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Workshop on
National Mapping Agencies and the Internet
“Developing Strategies for Geospatial Data in the New E-Age”

held at Ordnance Survey GB, Southampton,
8—10 March 2000

(with 2 figures, 8 tables and 3 appendices)

Report by Rob Gower
Ordnance Survey GB
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Summary
Aims and objectives of the workshop

The aim of the workshop was to stimulate the thinking within European National
Mapping Agencies about the Internet and the electronic collection & delivery of
geospatial data. It was an opportunity to assess the impact of the Internet on the way we
carry out our business. The stated objectives were to:

e provide an overview of trends and developments

e provide an opportunity for NMAs (National Mapping Agencies) with established
services, and those planning new services, to exchange experiences

e promote of best practice / discuss future developments and issues

e get the system vendor's view of NMAs

The workshop took the form of presentations to the group in plenary followed by a series
of breakout sessions. Following the presentation the group was split into two teams for
informal workshops led by a facilitator. Each breakout had a theme that focused on
particular issues explored by the speakers with the emphasis being on the exchange of
knowledge, ideas and experiences. Terminals with full Internet access were available for
demonstrations in the breakout sessions.

Findings

The main conclusions from the workshop are that the world of e-commerce is changing
fast, it is incorporating not just the desktop but mobile communications and associated
services. New service providers require content and NMA's are content providers.
Service providers require timeliness and have a disregard for quality, NMA's therefore
need to ensure their services are responsive and are fit for purpose.

13



NMAs who do not fully embrace this new world and are slow to adapt or inflexible are
going to find the future tough. There are external environment issues over which NMA's
have little immediate control and therefore need to anticipate changes and adapt. In
doing this NMA's need to review their role and clearly determine what they contribute
uniquely and what they do best in this dynamic environment in which we now operate.
This is likely to require that NMA's deliver better currency, better data services and will
need to work with customers and partners to achieve much of this change. There will
always be constraints of some kind, and these constraints should be treated as
variables that can be adjusted to maximise the operating environment in ensuring that the
NMA role is preserved in supplying a key underpinning national role for the future.

Key messages were:

14

Transaction and subscription-based pricing and licensing models will have to be
developed by NMAs.

The 'business to business' rather than 'business to consumer' market is the
primary area for growth.

New partnerships will be necessary if NMAs are to succeed in reaching the new
internet markets. It will be the Application Service Providers who will deliver
total solutions to the end users.

The NMAs are evaluating their role as information providers, with that
information being highly maintained and to the specification required for
national/regional infrastructures.

Primary focus of NMAs should be data capture and maintenance.

The benefits of Internet working not only make geospatial data more accessible
to more users but also have the benefits of lower data supply costs, easier
updating, self-auditing and reduced time-cycles.



Session 1 - The Impact of the Global Economy

Presentations:*)

Menno-Jan Kraak (ITC, Enschede): National Mapping Organizations and the Web
Peter Woodsford (Laser-Scan Ltd., Cambridge): The OpenGIS Web Mapping Testbed

*) see appendix C

Key issues:

e Map as an index to other information
e Data integration
o More important in future
e  Timely delivery
o Need to be ready when customers want data
e Data services (rather than simple data provider) role for NMA's
o Include basic services such as
o Relevant level of currency
o In-line processing (e.g. image/projection etc.)
o Interactive services
e Impact of new players - e.g. Microsoft

Breakout session
The session addressed the following question:

What are the impacts of the global economy/use of data on the
European geo-information infrastructure?

15



Team 1 - feedback

OPPORTUNITIES

THREATS

Reduce the cost of distribution

Expectations of low/lower
costs

Create new products for the
web

Expectation that data is today's
data

Exploit NMA's ability to
maintain and provide up to
date data

EU moving towards the US
model (cost of distribution
approach)

Working with partners to build
the services

Loss of the 'crown
jewels'/assets

NMA's cannot get their
collective European act
together - loss of markets

NMA's do not have clear
strategies for dealing with
commercial data/service
providers.

16




Team 2 — feedback

ISSUES & CHALLENGES

Defining the role of NMA's?
o Data provision and/or
o Service provision/facilitation

Skills required — Data collection & maintenance, Internet sales & marketing ?

Pricing
o Who pays
o Downward pressure on prices
o New pricing policies needed

Managing differences in legislation
o National
o Regional - European

Managing customer expectations across different markets and cultures

Balancing competition and partnership

Understanding the new global market requirements

Understanding and working with different institutional and organisational
cultures

17



Session 2 - Intellectual Property (IP)
Presentations:*)

Veijo Pdtynen (National Land Survey Finland): Internet based GI-Services at the Natio-
nal Land Survey of Finland

Pelle Pettersson (National Land Survey Sweden): Internet at Lantméteriet in Sweden

*) see appendix C

Key issues:

Integrated cadastre and mapping

Free mapping - to some - e.g. national consumers

Payment mapping - business users

Develop own systems or buy-in packages or contract?
Importance & role of Metadata Referencing, e.g. by place-name
Charging (can still use existing methods)

Some services fail (accept this and move on)

New technologies (WAP, XML)

New service opportunities (e.g. personal navigation)

What is the future role of NMAs?

Breakout session
The session addressed the following question:

How can we promote access and use of geo-information whilst maintaining intellectual
property rights?

18



Team 1 - feedback

PROMOTE ACCESS THROUGH

PROTECTING IP BY

e Increase customers through:
New applications
New uses/products
Increase awareness
New forms of presentation

Link terms to usage

e Increase use:
New terms
New prices
Knowledge of data (meta-data)

Define “use” carefully

Watermarking

Making it cheaper to be honest

Chasing criminals (if they behave
like criminals)

Employing 3rd parties to manage
distributed sales

Other questions:

e  Will intellectual property rights continue to survive?
e Do we need to consider "protecting the investment in the database" rather than

intellectual property rights.

19



Team 2 - feedback

PROMOTE ACCESS THROUGH:

PROTECTING IP BY:

e Free or cheap data

Legal measures

Technological means

Restrictions on usage by:

data type eg. raster vs vector, user
i.e.different users have different
access rights, geographical area,
size of images

e Usage of GI to aid decision
making

e Different problems if data is free

e 3rd party usage of NMA data

e  Restrictions on use of free data

e  Use of value added resellers

e  Watermarking (monitoring when
used)

e  Advertising banners - tacky?

e Negotiation and contract

e Identifing user requirements

e  Enforcement: of licensing terms and
conditions, litigation as a
final option

e Developing "hot links" &

e (Clear licensing terms and conditions

gateways to avoid ignorance/misunderstanding
e Integrated development e  Free raster information
availability
e  Maximum visibility - all search e  Maintaining “firewalls” to prevent
engines hacking

e Simplifying licensing

e Developing “stand-alone” databases

e Domain name registration

e Being aware of possible exemployee
problems

e Interactive/synergy with video
games

e  Monitoring of who is connecting to
our web-sites & analysis of that info

e Exploiting entertainment value

e Case study applications of our
own data

e Providing education - to
children

e  Governmental promotion

e Lucrative links - financial
incentive & reward

e  Advertising strategy

e  Good website design

e Consultancy

e  Website kept up to date &
different

20




Session 3 - E-Commerce

Presentations:*)

Duncan Shiell (Ordnance Survey GB): Ordnance Survey and the Internet
Francois Salgé (IGN, France): IGN France and the Internet

*) see appendix C

Key issues:

e  Government directives
o timescales dictated by government - no choice - must address

e  Solutions - joint ventures
o different roles of players (e.g. France Telecom payment collection)

e Differences in national statutes (personal information)
e Information Age Society

Breakout session
The session addressed the following question:

How can NMA's meet the challenge of e-commerce?

21



Team 1 — feedback

ISSUE

POSSIBLE APPROACHES

Maintaining profitability

Define split between free and
chargeable products

Ensuring appropriate security
measures are in place

Develop new types of product
(especially for the public)

Maximising new distribution
channels

Develop collaborations

Managing the effect on retailers
and traditional business channels

Use international standards &
common approaches

How much do we ourselves and
how much do we outsource?

Use traditional retail channels
supplemented by enhanced
delivery services

What products are most suitable?

Identify and adapt core role of
NMA

Develop new pricing models

Do not treat Internet publication
as a threat to traditional sales
publication

Examine the potential for
advertising revenue

Develop product browsing with
hot links to “buy”

Invite feedback & comment and
provide infrastructure to handle it

22




Team 2 - feedback

ISSUES

MEETING THE CHALLENGE

Time-distance rapidly changing
our business environment

E-commerce will bring more
products into the free access group

Is NMA culture naturally to be
leading?

Users will need to better
understand the fitness for purpose,
therefore there is need for an
education process

What is he role of partners in e-
commerce ?

We must continue to satisfy our
major & key customer but using
new e-commerce methods

Are we retailers or wholesalers?

Growth in mobile communications
will alter the nature of data usage
through greater interactions with
the customer

We must understand the enabling
technology

E-commerce will continue to
develop on the back of emerging
communication technology

Understanding the customers
needs in new environments

Must involve partners in
investment for managing changing
technology

Maintaining the balance between
national interests & commercial
profit

NMA's must ensure their datasets
are fit for e-commerce channels

Maximising access & therefore
utilisation through
web technology

Formats must be seamless, flexible
and increasingly fitting to global
standards dictated by
communications technology.

