the natural processes
mostly have more power at low frequencies they are
characterized by negative indices. Some integer
values are assigned to special processes, K=-2 is
called random walk, K=-1 is flicker noise and K=0 is
white noise. The right modelling of the real noise
spectra of the GPS time series 1s critical,
especially when station velocities are estimated.
According to previous studies (Mao et al, 1999,
Williams, 2003) 1t 1s incorrect to assume, like In
most of the GPS processing and combination

softwares, that the time series containes white noise
only. A direct consequence of this mismodeling 1s
the over-optimistic estimation of the coordinate and
velocity uncertainties.

In our study we used the MLE (Maximum
Likelihood Estimation) approach of the CATS
software.

After the removal of the linear and annual ferms
we e¢stimated the spectral indices of each EPN
station (Fig. 4). The obtained spectral indices
ranged between [0;-2]; the average index for all
coordinate components was near —1 (flicker noise),
clearly indicating the presence of coloured noise In
the EPN coordinate solutions.
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Fig. 4a-b-¢ [listograms of the distribution of the estimated spectral indices for the North
(a), East (b) and Up (¢) coordinate components. The 'extreme’ values (-2> k > 0) are from short series (> 1 year).

This result is in tull agreement with the ones derived
for other regional networks (e.g. Willlams et al,
2004). In addition, the spectral indices do not show
random walk type noise, which indicates the
longterm monument stability of the sites.

The histograms of the spectral indices for each
of the components are characterized by slightly
different distributions. Remarkable is the diagram
of the East component, which shows a Iless
significant peak around k=-1. When the linear and
seasonal terms are not removed the flicker noise is
much more dominating,

Using the above discussed white+coloured noise
model, we estimated the velocity uncertainties of
cach EPN station, The computed uncertaintics were
4-6 times larger than the values coming from the
white noise-only model. Since they are based on a
well-determined statistical model, our values are
considered more realistic. All results are available
from the EPN CB website (www.epncb.oma.be) for
anyone interested in geophysical interpretation.

3. Harmonic analysis

The stacking of the weekly SINEX files
eliminates the inconsistencies caused by the
reference frame changes and also removes a
regional signal related to the time variable
alignment of the regional network to the global
framc. This lattcr can be studicd through the scrics of
the parameters of the 7-parameter Helmert-
transformation  (see Fig. 2). All transformation
parameters show seasonal variation caused by the
common movement of the EPN with respect to the
global frame. However these parameters are not
helpful to extract real, station-specific information.
The residual coordinate time series, which are
obtained after the stacking, reflect better the local
behaviour of the individual stations and will be
studied in  the  following.  Using the
CATS MLE software, the phase lags and amplitudes
of the annual periodic terms were estimated.
Considering the results of the previously
described noise analysis the estimation was done
assuming the  white+flicker noise  model.
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We found average amplitudes of 1 mm both for the
North and East components and 2 mm for the Up
component, The estimated harmonic parameters
were used to create new time series plots. The
existing cleaned plots, showing the coordinate
development of the stations in the ETRS&9 frame
(with respect to the Eurasian plate) has been
retained, but the de-trended plots were replaced with
two additional plot sets. One 1s the extension of
the existing de-trended plots with the estimated
annual sinusoidal coordinate variation and the other
is the same plot, but the annual term 1s removed
from the original one (see the examples in
Fig. 5). This latter residual time series may more
clearly show the variations in the series.
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Fig. 5§ De-trended time series plots of HI'LK (Ilafelekar,
Austria). The estimated amplitude and the phase lag values of
the annual signal are given at the bottom of the plots. The
annual sinusoidal terms are indicated on both plots, but at the
right plot the annual term 1s removed from the series. Simlar
plots are available for all EPN stations at the EPN CI3 website.
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In Fig. 6a-b-¢ the normalized polar histograms of distribution. The geophysical models describing
the North, East and Up components of the the temporal variation of the solid Earth do not
estimated annual periodic terms are shown. The indicate a significant annual periodicity in the
histograms give a clear insight into the distribution horizontal components and therefore the
of the estimated phases and amplitudes. The observed distribution 1s most probably due to an
horizontal and wvertical annual signals have a artificial signal caused by e.g. processing and
completely different phase lag distribution, While modelling shortcomings. It 1s expected, that when
the horizontal components show two representative the whole EPN observation dataset will be
phase lag values of about +30 and -150 degrees re-processed with better and uniform models for
(corresponding to +1 and -5 months) the vertical the antennae phase centres and the atmosphere, the
component exhibits a more uniform phase horizontal seasonal signal will be highly reduced.
North 0 East Up 0

3] 6 b

Fig. 6a-b-c Normalized polar histograms of the estimated phase lag distribution tor the North, East and Up coordinate components.
The phase lags are expressed in months.

Considering the wvertical component on the 4. Velocity estimation
regional scale statistically we may not expect one
representative phase lag group, because the loading
variation depends on the latitude, longitude and
time. However according to independent investiga-
tions (King et al, 2005) the phase lags estimated
from the GPS data do not agree with the geophysi-
cal model predictions. Therefore the estimated EPN
vertical phase lags also suggest modelling shortcom-
ings.

Beyond the station performance, the quality of
the estimated coordinates and velocities is also
dependent on the length of the observation series. A
significant portion of the EPN sites has less than
3 years (see Fig. 1) observation history. Due to the
apparent noise and annual periodicity in the series
those sites should be treated with caution when
coordinates and velocities are estimated (Blewitt
and Lavallee, 2002). Fig. 7 shows an example of the
dependence of the estimated velocity on the length
of the observation series.
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Fig. 7 Dependence of the estimated velocity on the available observations, when annual periodicity is present. This example is

derived from the time series of Cl11Z (Chize France), which has an annual periodic signal with 2cm amplitude at each component.

- 34 -



BULLETIN des SCIENCES GEOGRAPHIQUES N° 24 (2°™€ Semestre 2009)

As a compromise between targeting the highest
accuracy and responding to user needs, we decided
not to publish any velocities for sites having data for
less than 18 months. Using the procedures explained
in this paper, we compute and publish reference
coordinates and velocities of the EPN stations at the
EPN CB website. This information i1s regularly
updated.

Finally the map with the estimated horizontal
residual velocities 1s presented in Fig. 8 All
velocities are relative to the Eurasian plate, where
the NUVELITA-NNR model velocities - modified by
Altamimi to better fit to ITRF2000 - are used to
derive the intraplate velocities. The velocity
uncertainty  ellipses are derived from  the
values we computed by CATS MLE taking
the coloured+white noise model into account.

340° 0° 20° 40° 60° |
- 3/ S 60"
407 ' LB
v A <] « \

Fig. 8 The estimated EPN residual velocities wrt the Eurasian
tectonic plate. Some sites has  double velocity estimations,
where following an event (equipment change, earthquake)
the station had apparently different behaviour.

5. Summary

The EPN Time Series Special Project monitors the
weekly SINEX files, eliminates the observed offsets
and outliers and maintains a database including the
detected inconsistencies. This  database s
harmonized with the [GS discontinuity table
used for the computation of ITRF2005.
The discontinuities of the non-IGS EPN stations are
used to generate an EPN solution delivered for the
regional densification of ITRF2005. Using the
cleaned weekly SINEX files monthly updated I'TRS
coordinate and velocity solutions are published
on the EPNCB website.

Until the regional densification of I'TRF2005 will
be published, these solutions are considered as the
most accurate and up-to-date source of the ETRFE
coordinates and velocities for the EPN stations.

