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a deterministic-only perspective. In particular, it is ex-
plained how the process of minimizing the Euclidean
norm of the adjusted residuals may generate a neces-
sary and unavoidable increase of the Euclidean error
norm for the computed parameters. For the purpose of
preventing any possible misunderstanding, it should be
noted that this paper does not represent a disagreement
with the practice of applying the least-squares method-
ology for geodetic data processing. What is merely
claimed here is that the optimality aspects that are
typically associated with least-squares estimation tech-
niques receive a more objective and careful treatment
than is usually given to them.
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Different optimization procedures are employed to
study one of the main geodetic problems, the three-
dimensional coordinates transformation. Results are
given for Egypt, where the old geodetic networks are
related to the old Egyptian geodetic datum EGD of
Helmert 1906, which is a non-geocentric regional da-
tum. The paper’s main objective is the transforma-
tion of geodetic control from the old EGD to the
new WGS84 datum using different methods of non-
linear least squares adjustment. 16 common stations
are used in the computations of the seven transforma-
tion parameters. This is followed by the transforma-
tion of 23 stations using the transformation parame-
ters determined from the nonlinear least squares algo-
rithms. Five optimization methods have been tested
for the solution of this problem. These methods
are: Steepest Descent, Trust region, Gauss-Newton,
Levenberg-Marquardt method, and traditional com-
bined least squares adjustment with weighted obser-
vations. Conclusions and recommendations are given
with respect to the suitability, accuracy and effici
of each method.

G43A-04 1330h POSTER

STUDY OF EASTERN CANADIAN
COASTAL SITE DISPLACEMENT
DUE TO OCEAN TIDE LOADING
USING A GPS NETWORK IN
ATLANTIC CANADA

Mazhar Rafiql ((506) 453-4671; m87ie@unb.ca)

Marcelo C. Santos! ((506) 453-4671;
msantos@unb.ca)

IDepartment of Geodesy and Geomatics Engineering
University of New Brunswick, P.O.Box 4400, Fred-
ericton, NB E3B 5A3, Canada

The continuously operating GPS stations of The
Princess of Acadia project, especially the Coast Guard
station in Saint John, New Brunswick and the station
Digby in Halifax, Nova Scotia, both of which lie in the
proximity of highly turbulent waters of Bay of Fundy,
are subjected to perpetual movements due to tempo-
rally oceanic water mass surface loading of the litho-
sphere by the ocean tides. If the affects of ocean tide
loading are not taken into consideration they can affect
high- accuracy positioning especially in the final solu-
tions for height. It is proposed under this project that
ocean tidal loading studies be carried out in the area
using atleast 1 year of GPS data with varying data pro-
cessing sessions. Time series would then be extracted
from discrete 24-hour solutions for ocean tide loading
studies. Data collection in this regard is already in
progress and 3 hr and 24 hr solutions are being ex-
tracted, cleaned and processed using DIPOP 3.1 soft-
ware. The role of the tropospheric delay and its ef-
fect on height estimates when ocean tide loading ef-
fects, whether modeled or ignored, would also be inves-
tigated.
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One of the main sources of errors of GPS measurements
is the ionosphere refraction. As a dispersive medium,
the ionosphere allow its influence to be computed by
using dual frequency receivers. In the case of single

