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Mines, Resources
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sources, Quebec

California 84 JPL 2 140 015 —

CERN 8- CERN 7 12x12 002 004

Alaska 84 U.S. NGS 8 800 x 1600 050 070

HPBL 85 14 I 9 2000 x4200 {050 065

2 240 {020 030

Turtmann 85 Swiss Geodetic 7) 4x6 002 .003
Commission

Iceland 86 UNAVCO 52 250 x 450 020 -

Turtmann 86 Swiss Geodetic 8 4x6 002 .003
Commission

Alaska 86 U.S. NGS 8 500 x 1600 030 .030

Switzerland 87 Swiss Geodetic 12 180 x 180 010 —
Commission _

EUREF-89 89 EUREF Commission 93 4000 x 2000 020 040
Commission

Turtmann 89 Swiss Geodetic 8 4x6 002 003
Commission

Turtmann 91 Swiss Geodetic 8 4x6 001 003
Commission

Turtmann 92 Swiss Geodetic 8 4x6 001 003
Commission

Turtmann 93 Swiss Geodetic 8 4x6 001 001
Commission

Turtmann 94 Swiss Geodetic 8 4x6 001 001
Commission

GIG91 94 JPL 14 3000 x 1000 010 020

(European Pan) |

GIG'YI 94 JPL 14 Global 020 {050

(Global)

Swiss 86-95 | Federal Office 300 180 x 180 001 —

Network ol Topography

COSMOS 94-96 | Geographical 100 200 x 200 001 -

Japan Survey Institute

BiGG 96 Geographical 600 1200 x 1500 001 —

Japan Survey Institute

CODE 92-96 | Center for Orbit 75 Global 001 004
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L

COMPUTATION OF SINGLE POINT POSITION 13-AUG-00 10:49

i-*i-***********4*********************-A-*****-lr*************#***************
e gk ke ke k

BERNESE GPS SOFTWARE VERSION 4.0
BERNESE GPS SOFTWARE VERSION 4.0

STATION: PERM FILE: X:\2000\0OBS\PERM1440.CZO
RECEIVER UNIT: 19461

DAY OF YEAR 144

FROM TO

OBSERVATIONS 2000-05-23 00:00:30.00 2000-05-214
00:00:30.00

REQUESTED WINDOW =S ==
MEASUREMENT INTERVAL: 30 SEC

SAMPLING RATE : i

PROCESSED FREQUENCY L3

ELEVATION LIMIT 20 DEG

TROPOSPHERE IONOSPHERE

ATMOSPHERE MODELS SAASTAMOINEN NONE
STATISTICS FOR SV ! 2 3 4 5 6 7 8
9 10 1l 13 15 16 17 18 19 21 22 23

24 25 26 27 29 30 31 TOTAL

OBSERVATIONS ON FILE: 849 783 688 706 745 806 713 859
716 873 720 695 736 484 836 787 832 825 886 739
647 806 895 862 676 679 842 20685

OBSERVATIONS USED 744 120 491 474 636 702 617 737
534 672 526 590 620 429 726 662 723 729 660 644
552 515 673 759 577 570 668 16960 :

RMS (METER) : 0.8 1.0 0.9 Ll 6.5 7.4 0.8 0.8
Q. i7 3.9 1.4 0.7 1.0 0.6 3.0 0.7 1.0 0.7 2.0 18
1.3 1.1 2 0.7 0.7 1.2 Iz 2.6

av ‘s)lq))-! Aiaid ‘P‘b‘)j"l JL.' Jgr 9 fYIDJLQ.; .Y‘tj.,-_l.: 9 Ul‘:'_";




RESULTS:

RMS OF UNIT WEIGHT : 2.64 METERS
NUMBER OF ITERATIONS: 2

STATION COORDINATES:

LOCAL GEODETIC DATUM: WGS - 84

A PRIORI NEW NEW-
A PRIORI RMS ERROR
PERM X 3240499.39 3240500.62
1.23 G0
(MARKER) Y 4049740.26 4049740.28
0.03 0.08
Z 3701662.91 3701663.64
0,73 005
HEIGHT 1194.47 L89S E54
L.0F Gl
LATITUDE 35 41 50.211 35 41 50.216 0 0
0.004 0.001e
LONGITUDE 51 20 2.729 ol 200 2,692 = 0 "0
0037 0.0016
CLOCK PARAMETERS:
OFFSET FOR REFERENCE EPOCH: 0.000315360 (SEC)

CLOCK OFFSETS STORED IN PHASE OBSERVATION FILE

RECEIVER UNIT 3 19461
REFERENCE EPOCH 2 2000-05-23 00:00:30.00

BT OB W caws a>q L8
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Geophysics (IUGG)

International Union of Surveying and
Mapping

http://lareg.ensg.ign.fr/IUSM/ '

National Imagery and Mapping Agency
(NIMA)

http://www.nima.mil/

National Oceanic and Atmospheric
Administration (NOAA) - USA

http://www.noaa.gov/

National States Geographic Information
Council (NSGIC)

http://www.nsgic.org/main.htm

NSDI MetaData and WWW Mapping Sites

http://www.bim.gov/gis/nsdi.htmi

Permanent Committee on GIS Infrastruc-
ture for Asia and the Pacific (PCGIAP)

http://www.permcom.apgis.gov.au/

South Pacific Applied Geoscience
Commission (SOPAC)

http://www.sopac.org.fj/

Spatial Information Related Sites

http://www .spatial.maine.edu/

The Association for Geographic
Information (AGI)

http://www.agi.org.uk/

US Geological Survey (USGS)

http://info.er.usgs.gov/

USGS Mapping Information

http://www-nmd.usgs.gov/
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Users End consumers of the information resource; those who
use information as input to solve problems and/or make
decisions.
Vector A means of coding line and area information @n the form
of units of data expressing magnitude, direction, and
connectivity.
Vector Graphics A means of coding line and area informapion _in the form |
Sstructure of units of data expressing magnitude, direction, and
connectivity.
World Geodetic System | A world geodetic system is one on which all points are ]
(WGS) fixed in relation to the earth’s centre of mass. WGS84 is
and example of one of several geocentric (earth centred)
coordinate systems currently in international use. '

LINKS TO OTHER SDI/GI RELATED SITES

Australia New Zealand Land Information http://www.anzlic.org.au
Council (ANZLIC)

Ccomité Européen des Responsables dela http://www.cerco.org/
cartographie Officielle (CERCO)

Committee on Earth Observation Satellites http://ceos.esrin.esa.it/

(CEQS)

European Umbrella Organisation for http:flwww.eurogi.org/
Geographic Information (EUROGI .