NMA's must at very least provide
the (e-) framework

New product content must fit
emerging technology demands

Economic issues crucial for the
business of NMA's

New transaction backed pricing &
licensing models will be required

This is "just another channel" but
it will become dominant

Our business models must be fit

23




Session 4 - The Industry View

Presentations:*

Vanessa Lawrence (Autodesk Ltd): National Mapping Agencies and the Internet —
A View from a Software Company

Peter Beaumont (ESRI (UK) Ltd): National Mapping Agencies and the Internet —

A Vendor’s Perspective

*) see appendix C

Key issues:

e  Winners
BIG vs Small

FAST vs Slow

e NMA's as content providers

Need to improve content services

Fit for purpose

Better currency

Easier to use data

Establish big pipes

One stop shop for geodata

Content for those setting up portals for information
Metadata - different languages (users are international)

e Urgent Urgent Urgent

Internet time is measured in days/weeks not months/years
If you fail, re-invent yourself quickly

New demands by large companies:

o
O

O

O O O O O O

O

o
o
o

24

15 weeks deployment

plug & play with legacy systems
std operating environment
business based

component based architecture



Mobile Communications

o  Major user of e-commerce
Will revolutionize way we do things
Eg workflow on-site & downloading of data from head office "on the
job"
Data warehouse is already old technology -
Web Browser technology enables flexibility
"access enterprise data in the field"
"synchronise with the enterprise db"
o any data, any where
e  Customers
o B2B now needs treating as consumer approach
o Data leasing will become the norm
o Competitive (fast movers will have the edge)

o O

o O O O

Breakout session

The session addressed the following question:

How can NMA's work with industry partners to develop the tools to make data easier to

access and use?

25



Team 1 - feedback

WHAT MUST WE DO ?

GI industry must work together

Manage and adapt to the speed of
change

NMA's must be 'fair and open'

Government departments must act
together

Ensure the value of data does not
change (i.e. cost of updating) —
investment and institutions must
be preserved

Manage risk — fail fast not an
option

Maintain the NMA core data i.e.
the National framework

Maintain and manage traditional
partnerships

Provides means of data integration

NMA'’s are not instigating -
therefore be prepared to take new
ideas of others

NMA data must evolve

Work with Internet Service
Providers and Application Service
Providers

Ensure data is always fit for
purpose

Ensure data is interoperable

Develop partnerships

Encourage vendors to provide
tools

Be pepared to transform databases
(requires time)

Decide how much we will let
partners change and develop our
data

26




Team 2 - feedback

WHAT MUST WE DO ?

e  (learly define our core business (provision of richer geo-data management ?)

e Change our image to being fast, cheap, flexible to do business with

e Find new friends

e Develop partnerships with Application Service Providers to process the NMA
data and prepare it for new applications e.g. WAP etc

27



Four point summary of all breakout session topics and findings
1. EXTERNAL ENVIRONMENT

NMA's have little or no immediate influence over these issues but need to anticipate and
adapt.

e  Global Competition
o US influence/business values
o Mobile communications (where Europe leading)
e Rate/Speed of Change (THIS IS VERY IMPORTANT) "internet speed"
e International/National Government directives
o Government policy
e Technology advancements

2. [CHANGING] ROLE OF NMAs
These issues are mainly in the Control of NMA's

e Role - NMAs should provide leadership
o Map providers - NMAs need to be providers of better services and
delivery mechanisms providing e.g. better currency and consistency
e NMA's need to identify themselves as content providers
e Providing the geo-information framework
o 'Hooks' for other people to hang their data on
o Joining up other peoples data
e Developing partnerships
o Including other data providers

3. CUSTOMERS/LICENSED PARTNERS
NMAs can work solutions out together with customers/partners to solve these

e Fit for purpose data

o Form of that data

o Up to date (is cost related to timeliness?)

o Better delivery/access to data
e Joining up geo-information

o Framework data and linking many different datasets
e Being easier to do business with

o Price/terms

o Simpler...
4. CONSTRAINTS
These are variables that can be managed by NMA's to advance the position

e Pricing

e Intellectual Property -> Preserving the investment in the database

e  Security of the data (this will be eased by other bigger players in the info
society)

28
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List of Attendees
NAME ORGANISATION ADDRESS E-Mail NMA Web URL
Host: Director General, Romsey Road, Dwilley@ordsvy.gov.uk WWW.
David Willey |Ordnance Survey Maybush, ordnancesurvey.gov.uk/
GB Southampton

S016 4GU
Sponsor: President of OEEPE Ecole Polytechnique Otto.koelbl@dgr.epfl.ch www.oeepe.org
Otto Koelbl Fédérale de Lausanne

CH-1015

Lausanne

Switzerland
Sponsor: AGI The Association for Mark@.uk www.agi.org.uk/
Mark UK Geographic Information
Linehan 12 Great George Street

London,

SW1P 3AD
Speaker: ITC Division of Kraak@itc.nl www.tdn.nl/
Menno-Jan |The Netherlands Geoinformatics
Kraak Cartography and

Visualization
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Appendix B

Summary of Feedback Questionnaire

12 completed forms received

low high
1. Please give an indication of the overall 0 0 ) 4 .
value of the event to you:
no mostly yes
2. Were your areas of interest covered? 0 3 9
3. What should we do next?
7 More workshops?

4 A project?

6 A European User Group?

7 A central forum for promote
“best practice”?
(perhaps through MEGRIN)

Comments and quotes (in no specific order):

e an annual workshop?
e A user group/forum managed by CERCO/MEGRIN but........ not a talking shop.
Job definition must be precise, eg
o to identify technological developments (within and without NMAs),
especially in the internet/telecomms sector
o impact of tech developments on data model and structure
o transaction service based licensing/pricing policy.

If such a forum is to work, strict deadlines would be necessary and non-NMA
expertise needs to be involved, particularly from the internet/ASP/telecomms
sectors.

e a project/workshop focussing on geospatial data in the mobile comms
environment?

e it is essential to keep in contact to discuss problems and opportunities

e worth a follow up

e a CERCO working group?
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a workshop with potential users?

how do business people see the role of the NMAs?

very well put together

direction is more or less clear but progress depends on different levels of
development in different countries

can we get a European standard to provide information and data on the WWW?
hoped for a more technical exchange but understood that there are too few
operating solutions yet.

we have had a lot to learn from each other's experiences

a project to create an 'inventory of experiences'? - could include the effects of e-
commerce on conventional sales, pricing policies, experiences with new
products/services, comparison of activities on the web.

‘internet audits' to establish use of NMA's use of geospatial data on the WWW?
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Abstract

The present publication should be understood as an empirical study, treating the data
capture of digital terrain models (DTM) by photogrammetric stereoscopic measurements.
Exclusively analytical plotters have been used for the measurement. The main part of the
work is dedicated to the presentation of the measuring methods of the different centres
and a detailed precision analysis. In total 7 centres participated in the test, all using their
specific techniques also applied for their routine work.

The scope of the study resulted from the elaboration of the planning documents for the
new high speed railway transition lines of Switzerland. Rather precise digital terrain
models are needed for this project. For economical reasons, mainly photogrammetric
measuring techniques were used; furthermore, the new DTM measuring techniques like
Laser altimeter or Radar techniques were not yet available. Due to the high mountainous
character of the country it is hardly possible to use larger photo scales than 1:6,000 with
wide angle lenses. Consequently, the required height precision was fixed at £20cm. 5 Test
areas were available with different terrain characteristics, beginning with smooth weakly
inclined, through rolling strongly inclined up to rough terrain.

With the exception of two test sets, all centres obtained the required precision of +20cm.
However, in certain zones considerable individual point errors have been detected ex-
ceeding up to 4 times the root mean square error. Furthermore, it showed that one has to
take into account a considerable systematic error component of 5-10cm or 0.05-0.1%o of
the flying height.

The following methods have been applied for the arrangement of the mass points:
1. Adaptive sampling;
2. Profile measurements;
3. Measurement of a regular grid.

The adaptive sampling proved very efficient, as far as the number of measured points is
concerned. On the other hand, it showed that the measurement of a regular grid requires a
very high point density, especially in rough terrain. In general the point density lay be-
tween 3-12m, depending on the terrain and the measuring technique. Furthermore, the
systematic modelling of roads, water courses, dam sites and terrain slopes by break lines
is of great importance. It should be noticed that all slope changes, meaning the upper and
lower edge of a dam site must be measured. Whereas structure lines in the terrain should
only be drawn for clear features, otherwise it is more efficient to use some additional spot
heights.

Based on the practical investigations and some theoretical considerations an attempt was
made to establish a functional relation between the measured point density, the precision
of terrain approximation and the specific terrain type. According to these considerations,
the relative error of interpolated points can be estimated according to the formula
o = ax*d; (o = coefficient depending on the terrain type and also on the required precision
and d = the mean point distance of the supporting points). For o we obtained 0.01 for flat
and smooth terrain, 0.02 for rolling terrain and up to 0.04 for rough terrain for a precision
of £20cm. One should also take into consideration that there is a “constant” or systematic
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error component of 5-10cm or 0.05 to 0.1%o of the flying height and the final precision
formula should then read:

o= \/ [(a d) + constantz]

This formula allows one to estimate the necessary point density for random distributed
mass points. Under optimal conditions, a precision of £20cm or 0.2%o of the flying height
can be reached.

Thorough quality control is also of great importance. The present investigation was based
on the precision analysis of a grid with a mesh width of 25m. This grid was measured
photogrammetrically; in principle one can recommend such a grid for internal precision
analysis. However, measuring problems on specific terrain features are more clearly
detected on terrain profiles with narrow path length. Most probably it is advisable to have
both control elements, a regular grid and some profiles measured and analysed by the
photogrammeter for thorough quality control. Nevertheless, additional terrestrial control
measurements are recommended, in order to determine the absolute precision, including
possible systematic error components.

It is remarkable that all analytical plotters used (Kern DSR, Leica BC1 oder BC3, Zeiss
P3) showed about the same precision of the data sets and it was not possible to detect any
dependency on the instrument used. Furthermore, neither was there any dependency on
the different software packages used (Intergraph Terrain Analyst, SCOP Univ. Stuttgart
and Vienna, CIP-Wild).

1 Introduction
1.1 General objectives of the study

Digital terrain models provide essential basic information for all types of engineering
tasks and the relative planning activities. One needs only think of the various road and
railway projects, tasks of rural engineering and reallotment, flood control and numerous
other activities. In spite of this large application, practitioners responsible for data acqui-
sition for a DTM have few guidelines for the proper measurements and the process con-
trol. As a rule, we find relatively detailed precision specifications in the terms of refer-
ence; however, practitioners have to elaborate procedures for data acquisition and for
precision control in a quite cumbersome way. The present OEEPE study aims to provide
practitioners with decisive help in the conception of DTM measurements, based on the
experience of various topographic institutions.