In this paper we presented new results of the
detailed studies concerning the analysis and
improvement of the EPN's long-term products as
coordinates and velocities. We have shown how the
performance of all stations are monitored and how
the station problems are kept track and the combined
weekly SINEX files are cleaned. The handling of the
offsets and outliers makes 40 % overall improve-
ment of the cumulative solution. We proved the
presence of the coloured noise and we computed
reliable  velocity  uncertainties. A general
harmonic analysis was done, which just called our
attention for the existing modelling problems. In the
future we plan to validate our estimation of the
vertical annual periodicities with information from
independent processing approaches (PPP by Bemese
or GIPSY) and by comparing them with real
c¢nvironmental and satellite based models. We should
note here that the unavoidable global and regional
GPS reprocessing will provide more realistic coordi-
nate time series for the further studies.
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Résumé: L'impact de ligne de transmission
d’énergie €lectrique avec la végétation a une
incidence tres efficace sur les lignes €lectriques. Un
million de personnes ont confronté le probleme
d’hachure de charge €lectrique dii a de court-circuit
entre végetation et lignes €lectriques. Dans cette
c¢tude les 1mages LIDAR ont €t¢ utilisées pour
résoudre les problemes prescrits ci-dessus.
Cependant toute la classification ait €t¢ faite par les
macros mais di a la mauvaise classificaton de
classes, la classification manuelle a aussi €t€ faite,
Les difficultes maximales ont €€ trouvées en bas
points de végétation qui sont mélangés avec les
points au sol ct ccs bas points dc vegcétation n'ont
pas besoin d'éure dirigé comme leur hauteur n'allait
pas toucher les lLignes ¢€lectniques. Le probleme
maximal a €t€ trouvé dans la vég€tation moyenne
qui dépasse les lignes €lectriques et a besoin d'une
bonne gestion. La hauteur exacte de higne ¢€lectrique
est de 8.5 mu et la hauteur moyenne de végétation
dans certaines places est respectivement > 14,00 mu
du sol. Non seulement que, les lignes ¢€lectriques a
haute tension et les hignes €lectriques a basse tension
ont besoin de tampon jusqu’a ou la végétation ne
traversera pas la zone tampon et a besoin d’€tre leve
sur des bases régulieres et prioritaires.

Cependant, I'étude montre que le levé LIDAR
fournit les détails d’alutude réelle, complete et
I’'information 3D de lignes électriques et de
végetation,

Abstract : The impact of electric power trans-
mission line and vegetation has very effective
significance for the power transmission lines.
Million of people faced celectricity loadshading
problem due to short circuit between vegetation and
transmission power lines, In this study LiDAR
imagery were used in solving the above stated
problems. However all the classification was done by
macros but due to msclassification of classes
manual classification were also done. The maximum
difficulues were found for the low vegetation points
which get mixed with ground points and these low
vegetation points don’t need to be managed as their
height were not going to affect transmission lines.
The maximum problem was found with the medium
vegetation which encounters power lines and needed
proper management. The actual height of the power
line is 8.5 mu and average height of vegetation in
certain places i1s > 14.00 mu respectively from the
ground. Not only that, high Voltage transmission
power lines and low voltage transmission power
lines need to buffer unto where vegetation will not
cross the bufter zone and need to survey on regularly
and priority basis.

However, the study reveals that LiIDAR surveying
provides actual, complete and finest elevation
Details and 3D information of power lines and
vegetation,

1. Introduction

The use of laser technology have been developed
since the 1960s, Most of people are aware with the
use of laser technology in electronic distance
measurement devices. LIDAR sensors mounted in
airborne platforms began to achieve more consistent
and accuracy of data. LiIDAR represented Light
Detection and Ranging (LiDAR) systems, There are
two basic types of LiDAR systems like topography
and bathymetry., LiDAR is one of the most recent
airborne remote sensing technology and ‘a GPS and
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an Inertial Measurement Unit (IMU) are the integral
parts of the equipment, provide for continuous
monitoring of the position of the aircraft and its
attitude” (Réjean and Pierre, 2006). In this study
LiDAR data are used tor the vegetation management
and Transmission Power lines where long trees are
crossed transmission power lines and create load
shading problem for the million of people and such
of problem aftects daily lite and faces heavy losses.
‘To maintain such kind of problem new researches
come into existence. Remote sensing depending
upon 1ts resolution according to Susanto (2004)
remote sensing resolution have four types: Spatial,
spectral, temporal and radiometric where as airborne
remote sensing used point resolution which measure
the distance of an object. However time changes,
technique of data collection and accuracy also
improved. LiDAR makes direct physical measure-
ments and provide high accuracy data (Rejean and
Pierre, 2006). In a word LiDAR a better understand-
ing technology have greatly revolutionized in
Remote Sensing Era and the usefulness of LIDAR as
a valuable mapping tool and have a Potential
applications.

2. Formulation problem

The 1mpact of electric transmission line and
vegetation have significant role for power
transmission. Million of people taced electricity load
shading problem due to short circuit between
vegetation and transmission power lines.

3. Benefit of this Research

This research will beneficiary for the area where
dense vegetation and thousands of hundred
kilometer long transmission power line passes and
manage the power load shading problem. It also help
to proper management of Vegetation basically in
highly dense tropical vegetation, This is a scientific
approach, less time consuming as well as for human
well being.,

4. Research objectives

‘The main objectives of this research are:

[- 3D mapping of vegetation and power transmission
lines.

2- Find out the electricity power supply problem and
Its proper management,

LiDAR Imagery
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Fig. Flow Chart of the Research Method.

- 38 -



BULLETIN des SCIENCES GEOGRAPHIQUES N° 24 (2°™° Semestre 2009)

5. Analysis and Its Evaluation

As LiDAR captured the point data and points
directly measures the object’s distance. So it 1s very
useful to classity the 3D objects. In the following
fieurel cross section of low vegetation and ground
points were well classified and TIN model was
generated from ground points which shows 3D
surface. Even there are some ditficulties for the
interpretation because with some extent it is ditficult
to 1dentify that which point refers to which classes
because vegetation point height is lying same with
eground point height.

Fig. 1 Front View of Ground Class and Vegetation (Class With
TIN Ground model.

In this study more then ten (10) classes were taken
into consideration for detail studies and each class
was clearly defined. However in the class divination,
MACROS were used but manual checking was
done for maximum accuracy purposes. The figure 2
clearly represent that each class was well defined but
there are few classes which get mixed with another
classes. Though 1t 1s a quite difficult job to idenuty
the class without priort of knowledge.

Fig. 2 Front View ol dilfrent Classes.

However our main task in this study is to identify the
vegetation classes which overtake the transmission
power lines and find the solution for proper
management of vegetation detail study shows that
the medium vegetation classes are the most aftected
trees which crosses transmission power lines.

The medium vegetation were measured averagely
l4mu where as the transmission power lines height
8.5mu. from the ground. It is assumed that in a such
condition it will create short circuit for certain
areas where vegetation crosses the transmission
power lines.

Fig. 3 Vegetation Overtake the Transmission Power Lines.

Here medium vegetation taken into consideration for
management purposes. Itis quite difficult to measure
the frequency of electricity and up to which level it
will affect vegetation so cut down the vegetation
canopy top at certain level which will not affect the
low voltage power transmission line not only that
need to proper survey on regular prionty basis.,

powerline

Fig. 4 Vegetation and assumed buffer zone.

6. Conclusion

LIDAR surveying provides actual, complete and
precision elevation data. LiDAR data is more enough
to 1dentify vegetation class which encounter trans-
mission power line and as a result short circuit and
load shading problem and could be managed
through proper managerial task, It 1s hoped In
near future LiDAR technology will replace the
photogrammetry.
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Résumé: [article présente un projet interdisciplin-
aire ¢n cours proche du Systeme d'Information
Géographique 3D consacré a I’Héritage Culturel
avec le centre d’application spécifique sur le Chateau
de Shawbak, aussi connu par le " Crac de
Montréal”, un des sites meédiévaux ruraux bien
conserve dans le Moyen-Orient entier.

Nous développons un ensemble des outils pour
Ianalyse archéologique médiévale qui va de Ia
présentation de la documentation graphique tradi-
tionnelle comme orthophotos et les modeles 3D
a basse-résolution (VRML) a l'usage de SIG a
3D/2D par la création de D'outil du stockage de
I'objet exhaustif et centralisé des deux données
archeologiques et photogrammeétriques.

les archéologues seront
capables de produire, conserver, visualiser et diriger
¢s données 3D et archéologiques, d'aprés leurs
vesoins. Le projet archéologique de Shawbak est un
projet intégre et spécifique entre restauration conser-
vatrice, recherche archéologique meédiévale et
valorisation de site.

Se concentrer principalement sur [’analyse
stratigraphique de structures bien baties fournies aux
archéologues, un taux ¢énorme de données pour
collecter sur le site et des archives utiles qui seront
utilisés pour €tudier les structures a travers les points
de vues technologiques et stratigraphiques.
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La pierre de fondation de ce projet est I'analyse de
documents présentés et utilisés par les archéologues
atin d'identifier des exigences archéologiques spéci-
fiques. L.a premiere phase est de donner des outils
photogrammeétriques traditionnels aux archéologues
afin qu'ils puissent étre autonomes a présenter des
documents graphiques (prendre des photographies,
orientation de la photo et génération de I'orthophoto
traditionnelle). La deuxieéme étape est de développer
un modeéle commun de structure pour le stockage
des données archéologiques et photogrammeétriques
en utilisant une base de données  unique et
permettant de lier les données archéologiques avec
les mesures 3D.