Federal Geographic Data Committee http://fgdc.er.usgs.gov/
(FGDC)

Geographical Information Systems http://gisig.ima.ge.cnr.it/

International Group (GISIG)

Geospatial Information and Technology http://www.gita.org/
Association (GITA)

GIS Internet Links http:/lwww.ordsvv.gov.uk/servicesllinksl
gislinks.ntml

GIS Notebook http:llwww.ctmab.com!gisnetJnotebookf :

Global Spatial Data Infrastructure (GSDD http://www.gsdi.org/

Great GIS Net Sites http://www.gisportal.com/

International Association of Geodesy (IAG) http://www.gfy.ku.dk/"iag/

I(:gc;rnational cartographic Association http://www.msu.edu/~olsonj/ica/

International Federation of Surveyors (FIG) http://www.ddl.org/figtree/

International Geographical Union (IGU) http://www.igu-net.org/

International Society for Photogrammetry http://www.p.igp.ethz.ch/isprs/isprs.ntml

and Remote Sensing (ISPRS)

International Steering Committee for http://www1.gsi-mc.go.jp/iscgm-sec/

Global Mapping (ISCGM)

International Union of Geodesy and http://www.omp.obs-mip.fr/uggi/
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GLOSSARY OF SDI TERMS (2ND PART)

Spatial Data . Spatial data, often called geographic information is data
pertaining to the location and name of geographical
entities that are associated with a position on, above or
beneath the surface of the earth. Spatial data are classified
as point, line, area or surface. Also see Geospatial Data.

]
Spatial Data A term that describes the fundamental spatial datasets, .
Infrastructure (Spn the standards that enable them to be integrated, the ]

distribution network to provide access to them and the |
policies and administrative principles that ensure
compatibility between jurisdictions and agencies.

=1

Spatial Information A generic term used to incorporate both land and
geographic information as well as datasets.
Technical Standards A component of the APSD| which defined the technical

Characteristics of the fundamental datasets and enable |
them to be integrated with other environmental, social
and economic datasets.

Thematic Map A map displaying selected kinds of information relating to
specific themes, such as soil, land US€, population density,
suitability for arable Crops, and so on. Many thematic maps
are also choropleth maps, but when the attribute mapped
it thought to vary continuously, representation by isolines
IS more appropriate.

Topographic Map A map of physical features, including relief, visible on the {
‘ earth’'s surface, generally portrayed as a two-dimensional
map.
Topological Data The explicit definition of how map features represented
Structure by points, lines and areas are related. For example, a street

segment is explicitly defined as endpoints of other street
segments. All street segments are defined as being either
a border of an area (such as a block), or entirely within an |
area (such as postcode area). Attribute data stored within
the databases of a GIS usuzlly define these explicit
relationships.

Topology The study of properties of a geometric figure that are not
dependent upon absolute position, such as connectivity.

Triangulation A land survey technique of determining positions by
measurement of the angles in a series of triangles.

Trilateration A land survey technique of determining positions by ﬂ
measurement of distances only.

Unique Identifier A name or description which is unique to one polygonin a

GIS and clearly identifies and separates it from all other
polygons. An example is the land parcel identifier in a

DCDB.
Universal Transverse A common system for locations on the Earth's surface,
Mercator (UTM) based upon ground distances. A series of north-south

Zones are established, and locations are designated in
terms of distance in meters east of the western edge of
the zone, and north (or south) of the equator.

User Community Means all PCGIAP members and users within nations who
deal with applications on a national or regional level. Users
May range from individual citizens to national government
organisations.
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SELECTED ARTICLES

Selected titles of some Articles derived
from Internet

F.Tavakoli

®Marine Geodesy, Vol.23, No.3, 2000

<http://www,catchword.co.uk/titles/tandf/
01490419/v23n3/>

eAn Improved Calibration of Satellite
Altimetric Heights Using Tide Gauge Sea
Levels with Adjustment for Land Motion.
G.T. Mitchum

® Sea Surface Height Variability in the
Indian Ocean from TOPEX/POSEIDON
Altimetry and Model Simulatitons.

b.Subrahmanyam.l.S.Robinson

e Stochastic Modeling of Short Term
Variations of Sea Level in Eastern
Canada.

K.Hilmi, M.I.LElabh. J.P.Chanut, T.Murty

® Bright Prospects for a Significant
Improvement of the Earth's Gravity
Field Knowledge.

R.Rummel.

BStudia Geophysica et Geodateica,
Vol.44,N0.3,2000 '

m < http://www//ig.cas. cz/studia/cont3-
00.htm>

m  Geoid determination  through
ellipsoidal ~ stokes  boundary value
problem.

V.E. Ardestani, Z. Martinec

mThe . time -varying gravitational

potential field of a massive, deformable

body.
E.W. Grafarend

No.42,43, Summer ,Auttumn 2000

mAn alternative algorithm to FET for
the numerical evaluation of stockes’

integral .
J. Huang, P.Vanicek, P.Novak

Tables of contents in Geodesy

WW W<http://www.geod.nrcan.gc.ca/
craymer/tcg/>
FTP<ftp://ftp.geod.nrcan.gc.ca/pub/GSD/
craymer/tcg/>

Subscriptions&
comments<mailto:craymer@
nrcan.gc.ca>

#*Bollettino di Geodesia e Scienze
Affini, Vol.59, No.3, 2000

* Earth’s radial density profiles based
on Gauss’ and Roche’s distributions.
A.N.Marchenko

#Geodetic network adjustment by the
maximum  likelihood —method  with
application of local variance, asymmetry
and excess coefficients.

B.Kasietczuk

* Alternative  methods  for terrain

reduction computation.
H.Abd-Elmotaal.

*Strain tensor estimation by GPS
observations:software and applications.
M.Crespi, G.Pietrantonio, F.Riguzzi

#*Spostamenti rilevati alle stazioni GPS
della rete IGM95 poste nell ‘area
dell’Appennino  umbro-marchigiano
dopo glieventi sismici del settembre-
ottpbre 1997/
Amzodi,p. Baldi, G.Casula, A.Galvani, A
Pesci, A.Zanutta

#*Kosnet99:la rete geodetica GPS del
Kosovo occidentale
M.Morelli, M.Pannaccio
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There is an urgent need to address the design and implementation of open stable file
architectures, such as SDS, under the guidance of international organizations, before the
volume of data itself becomes an impediment to the survivability of digital information

into the new millenium. .
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Oh no! I'm five dollars short of a million for the new server

The distributed archive capability also reduces the cost of the maintainance of
component hardware due to technology improvements. The organization can cost
effectively add or replace low cost individual component machines on a needs basis
without impacting the overall archive. The replacement of expensive million dollar

servers every few years due to obsolescence can be quite a traumatic experience in this
already resource strapped world.