frequency receivers it is necessary to use models that
tell us how big the ionospheric refraction is. The GPS
broadcast message carries parameters of this model,
namely Klobuchar model. Dual frequency receivers
allow to estimate the influence of ionosphere in the
GPS signal by the computation of TEC (Total Electron
Content) values, that have a direct relationship with
the magnitude of the delay caused by the ionosphere.
One alternative is to create a regional model based on
a network of dual frequency receivers. In this case,
the regional behaviour of ionosphere is modelled in a
way that it is possible to estimate the TEC values into
or near this region. This regional model can be based
on polynomials, for example. In this work we will
present a Neural Network-based model to the regional
computation of TEC. The advantage of using a Neural
Network is that it is not necessary to have a great
knowledge on the behaviour of the modelled surface
due to the adaptation capability of neural networks
training process, that is an iterative adjust of the
synaptic weights in function of residuals, using the
training parameters. Therefore, the previous knowl-
edge of the modelled phenomena is important to define
what kind of and how many parameters are needed
to train the neural network so that reasonable results
are obtained from the estimations. We have used data
from the GPS tracking network in Brazil, and we have
tested the accuracy of the new model to all locations
where there is a station, accessing the efficiency of
the model everywhere. TEC values were computed for
each station of the network. After that the training
parameters data set for the test station was formed,
with the TEC values of all others (all stations, except
the test one). The Neural Network was trained with
this parameters, and tested by computing the TEC
for the test station. This assessment was carried out
several times, one for each station of the network.
Maps of the results of the estimations for the whole
network will be shown.
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Recursive Kirchhoff wavefield extrapolation in the
space-frequency domain can be thought of as a sim-
ple convolutional filter that calculates a single output
point at depth z+dz using a weighted summation of
all input points within the extrapolator aperture at
depth z. The desired velocity values for the extrap-
olator are the ones that provide the best approxima-
tion of the true phase (propagation time) of the seis-
mic wavefield between the input points and the out-
put point. Recursive Kirchhoff extrapolators can be
designed to handle lateral variations in velocity in a
number of ways: a PSPI-type (phase shift plus interpo-
lation) extrapolator uses only the velocity at the output
point, a NSPS-type (nonstationary phase shift) extrap-
olator uses the velocities at the input points; a SNPS-
type (symmetric nonstationary phase shift) extrapola-
tor incorporates two extrapolation steps of dz/2 where
the first step uses the velocities at the input points
(NSPS-type) and the second step uses the velocity at
the output point (PSPI-type); while the Weyl-type ex-
trapolator uses an average of the velocities between
each input point and the output point. Here, we in-
troduce the PAVG-type (slowness averaged) extrapola-
tor, which uses velocity values calculated by an aver-
age of slowness along straight raypaths between each
input point and the output point. Parallel 2D and 3D
prestack depth migration algorithms have been coded
in both MATLAB and C and tested on a small Linux
cluster. A simple synthetic with a lateral step in veloc-
ity shows that the PAVG Kirchhoff extrapolator is very
close to the exact desired response. Tests using the 2D
Marmousi synthetic data set suggest that the extrapo-
lator behaviour is only one of many considerations that
must be addressed for accurate depth imaging. Other
important considerations include preprocessing, aper-
ture size, taper width, extrapolator stability, and imag-
ing condition.
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The Earth Science Data Grid System (ESDGS) is a
software system in support of earth science data storage
and access. It is built upon the Storage Resource Bro-
ker (SRB) data grid technology. We have developed a
complete data grid system consistent of SRB server pro-
viding users uniform access to diverse storage resources
in a heterogeneous computing environment and meta-
data catalog server (MCAT) managing the metadata
associated with data set, users, and resources. We also
develop the earth science application metadata; geospa-
tial, temporal, and content-based indexing; and some
other tools. In this paper, we will describe software
architecture and components of the data grid system,
and use a practical example in support of storage and
access of rainfall data from the Tropical Rainfall Mea-
suring Mission (TRMM) to illustrate its functionality
and features.