Le¢s outils de photogrammétrie spécifique consacrés
pour mesurer par mesure de pierre ont €té
insutfisamment développés depuis 2000 pour aider
les archéologues a faire facilement des levés
photogrammétriques. Ces outils sont maintenant
intégrés dans un systeme plus complexe qui permet
la production automatique des représentations de 2D
ou 3D de [D’interrogation de¢ base de données
archéologiques. Les documents graphiques 2D
présentés dans ce processus par des archéologues
qui utilisent les orthophotos semblent comme des
dessins faits a la main.

[La derniere €tape de cette chaine est Le SIG 3D qui
vise la production automatique de modeles 3D par
I’interrogation de base de données archéologiques:
ces modeles 3D sont en fait une image graphique de
la base de donnéges et en méme temps l'interface par
laquelle l'utilisateur est capable de la modifier.

Cette approche permet a la représentation théma-
tique 3D automatique et la nouvelle analyse
archéologique la laison-bidirectionnelle directe
entre la représentation 3D et la donnée
archéologique.

Toutes ces présentations sont écrites a Java dans la
structure Arpenteur, (Arpenteur, 2008)

Mots-clés : Archcologic mcdicvalc, stratigraphic,
modélisation, visualisation, Orthoimage, SIG

Abstract: The paper presents an interdisciplinary
project which is a work 1n progress towards a 3D
Geographical Information System (GIS) dedicated
to Cultural Heritage with a specific focus application
on the Castle of Shawbak, also known as the “Crac
de Montréal”, one of the best preserved rural
medieval settlements in the entire Middle East.

We develop a set of tools for medieval archaeologi-
cal analysis ranging from the production of tradi-
tional graphical documentation like orthophotos and
low-resolution 3D models (VRML) to the use of
3D/2D GIS through the creation of centralized and
exhaustive  object storage tool both for
archaeological and photogrammetric data.

Using these tools archaeologists will be able to
produce, store, visualize and manage both archaeo-
logical and 3D data, according to their needs. The
Shawbak archaeological project i1s a specific and
integrated project between medieval archaeological
research, conservative restoration and site's valoriza-
tion.

Focusing mainly on stratigraphical analysis of
upstanding structures provides archacologists with a
huge amount of data to collect on site and useful
records that will be used to understand the structures
from stratigraphical and technological point of
VIEWS,

The foundation stone for this project i1s the analysis
of documents produced and used by archaeologists
in order to identify specific archaeological require-
ments

The first phase is to give archaeologists traditional
photogrammetric tools so that they can be autono-
mous in producing graphical documents (taking
photographs, photo orientation and traditional ortho-
photo generation). The second step 1s to develop a
common model structure for both photogrammet-
ric and archaecological data storage using a
unique  database and allowing to link
archaeological data with 3D measurements.

Specific photogrammetry tools dedicated to stone
by stone measurement have been under
development since 2000 to help archaeologists to
casily produce photogrammetric surveys. These
tools are now integrated in a more complex system
which allows automatic production of 2D or 3D
representations  from  archaeological  database
queries. The graphical 2D documents produced
through this process look like the handmade
drawings done by archaeologists using orthophotos.
The 3D GIS is the last step of this chain and aims the
automatic production of 3D models through archaeo-
logical database queries: these 3D models are in fact
a graphical image of the database and at the same
time the interface through which the user is able to
modify it.

This approach enables automatic 3D thematic
representation and new archagological analysis
through bidirectional-links between 3D represen-
tation and archaeological data.

All these developments are written 1n Java within
Arpenteur framework. (Arpenteur, 2008)

key words : Medieval Archaeology, Stratigraphy,
Modelling, Visualization, Orthoimage, GIS
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1. Archaeological context : The need

The archacological resecarch of the Castle of
Shawbak, also known as “Crac de Montreal”,
(Figure 1) one of the best preserved rural
settlements in the entire Middle East (Drap et al
2007, Vannini et al. 2007) has been chosen to
develop a new documentation system. In fact the
site 1s very huge stratigraphically complex both
in deep stratigraphy and in upstanding structures
stratigraphy. Because its features and in accordance
with the University of Florence research in Petra
Valley (Vaninni et al, 2007), the Shawbak analysis
starts from upstanding structures (Vannini et al.
2002). First of all this allows to collect many
archaeological data in relatively short time. Only
later on the archaeologists have decided to open
some excavation areas to better understand the
dynamic of settlement,

The stratigraphical analysis of upstanding structures
produces a very large amount of data both graphical
and stratigraphical. For the first one the common
method to collect and to record them on the site is the
survey. The survey is achieved in different ways,
often it is two-dimensional. Its goal is to define the
area, the perimeter and the volume of all the
recognized USM (standing for Unita Stratigrafica
Muraria — similar to the stratigraphic unit for
digging archaeology). Every USM 1s a building
homogeneous action which is representative of
different building moment. In other words to identify
and record the different USM in upstanding

structures allows archacologists to define a relative

chronology of the building by the relative position of
cvery USM. (Figure 10)

o,

Fig. 1 The Shawbak castle.

For the second one we use commonly a schedule in
which the stratigraphical data i1s written, that means
chronological data and also the technological data of
the buildings (lithotype, presence of mortar and its
quality, stone measurement), that can lead to
summarize the workers technological level and the
power of the owner. Hence we must work with both
graphical and archaeological data and we need to
connect them. We need also to spend less time in the
field drawing the survey because we need to spend
more time to identify and know all the USM, but, at

the same time, we need to produce the best
possible graphical data because this is the best way
to study and to compare our data to produce
historical knowledge. (See Figure 2 below).

Fig. 2 Documents produced by archacologist USM visualization

2. The traditional photogrammetric
results

Several photogrammetric campaigns have been
accomplished in Shawbak in the past years allowing
the production of several graphic outputs represent-
ing archacological features and constructions. These
campaigns are composed of photographic sets
acquired with calibrated digital cameras both in
convergent and parallel coverage with the survey of
control point by Total station and DGPS. These
control points are used to reference the photogram-
metric models in a common geodetic system. Among
the most common outputs achieved in this process
are orthophotos, low-resolution 3D models and
vector graphic drawings representing constructive
features. Orthophotos are two-dimensional projec-
tions of physical elements (like walls, pavements or
ceilings) (Figure 3) that provides archaeologists with
scaled and orthographic representations which can
be used for multiple purposes like vector restitution,
planar measuring or archaeological interpretation
(as in USM definition). Three-dimensional models
are the result of 3D shape restitution of built
structures in the photogrammetric models. In this
case they are low geometric resolution representa-
tions although they present high definition photo-
graphic texture (Figure 4).

Fig 3. Orthophoto from Ayyubid Palace.
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The process of shape acquisition consists In
defining the geometric characteristics of buildings or
other archaeological elements by defining edges and
surface disconfinuities 1n order to achieve a
geometric  representation of the reality. They
provide archaeologists an “absolute” 3D represen
tation of all the features on a site, expressing the
spatial relationship between them and going one
step forward (in this case one more dimension)
comparing to orthophotos.

Fig. 4 View from Ayyubid Palace VRML model

Traditional vector graphic drawings correspond to
operator assisted restitution of specific features, like
blocks perimeters, using photogrammetric models
(See Figure 10). In this process photographs are used
to interpret and measure morphological characteris-
tics on the objects under study, resulting in drawings
that extract or e¢nhance information for archagolo-
gists. Although 3D data 1s far more complete than
2D planar projections it 1s not used usually in
traditional archaeological workflow as, in most
cases, there are not appropriate interfaces for
archaeologists to interact with, Two-dimensional
outputs are easier to work with because they
correspond to the traditional concepts of archaeo-
logical or technical drawings (1.e. 2D plans,
elevations, €tc.).

3. Measuring ashlar blocs

Once all the photographs are oriented The I-MAGE
process (Image processing and Measure Assisted by
GEometricalprimitive), developed in 2001, 1s used to
support the user during the measuring process in
photogrammetric surveys.