13. Conclusion

The key objective of creating knowledge-based information systems is to ensure the long-
term survivability of digital data within large sized archives.

It is critical to ensure the survivability, reliability-and evolvability of these systems before
a non-recoverable data loss occurs. This is the information that will be the basis for future
data analysis, research and policy decisions.

The essence of the crisis can be stated as follows: Even if new technology and parallel
archive capability increase the media to media data transfer rates to a level that is
comparable with the improvements in data storage technologies, the life expectancy of
the information in the archive itself is in jeopardy due to the constant change of data
architectures dictated by proprietary software applications.

Novrlichohardmr i NEE 9
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The SDS architecture supports the calculation of minimum and maximum values for
designated columns within the SDS file. By not having to perform intensive full file
scans, applications are provided a very fast filter capability for any query based on
spatial, temporal, or attribute based constraints. .

Repeated data stored in a SDS file may be automatically normalized resulting in an
overall reduction of the file size. The SDS architecture allows column values to be
represented as byte values referenced to a dictionary. This technique allows the file size
to remain manageable without compromising attribution through data decimation.

The SDS architecture also addresses the idea of smart raster (Varma 98) as it provides the

ability to store tessellations with associated attributes and RGB colour values within the
same file.

The final SDS design will encapsulate current data models using object oriented
concepts. It should emulate the concept of a book, where all meta information relevant to
the content and context of the file are resident within the same framework. Not only does
this provide better interoperability between applications in the immediate time frame, but
it also prevents information loss in the future.

12.Distributing the Archive over several machines improves
Data transfer rates.

Several companies are currently exploring options to alleviate the media to media transfer
bottleneck problem by partitioning and distributing data archives over several machines
using fast network technology and synchronized data dictionaries. The archive managed
over several machines can be treated as a single data archive for the purposes of data
storage and data extraction. However, each individual machine can also provide secular
throughput and maintenance of independent file transfer or file storage without impacting
the overall archive. This allows the simultaneous transfer of data to newer media on a
machine by machine basis in parallel.

The distributed archive architecture not only has the potential of solving the media to
media transfer problem but, in fact, lowers the cost of the archive by allowing the use of

several cheaper mid- range machines in parallel, as opposed to expensive million dollar
Servers.
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The SDS architecture supports this by allowing the data to be fully described. For
example, when defining a column, the method of interpretation may also be defined. This
would describe to an application how to read and write the column information e.g. "The

value in this column is a Gregorian calendar date in the format YYMMDD where 1900
YY is the year". :

All definitions and characteristics of the data are encapsulated within the SDS file. The

cncapsulation of this information allows the definitions to survive within the file itself for
future purposes. This allows a measure of data independence, allowing data
interoperability between applications as well as encapsulated column information for
long term archival.

N0.42.43, Summer .Auttumn 2000 \aghshebardari NCC Journal 26



minimization of the dependence on applications and outside meta information for
interpretation of data within the file.

Some properties of the SDS are:

Encapsulation of methods related to data elements in file.
Encapsulation of meta information associated with data elements in file.
Encapsulation of meta information about the file.
Portability.

Extendibility.

Interoperability.

Re-usability.

Ease of Storage and Retrieval.

Quick Access.

Ease of maintenance.

Longevity.

e Ease of organization and re-organization.

Object oriented concepts are used to provide the means of achieving these goals. The
SDS architecture consists solely of objects. Every object by definition must have an
associated class description specifying the format and methods to read, write, and

manipulate it. In this manner, the SDS architecture inherits all the flexibility and power of
the object oriented paradigm.

11. Features of the Self Defining Structure (SDS)

By design, SDS is not tied to the format or the content requirement of any particular
application but features, instead, a high level of generality. The advantage of this concept
is that the SDS supports data interoperability with a wide range of applications,
permitting considerable latitude for the user in selecting the tools and processing
techniques that are most appropriate to their needs.
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(Intellectual Property) owners can sell or transfer rights on proprietary formats. They can
refuse useage of their proprietary formats or demand exorbitant royalties for their use.

‘h! Noi He bought the rights to the proprietary format

i he danger 1s that toreign nationals could, 1n tact, legaily control a nation s data holdings
through 1P ownership ot propnietary tormats and force policy decisions. Common
solutions 1n the past were o convert data to common open ASCIL tormats so anyone
could read or manipulate 1t as open-architecture. However, as the data sets are becoming
larger and more complex. ASCIL 1s no longer an etlicient way of managing or storing
intormation. l'his has lead to a proliteration ot unauthorized transtormation sottware
using proprietary tormats, leading to problems with data tegrity, dala loss, dala
synchromization problems, as well as legal disputes over ownership. Many of these
problems could be reduced through the standardization of open interoperable
architectures tor data storage .

10. Software Independent Storage for Long Term Archives
Using the Self Defining Structure (SDS)

The Self-Defining Structure (SDS) is a specification that has been proposed to the
ISOTC211 for encapsulated storage of data for long time archival of VERY, VERY large

data sets.

The goals of SDS are to facilitate and ensure information survivability for long term
archives by encapsulating standardized mechanisms within the file itself. This means the
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Retention of the original data set expands the use of the data, since it was already useful
in the acquisition phase. It allows the data to have more functionality and makes it more
usable for future purposes.

“How come when | zoom, only my numbers get bigger”?

The issue of scale is highly important when it comes to data loss. In general, the
relatively low density of data that is suitable for small scale maps is insufficient for
detailed large gcale maps. Conversely, the higher densities of data needed for detailed
mapping of large scale maps are excessive for small scale maps. As a rule, detailed data
can be generalized for the purposes of creating a large scale portrayal, once in this form
1tis impossible to return to the detailed data unless one actually maintains the original
data. This locks the data to a generalized scale causing it to lose the functionality of scale
independence.

Some have equated the word degraded to the word generalized as pertaining to data loss
due to scale. To maintain a scale independent archive, it is necessary to store the data at
the scale it was obtained or at the best scale obtainable. This allows the flexibility to
generate maps or charts at various scales from source information.