The experimental work on this project was preceded by intensive discussions within
Commission III of the OEEPE. In order to make a contribution to the above listed ques-
tions, it appeared necessary to proceed to a larger test based on comparative measure-
ments. For this task, the pilot centre chose a series of test sites with various terrain types.
The aerial photographs of these test sites were placed at the disposal of the various plot-
ting centres. Detailed instructions were elaborated for the model orientation and the
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measurement of reference points; the proper disposal of the measurements for the model-
ling of the terrain was left fairly open. It was only specified that the terrain should be
described “as precisely as possible” and the precision of an interpolated point should not
exceed £20cm.

The objective was then to determine the possible precision for various terrain types in
applying reasonably justified efforts for the measurements. Furthermore, the intention was
to derive a general formula which would allow practitioners to determine the point density
according to various terrain characteristics and to estimate a priori the obtainable
precision.

1.2 Review of some earlier experimental investigations

Before conceiving the OEEPE-Test, the Working Group studied a number of earlier
investigations concerning the determination of precision digital terrain models. A brief
overview of these investigations is given below. However, there was only a very limited
number of publications available concerning ‘high resolution’ or ‘high precision” DTMs
for the range of accuracy which is required for civil engineering purposes.

1.2.1 The research of the University of Stuttgart 1979

Ackermann [1] in Stuttgart was probably the first, to make experimental investigations of
high resolution DTM data sets which were qualified for detailed civil engineering
projects. He found approximately a linear relationship between DTM accuracy and the
density of observed points and expressed the results in the formula

m,” = B+ (ovxd)’

m, = r.m.s. error of interpolated height values

o = terrain characteristic

d = mean point distance of observed points

B = standard error of primary data and noise of terrain surface

and he estimated from a limited number of tests the terrain characteristic o as follows:

o = 0.004 for smooth terrain
o = 0.010 for medium type terrain
o = 0.022 for difficult terrain

The specific terrain type is not specified in detail. This formula of Ackermann and the
above indicated values are used today in practical civil engineering work.

1.2.2 ISPRS tests 1986

An ISPRS commission headed by Torlegard [2] investigated the accuracy problems on 6
different test sites by comparative measurements. Two test sites were covered by small
scale photographs, three by medium scales and one by large-scales. Only one example
refers to a high resolution DTM. He summarized the result of this test as follows:
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(a) The standard error in photogrammetrically derived DTM’s is in the range of 0.2-
0.4%o of the flying height in flat or moderately undulating terrain. In very hilly ter-
rain the standard error increases to approximately 1-2%o. The maximum error is
about 4-8 times the standard error.

(b) The number of blunders in a DTM varies from 0% up to 3% where 0.5% is a median
value. Blunders occur more frequently in difficult terrain, but the size of the blunder
is independent of the terrain type.

(c) The participants in the test have, with a few exceptions, usually underestimated the
standard errors in their DTM’s. There is apparently a need for better methods for
accuracy prediction and estimation of DTM’s.

1.2.3 A study by the Technical University of Denmark 1986

Paul Fredericson and others [3] investigated the possibility of terrain classification by
Fourier analysis. They investigate cross sections of 300 paces of 1m path length. The
spectrum is used in order to predict the accuracy of digital terrain models and to calculate
the relation between type of terrain, accuracy of measurements, point density and sur-
veying expenses.

1.2.4 An investigation by Li 1992

The purpose of Li’s investigation [4] was ‘to find some relationship between DTM accu-
racy and the density of the data set for certain types of terrain using certain data patterns’.

He used three of the ISPRS data sets to investigate the relation between accuracy and
point density, both of regular grid points and of ‘composite data sets’ and regular grid
points with supplementary feature-specific points.

He analyses the data primarily according to the formula of Ackermann, assuming (con-
trary to Ackermann) that the accuracy may especially be influenced by the slope of the
terrain. He finds the model of Ackermann confirmed for two samples, but he states for the
third data set that the standard error versus the grid width is rather a power function of
greater than 2.

The summarised conclusions are:

(a) The accuracy of a DTM highly depends on the grid density if only mass points are
used.

(b) When feature-specific points (including break lines and form lines) are added to the
data set, the accuracy of the data set can be improved.

(c) Large residual errors can occur but the occurrence frequency of these residual errors
being greater than 4 times the standard error is usually very small.

(d) The accuracy of the DTMs is correlated with the slope angle.

(e) The accuracy results obtained from two data sets of the same area may be quite dif-
ferent, even if the sampling interval is the same for both of them.
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2 Test sites and photo material of the OEEPE Test

Crossing the Alps by highspeed railways, linking the industrial centres of Germany and
northern Europe with those of Italy is currently a major preoccupation in transport plan-
ning in Switzerland. The planning of engineering work required precise and up-to-date
topographic data, which were derived mainly by photogrammetric measuring procedures.
One of the zones recently mapped is the Kandertal, in the south of the province of Bern.
Within the cited project, it was necessary to establish a high precision DTM for which a
maximal allowable standard deviation of £20cm for an arbitrarily interpolated point was
prescribed. It appeared appropriate to also select a number of models of this photogram-
metric material for the OEEPE test.

2.1 Geographical and geomorphological characteristics of the test sites

The Kandertal, stretching over 25 km, is one of the important north-south valleys of the
northern Alps. It begins at the Lake of Thun near the town of Spiez at an altitude of 550m
and ends in Kandersteg at an altitude of 1100 m. The latter small town is situated at the
foot of the mountain ridge of Bluemlisalp-Wildstrubel which separates the Kandertal from
the Wallis valley. The bottom of the Kander valley has an average width of about 1km
and mounts smoothly up to the village of Frutigen. From there on,we observe a number of
steps until Kandersteg. The portal of the new basic tunnel is planned below Kandersteg at
an altitude of 850m.

From a tectonic point of view, the valley lies in the sediments of the helvetic cover, com-
posed mainly of chalk and Jura-chalk These hard rocks which limit the valley form abrupt
rock walls and steep but vegetated scree slopes. The bottom of the valley is in general flat
to hilly, and was formed by moraines and sediments of the Kander river during the glacial
period; the river itself has eroded a deep bed, in parts up to several meters.

2.2 Description of the test areas

Along the Kander Valley, 5 different test sites of about 10 to 20 hectares were selected by
the pilot centre. The areas represent different types of terrain: smooth (A1,A2), rolling
(B1,B2) and rough (C1) terrain. Again for each different type, two sites were chosen - the
one weakly inclined (A1,B1,C1) and the other strongly inclined (A2,B2). One should
mention a C2 test site (rough, strongly inclined) was also available, but there was only
one set of measurements, performed by the pilot centre. Therefore this test site was later
omitted. An extraction of the map 1:200,000 in figure 1 shows the location of the test
sites in the Kander valley.
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Figure 1:

Extraction of the topographic map of 1:200,000, showing the Kandertal with the various
test areas (by courtesy of Federal Office of Topography, BA002043).
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In the following we give a verbal description of the 5 test areas. The description is com-
plemented by the reproduction of the aerial photograph with the delimitation of the test
area and the control points and an orthophoto with superimposed contourlines. Reference
is also made to table 1, which gives a summary of the parameters of the test sites. The
slope inclinations were calculated from a grid model with a mesh size of 20 m, derived
from the TIN models. The slope inclinations derived from the original triangular models
are about 10-20% larger, as the 20m grid shows already a considerable generalisation,
however it was the intention to indicate average values and to avoid extremes.

Table 1:
Overview of various parameters of the test sites
Test Characteristic Length Width Total | Built up .Helght Mez.m Ma.x.
area area area | difference | Inclin. | Inclin.
(1) (2) 3) (4) () (6) (7) (8) )
Smooth, weakly
Al inclined 700m | 400m | 20.6ha | 1.2ha 22m 4% 15 %
Smooth, strongly
A2 inclined 650m | 450m | 15.8ha | I.1ha 110m 21 % 40 %
Rolling, weakly
B1 inclined 500m | 500m | 20.6ha | 0.9ha 15m 7% 35%
Rolling, strongly
B2 inclined 500m | 500m | 19.6ha | 1.3 ha 175m 46 % 105 %
Rough, weakly
Cl1 inclined 450 m | 350m | 11.4ha | 09ha 30m 21 % 75 %
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Figure 2:

Aerial photograph of the Test area Al, with indications of the control points, the
perimeter of the test area and the model area. (All the aerial photographs shown in this
publication have been taken by the Federal Office of Topography on March 12, 1991 and
are reproduced by courtesy of that institution).
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Figure 3:

Orthophoto of the Test area Al with 1.0m contour lines; terrain type "smooth, weakly
inclined". A rather flat and even farming area in the plain of the valley. It is crossed by 3
minor roads, includes a small wood and there are 14 farm houses or other buildings for
agricultural use. The area is limited to the south-east by the bank of the Kander river and
to the north-east by the current railway line of the BLS. The test area has an extent of 400
by 700m and covers 20.6ha. The terrain undulates slightly, there are some gullies and flat
ridges. The average terrain inclination is 4%, the maximal inclination 15%; the largest
height difference is 22m.
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Figure 4:

Aerial photograph of the Test area A2 with indications of the control points, the perimeter
of the test area and the model area.
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Figure S:

Orthophoto of the Test area A2 with 2.0m contour lines; terrain type "smooth, strongly
inclined". A uniformly inclined area for cattle grazing; the upper part of the area is
crossed by a traffic road 4m wide, partly with embankments; there are some other minor
roads leading to and from the 8 buildings, mainly for agricultural use. Some ditches
bordered by trees cross the area. The area has a triangular shape of 450 x 650m, covering
15.8ha and is inclined on an average of 21% (slopes between 10 and 40%). The greatest
height difference is 110m and the topography of the terrain is similar to Al but much
more strongly inclined and more rolling. The upper part is formed by a flat ridge; the
central part is uniformly inclined and the lower part is characterised by a gully and a
narrow and a larger small valley.
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Figure 6:

Aerial photograph of the Test area Bl, with indications
perimeter of the test area and the model area.
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Figure 7:

Orthophoto of the Test area B1 with 1,0m contour lines; terrain type "rolling, weakly
inclined". Rather flat area used for cattle grazing and farming; it is covered by a great
number of erratic cones (little drumlins). The Kander river crosses the area over a stretch
of 400m and has a width of 10 to 20m; the river bed is about 4 m deep. The river banks
are protected with great boulders against erosion and are covered by trees. The rest of the
area is without trees or shrubs. The southern border of the area features a 450m stretch of
the provincial cross road, with embankments enlarged recently to 7m; the 4 farmhouses
can be reached by asphalt covered roads of a width of 4m; the other 8 agricultural
buildings have gravel roads leading to them. The test area has an extent of 500 by 500m
and covers an area of 20.6ha; the maximum height difference is only 15m; the local
drumlins and cones show height differences of 2 to 10m.
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Figure 8:

Aerial photograph of the Test area B2, with indications of the control points, the
perimeter of the test area and the model area.
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Figure 9:

Orthophoto of the Test area B2 with 5.0m contour lines; terrain type "rolling, strongly
inclined". This test area lies in the west exposed valley slope of the Frutig valley above
Kandergrund. The upper part is a steep slope with an inclination of about 70%, crossed by
2 torrents which have eroded deep gorges. These valleys meet in the central part of the
test area, where the water has eroded a nearly 200m wide glacial terrace. The torrents
empty in the lower part of the area where they again form steep slopes of about 70%. The
western part of the area includes the railway line of the BLS over a length of 200m. Some
8 agricultural buildings are reached by minor roads. The terrace and cross valley are
intensively used and the terrain cover is similar to B1. The steep slopes are partly dense
forests, partly pastures covered by trees. The area has an extent of 500 by 500 m and
covers an area of 19.6 ha. The largest height difference is 175m; the average slope is 46%
(range from 5% to 105%).
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Figure 10:

Aerial photograph of the Test area Cl, with indications of the control points, the
perimeter of the test area and the model area.
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Figure 11:

Orthophoto of the Test area C1 with 5.0m contour lines; terrain type "rough, weakly
inclined". This test area lies in the bottom of the valley at a height of 1000m; the area is
crossed by the Kander river which is still a torrent at this height. About 2/3 of the area is a
torrent alluvium with a thin cover of humus used as pasture. This pasture is crossed by an
other 3-5m deep torrent. The terrain is rough, interleaved by numerous rocks and
boulders. The river bed of the Kander, bordered by groups of trees on both sides, is also
clearly visible to a great extent. The remaining part of the area is used for gravel
excavation and intermediate deposits. The topography is also rough due to the numerous
excavations and deposit heaps. The area shows 5 sheds, reached by small roads; the
gravel-pit is also crossed by various tracks. The area has an extent of 350 by 450m and
covers an area of 11.4ha, the average inclination is 21% (minimum 0% and maximum
75%); the maximum height difference is 30m.
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2.3 Aerial photographs

The aerial photographs of the test were taken by the flight service of the Swiss Directorate
of Cadastre with a Twin Otter, a twin-engine aircraft. The aerial camera used was a
RC10A Leica camera with the UAGA-F wide-angle lens with a focal length of
152.85mm, camera aperture 1:4.0. The mean value of the exposure time was 1/350sec;
the overlap in the flight axes about 60%. The photographs were taken on black and white
Kodak Plus-X Film, on an average scale of 1:6000. The flight took place on March 12th
1991 at about noon in brilliant sunshine, shortly after the snow had melted but before the
trees had leaves and the vegetation begun to grow.

2.4 Previous photogrammetric measurements

The pictures have already been used for the above mentioned plotting project. A surface
of 4000ha was covered by aerial photographs, requiring 28 strips with a total of 500
photographs (sidelap 60%). The ground control was based on the Swiss official triangu-
lation network which was fully updated by terrestrial measurements one year before the
flight.

Prior to plotting, an aerial triangulation was performed. The block contained 270 images,
measured by two private photogrammetric firms, both using Kern analytical plotters DSR
with the software AETRI. The bundle block adjustment was calculated with the BUND
program, developed by the Geodetic Department of the Swiss Federal Institute of Tech-
nology. According to the precision analysis of the block adjustment as delivered by the
computer program, a standard deviation of cy=t3.5um was achieved and the resulting
mean square errors in the terrain points amounted to +2.1cm in planimetry and £2.4cm in
height.

Large-scale maps, mainly in the scale 1:1000, were subsequently drawn up as well as a
high precision DTM over an area of 2000ha. The area mapped was mainly the bottom of
the valley, but also included a good part of the steeper slopes and rocky walls on both
sides of the valley.

2.5 Photo material made available to the photogrammetric centres

The Photogrammetric Centres received primary film copies on Agfa duplicating films,
processed by the Swiss Federal Office of Topography. A copy of the record of the camera
calibration, including the coordinates of the fiducial marks, were delivered.

3 Measuring instructions and participants in test measurement

High precision can be obtained by photogrammetric measurements, as shown by daily
routine work. It seemed essential to take advantage in this test of the practical experiences
of the different plotting centres and to avoid prescriptions which might disturb the high
standard achieved in the mapping organisations. Consequently a minimum of instructions
were given, intended only to ensure that comparable results were obtained.
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3.1 Photogrammetric plotting instruments

The type of the plotting instrument was left open; it was only specified that high precision
analytical plotters should be used. Furthermore, there were no plans to allow for any
automation.

3.2 Model orientation

For the model orientation, signalised points were available; the co-ordinates of the control
points stem from aerial triangulation as described in the sub-paragraph 2.4. The precision
of the control points is in the order of +5cm, if referred to the resulting 6,=+3.5um of the
aerial triangulation. Each of the test sites is covered by a single model occupying about
40% of the model area. The control points intended for model orientation are located in
the model corners; additional points were located in the effective test area.

3.3 Data acquisition for the DTM

As already mentioned in the beginning, specific instructions were not given for the proper
measurement of the DTM. It was only suggested that participants should measure the
following elements usually used for the DTM determination:

1. Mass points;
2. Break lines;
3. Dead areas, in order to exclude specific zones for modelling.

Nor were specific instructions made regarding the DTM program intended for use. It is
understood that the data acquisition for a DTM should be in accordance with the func-
tionality of the interpolation program. For example, structure lines specifying ridges with
a rather smooth transition of the slope angle can only be used in programs allowing a non-
linear interpolation. Furthermore, programs with non-linear interpolation very often
require fewer mass points than programs with linear interpolation. Consequently, one
must consider it as a simplification when the procedure for the numerical treatment of the
data is not specified prior to the measurements. However, it appeared to complicate mat-
ters too much if a detailed description were to be given in the beginning of the interpola-
tion procedure; additionally, not all elements of the data evaluation were defined in the
beginning.

It was the intention to give complete freedom to the plotting centres and to take advantage
of their specific experience and to analyse their specific procedures only at a later stage.

Also, the definition of the “dead areas” was left to the responsibility of the operators.
Again, it seemed important to learn from the current practice of the plotting centres, but it
is evident that the final precision might vary considerably when different areas of the
same test site are modelled or eliminated as “dead areas”.

3.4 Determination of check elements for the DTM

The main concern of the present study was the analysis of the precision of the derived
DTM. Various aspects have to be taken in consideration. In general, the error of an inter-
polated point of a DTM is composed of several factors, partly due to the data acquisition,
partly due to the interpolation procedure. Very often the following components are sepa-
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rated:
1. Orientation precision of the photogrammetric model;
2. Possible systematic errors of the measuring procedure;
3. Measuring precision of the elements of the DTM;
4. Interpolation precision of the DTM software;
5. Natural terrain roughness.

It was decided to rely only on photogrammetric measurements for accuracy assessment, as
in general the measuring precision in photogrammetric models is considerably higher than
the precision of interpolated points of a DTM. It is understood that it is not possible to
make an overall accuracy analysis with only photogrammetric measurements as the
vegetation height or specific terrain variations can not be taken into account in this way.
However, for practical reasons it was not possible to provide a sufficient number of con-
trol points by field measurement.

Two types of points had been chosen for the precision analysis:

1. Distinct terrain points;
2. Points distributed according to a grid ('grid points').

3.4.1 Distinct terrain points

About 30-50 distinct points had been chosen in each of the different test sites by the pilot
centre. These points are situated in smooth zones and are easy to identify. Furthermore
their location was defined by their planimetric co-ordinates. These points should serve
mainly for the control of the model orientation and of other systematic errors.

3.4.2 Grid points

Additionally to the distinct points, the test requirements involved measuring a grid with a
mesh width of 25m. The planimetric co-ordinates of these points are well defined, and the
idea was that these points are measured in height according to their predefined location.
In this sense it was recognised that they might fall in open terrain with a good visibility
but might also lie under trees or in other difficult areas. The hope was to obtain in this
way a general impression of the overall measuring accuracy. Depending on the size of the
test areas, it was necessary to measure some 200-300 points.

3.5 Participants in the test measurements

As usual, the members of the working group and also the institutions of the members of
the steering committee as well as other photogrammetric offices were invited to partici-
pate in the test. Finally, 6 different institutions and the pilot centre participated in the test.
The participants included one government institution, 3 private offices and 3 universities
and engineering schools. The restitutions were made by experienced operators with the
exception of the restitution Centre 5, where students performed the measurements. The
plotting centres used the instruments normally incorporated in daily production work.
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The following list gives an overview of the different institutions, the equipment used and
the test sites measured:

1. Cenl: Bundesamt fiir Eich- und Vermessungswesen, A 1080 - Wien
Instrument: Analytical Plotter Leica Aviolyt BC3
Restitution of Test Area A1, B2 und C1;

2. Cen2: Tampere University of Technology, SF - 33 101 Tampere
Instrument: Analytical Plotter Leica Aviolyt BC2
Restitution of test areas Al and A2;

3. Cen3: SITO Finnish Consulting Engineers LTD, SF - 02100 Espoo
Instrument: Analytical Plotter Wild Aviolyt BC1
Restitution of test arcas A2 and B1;

4. Cen4: Flotron AG, CH - 3860 Meiringen (Pilot centre)
Instrument: Analytical Plotter Kern DRS14
Restitution of test areas A1,A2,B1,B2,C1,C2;

5. Cen5: Fachhochschule beider Basel, CH - 4132 Muttenz
Instrument: Analytical Plotter Leica DRS15
Restitution of test arcas A1,A2 and B2;

6. Cen6: FM KARTTA OY, SF - 00 510 Helsinki
Instrument: Analytical Plotter Zeiss P3
Restitution of test areas B2 and C1;

7. Cen7: Ecole Polytechnique Fédérale, CH - 1015 Lausanne
Instrument: Analytical Plotter WILD Aviolyt BC1
Restitution of test area A2.