_ 483 -

Users can make a 3D measurement using one single
photograph, without altering precision of the result.
This method was already published in CIPA
congress, (Drap et al., 2001); it allows the user to
concenftrate on the archacological aspects of the
survey with less attention to the photogrammetric
one. We use this approach also to produce 3D models
of building blocks (i.e. ashlars) based on the only
observable face. The morphology of each ashlar’s
block 1s expressed as a polyhedron with two parallel
sides, or faces. In most of the cases, only one side is
visible, sometimes two, rarely three. The survey
process can inform about the dimensions of one face,
then the entire polyhedron is computed accordingly
to the architectural entity’s morphology (extrude
vector) and the data (depth, shape, etc.) provided by
the archaeologist (Figure 5).

Extude value

e i —=

Points manually measured

o Hetermine the
least square reference

~ plane IT

Plans4T used
o

[-MAGE
process

And for
extrude
direction

IFig. 5 Ashlars' blocks using a plane as an approximation to
algorithm searches iteratively for a minimum scale factor
the exterior face of the wall (Drap et al. 2007)

Computing an extrusion vector can be easy in the
case where the architectural entity’s morphology is
obvious; during a wall survey for example an
extrusion vector can be computed by a least square
adjustment ot a plane around the survey zone. This
is the plane used by I-MAGE. In this case where the
entity’s geometrical properties are simple, the
extrusion vector is calculated before the survey
phase and the block i1s extruded directly from the
measured points. In the case of the survey of an arch
the extrusion should be radial and needs the
geometrical features of the entity (intrados, radius,
axis) and 1s therefore processes afierwards. This
approach for measuring blocks was already pub-
lished in a VAST congress (Drap et al., 2000) and has
been combined with the I-MAGE process in order to
obtain an integrated tool.
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4. Working with USM — An example,
the cement extraction

The example demonstrated below shows the algo-
rithm used to extract the cement from a set of blocs
belonging to the same USM. All the computation is
performed in 2D, 1.e. in the plane defined by the wall.
The purpose of this computation is to evaluate the
area covered by the mortar between the blocks.
This ‘cement extraction’ enables a visual represen-
tation and the evaluation of the area covered by the
mortar.
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Fig. 6 Original Blocs

The figure 6 shows the original blocks belonging to
the USM. Note that the colours have no specific
meaning. The algorithm here assumes that an upper
limit exists to the distance between blocs and

further that this limit can be expressed in term of

the size of the blocs. The algorithm also assumes
that blocs are represented as closed polygons. All
polygon calculations use the GPCJ - java
version (Bridenbecker, 2004) — of the General Poly
Clipper algorithm developed by (Murta, 1997). Only
minor refactoring was made to the Java version.

4.1 Step 1. Find an approximate value for
the USM perimeter

In this step, the bounding boxes of the blocs are used.
The algorithm searches iteratively for a minimum
scale factor enabling the union of all the boxes to be
ong single polygon 2D.
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Fig. 7 Blocs bounding boxes scaled at 1.25 (left) and the
computed perimeter displayed i magenta (right) superposed
with the original blocs.

During iteration, the boxes are blown by this factor
meaning that they are scaled while their center of
mass remains the same before and after scaling. The
scale factor is allowed to go from 1.0 to 1.3,
incrementing the scale by 0.05 at each iteration.
This step also enables to select the blocs on which
the next step will perform: only blocs whose blown
bounding box has points on the perimeter are
selected. In other words, only the blocs standing on
the perimeter of the USM will be used.

4.2 Step 2. Adjust the perimeter to be
in contact with the actual blocs

Starting from this step, the perimeter is represented
with a B-Spline curve 2D - description in (Blake &
Isard, 1998) — and the properties of the curve are
used. The points on the curve are resampled and
moved to be in contact with the blocs belonging to
the perimeter of the USM. The figure 8 below shows
the curve perimeter before and after this fitting step.
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Fig. 8 (Left) Initial perimeter as a B-Spline Curve 2D
(Right) Initial perimeter adjusted to the actual blocs

Note that the curve touches almost all blocs but does
not really adhere to the blocs that stand a little bit far
from the initial position. See for example, the upper
right corner in the right image.

4.3 Step 3 and 4. Fit the perimeter to
the USM blocs and cement extraction

Points along the curve perimeter are resampled. For
cach of these points, the » (constant) closest blocs
are selected (by their distance between the point and
their center of mass). If one of these blocs has a
segment whose distance to the point is less than a
threshold wvalue, this point is kept as it is. The
threshold value 1s computed as 0.02 x the mean size
of blocs. The mean size of blocs 1s evaluated as the
average dimension value of all bounding boxes of
blocs. The constant 0.02 has been found to be
experimentally acceptable. Otherwise the normal to
the curve at this point is calculated and the nearest
blocs are scanned to find the closest segment
intersecting the normal. The intersection point is
added in the curve perimeter. The Figure 9 shows the
resulting perimeter.
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Note that now the curve better fit to the blocs but
further fitting could 1improve the result. To do that
and avoid dealing with an increased number of
points it would be needed to add new points only
in the regions of the curve where 1t does not 'touch’
the blocs.

Finally the cement can be extracted by performing a
difference between the union of all blocs and the
found perimeter, as shown in the image below with
the mortar in green. (Figure 9)
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FFig. 9 (Left) Perimeter fitted to the blocs.
(Right) Cement extraction.

5. Archaeological data and 3D
measure:a commohn database

Since 2006 (Drap et al., 2006a) the data produced by
Arpenteur is stored both in XML and in a relationa
database. The main way to store data is a relationa
database in order to manage a big amount of data but
XML is still used to work on subset of data or offline.
The database contains geometrical data
(photogrammetric measures, oriented photographs
and artefact geometry) as well as archaeological
data (USM definition, site data and observation
on measured artefact as lithotype and so on).

The database 1s used to generate views on the model
according to archaeological requirements. 2D or 3D
representations are produced by queries on the
database: the projection plane for 2D representation,
the subset of blocks according to the requested
USM are wused to generated geometrical
representations with a bidirectional link between the
oraphics and the database.

6. Automatic 2D document generation

The central database enables to represent various
queries into 2D documents. 2D GIS software like
ArcGIS (¢) or libraries as Geotools can be used for
producing specific views of the database and
working in a GIS context. This capability is an
automation of the manual drawings originally done
by archaeologist (Figure 10). As we can see In
Figure 11, ArcGIS interface shows a projection
plane with USM represented by different colours.
User can then work in ArcGIS and export results in
other formats suitable for specific works.

Fig. 10 Orthophoto with manual design of USM.

The second kind of 2D database representation is the
generation of  annotated  orthophotos.  This
representation merges GIS features and real visual
information in one¢ document that enables to see
the objects as they are on site with the adjunction of
information  coming  from archacologist’s
knowledge.
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Fig. 11 Database query exported in Arc-Gis software.

Figure 12 shows an orthophoto resulting from the
query for the blocs (with texture), the USM (green
perimeter) and the cement (yellow) attached to a
given projection plane.

Fig. 12 Orthophoto generation on a query related to blocs, with
design of USM perimeter and the cement paint in yellow
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Fig. 13 Orthophoto generation on a query related to USM with
cement between USM paint in white

The orthophoto shown in Figure 13 represents the
query of the USM and the cement attached to the
same projection plane. In this representation, the
blocs are not represented individually and the
different USM are clearly visible.

Queries resulting in orthophotos can also be close to
a static GIS representation. As we can see in  Figure
14 both orthophotos represents the same queries
used for generating the orthophotos seen i1n
Figurel2 and Figurel3 but without integrating
photographic data related to USM and blocs.

With the two kinds of 2D documents created from
the database, archagologists have two complemen-
tary ways for reading the site. The GIS represen-
tation is dynamic, enables multiple queries and
iterations and can be embedded in dedicated
applications while orthophoto generation produces
easy to use and handmade-like documentation.

Fig. 14 Orthophoto generation (without texturing) on a query
related to USM, with, on the left, the design of USM penmeters
and on the right the bloc representation with a colour depending

of their USM.

7. A 3D GIS approach

7.1 JReality-based software for interacting
with 3D data

Computer tools that enable interactive 3D represen-
tation and new analysis of the studied objects
through a bidirectional-link between the 3D

representation and the archaeological data look very
interesting for archaeologists.