9. Proprietary Data Formats

A significant issue that has become glaringly apparent is the wide variety of spatial data
formats. The proprietary nature of the storage formats has lead to legal issues and
ownership problems. Proprietary formats are ,by their very nature, saleable commodities,
subject to legal issues such as useage. rovalties and transfer of ownership. The IP
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8. Data Decimation and Scale

The use of digital geotemporal data plays a key role in the interpretation and analysis of
environmental, geological and urban processes. Geotemporal data must contain
locational, temporal and associated attributes necessary to formulate trends at the
analysis level.

“Mavhc we can make it fit by removing longitudes and depths™

Users of digital geotemporal data are often faced with a lack of essential attributes within
their datasets. This is primarily due to the well intentioned but misguided attempts to
reduce file size for data archival through attribute depletion or so called data decimation.
Certain specific attributes are deemed unnecessary and are dropped or generalized in an
effort to keep the file sizes manageable. An example of this was the lack of track
identification in the legacy data sets used for the continental shelf delimitation. In order
to compensate for this loss of information, a special purpose program had to be
developed to infer artificial track numbers whenever there was a time or a distance gap.
This was a best guess scenario, since the original track information was removed. In
some cases, the original information was irrecoverable and the data was lost forever.
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The above depiction is made up of three sets of data, generated from the same data
points. They have been manipulated three times by the same GIS, causing severe round
off problems as can be seen by the displacement of points and contour lines in the
example. The initial collected positions no longer exist, only the transformed coordinates
remain after each manipulation. The danger is that these degraded coordinates can be
subsequently reentered into a spatial data warehouse without the user ever being aware
that he has violated the data integrity of the warehouse.

This has severe implications if this level of degradation is applied to geodetic control,
benchmarks etc. on which entire survey networks are based. If land parcels and
territories are continuously shifted in an adhoc manner, one can imagine the legal
implications of territorial rights, where land or sea areas, land parcels, national and
provincial boundaries are insidiously being subjected to degradation in spatial databases
that are legally administrated by national, international and municipal agencies.
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associated with the file indicating what or it velocity or tidal corrections had been apphed
to this data, leaving the data in a questionable state.

I'his leaves the dilemma ot ascertaiming which dataset 1s more vahd. 'he lack of
metadata in Canada’s ottshore dataset creates a huge problem. Should Canada ratify
Article /6 — Law of the Sea, we will have to erther use the data we currently have and
risk losing some of the area that the country 1s entitled to due to nebulous information, or
spend a great deal ot money re-surveying Canada's ottshore to venity the data sets.

A. possible explanation for the variations in data could be ditferences in vertical and
horizontal datums. A shift from NAD27 to NAD83 or WGS84, for instance can create
discrepancies in the order of hundreds of meters.

“We ve got to do something about depths plotting on land every nme we change projections

A second explanation is that conversions between projections (Mercator and UTM ) can
result in a loss of precision, caused by floating point roundoff errors in projection
computations. This makes the case for storing spatial information in projectionless
ellipsoidal coordinate rather than projected coordinates. Ellipsoidal coordinates can be
depicted on any projection, which would virtually eliminate the degradation of spatial
data caused by accumulation of roundoff errors through multiple conversions.
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7. Data Degradation Caused by Projection Conversions and
Datum Adjustments : an example

Preliminary assessments ot the outer limit of Canada’s juridicial continental shelt have
been based on the assembly and analysis of legacy data (MacNab et al, 1996). This
information consisted of depth measurements that were collected by many agencies, with
many platforms, on many ditterent datums, using various technologies and various scale
resolutions. In most cases, it was not clear whether the data had been normalized to a
common datum or whether it had been lett n its original torm. I'his translated into
considerable uncertainty about the depth and the positional accuracy throughout the

data sets.

“Funny.... the data was there a minute ago”™

There was no indication of the source of the data, let alone any information such as
resolution, scale, ellipsoidal or datum information. The problem became obvious when
the data sets held in the Canadian archives were merged and compared with data sets held
elsewhere. Based on the shape and spacing of the points, duplicate tracks were identified;
however, upon closer examination, they were observed to be slightly offset horizontally.

Another issue that became obvious during this exercise was that the points that could be
identified as being the same had different depth values when obtained from different

agencies. The probable cause was that there had been different sound velocity or vertical
datum adjustments applied to the depth values. However, there was no meta information
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“What do vou mcan he s dead”? He's the onlv onc who knows what this data 1s™

It has been argued that it is the responsibility of the data managers to maintain data and
metadata, however this is not necessarily true with respect to the transfer of data. Several
scenarios can occur where the data manager has no control over the data. For example,
once the data is out of the hands of the data manager, he or she will likely have no idea of
the sort of manipulations that have been performed on the data. This leads to the issue of
metadata dependence on users. In many cases, the current user has to contact previous
users of the data in order to acquire meta information that pertains to the historical
context of the data. This has serious implications, if the previous user has retired, or
worse, exited this plane of existence.

There is a series of pertinent information that must be stored with the data such as:

What is the quality of data? ;
What time frame was it collected in? |
What techniques and tools were used to obtain or manipulate it? |
Is it the original data or a generalization of multiple datasets? I
What is the scale resolution of the data? :

If this type of metadata is not included with the dataset, it is necessary to locate the
intormation. In some cases, the intormation may not be obtainable for various reasons,
forcing assumptions 1o be made based on guesses. This reduces contidence in the quahty
ot the data and affects 1ts interpretanion. Knowiedge of the dataset s pedigree gives the
abiiny 1o provide a more accurate depiction to potentuiai decision-makers
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6. Meta Data Information Loss

Meta information is the description of a particular data set: its provenance, its processing
history, its format and other ancillary information required to realize the full value of the
data. It should define file content and file structure, including details such as column
names, column types, version dates and essential information about encoding schemes of
the data such as coordinate systems, units, reference datums, and reference spheroids etc.

Proprietary GIS and image processing software often require that basic information about
the data file be known, such as the spatial reference information. This information is
usually not encapsulated in the file and is contained within the application software or
.ancillary file systems.

“In some cases, the proprietary software does not have any spatial reference information at
all and requires that the data be in some recognizable format that can be imported into the
system. This is acceptable if only one dataset is being used but in many cases multiple
disparate datasets are required for data analysis. The lack of appropriate metadata forces
one to spend valuable time researching the lineage of the dataset. It is at this point that
assumptions have to be made about the state of the data. Where did it come from? What
specific geographic area does it represent? Is the data in its original form? What ellipsoid
is it on? What datum is it on? The lack of this type information often leads to wrong
conclusions determined from the data, based on wrong assumptions about the data.