The centres were invited to use their standard procedures for the measuring and the re-
cording of the data. The data were delivered in various formats and the pilot centre took
responsibility for converting the data into a standard format. The old, well-known BC2 -
format was used (Point number, Easting, Northing, Height, Pen code) because it was
convenient as input for the various software packages.

4 Internal analysis of the measuring precision

Photogrammetric measuring techniques allow a number of precision checks in order to
determine the internal precision of the measurements. The pointing precision from re-
peated measurements and the precision of the absolute orientation already give important
information in this respect. In the following sections, this internal precision is analysed
based on the following elements:

- Residuals of model orientation;

- Observation errors of the 'distinct terrain points';

- Observation errors of the 'grid points'.
In the next chapters, the precision of these elements is discussed in more detail. One will
notice that the standard deviation of the interpolated points is about two to three times

larger than the measuring precision of the points. Furthermore, systematic errors are
present which are also in the order of the measuring precision of the individual point.
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4.1 Precision analysis of the model orientation

In table 2 the mean square errors of the absolute orientation as they were recorded by the
different plotting centres are presented. The precision of the absolute orientation appears
to be quite satisfying as the residuals in the control points are +2-3cm in planimetry and
+3-7cm in height. The height precision in the control points is slightly lower than stipu-
lated, according to the results of the aerial triangulation.

However, when studying in more detail the residuals on the control points, one recognises
that they might have an influence on the overall precision. In table 2 we already indicated
the maximal residual height errors and the corresponding number of points. Additionally
in table 3 we summarised the residual height errors of specific control points of the test-
sites B2 and C1. It should be noticed that all centres observed a negative height error
between 5 and 8cm in point 728 (Test site B2). The aerial photographs in figure 8 shows
the distribution of the control points and the location of the test area. One observes that
the corner of the test area B2 is bent up and will be modelled 5-8cm too high, a value
which is already in the order of the DTM precision.

The point 728 is a minor control point which was not signalised nor materialised in the
field, however point 477080 is a triangulation point which might serve as connection
point for complementary measurements in the field. This point showed a residual error of
+9cm (cf. table 2, Cend), this value will enter fully as systematic error between terrestrial
and photogrammetric measurements.

It should also be noticed that plotting centre 2 has much lower residuals (£0.4-0.9cm
instead of £3-5cm) than all other centres. Also the maximal residuals are much lower
(-0.6cm for test-area Al and -1.8cm for test-area A2 —cf. table 2). The BC2 software
allows a one step model orientation, combining relative and absolute orientation. The
image coordinates and the control points are then considered as stochastic variables. A
strong weighting factor of the control points then hides the errors in the control point.
This can be a dangerous procedure, when the operator does not control the precision of
the orientation points in some other way.

4.2 Precision of point measurements
4.2.1 Distinct terrain points

The distinct terrain points and the grid points were intended as check points for the preci-
sion analysis of the interpolated points with the help of the DTM software packages. The
restitution centres observed these points according to the instructions. From the meas-
urements of the different centres, it is possible to compute a standard deviation in order to
characterise the spread of the measurements. The centres measured between 40-50 dis-
tinct terrain points; the deviation from the mean of these various measurements were used
to compute of the root mean square error. Table 4 gives an overview of the determined
spread of the measurements of the distinct terrain points. According to this table, a root
mean square error of +2.3 to £3.4cm was obtained. Moreover, we have to realise that
there appears to be a systematic deviation between the measurements of the different
centres, which vary between 2-4cm (column 3 of table 4). The systematic errors observed
are statistically significant and by far exceed the standard deviation of the mean.
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Table 2:

Recapitulation of the precision of the photogrammetric model orientation, as
communicated by the different Centres. The given parameters are the root mean square
(r.m.s.) of the residuals in the control points in [cm] (columns 2,3,4) and the maximal re-
siduals (columns 5,6,7) with the number of points in brackets (column 7). Attention is
drawn to the residuals of Centre 2, which are considerably lower than for all other centres
due to different weighting.

R.M.S. residuals in cm

Maximum residual (absolute) in cm

Restitution
Centre Oy Gy c, Oy Oy o,
@) @) A3) “) (5) (6) )

Test Area Al

10 signalized control points, 2 from terrestrial measurements and 8 from aerial triangulation

Cenl 2.7 1.8 2.6 34 3.9 +4.0 (53610)
Cen2 1.0 0.7 0.4 1.5 1.1 -0.6 M
Cen4 24 1.4 4.0 5.0 +2.0
Cen5 2.8 1.7 2.2 4.0 3.0 5.0

Test Area A2

10 signalised control points, 3 from terrestrial measurements and 7 from aerial triangulation

Cen2 0.8 1.1 0.9 1.2 1.6 1.8 an
Cen3 1.8 2.0 4.4 3.1 3.2 83 (310)
Cend 2.4 4.9 7.0 2.0 +8.0 (309)
Cen7 2.2 2.1 3.8 3.9 3.9 7.8 (310)

Test Area Bl

17 signalised control points, 2 from terrestrial measurements and 15 from aerial triangulation

Cen3
Cend

2.3

1.9

2.9

2.6
2.6

3.5
4.0

5.9
3.0

-4.8
+5.0

Test Area B2

16 signalised control points, 3 from terrestrial measurements and 13 from aerial triangulation

Cenl 32 4.4 4.4 5.8 10.4 +11.4 (477030)
Cend 2.5 6.8 4.0 4.0 +9.0 (477080)
Cen5 2.9 1.9 3.6 7.0 4.0 -7.0 (728)
Cen6 2.7 5.5 3.8 5.6 -9.0 (733)

Test Area C1

16 signalized control points, 1 from terrestrial measurements and 15 from aerial triangulation

Cenl 1.3 2.0 3.0 3.1 3.8 +6.0
Cen4 1.9 43 5.0 4.0 +7.0
Cen6 2.0 34 3.9 4.2 -5.2
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Table 3:

Residual height errors on specific control points, as they were observed by the different
centres. One remarks the consistency of the height deviations in distinct control points.

Heigth residuals in cm observed by the different plotting centres

Mean Standard

Model, point Cenl Cend Cen5 Cen6 deviation | deviation
A c
B2 /728 -7.8 -8.0 -7.4 -4.6 -6.9 1.4
B2/733 -5.9 -8.0 -4.0 -9.0 -6.7 1.9
Cl/111123 -3.6 -4.0 - -5.2 -4.2 0.7

4.2.2 Precision analysis of the grid points

The other group of check points, intended for the precision analysis of the interpolated
DTM, are the grid points. The centres were asked to measure a terrain point every 25m,
the location of which was defined by co-ordinates. This type of points finally proved far
more efficient, as these points are scattered all over the test area, whereas easily identifi-
able points are by definition in rather easy terrain and not really representative. The mean
of the individual point measurements of the various restitution centres then served as
height values of the check points used for the subsequent precision analysis.

3-4 centres have supplied the measurements for the various test sites and table 5 again
gives a precision analysis of the data. The aim was to receive four data sets of each test
area. Unfortunately, the test areas B1 and B2 were dealt with by only 3 centres and Cl
only by two. Centre 6 didn’t measure the grid points.

In analysing the spread of the measurements, we realise that the distinct terrain points
show a much lower r.m.s. error then the grid points. In easy terrain (Al and A2) the dif-
ference of precision is about 20-30%, whereas in rough terrain (B2 and C1) the precision
of the grid points diminished up to a factor of 3. This indicates that the precision of the
photogrammetric observation is dependent on the roughness of the terrain.

The systematic errors of the height measurements are also somewhat larger then for the
distinct points. However, it does not seem possible to give a plausible explanation for this
fact.
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Table 4:

Estimated spread of the measurements of the distinct terrain points; the given values are
the root mean square error (column 2), the mean of the residuals (column 3), designated
as systematic errors and the standard deviation or relative error after subtraction of the
systematic component. In column 5 we indicate the maximum relative error (in terms of

positive and negative signs); no residuals are larger than 3 times the standard deviation

Errors in cm
L Root meaf{l Systematic Standard Maximum Number of
F :stitution square o L - - -
b . deviations deviation deviation deviations
centre observations
m A c >3c
(1) (2) (3) (4) (5) (6)
Test Area A1  Measured check points =41
Cenl 3.2 -1.9 2.6 3/-9 0
Cen2 2.8 -0.6 2.7 6/-7 0
Cen4 4.5 2.5 2.4 11/-6 0
Test Area A2 Measured check points = 34
Cen2 2.5 1.0 2.3 /-3 0
Cen3 2.4 -.0.6 2.3 /-6 0
Cen4 3.1 -0.3 3.1 /-5 0
Test Area B1  Measured check points = 50
Cen3 4.8 3.4 3.4 10/-3 0
Cend 4.8 -3.4 3.4 3/-10 0
Test Area B2 Measured check points = 41
Cenl 3.9 2.3 3.1 7/-4 0
Cen4 3.9 -2.3 3.1 4/-7 0
Test Area C1  Measured check points = 54
Cenl 3.5 1.0 34 9/-6 0
Cen4 3.5 -1.0 3.4 6/-9 0
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Table 5:

Recapitulation of the measuring precision in the grid points (spacing 25m), as they were
measured by the different centres, with reference to the mean value of all measurements.

The values presented are the mean square error (column 2), the mean of the residuals
(column 3) and the standard deviation derived from the mean square error after reduction
of the systematic component. Column 5 indicates the maximum relative error;
furthermore, the number of residuals exceeding the standard error by a factor of 3 and 4 is
also given. All values are in [cm]; the indicated point number is the maximal possible

number, however not all centres measured all points.