In this sense, specific software has been designed for
allowing the 3D interactive visualization, the analy-
sis and the enhancement of the archaeological data
collected on the Shawbak Castle. This problematic
was already addressed on this case study (Drap et al.,
2006a) but this time we use a full Java development
allowing more Infegration and interaction. This
software has been developed into the Arpenteur
framework by means of the jReality (http://www?3.
math.tu- berlin.de/jreality/) application program-
ming interface which 1s an Open source Java class
library for interactive visualization of a large
spectrum of 3D data. The last version of JReality is
a light but efficient library offering a wide set of data
structures and classes for handling common geomet-
ric entities (€.g. point sets, ling sets, face sets,
parametric curves and surfaces), a rendering
engine allowing surface shading and texture
mapping, a picking process tor selecting 3D scene
entities, a native import format (JRS), and several
export file formats such as (RIB, VRML 1.0, U3D,
PS, STL, Image, Sunflow). Moreover, several Java
classes devoted to the design of Java-Swing
based programs are available in the JReality
package. The latest allows to rapidly producing
graphical user interfaces for interacting with 3D
data. The communication of JReality with the
Arpenteur framework and consequently the object
database is a straightforward task. Indeed, since both
are fully written in Java code, displaying geome-
trical entities coming from Arpenteur with JReality
simply requires implementing some suitable
exchange procedures allowing converting the
Arpenteur geometrical data structures to the JReal-
ity ones.

7.2 Archeology oriented Java
procedures

To fulfill the needs of archeologists, a set of Java
procedures have been designed for interacting with
the database fields from the 3D representation of the
database objects. Since the last development, all
attributes of each block stored in the database
(e.g. index in the database, name, dimensions ...) can
be read and/or modified through a devoted panel.

It is notably possible to interactively request and
modify the database from its 3D representation by
displaying USM spatial distribution of blocks and
modifying manually each bloc attribute. This kind
of actions can be achieved on a single block or on a
block set, and enables archaeologists to work on
the chronological building phases of the walls or
answer to many questions regarding the masonry's
technological aspects.
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Since the measurement of the blocks 1s 1important
information in a statistically approach to a building,
procedures for displaying and sorting blocks from
their dimensions (block length, block height) have
been also implemented. The later notably allows
cvaluating the spatial distribution of the bloc
dimensions and represents a relevant tool, for
instance  to analyze  different chronological

building periods in medieval constructions
(e.g. chronotypology).
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iTig. 15 3D visua.lisation with a colour panel chosen according to
the block height classification.
These procedures also allows archeologists to
exactly inspect/adjust each block dimension
(collecting these dimensions on the field takes a lot
of time and is only possible for easily-accessible
blocks), and to gather blocks in different homoge-
neous classes (Figure 16). This dimensional infor-
mation 1s also available for each bloc in the USM
schedule through editable text fields. In upstanding
structure stratigraphy, this 1s meaningful because
the size is one of the distinctive features to
differentiate USM, along with shape and other
features (Figurel3). Another under construction
development aims the area of the mortar which is
another distinctive character of the USM. This
information i1s almost neglected in different kind of
survey but seems relevant for producing new
knowledge and enhancing the database of the studied

Fig. 16 3D visualisation with a colour panel chosen according
to USM.
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7.3 A tool to check photogrammetric data

This 3D tool is in fact a tool to visualize the database,
from both archaeological and photogrammetry point
of view. In the same way can make archaeological
interpretation by 3D thematic representation it is also
possible to combine artifact visualization with the
photogrammetric data (oriented photographs, optical
center, 3D point errors, line trom 3D points to 2D
points, etc...) (See Figure 17).

Fig. 17 Photogrammetric data 3D visualization.

Other use of this tool (some of them are
currently under development):

- This tool allows to check the final result and to
obtain and indicator of quality by artifact. This is the
first step of a tool that can make a diagnostic and
propose a way to consolidate measures in case of
inconsistency.

- This tool allows using texture for each measured
bloc: only the measured face is textured and 2D
observations are available tfrom this interface.
- Finally this module will be also used as a control
for bundle adjustment (photo orientation, RMS on
3D points).

8. Automatic cloud point generation

We use the 3D measured point on the block
perimeters and the oriented  photographs to
computc automatically a sct of 3D points by
correlation. This surface's densification process uses
a mesh build on the 3D points measured
manually and can produce a huge quantity of new
3D point only in the specific studied zone. A first
version of this software already existed and was
published (Drap et al., 2006b) but with a lower
number of generated points (also it was not
possible to detect false correlations and no texture
information was possible).

In the version presented here we have generated
more than four million of 3D points on the main
door studied here and we export them in VIK -
Visualization Toolkit - (VTK 2009) with blend color
information (or more generally in ASCII file as
XYZRGB).(See Figure 18).
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Thercfore we start to implement another way to get
homologous points, based on SIFT algorithm
(Lowe, 2004). This approach is quite different from
correlation because it is based on extraction of
so-called keypoints. The previous version of the tool
was purely correlation based: given an initial set of
measured points, a mesh was generated in the 3D
space. Then moving on the produced ftriangles,
the process tried to perform correlation between
the points projected on the photographs. However,
this 1s highly dependent of the local contrast and
frequently fails 1f images have different orientation

or scale.
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Fig. 18 3D cloud pomnt generation based on autocorrelation and
an approximate surface given by the measured blocs.

The keypoint extraction and match operation
automatically return a set of homologous points
fetched on the basis of the image dynamics. They
can be used to defing a surface or increase the surface
definition (also to make an automatic orientation of
the camera). High surface definition is connected
with orthophoto generation, as we need to produce,
according to archaeological requirements, also 2D
representation. We will use this 3 surface definition
to produce accurate, georeferenced orthophotos. The
way to produce such orthophoto will fully use the
3D data we have produced betore; oriented photo-
graphs, dense 3D points cloud, dense surface for
wall/USM definitionWe have developed an ortho-
photo generation based on the 3D surface analysis
which produces both an image in GeoTIFF format
and a set of 3D points with color information
oridding the site area.
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Fig. 19 3D cloud pomnt generation based on autocorrelation
where semantic information is used to obtain a colour.
This method will allow combining vector survey,
where an expert of the domain, here an
archaeologist, 1s making the survey and cloud of
measured points in some zone where a huge quantity
of point can help to understand, for example the
stability of a wall. Such combined approach is
already explored; see for example a study made

by Haala and Alshawabkeh

(Haala & Alshawabkeh, 2006) on a famous tomb in
Petra, close to Shawbak. Two points are tundamen-
tally different in our approach

 The method i1s only based on and oriented
photographs; in such case (Jordan, desert, etc...) this
should be an interesting advantage.

» All the geometrical data obtained are the result
of database queries and thus they are linked
with archaeological data (See Figure 19).

9. Conclusion and future work

Automatic 3D thematic representation with bidirec-
tional-links between 3D representation and archaeo-
logical data allows new archaeological analysis. It
is possible to record data and to produce new
knowledge about the studied object. We focus on
block measurement, developing specific photogram-
metric tools which use a priori knowledge to help the
operator during the plotting phase. As the main goal
of this project 1s linking measured geometry with
archaeological knowledge, we tried to propose a
photogrammetric tool that can be used by an
archaeologist. In this application 3D measurements
are done by using only one photograph through
the user interface and automatically computing
reprojection and correlation.
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The archaeologist-operator can focus his effort on
inserting archaeological data instead of spending
time and concentration in homologous point
determination. It 1s also important to say that the
archaeologist can spend more time on a field to
analyze the structure because we can ‘“‘survey”
directly on the 3D model in laboratory and insert in
it a lot of different kinds ot data.

The 2D/3D GIS context can also be used as a
suitable interface for managing survey consistency
and session merging. The knowledge driven survey
process enables to automatically check consistency
of a survey (Seinturier et al, 2006) and to semi-
automatically merge different survey sessions of the
site. As consistency checking and merge requires
expertise, the 2D / 3D GIS can be used for providing
experts a global view of the site with geometry,
documentation and photographs. With a unique
access to all information available, an expert can
easily drive the consistency restoration and the
merge processes.

Of course archacologists need some more! Currently
the system must be tested with all the buildings
already studied in order to compare the results of this
method in different examples of structures. The next
step will be to find the way to visualize all the
chronological aspects of the upstanding structures
interpretation, in other words, to visualize the Harris
Matrix (Harris, 1989) (Allen, 1983).