Without proper meta information, assuniptions have to be made with respect to the data,
bringing into question its reliability and quality, which directly affects its interpretability.
A basic question that has to be considered is the type of processing that has been applied
to the data. Most application software do not have the capability to record or maintain
metadata about digital geospatial data within the data file. This requires that the data
manager or user record metadata information in separate files (or notes). This has the
potential for meta data loss if this separate file or files should ever be compromised

Several standards for the collection and maintenance of geospatial metadata have already
ontents Standards for Geospatial Metadata). Although these

standards are there, they are not always followed. The main problem lies in the inability

to maintain this information within the datafile itself. Because of this problem, metadata

can easily be misplaced or forgotten when transferring data from one organization or
person to another.
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Some technology providers provide migration software to new formats and architectures;
however, this may not be enough to solve the problem where large volumes of archived
data are concerned. Many institutions are not able to incur the cost and effort of
converting the legacy information to newer formats, and have no option but to abandon
the older records. This information loss disrupts time series and trend measurements,
which can result in wrong research or policy decisions made by analysts who have no
choice but to work with inadequate information.

“Another half a million dollars and I'm surc wc can make it go faster”

Another option is to maintain obsolete hardware and software to allow access to the
legacy data. This adds to the cost of maintaining older holdings alongside the newer
technologies. The retrofitting of obsolete hardware and software to the newer
technologies has proven to be expensive, inefficient, time consuming and problematic.
The alternative is to extract digital information in accordance with the specifications of
the software that produced it. In principle, one does not have to operate this software if
the rules of its operation can be described in a way that it does not depend on any
particular computer system. With decoding rules and meta information encapsulated in
the file itself, future generations of users should be able to recapture older digital
information by recreating the behavior of the originating software.
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definitions are stored with the data in a known standard form, other applications that lack
instructions for decoding them will be unable to use the information. Many commercial
packages store information in complex proprietary architectures, which can only be
interpreted by the software that created them. As a rule, descriptions of the file structures
created by such applications are not readily accessible, resulting in data loss when the
proprietary software is no longer available.

Brute-force decoding of these types of file systems is not an easy task, because the
meaning of a file is not necessarily inherent in the bits that it contains. The contents of a
file can sometimes be interpreted if it is self-contained,( i.e. if it includes encapsulated
meta data and an adequate description of its architecture). Many information technologies
embody such schemes, but regrettably, they often abandon them in the course of adopting
new forms. This creates serious legacy problems by locking organizations into

proprietary formats that may no longer be effective or versatile enough to meet evolving
needs.

On a spring day in May 1869, the Central Pacific Railroad met the Union Pacific
Railroad to span the American continent by rail. Fortunately, by this time the en gineers
had, by and large, settled upon a sinlghle track gauge standard. One might speculate on
what might have happened if the 19 Century railroads had continued to pursue the
policy of non-standardization, as is rampant today.
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1) Translate records into standard forms that are independent of any computer system

2) Extend the longevity of computer systems and their original software to maintain the
readability of documents.

“Doug." | thought you told me punched cards were more stable than magnetic tape

Unfortunately, both strategies have potential shortcomings. Unless digital.information is
stored in a standard form that encapsulates essential meta information, future usability
can be compromised through the loss of specifications of file schema, file structure and
the data itself. Moreover, physical storage media is far from eternal. Paper media, being
organic, is subject to decay. Magnetic disks and tapes are vulnerable to stray magnetic
fields, oxidation, and material decay. CD-ROMSs have oxidation problems that cause the
digital pits to degrade over time. Gold platters are subject to flow problems that cause
annealing of the digital pits. The contents of most digital media, in fact, may disappear
long before records that are printed on high quality paper. Even if the media were more
long-lived, the information they contain can be rendered obsolete as computer systems
and software applications are continually revised to meet escalating demands for

There 1> comnsiderable controversy over the physical hifetunes of media: for example. some claim that tape
will fast for 200 vears, whereas others repont that #f often Gails 1 a vear or two. However, physwcal Lifetine s
rarely the linuting factor, since at any given point s tine, a particular format of a given medsm can be
expected 1o become ubsolete within no more than 5 years

Medium practical physical lifetime avg. time until obsolete
optical (CD) 5-59 years 5 years
digital tape 2-30 years 5 years
magnetic disk 5-10 years O years

Figure 2: The medium is a short-lived message
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3. Media and Technology Issues

To understand the basis of the problem, it is necessary to examine the nature of digital
storage. Digital information can be stored on any medium in the form of bitstreams. In
the past four decades, the types of media for storing these bitstreams have ranged from
punched cards to paper tape to magnetic tape to magnetic disks to optical disks. In order
to prevent the loss of digital information stored on such media, it has been necessary to
copy digital information on a regular basis onto new forms of media, thereby maintaining
their longevity and accessibility (Rothenberg 1995). This approach is analogous to
preserving text which must be transcribed or reprinted periodically.

The future survivability of digital information depends on an unbroken chain of
migrations, which must be frequent enough to prevent the media from becoming
physically unreadable or obsolete before they are copied. A single break in this chain can
render digital information inaccessible and lead to data loss. Migrations are required as
frequently as once every few years to mitigate the transient nature of the media.
Eventually, the development of long-lived storage media will make media migration less
urgent or frequent. However, frequent changes in software applications, coupled with the
lack of encapsulated meta information with the data, continue to pose serious risks to the
future survivability of digital information.

Photo 1: The Rosctta Stone has far outlasted dgalal media

-

In light of these concerns, two strategies have evolved for preserving digital information:
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resources and tunds to save the data. A prime example of this was the joint
NASA/NSF/NOAA ettort in 1990-99 to recover several years’ worth of TOVS/AVHRR
satellite data trom an obsolete computer system. The herculean and expensive ettort to
save this information resulted in the preservation of a valuable record that documented
global warming over a 20-year period. Data loss can be minimized or even prevented
with the use of better data archival strategies as designed and promoted by international
groups such as the International Standards Organization Technical Committee 211 on
Geomatics (1SO 1C211) for Image and Gridded Data. Unfortunately, the operating
priorities of many world and national data centers force them to concentrate almost
exclusively on increasing the power ot existing computer infrastructures in order to cope
with escalating data tlows. They are less able to focus on prepaning for the future by
seeking and adopting innovative storage techniques and methodologies. A number of
anecdotal examples can be cited to demonstrate the significance ot data losses which
could have been prevented 1t these types of data strategies had been made available at the
national and international standards level.