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Shallow mass anomalies, such as voids and other
significant density contrasts, generate distinct gravita-
tional gradient signals within the background gradient
field of the Earth. These signals attenuate rapidly with
survey altitude of an airborne gradiometer whose re-
solving capability is further affected by flight velocity
and measurement noise. The prospects of new highly
sensitive gradiometers enhance the possibility of de-
tecting such anomalous sources if careful data filter-
ing techniques are carried out. We have developed a
matched filter whose weighting coefficients basically
enhance the signal-to-noise ratio (SNR) for detection
of small gradient signals contained in geological back-
ground noise. Results from simulations are compared
to similar detection procedures using the Wiener filter.
An airborne survey is simulated based on the power
spectral density (PSD) model for gravitational gradi-
ents, derived from EGM96, 1°x1’ mean gravity anomaly
data, and 30”x30” elevation data over an area of mod-
erately rough gravitational signal strength. Instrument
noise characteristics are based on a range of sensitivi-
ties of current and future gradiometers. The study eval-
uates the filtering options and trade-offs in measuring
different gradient tensor components in order to assess
the capability to detect subsurface density contrasts by
ground and airborne surveys.
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The presentation, based upon my involvement over
more than four decades with the application of grav-
ity data to some problems of geodesy, consists of two
parts: 1. It will show the progress of gravity surveys
in Canada based upon the mission mandated by the
Dominion Observatory. The surveys started in 1902
with the pendulum measurements, later adding some
local EG6tvos torsion balance determination and con-
tinued from 1945 with the much faster gravity mea-
surements. During the presentation the point distribu-
tions, prepared for each decade, and also the relevant
data set for the various gravimetric geoid for Canada
[1972, 1988, 1995] will be shown. 2. In the 1960s, with
the increasing availability of gravity data, the compu-
tation of gravimetric deflections and/or geoid determi-
nation became a top priority of the Gravity Division of
the Observatory. The first computer implementation
for gravimetric deflections of the vertical computations
were carried out in the early 60s, complemented with
terrain corrections computations based on digital eleva-
tion data. Parallel to the development of the practical
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evaluation of the gravimetric geoid, a number of as-
sociated problems were also tackled [terrain correction
by digital computers, high degree spherical harmon-
ics expansion of surface gravity, various 3-dimensional
gravity modeling, etc.]. The first gravimetric geoid
for Canada, and the refinements which became possi-
ble with the availability of more and more data will be
shown and discussed briefly.
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The poster will present results of the calculation of
the effect of terrain roughness on orthometric height,
and the resulting corrections to Helmert orthomet-
ric height. The computation is done using three ap-
proaches: the Mader approach, the Neithammer ap-
proach and the U.N.B. approach. The results of these
computations indicate the the U.N.B. method is the
most effective for computation of the correction to
Helmert orthometric height. The poster gives some
indication of the magnitude of the terrain roughness
effect, showing that it has an effect on orthometric
heights of up to 26 cm in a test area in the Rocky Moun-
tains. It should be understood that a significant part
of this correction is balanced out by the effect of the
gravity disturbance generated by the geoid.
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The mean value of gravity along the plumbline be-
tween the earth surface and the geoid depends on the
mass density distribution within the earth and the
shape of the earth. Since the actual gravity along the
plumbline cannot be measured, the mean value of grav-
ity has to be computed from the gravity observed at
the physical surface of the earth. This can be realized
by reducing the observed gravity according to some ac-
cepted physical model. To evaluate the mean gravity,
the actual gravity is decomposed into the normal grav-
ity, geoid-generated gravity disturbance and the grav-
itational attraction of topographical and atmospheric
The mean normal gravity is defined accord-
ing to Somigliana-Pizzeti’s theory of the normal gravity
field. The mean geoid-generated gravity disturbance
is obtained by applying the Dirichlet’s boundary value
problem into the theorem of integral mean. The mean
values of gravity generated by topographical and atmo-
spheric masses are computed as the mean linear poten-
tial gradient