Finally, ways for making persistent the documenta-
tion of a site have to be explored. New formalisms
and specifications such as ontology (Niccolucci F., D
"Andrea A. 2006) and CIDOC-CRM (D’Andrea et
al. 2006) (CIDOC-CRM, 2004) are now thoroughly
used in the cultural heritage domain. A theoretical
study and an implementation of such formalisms
and specifications could enhance the current frame-
work.
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Résumé : La sécurité est un facteur important dans
le systeme du transport. L'objectif de cet article est
de présenter un systeme cohérent qui offre une
sécurite au systeme du transport. Dans ce but le
réseau mobile actuel est utilis€ pour détecter la zone
du véhicule en marche et sa direction. Ces données
de la télématique sont reliées avec les ensembles de
données géo spatiales pour trouver l'information
geographique dans le serveur SIG (Systeme
d’Information Geéographique) et le serveur de la
carte qui utilise GPRS (Service de Communication
Radio en mode Paquet) ou la technologie EDGE
(Evolution de la Norme GSM Modifiant le Type de
Modulation) pour I’acces a Internet. Alors toutes les
données spatiales et non spatiales sont reliées pour
constituer un systeéme cohérent et la sortie de ce
systeme est transmis¢ au récepteur localisé au poste
de police avoisinant ou dans la voiture de police en
autoroute qui aide l'autorité a intervenir dans
I’immeédiat.

Abstract : Security i1s an important factor in
transportation system. The objective of this paper is
to present an integrating system which gives an
instant security on transportation system. For this
purpose existing mobile network is used to detect the
vehicle moving area and its direction.

These telematics data are accommodated with
geospatial data sets to find geographical information
from GIS (Geographical Information System) server
and map server using GPRS (General Packet Radio
Service) or EDGE (Enhanced Data Rates for GSM
Evolution) technology to access the internet. Then
all spatial and non-spatial data are bind to construct
an integrating system and the output of this system
Is sent to the receiver that resides on neighboring
police station or highway police car that helps the
authority to take instant action.

1. Introduction

In our everyday life we need to go long distance for
different purposes by bus, car etc. On the way to
journey the vehicle may be assaulted by the terrorist.
So the vehicles’” moving area and other geographical
informations should be found out and send to
proper authority to rescue the passenger. Many
transportation applications can be supported by
centralized location and navigation systems which
utilize communication network, host facilities and
other infrastructures together with on-board vehicle
equipment to locate and navigate [1]. When a vehicle
1s attacked by a terrorist, the information of the
vehicle can be found by Automatic Vehicle Location
Detection system (AVLS).But the problem in this
system is that, the vehicle can be recovered after
certain time while informing the situation to the
service provider. During these time passenger lost
their valuable things and even they may attacked by
terrorist. So a system should be developed to save
passengers instantly, Our goal is to solve this
problem.
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2. Previous Technologies

Various wireless and web based GIS technologies
are used In location detection, Navigation Control
and many other fields. Here is a snapshot about
previous technologies.

2.1 Wireless Location Technologies

There are three most commonly used location
technologies: stand-alone, satellite-based, and terres-
trial radio-based [2]. As examples, a typical stand-
alone technology is dead reckoning. A typical
satellite-based technology is global positioning
system  (GPS)[3],[4].AVLS system use GPS
technology to find vehicles’ location. But The GPS
receiver 1s costly and if we use it in mobile phone it
reduce the battery life. For wireless E911, the
radio-based (satellite and terrestrial) technologies
are the most popular ones. Cellular networks are
terrestrial-based communications systems. Com-
monly studied techniques to find location of mobile
device are angle-of-arrival (AOA) positioning, fime-
of-arrival (TOA) positioning, and time-difference-
of-arrival (TDOA) positioning [5]. But all of these
techniques need multiple BTS to find exact position.
Multiple BTS make cumbersome to detect location.
This paper concentrate on single BTS and its
sectorized antenna to fetch network data such as cell
id, cell broadcast name, sector id to find out the
location area to overcome the problems of multiple

BTS and GPS.

2.2 GIS Web Technologies

GIS Web Services [6], [7] provide commercially
hosted spatial data and GIS functionality via the
Internet to web applications and users. In a nutshell,
GIS Web service provides GIS content and function-
alities to applications without having to invest in
costly GIS software and platforms. ArcGIS Server
[8] provides a standard framework for developing
GIS server applications. The world's most popular
GIS software (ArcView, ArcEditor, and Arclnfo) is
built from this same set of software objects. ArcView
GIS Server's ability to leverage web services makes
it ideal for integration with other critical I'T systems,
such as relational databases, web servers, enterprise
applications servers. There are different map servers
that facilitate the web GIS service. MapServer excels
at rendering spatial data  (maps, images, and vector
data) for the web. DBMAP ASJ Runtime server,
ArcIMS etc. 1s some Map server. ArcIMS provides
high performance web geo-publishing of maps and
metadata. The proposed system uses ArcView GIS
and ArcIMS as GIS and map server respectively.

3. Objective

The objective of this paper is to develop an
integrating system which helps the police authority
to gives an instant security for the passengers of
assaulted vehicle. The system is divided into five
phases:

*Phase 1. Collect network data tfrom Base transceiver
station (BTS) to find vehicle’s moving area and
direction using a transceiver that attached to the
vehicle dash board.

» Phase 2. Collect geospatial data based on network
data from ArcGIS server and ArcIMS server using
GPRS or EDGE technology to access the Internet.

» Phase 3. Construct an Integrating System based on
phase 1, phase 2 and other vehicle related informa-
tion.

» Phase 4. Send the output of this system to
neighboring police station or highway police.

» Phase 5. To find the updated data refresh total
system after few second or few minute.

4. System Design

The system use an onboard hardware and software
which i1s embedded in a vehicle .To find moving area
of the vehicle the system use existing GSM network
and to find geographical information (like map,
image efc)about that area, it use GIS web service
using GPRS or EDGE technology. On basis of
information provided by the system of the assaulted
vehicle, the authority of particular police station or
highway police may take necessary steps to rescue
the people instantly.

4.1 Hardware

The system needs a transceiver that attached with
dash board of vehicle to collect BTS information
from network and send vehicle information to the
police station. This Vehicle Transceiver (VT) should
support GPRS or EDGE to access web for geospatial
data from geo-database and map server. Beside this
there is also need to receiver device for remote police
station which shows the street address and street map
of assaulted vehicle.

4.2 Database Design

The system needs two databases for storing diftferent
spatial and non-spatial data. First database namely
isystem_info 1s designed for proposed Integrated
System Software (ISS) that reside on the vehicle. It

contains four tables namely vehicle info
(vid, model no, passenger no,  start time,
start_place, destination, speed), network info

(cell 1d, cell name, sector i1d, sector direction),
ps_info (ps code, ps name, receiver no), and
map info (area code, street addr, strect map).
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It stores all vehicle, telematic, geospatial and map
data collected from different sources. Second
database namely isystem geo info i1s designed for
spatial data that reside on geo-database in the GIS
web server. It contains two tables namely street info
(cell 1d, area code, sector id, street addr), ps info
(cell 1d, ps code, ps name, receiver no). It pro-
vides spatial information about the street at where
vehicle 1s moving on.

3.4 Software Architecture

The software manages all hardware and fabricates
network and

information from spatial data.

Vehicle
Transcerver

Integrated System

Software

The implementing software works automatically
after pushing the interfacing button that attached
with vehicle board. No other information is provided
by the user. Therefore no other user interface is
needed on the software. Its main tasks are divided
into four sections which implements the four phases
of the total system.

* Section 1: It collects network data from the vehicle
fransceiver and stores it in ‘network info’ table of
‘Isystem info’ database. Data flow 1s shown on
Figure 1.

BTS

Fig. 1 Collect network data and store into isystem info database.

» Section 2: It connects to GIS server and sends
cell 1d and sector id as parameter. Using both
parameter GIS server fetch street address and area
code from ‘street info’ table of ‘isystem geo info’
database. Also GIS server fetches PS Code, PS
Name and PS Receiver No from ‘ps_info’ table of
‘iIsystem_geo info’ database. Then all the street,
area and PS information send back to ISS and stored
in ‘map info’ and ‘ps info’ table of ‘isystem info’
database. Data flow 1s shown on Figure 2.

» Section 3: After fetching information from GIS
server 1t connect with ArcMap server and send a
request for map of vehicle moving street address
using ‘area code’ and ‘street addr parameter’.
Arc_ Map server then fetches map from map
database and sends back to ISS. Then update the
‘map _info’ table of ‘isystem info’ database. Data
flow 1s shown in Figure 3.
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GIS Core
Components

OIS Spatsal
Database
(isystem_geo info

ArcGlS Server

Integrated System
Software (ISS)

1SS Database
(system info)

Fig. 2 Collect spatial data from ArcGlS server and store into
Isystem info database.