2. Rapid Data Growth

I he rate ot data acquisition has experienced exponential growth in recent years. kor
example, there are programs that deploy a variety of satellite, airborne, and shipborne
sensors for the intensive mapping ot landtorms and seatloor. 'hese programs are
collecting vast quantities of data that exceed terabytes (TB 1000 gigabytes) to petabytes
(PB 1000 terabytes) a year in range. | hey produce enormously large scientific data
holdings with substantial requirements tor archival and retrieval facilities. Current
database technologies are not designed to handle extremely large, multidimensional data
sets tor long term archival. This 1s due, 1n large part, to the instability of the RDBMS
applications themselves, which are constantly evolving and changing internal structures
with each new version. This does not ensure backward compatibility ot database
applications which are necessary for long term archival. Clearly this has a direct impact
on the stability and usability ot very large data sets.

In an upheaval as great as the introduction of printing itselt, information technology 1s
revolutiomzing the concept of record keeping. The current generation of digital records
has unique histonical sigmiticance with the advent ot the Internet and other technological
breakthroughs. Yet these records are far more fragile than paper, placing the chromicle ot
this entire period 1n jeopardy.

Two realities define the current state of affairs:

(1) Hardware and software components tend to become obsolete sooner than the
storage media, leaving behind massive volumes of data in propnetary legacy
systems.

(n) Some key software systems are evolving without maintaining backward

compatibility in terms of device readability, portable file management, network
connections and other operability 1ssues.
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Abstract:

During the last 30 years, there has been a serious neglect of the information base stored
within our data holdings.

In the 1800°s data was stored in media such as books, which had encapsulated indexes,
meta information, versioning and data. The media, paper, was stable and could be opened
up a hundred years later and the information could still be retrieved. Due in large part to
rapid technology shitts and the lack of appropriate international standards, this 1s no
longer the case.

For the past 30 vears, technology shitts have created serious problems in large data
repositories. 1he constant change of storage media from punched cards. to paper tape to
800 BPI magnetic tapes, to cartridges, to magnetic disks, to optical media etc. has
resulted in major problems for very large data archives. The hardware and software
required to read the old media may not be available in a hundred years, leaving the entire
information base in a crisis state.

The technology providers also constantly change application sottware to store and read
data. These changes are sometimes implemented within the space ot six months, such as
i GIS and Wordprocessing sottware applications. The software 1s not always backward
compatible due to the encapsulation of proprietary file architectures. algorithms and
smart compression. These file architectures, algorithms, compression or otherwise, may
not be available if the company should ever go out of business or radically change the
apphication domain,

['here 1s an urgent need to stabiljze the storage data structures to some open nternational
standard for long term archival. It not, the large data holdings will be 1n jeopardy - not in
a hundred years but 1n less then ten years.

A generic storage mechanism, SDS ( Selt Detining Structure ), has been proposed to the
ISO1C211 WGI under the guidance of the Image and Gridded Data Working Group.
I'hus paper addresses problems encountered in the state of the data sets used tor Canada’s
Law ot the Sea project and possible solutions using SDS (Self Defining Scructures) and
distributed archives.

1. Introduction
Most data managers and users of large databases are familiar with situations where vital

holdings of scientitic and business information would have become irretrievably lost on
account of technological and sofiware changes, if not tor the major allocations of
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employers’ advisory group

- Up to now, which countries have you
professionally visited (in the GIS field) and how
do you see Iran in this context?

A. In the context of GIS 1 have also
professionally visited USA, Norway, Belgium,
France, Austria, Germany, Colombia, Bolivia,
Zimbabwe,  Thailand, China, Malaysia and
Singapore. Furthermore | have been employed by
GIS organisations (and thus also lived) in
Indonesia, The Netherlands and Canada.

Unfortunately 1 have been so focused on
education while in Iran it is difficult to see how Iran
fits in. However I have been very impressed by the
high quality of education of the students I have met.

But certainly in my own country the general
public are becoming much more aware of the
usefulness of high resolution imagery, and because
they will demand it the remaining problems of data
volumes must be solved.

- How do you consider the role of developing
countries in the third millenium which is
absolutely knowledge- based and in which
“information is power”.?

A. My experience is that the “information -is -
power” mentality is found everywhere - but it
achieves little. Surely an informed society is a
successful society? Isn’t that why governments
invest in education? Your own government now
seems to take education very seriously - so one must
expect a successful society as an outcome.

- Every subject regarding mentioned topics that
you think is interesting, please let us know.

A. The quality of student seems very high and
they work hard. [am a little worried about the lack
of reference material to support research. Perhaps
there is not a high enough priority given to getting
the respected internatioanl GIS journals into
libraries.

In my country perhaps GIS has been oversold as
an easy tool to use. There are issues involving
coordinate systems, and transformations between
them which are not well enough understood. It is
dangerous to make people think GIS is very easy. At
the professional level a GIS expert should be capable
of solving quite complex education in coordinate
systems and projections . And the same may be said
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about programming- a GIS professional must be able
to program. (Farsi Section,Page #¥)

JIK
An International Advanced School in RS&GIS

Introduction

JIK is an Iranian advanced school formed by
three partners: the Iranian Ministry of Jahad-e-
Sazandegi(JS), the international Instritute for
Aerospace Survey and Earth Sciences (ITC),
Enschede, The Netherlands and the Khajeh Nasir
Toosi University of Technology (KNTUS) ,Tehran;
Iran.

JIK refers to Jahad/ITC/KN Tossi joint
programme. The Minsitry of Science, Research and
Technology of Iran officially accepted JIK in 1999,
making it the first Iranian international advanced
school in  Remote Sensing & Geographic
Information Systems.

The JIK educational programme offers three
specialistations:  Watershed and Environmental
Management,  Rangeland and  Agriculatural
Management, and Geoinformatics.

In all three specialisations, the focus is on the
application of Remote Sensing(RS) and Geographic
Information Systems(GISs). Successful completion
of the programme leads to a Professional Master’s
(PM) or a Master of Science(MSc)degree. The 12
months PM course is a professional degree by course
work. The 18 months Msc course is a master’s
degree by thesis. For the Msc course a midterm
evaluation must be passed successfully before
participants can continue with the advanced topics
and research work. The course work and fieldwork
are completed in Iran and the thesis writing and

defence take place at ITC in Enschede, The
Netherlands.