Restitution Errors in cm Errors greater than
Centre Mops Aobs Oobs Mt;lrr(?rum 3G0bs 40 obs
@) 2 (€) @ (©) (6) @)

Test Area Al

Slopes up to 15%; Terrain Type = smooth, weakly inclined; 300 points
Cenl 4.8 -2.9 3.8 13/-36 1 1
Cen2 4.0 -1.9 3.5 25/-9 3 2
Cend 4.6 2.6 3.8 19/-56 3 2
Cen5 4.0 2.2 3.3 26/-13 2 1

Test Area A2

Slopes up to 40% Terrain Type = smooth, strongly inclined; 233 points
Cen2 3.4 0 34 7/-40 2 2
Cen3 3.4 0.5 3.3 30/-10 1 1
Cend 3.1 1.4 2.8 20/-7 2 1
Cen7 3.0 -1.9 2.3 11/-7 2 0

Test Area Bl

Slopes up to 35% Terrain Type = rolling, weakly inclined; 316 points
Cen3 7.0 52 4.7 37/-8 2 2
Cend 5.4 -3.0 4.5 10/-18 1 0
Cen5 5.5 2.2 5.0 8/-28 3

Test Area B2

Slopes up to105%; Terrain Type = rolling, strongly inclined; 213 points
Cenl 9.4 -3.6 8.7 60/-11 3
Cend 11.4 7.9 8.2 18/-63 10
Cen5 7.6 -4.3 6.3 36/-40 6

Test Area C1

Slopes up to 75%; Terrain Type = rough, weakly inclined; 145 Points
Cenl 9.5 1.4 9.4 59/-48 4
Cend 9.5 -1.4 9.4 48 /-59 4
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5 Precision Analysis of Interpolated Points
5.1 DTM Computation with the Terrain Analyst of Intergraph

An important part of this study was the precision analysis of interpolated points. The
centres delivered the DTM measurements in the form of mass points, break lines, form
lines and “dead areas”; these are exclusion zones in which photogrammetric measure-
ments are not possible with the predefined precision or zones which are not presented
with the DTM like houses. The dead areas were surrounded by polygons. A detailed
discussion of the specific conception of the DTM measurements by the different plotting
centres will be given later. In a first phase it appeared important to get an overview of the
obtained precision. As the DTM software package Terrain Analyst, a module of the In-
tergraph MGE environment, was commonly used by the pilot centre, it appeared logical
to use this package for a first assessment of the data. More details on the specific software
package are given in the next section.

The main criteria for the performance analysis is the precision of the interpolated grid
points. Other arguments are the manner and efficiency of the terrain capture as well as an
assessment of the size of the excluded zones (dead areas). On average, some 200 to 300
grid points were measured in the various test areas with the exception of C1; in that test
area only 100 points were available. Lets stress again, that the check points were only
determined by photogrammetric measurements that there was no absolute control avail-
able.

From the means of the grid points we computed the root mean square errors of the indi-
vidual deviations (m); however, it quickly became apparent that considerable systematic
deviations were observed as already indicated earlier. Consequently, we also computed
the mean of the residuals (A) and the remaining standard deviation after the reduction for
the systematic component:

2
Relative error o= {Z M} 1 = deviations between interpolated height
n—1 and check point height

It is also of interest to highlight possible blunders; that means residuals exceeding 3 or 4
times the standard deviation. Furthermore, the maximum residuals are shown, along with
the number of triangles formed by the software package according to the Delaunay trian-
gulation.

The results of the precision analysis using the "Terrain Analyst" of Intergraph are given in
table 6. However it should be noted that the results are not directly comparable, as the
individual centres eliminated different zones considered as dead areas. Consequently, the
number of check points varies from one centre to the other: it is understood that a centre
which tried to measure in difficult areas also might obtain a lower precision than one
which limited itself to easy areas. In order to obtain comparable results, we defined a set
of check points which was used by all participants and re-computed the table (cf. table 7).

The calculations show that for the areas Al, as well as for A2 and B1, a standard devia-
tion of +7 to £12cm was reached, whereas for the rough terrain B2 and C1 we have values
between +14 and +£30cm. Furthermore, a systematic component of 5-10cm showed up,
which is independent of the terrain type.
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Table 6:

Precision analysis of the height of the grid points (spacing 25m) interpolated with Terrain
Analyst in comparison with the measured height (mean square error of all measurements).
The values presented are the root mean square error (column 2), the mean of the residuals
(column 3) and the standard deviation derived from the mean square error after reduction
of the systematic component (column 4). Column 5 indicates the maximum error;
furthermore the number of residuals exceeding the standard error by a factor 3 and 4 are
given; all values are in [cm]. The number of measured points is given in column 9 and
column 10 shows the percentage with respect to the total number of points. For test area
B2 two values are shown for Centre 4; the first value was obtained after eliminating
additional zones as dead areas, in the following we refer only to this value, although it
does not correspond with the values of the other centres.

o Errors in cm Errors Number ‘Ch?ckpoints
Restitution greater than of within the area
Centre Max. Triang-| Num- % of

Mry  Arp Ora  error | 30Ta  40Ta les bers the

(abs) total

(1) (2) 3) “) (%) (0) () (8) 9) (10)
Test Area Al
Slopes up to 15%; Terrain Type = smooth, weakly inclined; Total Check Points = 300

Cenl 9.2 -6.0 7.0 35 1 0 15'344 | 298 99
Cen2 7.5 -4.0 6.4 35 2 1 12399 | 293 98
Cen4 12.1 5.8 10.6 40 1 0 14'314 | 288 96
Cen5 13.0 6.9 11.1 40 1 0 4'963 299 100

Test Area A2
Slopes up to 40% Terrain Type = smooth, strongly inclined; Total Check Points = 233

Cen2 10.2 0.0 10.2 93 4 2 13'625 | 232 100
Cen3 11.6  -5.1 10.3 39 1 1 10241 | 231 99
Cen4 11.8 0.1 11.7 65 3 1 9'025 | 224 96
Cen7 123 -99 7.2 53 1 0 33'841 | 228 98

Test Area B1
Slopes up to 35% Terrain Type = rolling, weakly inclined; Total Check Points =316

Cen3 11.4 0 11.4 58 1 0 12'584 | 316 100
Cen4 102 4.1 9.3 55 3 2 19981 | 315 100

Test Area B2
Slopes up t0o105%; Terrain Type = rolling, strongly inclined; Total Check Points = 213

Cenl 29.6 7.8 28.5 181 1 1 11'039 | 209 98
Cen4 14.0 5.8 12.7 50 0 13'500 | 181 85
(Cen4d*) 27.7 8.5 26.4 181 6 2 11'477 | 205 96
Cen5 3.7 -7.1 30.9 157 4 1 4'692 | 207 97
Cen6 22.0 1.6 21.9 113 3 1 7'453 | 201 96

Test Area C1
Slopes up to 75%; Terrain Type = rough, weakly inclined; Total of Check Points = 145

Cenl 17.7 7.7 16.0 61 0 0 18'125 128 88
Cen4 23.8 -55 23.2 192 2 1 10'479 141 97
Cen6 21.1 1.7 21.1 148 2 1 10235 143 98
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Table 7:

Precision of point interpolation with Terrain Analyst using a uniform set of grid points as
check for all plotting centres. Otherwise the same explications as for table 6, only in

column 8 we indicate the mean point distance instead of the number of triangles.

Restitution Errors in em gre];:lgl? l;:lan l;’/l:i?lltl wiCtllll;cll;Eglglt‘Za
Centre Max. dist. in | Num- | % ofthe
Mrp Ata 1A Error | 3o1a 40715 | meter bers Total
@ 2 3) 4 ) © @ (©) ) (10)
Test Area Al
Slopes up to 15%; Terrain Type = smooth, weakly inclined; Used Check Points = 282
Cenl 8.9 -6.1 6.5 25 1 0 5.4 282 100
Cen2 7.4 -4.1 6.2 31 1 1 6.0 282 100
Cend 12.1 5.8 10.6 28 0 0 6.8 282 100
Cen5 13.0 6.8 11.2 44 1 0 9.4 282 100
Test Area A2
Slopes up to 40% Terrain Type = smooth, strongly inclined; Used Check Points =219
Cen2 7.8 0.0 7.8 44 2 1 5.1 219 100
Cen3 11.3 -5.1 10.1 66 2 1 6.0 219 100
Cen4 11.5 1.1 11.4 65 3 1 5.8 218 100
Cen7 12.3 -9.9 7.3 43 1 1 3.0 219 100
Test Area B1
Slopes up to 35% Terrain Type = rolling, weakly inclined; Used Check Points = 315
Cen3 11.4 0 11.4 58 1 0 5.9 315 100
Cend 9.9 -3.1 9.4 60 2 1 4.3 315 100
Test Area B2
Slopes up to105%; Terrain Type = rolling, strongly inclined; Used Check Points = 175
Cenl 25.4 7.8 24.1 85 2 0 5.8 179 100
Cen4 15.1 7.5 13.1 51 3 1 4.1 179 100
Cen5 27.9 -4.1 27.7 121 4 1 9.2 179 100
Cen6 19.6 1.5 19.4 88 4 1 8.2 175 98
Test Area C1
Slopes up to 75%; Terrain Type = rough, weakly inclined; Used Check Points = 124
Cenl 17.5 8.3 15.4 53 0 0 34 124 100
Cend 16.9 -6.6 15.6 89 1 1 4.0 124 100
Cen6 15.0 2.9 14.7 48 1 1 4.8 124 100
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5.2 Comparison of Different DTM Software Packages

The precision of an interpolated point depends on the measurements of the terrain fea-
tures and on the interpolation technique used by the DTM-software package. A great
number of DTM-packages are in use in the different engineering firms and mapping cen-
tres. Currently in Switzerland, Intergraph software packages (Terrain Analyst, Site-Work
and Modelar), CIP (Leica), C-Plan (P6pping, Switzerland), Moss (England) and Macao
(France) are largely used in engineering projects. It was not possible within the frame of
this study to make an extensive analysis of the different DTM-packages and we refer here
to an earlier study by the co-author (cf. [5]). The main result of this comparative study
was that the standard deviation of interpolated points is rather uniform, except when using
simplified algorithms like a weighted mean. The main difference is observed regarding
the number of large errors three times in excess of the standard deviation. For a rather
rough area algorithms using plane interpolation yielded about 3-4% of blunders whereas
algorithms with bicubic interpolation (like MOSS and C-Plan) showed only about 2% of
blunders, which means about 30% less than when using a plane interpolation. However
the data for the terrain approximation used for the OEEPE test are much more consistent
and show considerable less blunders then in the above mentioned analysis.