ArcGIS Server

Integrated Sydem

Software (153)

 Section 4: Finally it bind the vehicle information ,
street address and street map trom ‘vehicle info’” and
‘map_info’ table of ‘isystem info’ database and
send to receiver of particular police station or
Highway police using ‘receiver no’ from ‘ps

_54 -
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Isystem info database.

info’ table of ‘isystem_info’ database. Data flow is
shown in Figure 4. While implementing section
| and section 4, ISS uses GSM to access network and
while implementing section 2 and section 3, it uses
GPRS or EDGE to access the web.
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e N~

Receiver

Vehicle
Transceiver

Integrated System
Softwrare

15ystem_info
Database

Fig. 4 Collect all spatial & non-spatial data about vehicle and
send to the police station receiver.

9. Methodology

When a vehicle 1s assaulted by the terrorist the driver
or security personnel push the button of Vehicle
Transceiver (VT) that attached on the board. This
transceiver connects with neighboring BTS and
collects the following network data.

* Cell Id (CI) and Cell Broadcast (CB) Name

» Sector Id (SI) of GSM sectorized antenna.

After acknowledge from the BTS the system
connected with GIS Server through VT to find out
the geographical information (street address, neigh-
boring police station etc) about the location where
the vehicle 1s moving on. Then it connected with
map server to find out street map. While the system
connecting to map server, V1 send all other non
spatial data such as street address, vehicle info etc. to
PS receiver to alert the authority. Then after fetching
the map 1t bounded with other information and send
to PS receiver. When the receiver alerts the authority,
they will rush to the spot and save the passenger
from a hazard situation.

Vehicle may reside at one position or moving
continuously. While moving it change the sector of
BTS also change the BTS itself. Therefore Street,
Police Station also changes dynamically. So all the
collected data of the system should be modity. To
update all the data automatically the system refresh
the software after few second or few minutes. No
need to push the button again.

The Highway police or Authority of the certain
police station always monitoring the receiver
either it change its location or not after Ist alarm
from vehicle. If the location is same for a certain
time the wvehicle 1s stopped on that street.
If the location is changed they need to change their
root to chase the vehicle. Two successive change of
street  give the direction of the wvehicle.

It helps them to chase the wvehicle quickly.
Each sectorized antenna has multiple sectors. Each
sector 1s uniquely identified by Sector Id under a
particular BTS. There are multiple BTS under a
police station. Each BTS is uniquely identified by
Cell Id. So while the vehicle changes the sector
under same BTS and BTS under same police station
it will not hamper the police authority to finish their
task. But if the vehicle changes its BTS to new one
which is under another PS, the responsibility is
handover to that PS. The ISS stop transmitting the
information to the previous PS and start transmitting
the information to new PS. Then new PS takes
responsibility to chase the assaulted vehicle. Thus
particular police station is alerted by network
automatically while moving the assaulted vehicle.
Figure 5 shows the total architecture.

& Police Station®S) 1

A BTS 1 underPS |

— Sector]l under BTS 1
— Sector2Zunder BTS |1
— oectorIunder BTS |

BTS 2 under PS |
. Police Station(F3) 2
A BTS 3under PS5 2
D Vehicle changes its location

Fig. § BTS and Police station handover for the vehicle
while moving

6. Conclusion

Many foreigners, tourist and aristocrat people rides
on luxurious vehicles that move on the high ways. So
the terrorist target the highways or big roads rather
than small or branch roads to attack. Therefore this
paper focuses on building integrating system that
gives the security to vehicles on the highways or big
roads. By implementing this system passengers fell
more secure while roaming,

7. Limitations and Future Work

This research emphasizes an interactive system for
vehicle tracking and rescue passengers are built for
only high ways or big roads. Because only high ways
street address are placed in geo-database.
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In near future branch street address are included in
ogeo-database. The system uses GSM antenna of
three sectors. By increasing the sector (six sectors),
recise location about vehicle moving area can be
found. After little modification this system assures
better security in transportation.

Performance i1s one of the most important limitations
in the development of WebGIS and wireless
technology. It is mainly because most spatial data
including raster and vector data are large in volume
[9], and also involve moving large spatial objects
over the network between server and client. Though
this proposed system i1s used GPRS or EDGE for
web access for spatial data, it may slow the system 1f
proper bandwidth cannot be found. At that case
street map can not be supplied in proper time. In near
future this system will be integrated with higher
bandwidth wireless technology.
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Résume : La question relative aux paysages cOtiers
algériens et en particulier oranais est a replacer
dans un rapport plus général sur le devenir des
littoraux algériens. L identification des facteurs de
déscquilibre est trés attachante dans I'évolution du
trait de coOte. Leur examen et leur cartographie
reposent sur l'utlisation des données historiques,
des tracés morphologiques et des désavantages
causeés tels que les destructions d habatats. Le recul
des cOtes particulierement a falaises, engendre des
nsques pour 1'homme, ausst bien sur la corniche
quen pied de falaise, qui s’expose aux chutes de
blocs, aux €coulements boueux ou aux glissements
(corniche d’Oran, de Kristel et Canastel). Ces aléas
peuvent €tre cartographi€s dans une vision spatio-
temporelle a différentes €chelles.

Mots clés : paysage, Oran, trait de cOte, évolunion.

Abstract : The 1ssue of coastal landscapes and
especially Algeria Oran is put 1n a more general
report on the fate of the Algerian coasts. Identifying
factors of imbalance 1s very attractive in the
evolution of the coastline. Their review and mapping
based on the use of historical data, tracks morpho-
logical and disadvantages that caused such destru-
ction of habitats. The decline of coastal chiffs creates
particular risks for humans, both on foot ledge in the
cliff, which is exposed to rock falls, mud flows in
landshdes or (cornices Oran, Kristel and Canastel).
These hazards can be mapped i a vision and
different spatiotemporal scales.

E-mail : djilaloran@yahoo.fr;

Keywords : landscape, Oran, coastline, evolution,

1. Introduction

L'idée est d’examiner la corrélation entre les
paysages littoraux et les soci€tés qu’elles occupent.
Chaque configuration cOtiere est caractéris€e par son
energétique et sa dynamique en fonction des
conditions environnementales et de 1'empreinte
ecologique (action anthropique) [1] et [2]. L”homme
s est adapt€ aux paysages mixtes (littoraux) ou se
muluplient les conflits et concurrences des groupes
natureiles et ceux sociaux. En effet, ceci impose a
I’évidence, le rapports qui doit €tre mis entre les
paysages, les groupes sociaux et le fonctionnement
du littoral.

En effet, les soci¢i¢s littorales, simplifient générale-
ment la fonction des périls mixtes a ceux d'une
acuivite¢ séparce comme |intervalle continental.
Avec I'évolution continue du systeme littoral, une
bande coticre (plage, dunes, falaise....) n’indique pas
une portion droite du trait de cOte limitant la bande
régionale, Cet agencement enfante habituellement
des déséquilibres dans la dynamique des
reconfigurations cotieres et par conséquent dans le
développement socio-¢conomique littoral, L expli-
cation du personnage d'une forme cotiere (naturelle,
pati et mixte) la classe comme une importante source
de mat€riaux et comme un ¢lément fixateur et
d’enregistrement de I'évolution des paysages
littoraux. Les interactions entre les différentes
formes coueres sont a suivre a l'eéchelle de T'umite€
morphobiosédimentaire. Elles ne correspondent pas
a une phase spatiotemporelle stable, mais a des
facteurs morphologiques protagonistes dans le fonc-
tionnement du httoral | 1].

2. ldentification et stabilisation des
formes cotieres

Une zone cotiere est communément liée a une
appellation de lieu, gén€ralement en rapport avec la
portion continentale du paysage, octroyere par les
différents usagers. Les paysages ne sont donc pas des
emplacements ignorés. (Ceci montre | importance
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de lI'observation que les groupes sociaux ont donn¢ a
la définition de ces dénominations de leux et
explique leurs dotations. Ces atiributions peuvent
étre des noms historiques (Montagne des lions), des
noms de tribus, d'une ville ou village, par exemple,
la falaise de krnistel (Est d’Oran), Maddagh (entre
Oran et Ain Temouchent), ou selon la forme
caractérisent le paysage (par exemple Pointe ou Cap
de Iaiguilie, Arzew). Parfois, en fonction de
la fréquentation (Plage des mouches, Ain
Témouchent), ou encore la nature singuliere du site
cotier (Plage sableue) |3].