The aim of the programme is to achieve critical
understanding and competence in the application of
geographic information systems for the processing,
analysing and presentation of geo-information, as
well as develop skills to carry out research in one of
the above-mentioned specialisations . It emphasizes
the use of remote sensing methods for the
acquisition of up-to-date terrain and land cover
information, and the application of GISs for the
effective management and analyses of spatial data

sets.  (Farsi Section,Page Y4)
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Design and implementation of VLSDBs
Spatial decision support systems
Visualizing the quality of spatial information
Formalising Cartographic Knowledge
Institutional sharing of spatial information
Temporal and spatial reasoning in GIS
Remote Sensing and GIS
User interface design
Spatial analysis and GIS
Legal Issues
GIS and Global change
Most are fundamental, but the last is a very
importatnt  application. My own fundamental
research area is that of error and GIS.

- How is the status of GIS job market?

A. In my opinion the GIS job market is excellent.
In my country not very top students who have a GIS
education can immediately start working in GIS on a
salary equivalent to aboutl!5% above the national
average starting salary for graduates. For the good
ones it is better! But if they want a surveyingor
photogrammetry job the salary is below that national
average.

- How do you see the future of GIS and how do
you evaluate its promotion through Internet?

A. The future of GIS more GIS. but also more
awareness of data quality issues amongst the users. |
think much more high resolution imagery.(from
aircraft and satellite platforms) will be used.

Because of the importance of geospatial
" information to society and GIS being the means to
present that infromation to society GIS has an
expanding future. People increasingly expect to
receive information via the internet, thus this must
happen with geospatial information. The technical
aspects of this are in the hands of the Computer
Scienctists and Engineers, but geospatial scientists
have a responsibility for ensuring that the
information is useful and useable

What is the present status of on-job training
courses specified for executive tasks? What GIS
training courses are available at present for
different educational courses such as technician
course, BS, post graduate, MS,etc... in your
country ? Has any change been predicted for the
future?

A .In my country a large number of short(1,2,3
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day )courses are available to executives wishing to
learn something about GIS. These are essentailly on-
the jop courses . I am not aware of any technician
level GIS courses- although those related to
Geomatics will have a GIS component. The same is
true of bachelors level courses, where you may find
a GIS component in Geomatics, Civil Engineering,
Geography, Archeaology and Planning courses.
There is one university offering a Bsc in GIS (that is
the University of Kingston). There are about a dozen
Msc’s on GIS on offer. Two have a consistently high
number of graduates and the industry relies on them
very much(these are at the universities of Leicester
and Edinburgh). My own university has one Msc
which is GIS - related, called Cartography and
Geoinformation Technology but as you can tell
from its name it is dominated by Cartography.

- There is a considerable willingness in
developing countires among educated people and
experts to go to USA. Is it the same in your
country and European countries? What is your
idea about such a phenomenon and should it be
handled?

A. No, few professionals would consider
permanent relocation to the USA. There is some
interest among young academics to do a higher
degree in the US , but their intention is usually to
return to the UK therafter. Personally I could not
name more than five mapping professionals who
have moved permanently from the UK to the USA.
The British mapping industry was at rather a low
ebb in the mid seventies, so some people moved
from the UK to the USA(or Canada)at that point and
stayed.

- What solutions do you suggest and what
measures have been taken in your country to
establish good links between industry and
academic associations? Has there been any joint
projects?

A. The government actively encourages joint
research projects between academia and industry.
The chances of getting government support for
research are much higher if a proposal includes an
industrial partner. Most university courses have to
have an employers’ advisory group which comments
and advises on course content. For our own courses
our industrial Advisory Group(as we call it) meets
every six months.No changes in our courses are
accepted by the university unless approved by an -
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- 1978-1983 Higher Scientific Officer, Thematic
Information Service, Natural Environment Research
Council , United Kingdom

-1983-1992  Lecturer/ Senior Lecturer Of Dept.
Geoinformatics,Dept ITC , The Netherlands
(cautomated cartography, GIS)

- 1992- 1994 GIS consultant, National
Coordination Agency for Surveying and Mapping
(BAKOSURTANAL), Indonesia

- 1995- present Senior Lecturer/ Reader Dept. of
Geography .and Topographic Science, University of
Glasgow,  United Kingdom(GIS, Digital

Photogrammetry, Research Coordination)

- When did you come to Iran and what are the
fields of your activity in Iran?

A. larrived in Iran on Sunday 16th July, 2000. It is
my first visit to Iran(but I hope not my last !) My
main task in teaching GIS at K.N.Toosi University ,
but I have also been asked by Dr . Valadan Zoej
(Head of Geomatics at K.N.Toosi Univeristyg) to
help 4 of his PhD sutdents, specialisting in GIS ,
prepare their Research Proposals.

- What’s your difinition of Geomatics?

A. My definition of Geomatics ....A difficult one!
Usually when I use it at home people say “what is
that ?” To them my answer is that it used to be called
Land Surveying but that is rather old fashioned so
now we call it Geomatics,because it involves lots
more than just land surveying.
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But a real definition that suits me...

- A study of the size and shape of the Earth and its
enveloping space,

- the techniques for acquiring high quality® data
representing the spatial and non- spatial attributes of
those entities concerned with man’s day-to-day
activities occupying that space,

- the techniques to store and retrieve easily these
data for the purposes of information generation
- and the visualisation of that generated information.

- Please say about world of GIS and new
advances in it.

A.There are some research issues which have
been with us for a long time, and are still with us,
unsolved including Generalisation(which has moved
into GIS from automated Cartography) and the
problems of rapid access to very large databases.
The second of these is made more difficult because
of the need now to also handle vast volumes of
image data in the GIS environment.

Other- new ideas coming from Computer Science,
such as Object Orientation and Deductive Databases
are gradually being introduced,-but it is much slower
introducing them to the general GIS user than it was
to introduce the Relational model in the 1980°s that
happened rapidly. So possibly a clearer under-
standing of the GIS workplace must also be
obtained. It is no good devising clever but unusable
systems. The Management of Change is not an
attractive research area for younger people trying to
get a PhD in three years- but it is a big problem.

Another strategic rather than technical issue is
access to data and its copyrighting. The internet has
created a global environment for data exchange, but
there are not global rulles managing these
exchanges. Should there be ?

3D GIS is not widely implemented. But we have
been ghthering 3D data in geomatics for centuries -
so we must need it and so it makes little sense only
to have 2D GISs. Again there are few working
systems, and no specifically 3D GIS analytical tools.
Are there some- if so we should indentify them.