masses.
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A variety of digital terrain models (DTMs) are
nowadays available for use by the international scien-
tific community. In terms of geodetic applications, such
models are especially important for precise Stokesian
geoid determinations, for geophysical and geodynam-
ical studies related to the isostatic behaviour of the
Earth’s crust, and also for the development of real-
istic synthetic representations for the Earth’s exter-
nal gravitational field. However, the problem of which
DTM should be chosen for such studies, as well as in

other related applications of geo-sciences and engineer-
ing, is not a trivial question to answer. That is because
most of the available global DTMs differ significantly
in terms of their original data sources and their pro-
duction technique, their accuracy and resolution levels
and their actual spatial coverage. Furthermore, addi-
tional problems may arise from the fact that the ac-
curacy characteristics within each DTM are not really
homogeneous over the total coverage area, but they
rather exhibit a spatially dependent behaviour which is
often strongly correlated with the terrain morphology.
Among the freely available DTMs covering Canada, the
recently released SRTM30 model is of special inter-
est for geodetic applications since it is based on the
interferometric data gathered during NASA’s Shuttle
Radar Topography Mission (SRTM). The SRTM used
space-borne radar interferometry sensors to produce a
near global digital terrain model. The final SRTM30
model is thus primarily generated by a set of data
which is consistent and of uniform quality over the en-
tire coverage area. This is usually not the case for
other global DTMs which are typically generated by
merging existing topographic and/or cartographic data
sources with varying (and often questionable) quality
levels. This paper presents an initial assessment of the
SRTM30 terrain model with respect to some other well
known DTMs that are often used in practice, namely
ETOPO2, GTOPO30 and the Canadian Digital Eleva-
tion Data (CDED) sets. The aforementioned models
are evaluated and assessed through a statistical inter-
comparison over various test areas representing typical
Canadian landforms (e.g., mountain ranges along the
Rockies in western Canada, flatter regions in the east-
ern Canada). A type of absolute comparison for all
these models is also performed using as reference the
orthometric, ellipsoidal and geoid height values at a set
of nearly 1930 geodetic leveling benchmarks distributed
throughout Canada.
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This presentation is intended to review the GPS po-
sitioning tools available to Geoscientists who may not
be experts in Geodesy or for those who would like a
review of the tools available. A growing list of tools for
positioning has created opportunities for the geoscien-
tist to obtain global position information in the field
with unprecedented ease and accuracy. Rapid techno-
logical change, combined with the variety of different
means of augmenting GPS has caused confusion for se-
lecting the optimum methodology for obtaining a de-
sired accuracy. This talk will review the positioning
technologies and provide the necessary background to
help the user identify which tool is most appropriate for
their application. Beginning with the use of GPS for
geometric positioning we will review the accuracy ex-
pected from basic broadcast GPS through to augmenta-
tion techniques, both real-time and post processing, us-
ing Canadian examples. The relationship between the
NAD83, NAD83 (CSRS or NSRS), WGS84 and ITRF
reference frames will be discussed. The determination
of physical heights from GPS will follow. This determi-
nation relies on the use of mathematical models giving
the sea-level (or similar) height. Two model types will
be discussed; models intended to precisely represent
the Geoid, and models that provide heights compatible
with published height datums (incorporating any dis-
tortions that exist in these official datums). The pre-
sentation will be complemented by a Natural Resources
Canada Geodesy booth, which will provide demonstra-
tions of two GPS augmentation tools: CDGPS, a real-
time GPS correction service and Precise Point Position-
ing (PPP), an Internet post-processing tool. Demon-
strations of an online tool for physical height determi-
nation will also be provided.

URL: http://www.geod.nrcan.gc.ca/
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By extending the reach of our hands and quicken-
ing the response of our eyes, measurement methods and
instrumental capabilities have driven and made possi-
ble much of scientific progress. By the middle of the
nineteenth century, measurement capabilities for g had
reached a precision of 1 in 10” and an accuracy of 1 in
105. Over the past 40 years, instruments have evolved
to the point where measurements can be made at the
parts in 109 level of precision and, in the case of ab-
solute instruments, accuracy. In this talk, reasons will
be given for this remarkable progress (4 orders of mag-
nitude improvement in 40 years) in our ability to mea-
sure g. In the context of this session’s title, “New Sen-
sors of Our Planet,” our recent—probably for one of us
(JF) the last—development of a truly portable absolute
gravimeter will be described. This small and portable
absolute instrument drops a test mass 200 times a sec-
ond while keeping the center of mass of the apparatus
fixed—to avoid recoil effects—during the entire mea-
surement cycle. The capabilities of this pgal-accuracy
instrument will be demonstrated.
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The Gravity Recovery and Climate Experiment
(GRACE) has ushered in a new era for satellite mea-
surements of the Earth system. GRACE provides
monthly estimates of the time-varying gravity field,
which are largely due to the redistribution of water
mass in the Earth system, with a spatial resolution
of 500 km and an accuracy of 1 cm equivalent water.
This is accomplished via a suite of instruments includ-
ing a microwave ranging system, precision accelerome-
ters for measuring non-gravitational forces, and a GPS
navigation system. These measurements are provid-
ing a new observing tool for hydrologists, oceanogra-
phers, glaciologists, and many other disciplines. These
tremendous advances made by GRACE have led to an
interest in launching a follow-on mission with even bet-
ter performance. The spatial resolution can be im-
proved by improving the ranging performance, imple-
menting a drag-free control system, and flying at a
lower altitude. This presentation will focus on improv-
ing the ranging performance by developing an interfer-
ometric laser ranging system that we expect to perform
near the 1 nm/sec level or better over 5 second inter-
vals, which when coupled with other mission improve-
ments, would improve the spatial resolution to 100 km
for 1 cm water equivalent accuracy. We will present our
design for the laser ranging system. We plan to build an
engineering model of the instrument and demonstrate
its accuracy in the laboratory over the next few years.
The laser system will range directly to the proof masses
of the drag-free system, eliminating many of the diffi-
culties associated with post-processing the accelerom-
eter data on GRACE. We will also present the results
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