In order to ensure in this study too that the precision analysis would be representative, we
used three software packages in all:

e Terrain Analyst by Intergraph;
e SCOP developed by Ackermann-Kraus;
e CIP developed by Wild (Steidler).

5.2.1 Terrain Analyst (TA)

The Terrain Analyst is distributed by Intergraph within their MGE software package,
providing a triangulation within all measured height points; the height of an interpolated
point is computed by a bi-linear interpolation within the triangle surface. The break lines
are taken into account for the triangulation, a smoothing for measuring errors in the sup-
port points is not possible.

5.2.2 SCOP

The DTM-package SCOP was developed at the Universities Stuttgart and Vienna, using
the collocation for point interpolation, after a rough terrain interpolation by a grid model.
Depending on the choice of the correlation function and the random component, one
obtains a smoothing effect of the measuring points. The collocation would also allow one
to compute the precision of an interpolated point; however, this option is not implemented
in the program. At break lines and dead areas, the collocation is interrupted. The
computation was performed by the firm Aviosoft, based in Berneck, Switzerland.

523 CIP

The "Contour Interpolation Program" CIP was developed by Wild (today Leica) in the
eighties, but is no longer supported. The CIP program is characterised by Steidler [6] as
follows: 'Construction of a triangular net by the procedure proposed by Delaunay. Surface
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normals are computed at each node or vertex. The surface is defined by Zienkiewicz
functions which include all neighbouring points and the normals are computed from tan-
gent planes, derived from a least-square fit'.

The program also uses a triangulation, based on the break lines and mass points. The form
function of the finite elements, meaning the triangles, is however a bicubic parable; for
the computation of the form parameter, one also uses the tangents to the terrain surfaces
computed in the supporting points by an approximation. The surface normal is computed
by passing an approximation plane through the surrounding support points within a
predefined distance specified by the longest triangle side going through the point under
consideration. CIP also allows the use of structure lines, meaning break lines, which do
not have sharp edges that have to be rounded off; smoothing is not possible.

5.2.4 Comparison of the precision of point interpolation

Table 8 gives an overview of the precision of point interpolation. One notes that the dif-
ferences between the three DTM-packages are rather small and it would be difficult to
decide which of the packages gives better results. The SCOP-package gives a great vari-
ety of free parameters to the user, especially regarding the choice of the correlation func-
tion and the smoothing effect. When applying an a priori error of the height measurements
equal to 0.1 %o of the flying height (+7cm) we obtained a considerably lower precision in
the interpolated points, that means a heigher r.m.s. value, than when reducing the a priori
error to only 0.02%o equal to =lcm. This means that practically no smoothing was
applied.

As already mentioned there are also only small variations between the three packages in
terms of the gross errors (cf. table 9) and it would be difficult to confirm in this context
that a non linear interpolation would be preferable. Consequently, we can state that it
would be difficult to find a software package which can supply significantly better results
for the test data then obtained by the Terrain Analyst by Intergraph and the further analy-
sis can be based on the results obtained with this software package. The user interface for
the Terrain Analyst is also very comfortable and appeared superior to the other packages
at least at the time when running the computations (1997).

6  Analysis of the specific terrain capture of the plotting centres

In the following illustrations we try to present the specific manner of the terrain capture of
the different plotting centres. We present a plot of the break lines, form lines and the
delimitation of dead areas; we also give a plot of the triangulation produced by the Ter-
rain Analyst in order to show the structure of the finite elements used for interpolation.
Furthermore we present the residuals of terrain approximation in the “grid points”. All
these plottings are superimposed on to the orthophotos of the test areas, which allow one
to evaluate the procedures chosen by the different centres. These figures are comple-
mented by a verbal characterisation of the measuring procedure with some indications
concerning the precision obtained. Summary statistics of the number of points used for
the different point and line elements are also given for the various test sites.
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Table 8:

Comparison of the precision of interpolated points computed with different software
packages (SCOP Terrain Analyst and CIP). Different configurations of dead areas have
been used in Test Area B2 for Centre 4 in ') and ?).

Restitu-
tion
Centre TA SCOP CIp TA SCOP CIp TA SCOP CIp

(1) (2) 3) 4) (5) (6) (7) (8) 9) (10)

Test Area Al
Slopes up to 15%; Terrain Type = smooth, weakly inclined; Total Check Points = 300

Mean Square Error m System. Comp. A Standard. dev. ¢

Cenl 9.2 10.2 9.7 -6.0 -6.2 -6.5 7.0 8.1 7.2
Cen2 7.5 7.6 7.6 -4.0 -4.3 -4.2 6.4 6.2 6.3
Cen4 12.1 11.8 12.1 5.8 5.6 5.8 10.6 10.4 10.6
Cen5 13.0 13.0 12.9 6.9 6.5 6.8 11.1 11.3 10.9

Test Area A2
Slopes up to 40%; Terrain Type = smooth, strongly inclined; Total Check Points = 233

Cen2 10.2 9.4 9.8 0.0 0.0 0.0 10.2 9.4 9.8
Cen3 11.6 11.1 11.8 -5.1 -4.9 -5.4 10.3 9.9 10.5
Cen4 11.8 11.0 13.9 0.1 0.1 0.0 11.7 10.9 13.9

Cen7 12.3 13.3 13.8 -9.9 -10.8 -10.7 7.2 7.7 8.7

Test Area B1
Slopes up to 35%; Terrain Type = rolling, weakly inclined; Total Check Points =316

Cen3 11.4 10.8 11.0 0.0 0.0 0.0 11.4 10.8 11.0

Cen4 10.2 9.2 9.8 -4.1 -2.3 -2.7 9.3 8.7 9.4

Test Area B2
Slopes up to105%; Terrain Type = rolling, strongly inclined; Total Check Points = 213

Cenl | 29.6 30.6 28.4 7.8 7.3 6.6 28.5 29.1 27.6
Cend | 27.6° 139" 268 5.8 5.5 8.2 12.7 12.8 25.5

Cen5 31.7 28.1 32.1 -7.1 -5.4 -6.1 30.9 27.6 31.5

Cen6 22.0 245 24.6 1.6 -1.2 0.1 219 245 24.6

Test Area C1
Slopes up to 75%; Terrain Type = rough, weakly inclined; Total of Check Points = 145

Cenl 17.7 20.4 22.1 7.7 6.6 8.3 16.0 19.3 20.5
Cend | 238" 207" 29.6° -5.5 -5.6 9.7 23.2 19.9 28.0
Cen6 | 21.1 21.1 21.3 1.7 0.0 1.0 21.1 21.1 21.3
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Table 9:

Comparison of the extreme interpolation errors for the 3 DTM software packages: Terrain
Analyst - SCOP — CIP.

Restit Terrain Analyst SCOP CIP
Centre . . . . . .
Min Max >3x >4x points | min max >3x >4x points| min max >3x >4x points
Al

Cenl | -19 +35 1 0 298 -40 +34 2 1 289 | -24 +29 1 0 293
Cen2 | -17 +35 2 1 293 -27 +30 1 0 300 | -18 +29 2 0 293
Cend | -40 +34 1 0 288 -45  +1 1 0 293 -40 +37 2 0 289

Cen5 | -40 +28 1 0 299 -29 +46 1 0 300 | -32 +48 1 0 294

A2

Cen2 | -33 +93 4 2 232 -18 +88 3 1 233 -21 +93 3 2 219
Cen3d | -39 +34 1 1 231 -44 +50 2 1 233 -49 +67 3 1 226
Cend | -65 +40 3 1 224 -51 +35 3 1 224 -67 +45 5 2 226

Cen7 | -17 +53 1 0 228 -72 +11 3 1 229 -71 +41 2 1 231

B1

Cen3 | -58 +33 1 0 316 -52 +33 2 1 316 | -58 +33 2 1 303

Cend | -55 +45 3 2 315 -33 +35 1 0 315 -48 +36 2 0 306

B2

Cenl | -181 +111 1 1 209 [-163 +105 2 1 207 [-183 +109 2 1 207
Cend | -50 +41 2 0 181 -45 +46 1 0 179 -03 +241 4 2 205
Cen5 | -157 +81 4 1 207 |-120 +62 3 1 207 [-113 +167 5 2 210

Cen6 |-113 +86 3 1 201 |-149 +78 3 1 207 |-114 +91 4 1 206

C1

Cenl | -61 +45 0 0 128 [-101 +47 2 1 129 | -69 +123 4 2 144

Cend | -83 +192 2 1 141 -81 +136 3 2 141 |-175 +112 6 1 141

Cen6 |-148 +56 2 1 143 |-145 +29 4 2 145 |-143 +59 2 1 141
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Figure 12:

Test area Al “smooth, weakly inclined”, measured by Centre 1, Vienna. Presented are the
orthophoto with the break lines, structure lines and dead areas (above"), the orthophoto
with Delaunay triangulation (opposite page, above"), the orthophoto with the numerical
values of the residuals in the 25m spaced grid points (opposite page, below") and a
description of the main characteristic of the measurements and of the precision analysis.

This centre measured a regular grid with a mesh width of 10m; in all some 2000 grid
points were measured. Additionally, some 100 spot heights of characteristic terrain points
were determined. This point configuration was completed by ample break lines and
structure lines in the open terrain over a length of 9km. The centre measured 7911 points
in all, the maximum number for this test area. The number of points on line elements is
high, above 70%. The mean point distance in open terrain is 5.4m, or 343 points per ha.
No areas were marked as dead zones and the small forest to the east of the test area has
also been modelled.