A dominant list in the GIS research agenda was
that produced more than 10 years ago by NCGIA. Its
content is still valid, and includes:

Accuracy of Spatial databases
Languages of spatial relations

Multiple spatial relations

Use and value of geographic information
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FOCUS

Abstracts , Ieterviews And Papers

I-ABSTRACTS

Investigation about the Effects of WGS-84
Reference Station Position Errors on Remote
Station Positions

BY:Yahya Jamour ; M.Sc. in Geodesy

Differential operation of GPS is achieved by
setting out a reference station with a GPS receiver at
a known location and a remote station with a GPS
receiver at a unknown location. The coordinates of
the reference station should be in WGS-84 system,
which we usually assume is exactly known. In
practice the position of the reference station in
WGS-84 may be not exactly known due to some
practical difficulties. For example it can be imagine
two situations: 1) it is possible there are no any
known station in working area and we have to use a
reference station from point positioning method, 2)
and other case is that there is a known reference
station in working area but it is not in WGS-84
system. Therefore “investigation about effects of
reference station position errors with respect to
WGS-84 system on remote station positions™ is very
significant. )

For this investigate it was considered 4 baselines
from ~4km to ~90km. With assumption that position
of reference station is exactly known in WGS-84
system, these baselines were processed and analyzed
by inserting five different error values (1m, S5m, 10,
50. 100m) in the reference station coordinates.

The obtained results show that in differential GPS
positioning (particularly double difference) by using
the psudorange observations the effects are
negletable, but for carrier phase observations the
effects are important. Since we often use phase
observations for processing and analyzing, so it
should be in attention. According to the results, for
every 6m to 10m error in the coordinates of
reference station is resulted lppm error in the

baseline. (Farsi Section,Page & )
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Photogrammetric  Technique for Cultural

Heritage Recording
By :A. Malian,Ph.D Candidate

Historical buildings and ancient monuments are
valuable cultural heritage of nations, that are
unfortunately being damaged due to human
intergerence, weather conditions and environmental
pollution, So, it is necessary to record all of them in
a rapid and easy manner, in order that archaeological
studies and establishment of a National heritage
Archine  becomes possible. Close  Range
Photogrammetry (CRP) with interesting and unique
capabilities is the most useful tool for this purpose .
Using CRP techniques Accurate maps of historical
buildings can be easily prepared in short time and

low cost. (Farsi Section,Page Y& )

High Resolution Satellite Imagery-A Review
of Mathematical Modeling

BY: Saeid Sadeghian, Ph.D. candidate

With the successful launch of IKONOS satellite,
the  photogrammetry and remote  sensing
communities entered the era of commercial high
resolution earth observation satellites. This Im
satellite imagery will display the metric quality to
support topographic mapping to large scales,
(10:000), as well as ground feature determination
from multispectral imagery to better than 5 m
accuracy. This paper deals with investigations on
the geometric reconstruction and sensor calibration
of high resolution satellite imagery. This geometric
solution combines the principle of rigorous
photogrammetric bundle formulation with additional
constraints derived from known relations assuming
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an elliptic orbit. The parameters of the interior
orientation, e.g. focal length and principle point
coordinates, are determined by self-calibration.

In addition, most high resolution satellite vendors
do not intend to publish their sensor models. A
possible interim solution is to use approximate
models. These include rational function, the direct
linear transformation, an affine projection approach,
polynomials,....Each restitution model has its‘merits
and limitations, and of central importance is the
provision or lack of provision of the camera models
for the different high resolution satellite systems.

(Farsi Section,Page Y4 )

Bernese GPS Software
By : Hamid Reza Nankali.Ph.D Candidate

Nowadays, several commercial software
packages such as GPS Survey, GPPS,SKI,Mstar, are
on the market :

These commercial softawres are suitable for the
projects that need accuracy equal to | or 2 cm.

For the highest accuracy and scientific research
we mu. use the world wide standard processing
software such as Berness This software has been
developped for scientific users, high accuracy GPS
survey. big permanent GPS array the software tool is
particulary well suited for rapid processing of small
size signle and dual frequency survey permanent
network processing, ambiguity reslution on long
baselines(tpto 2000km), lonosphere and troposphere
model combination of different receive types.
Simulation studied orbit determination, and earth
rotation parameteres. The more system is actually
written in fortran 77 and contains more than 700
different program unist and arranged locially in five
different parts of software. the accuracy better than |
mm can be obtain by this software under suitable

conditions (Farsi Section,Page 8+ )

Platforms and tendency of sensors for mapping

By:A.Haghighat . S.Hejazi, M.Sarami. M.Ghorbani

The number of sensors in space usable for
mapping is growing. Several new sensors are
announced for the near future and several proposals
are exists. Influenced by the increased availability

and improved ground resolution a strong progress of

the use of space images will be made very soon.
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Based on the development of the space technology,
line sensors for stereoscopic coverage are now
available for use in aircraft. In addition also the first
commercial CCD-array cameras especially designed
for use in dircraft are distributed.

Not only passive imaging, but also active sensors
have to take into account. For special applications
and especially in the tropic area Synthetic Apeture
Radar has to be respected. Laser scanning from
aircrafts can be an economic solution for he
determination of digital height models.

As we know, the produce and generate of glob map
1:25000 of IRAN is in the head of protocol of NCC.
By attemption to novel progress in remote sensing,
we hope to use more of this technique in the trend of
land use map generation and alos up-to-date of

current map. (Farsi Section,Page AA )

 2-INTERVIEW

By:M.Fozoonball, S.Moghaddami

Dear Dr. Drummond, welcome to Iran & NCC.
We hope that you enjoy your stay in our country,
there is number of questions that We’ll be
grateful if you could answer them.

First Pleae introduce yourself and say about
your.education and Work erperienues.

A.Thank you for the opportunity you have given
me to present some of my ideas. | will take your
questions sequentially
- Jane Drummond; British national born in South
Africa, 1950
- BSc in Surveying (now Geomatics) - University of
Newcastle upon Tyne, United Kingdom, 1973
M.Scin  Photogrammetry - University of New
Brunswick , Canada 1977.

- PhD in GIS - Universiity of Newcastle (upon
Tyen), United Kingdom , 1990. ‘

- Associate of the Royal Insitution of Chartered
Surveyors, 1995

- Member of the Institution of Civil Engineering
Surveyors, 1999

- 1973- 1975 Photogrammetrist at Hunting
Surveyous and Consultants, United Kingdom
(Photogrammetry and digital mapping)

- 1975 - 1978 Research Assistant/ Research
Associate in University of New Brunswick, Canada
(photogrammetry and digital mapping)
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