Depuis leur occupation des paysages cotiers, les
hommes combattent contre le recul des coOtes avec
diff€rents processus de défense et de reconfiguration
et d’adaptation (Epis, murs, enrochements pour la
protection des habitations, des routes ou encore un
champ culuvé...). En effet, le recul du trait de cote
s’exprime par une régression du continent et des
pertes aux biens de I'homme, de la faune et de
la flore.

D’une maniere générale deux types de protection
sont prévus :

- Une protection détensive qui se porte sur la fixat-
ion du trait de cOte par des enrochements ou des
quais, lorsqu’on a une menace directe des sites, Dans
le cas des cOtes meubles et des plages, la protection,
vise les effets humains et naturels, alors qu’au mveau
de la base des falaises, elle intéresse les effets de
I'érosion marine.

- Une protection offensive qui traite les origines de
I'érosion. En premier licu, I'impact des actions prises
doit €tre bien ¢tudi€ afin de prévenir toute sorte de
complication comme le cas de I’amont et I’ aval (sens
de migration des zones d’érosion). En effet, sur les
cotes basses meubles, on peut envisager et discuter
des constructions d'épis, de brise-lames. Egalement
le rechargement de plage par les s€diments d'apport,
conduit aux résultats suivants |4] et |5] :

* Protéger et favoriser la s€édimentation devant le trait
de cOte ;

* Affaiblir I'énergie des houles ;

* Briser la capacité érosive des vagues.

Le traitement de I'€rosion dunaire des cOtes par
I"action anthropique (exemple circulation de
v€éhicules, vol des sables, construction, route,
désenclavement de sentiers,...) peut €tre envisage
sur le plan I€gislatif,

L organisation paysagere oranaise a largement €té
perturbée en raison des aménagements effectués
(Macta, Kristel, Ain El Turk...... ). et qui ont attaibli
voire bris€ I'apport en alluvions des différents cours
d’eaux, en particulier au niveau de la région de la
Macta.

Par ailleurs, les besoins augmentés en sable et en
gravier pour les nombreux projets d’aménagements,
de Tlindustric et les diftérentes constructions
entrainent une surexploitation des réserves des lits
des cours d'eau et celle du domaine coOtier (cas de
Terga, Ain Témouchent).

De plus, de nombreux cours d’eaux ont €t€ dévi€s de
leur trajectoire initiale (Macta, Kristel, Oued El
Halouf), provoquant une déstabilisation de 1’alimen-
tation des ecaux cotieres. Signalons également
I"intensit¢  des travaux de construction sur des
espaces non constructibles, engendrant un fort
danger sur I'homme et une fragilisation et dégra-
dation des reliefs et de I'écosysteme. En conclusion,
ces ameénagements ont perturb€ les conditions
hydrodynamiques et ont favoris€ une forte €rosion
actuelle de la sédimentation.

De méme, des aménagements tels que les tracés de
routes, les projets d’ameénagements €t construction
des agglomérations ont aggravé les glissements,
d'autant pius que les sols, d'une bonne partic du
littoral oranais, (Canastel, Kristel, Terga) sont
formés par des argiles et des sables gréseux. Ainsi,
sur la falaise de Canastel, toutes les conditions sont
rassemblées pour que de graves déplacements de
terrain puissent avoir lieu a n'importe quel moment
(cas de la corniche d’Oran).

Une situation pareille nous impose de retracer la
dynamique du trait de cbte pour une durée bien
déterminée. L empilement €événementiel diversifi€,
de tfaible fréquence, (€rosion, ¢boulement, glisse-
ment), dont I'ongine marine ou continentale colla-
bore dans la dynamique et I'évolution du littoral.
Ceci, repose sur le rapprochement des documents
anciens compares a ceux plus récents, donnant une
information int€ressante sur une durée de l'ordre
d’un siecle. Ces informations permettent I’estima-
tion de la vitesse de changement des traits de cOte,
particulicrement a falaises. L évolution des cOtes a
falaise est plus faible et plus lente par rapport a celle
des cOtes basses meubles.

Les falaises sableuses ou sablo gréseuses de faible
hauteur (pas plus de 10 m), reculent comme les cOtes
basses meubles (Madrague et Terga). En revanche,
que les falaises a matériaux résistants et hautes,
changent selon leur ¢tat (falaise vive, falaise
morte.....), ainsl qu’en fonction de leurs natures,
résistance, pendage, fracturation, L’exemple
peut €tre donn¢€ par la corniche oranaise qui est plus
résistante par rapport a celle du secteur couer
t€mouchentois, ceci est causé essentiellement par la
nature s€dimentaire.

Dans le cas des glissements locaux comme
Kristel, 'analyse du rdle des facteurs géody-
namtques du versant est meilleure (nature, pendage,
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superposition, €tc.), des facteurs externes (précipita-
tions, ruissellement, l'occupation de la bande,
s¢ismes, etc.) et de 'action ¢rosive des facteurs
marins, Toutefois, il est important de comprendre et
d’estimer cette €rosion marine par rapport aux
facteurs intervenants (action anthropique, clima-
tique, hydrologiques,...).

3. Fonctionnement cotier et impact

Les différentes formes cotieres sont des €léments de
la carcasse paysagere littorale pilotant la dynamique
du trait de cOte. De ce fait, ¢’est une concordance de
facteurs dessinant et enregistrant toute phase de
reconfiguration cotiere. Il existe un hen direct entre
les positions respectives des diverses formes : si une
forme recule de A a A" et A", l'autre reculera

deBaB'etB"|1] et|6].

Une forme coétiere (dune, falaise, cordon,...) n'est
pas un espace littoral isol¢ mais un enchainement
faisant partie d'un appareil densemble (Fig. 1).
Intervenir sur une partie littorale c'est modifié aussi,
par contrecoup, les autres éléments. Donc le risque
est eminent de déseéquilibrer I'ensemble du systeme
morphobios€dimentaire et par conséquent tout le
patrimoine paysager cotier.

Les  diftérentes  figures  d’urbanisation et
d’installation de nombreux groupes sociaux (Fig. 1),
sur tout ou une partic du trait de coOte, brisent la
connectivite qui existe entre les divers fragments des
accumulations littorales. L'érosion de certaines
portions cotiere alimente l'estran en sédiments,
assure une part importante de I'alimentation des
plages et contribue dans I'équilibre du budget
se¢dimentaire.

Paysage et tissu urbain de la ville d'Oran avant la période coloniale
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Une telle situatton n’a rien de singulier, car on ne
pense qu'a la rentabilite immeédiate, alors qu’il faut
penser aux conséquences de ce développement qui
est entrain d’épuiser et d’anéantir toutes les
ressources renouvelables en particulier littorales.
Notons la dispariion de gigantesques espaces
forestiers le long des cotes (Kristel, Madagh), la
déstabilisation des reliefs cOtiers et littoraux (Marsa
El Hadjadj, Ain ElI Turk, Terga, Macta) et les
differentes pollutions que subit I'écosysteme marin
et couier. Cela veut dire une absence totale d’une
¢conomie environnementale.

4. Conclusion

A travers les €poques et par leur occupation,
ameénagement et modification, 'homme a donn€ aux
paysages cOtiers le statut d’un patrimoine,de zone
touristique ou encore de point de fréquentation et de
conflit, mais y a t-il plus a acquérir dans une telle
démarche qu'a user en laissant régresser I’harmonie
paysagere cotuere”

Cet ¢tat appuie la complexite¢ des rapports et
I'intmité des paysages et dhomme : ce patn-
moine paysage¢ est a la fois un lieu d'échange et
d'assemblage, avec une évolution continue dans les
deux sens (positif et négatif). Cest ainsi, des lieux
trés hétérogenes et tres difficiles en termes de choix
de gestion ¢t d’intégration par rapport aux activités
et désagrégations produites par ces espaces. De ce
fait, la problématique des animations paysageres
cotieres €voque deux aspects : le premier est celui
des limites dans les littoraux naturels (autochtone) et
humaines (allochtone) dans la gouvernance de ces
systemes. Le second, est celul des rapports des
dynamiques naturelles et celles anthropiques sur le
fonctionnement et le devenir des littoraux.

En définitive, le développement du paysage et villes
couieres doit prendre en considération toute les
possibilités de la durabilit€é et la propreté du tissu
urbains installé (agriculture nourriciere, aspect vital,
déchets, ...).
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