The precision obtained of +6.5cm (standard deviation in the grid points after reduction of
a systematic component) is high, although a systematic error of —6.1cm was determined.
The precision on the check points is very homogeneous, a maximum error of 35cm is
found in the S-E part of the test area on the very edge, whereas the errors in the inner part
remain under 16cm.

Y Figures 13 to 28 likewise arranged.

72



73



Figure 13:
Test area A1, ”smooth, weakly inclined”, measured by Centre 2, Uni. Tampere.

This centre used the adaptive sampling approach and measured more than twice as many
mass points (5152) than Vienna (Centrel). On the other hand, few characteristic lines
were plotted, only break lines along the roads and very few structure lines in the open
terrain. No zones were marked as dead areas. About 18% of the points are on lines of a
total of 6284 or 305 points per ha. No dead areas were designated.

This centre obtained the best result on the check points with a standard deviation of
+6.2cm; the systematic error component is small, at -4.1cm. The precision on the check
points is very homogeneous, maximum deviations of 35cm are observed on the periphery,
whereas the check points in the inner part do not show errors larger then 10cm.
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Figure 14:
Test area A1, ”smooth, weakly inclined, measured by Centre 4, Flotron.

This centre chose a profiling mode for the location of the grid points. The average dis-
tance of the profiles is 12m; only in the southern part were the profiles placed much
denser, up to 4 m; the point distance varies between 4-12m, selected by the operator
according to the terrain requirements. In total 1688 mass points were measured.
Moreover, the open terrain was approximated by break lines and structure lines of a
length of 6km; all roads were delimited as well as the building courtyards (4.8km); some
3196 points were measured on these lines, corresponding to 65% of the total points. The
small forest and all houses were eliminated as dead zones. A total of 4884 points were
measured. The mean point distance in open terrain is 6.8m or 219 points per ha.

The mean square error in the check points is +10.6cm with a systematic component of
+5.8cm. Moreover, the model shows a small inclination in northern direction of about
8cm. The maximal errors in the check points are up to 40cm, including the central part of
the model.
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Figure 15:
Test area A1, “smooth, weakly inclined*, measured by Centre 5, Muttenz.

This centre measured the mass points according to the adaptive sampling technique. The
number of mass points, at 1665, is very similar to Centre 2, Vienna and Centre 4, Flotron.
Break lines (3.6km) were measured along the roads, along with a modest number of
structure lines in open area (2.5km). In total 2639 points have been determined; the aver-
age point distance in open terrain is 9.4m or 114 points per ha. Buildings and the small
forest were delimited as dead areas.

The relative precision on the check points is +11.2cm and very close to Centre 4. The
systematic error component is +6.8cm.

The maximal residuals are 40cm on the periphery and up to 28cm in the inner part of the
model.
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Figure 16:
Test area A2, "smooth, strongly inclined", measured by Centre 2, Uni. Tampere.

Again centre 2 applied the adaptive sampling approach and measured 5435 mass points.
Only 150 points (3%) were measured on structure lines and 1268 points were measured
on break lines along roads and building courtyards (21%). The centre measured in this
way a total of 6853 points and reached in open area a point distance of 5.1m corre-
sponding to 383 points per ha.

With a standard deviation of £7.8cm, the centre obtained an excellent result, the system-
atic error component is zero. The largest residual of 93cm was observed on the periphery,
whereas all other residuals remained under 50cm.
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Figure 17:
Test area A2, "smooth, strongly inclined", measured by Centre 3, SITO Espoo.

This centre also worked with adaptive sampling, but measured only 2773 mass points.
Another 1205 points were measured on structure lines in the natural terrain and 1270
points on break lines for the building delimitation of roads and building courtyards. No
dead areas were indicated. The mean point distance was computed at 6.1m for open ter-
rain and 2.9m for built-up areas; on average, 334 points per ha were measured.

The precision obtained on the check points is £10.1cm, a value somewhat less favourable
than the one of Centre 2, which also applied adaptive sampling but with a much higher
number of points. The systematic error was determined at —5.1cm. The largest residual
error is —39cm; the centre consequently obtained a very homogeneous result.
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Figure 18:
Test area A2, "smooth, strongly inclined", measured by Centre 4, Flotron.

This centre measured profiles with a distance varying between 4 and 12m; in total 3105
mass points were measured. In the southern part (open terrain) structure lines were
measured over a length of 1.2km with a total of 1250 points. The traffic area was
modelled by 2.2km of break lines with a total of 800 points. Nearly 40% of the total
number of points lie on break lines. The small forest area and other difficult areas were
designated as dead areas. The mean point distance is 5.8m or 300 points per ha.

The measurements show a precision of +11.4cm with a systematic component of only
lem. The largest residual error is 65cm in the peripheral area and 30cm in the central part
of the test area.
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Figure 19:
Test area A2, "smooth, strongly inclined", measured by Centre 7, EPF-Lausanne.

This centre used a regular grid with a very dense mesh width of only 3m. This procedure
required the measurement of 16,603 mass points. Break lines were measured only along
roads and a few lines in the terrain (77 points). The buildings were measured along the
roofs, to indicate them as dead areas. This caused some confusion during computation, as
the dead areas had also been partly included as part of the terrain model. The precision of
+7.3cm is very favourable as a function of the high point density. However these meas-
urements show a large systematic component of —9.9cm. Furthermore, a systematic com-
ponent resulting from a remaining error in model orientation of 10cm was determined,
corresponding to an inclination of 0.15%.. Two large residual errors of 53cm and 29cm
are located, whereas all other check points are below 18cm; the technique chosen led to
very homogeneous terrain modelling.
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Figure 20:
Test area B1, "rolling, weakly inclined", measured by Centre 3, SITO-Finland.

This centre measured a fairly dense pattern of mass points (3695 points), according to the
technique of adaptive sampling. Furthermore, some 2090 points were measured in open
areas on structure lines and 586 points as break lines along roads. No dead areas were
defined. The mean point distance was computed at 5.9m.

In spite of the rather irregular and moving terrain, a standard deviation of +11.4cm was
reached. That is a value which corresponds to the much smoother areas Al and A2. No
systematic error components were observed.

The largest residual is four times in excess of G, in a rolling area (58 and 41cm) and it is
difficult to explain why this rather large error occurred.
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Figure 21:
Test area B1, "rolling, weakly inclined", measured by Centre 4, Flotron.

The measuring disposition of Centre 4 is similar to Centre 3; however, 3786 mass points
were measured in this case according to a profiling mode, parallel to the south-eastern
border of the area. The profile distance varies between 3 and 11m. Additionally in open
terrain 6686 points on structure lines and break lines were measured. The roads were
modelled with 650 points (2.6 km). Two small tree groups along the river Kander were
delimited as dead areas.

The achieved standard deviation of £9.4cm is about 20% lower than of Centre 3. The
largest residual is five times in access of o, in a rolling area (55 and 45cm) and again it is
difficult to explain why these rather large errors occurred.
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Figure 22:
Test area B2, "rolling, strongly inclined", measured by Centre 1, Vienna.

1538 mass points were measured, located in a regular grid with a mesh size of 10m. This
grid was complemented by 155 spot heights located on singular terrain points. Addition-
ally, some 14km of break lines and form lines were measured; nearly % of the total meas-
ured points are on these lines, exactly 72%. The break lines delineate roads and rail roads
with a total of 1400 points. Furthermore, 2871 points were measured as structure lines in
the open terrain. Two small forests were designated as dead areas.

The precision achieved of £24.1cm is rather low and would mean that the Centre failed in
this case to respect the general goal of the measurements. There is also a rather large
systematic component of 7.8cm, which leads to a mean square residual error of +£25.4cm.

The largest residual errors are along the railroad (-181cm) and close to the forest areas
(+111cm). When analysing the regression line as a function of the number of points
measured and the mean square residual, we realise that these measurements are nearly
40% above the line (cf. table 16, column 7) and indicate that there has been a useless
oversampling on the break- and structure lines. Too many points were measured on the
lines and the obtained precision would be higher if a different point distribution had been
chosen. All this seems to indicate that a prefixed regular grid of 10m is too coarse for this
terrain type, in spite of the measurement of spot heights and structure lines.
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Figure 23:
Test area B2, "rolling, strongly inclined", measured by Centre 4, Flotron.

Some 4198 mass points were measured by that centre in a profiling mode; the profile
lines are parallel to the south-eastern border line of the area. The profile distance and the
point distance on the profile lines vary between 3 and 9m. Some 750 points were meas-
ured on structure lines in open terrain. Additionally, some 848 points were measured on
break lines modelling the traffic areas and the courtyards of buildings. A particularity of
these measurements were the exclusion of about 30% of the area as dead zones; these
dead zones are partly very small and surround individual trees or shrubs. The delineation
of the dead areas required the measurement of some 2400 points. The mean point distance
in the open area is 4.1m, one of the smallest of all restitutions.

The standard residual error of £13.1cm achieved is rather favourable but might be due to
the generous elimination of dead areas. These measurements appear in table 6 with an
error twice as large when not all dead areas are respected. The systematic height error
amounts to 7.5cm.

The largest residuals were —50cm and +41cm; however, many of the critical zones which
created problems for Centre 1, for example, were not measured by this centre and were
instead designated as dead areas as already mentioned.
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Figure 24:
Test area B2, "rolling, strongly inclined", measured by Centre 5, Muttenz.

Centre 5 measured only 1029 points according to the principle of adaptive sampling. 128
points in open areas were measured on form lines, with a total length of 1.1km. The traffic
area and the courtyards were modelled by break lines over a length of 5.3km, totalling
807 points. For the delineation of the dead areas, some 650 points were measured. The
number of line points is rather high with 61%, the mean point distance in open terrain was
computed at 9.2m

This centre achieved the largest standard deviation at £27.7cm, due to the low number of
points. The precision is 48% beyond the goal of the measurements. The systematic height
error amounts to 4.1cm.

The largest residuals are —157cm and -116cm. Most of these points showing large residu-
als were for example not measured by Centre 4. Nevertheless, the number of outlayers is
considerable.
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Figure 25:
Test area B2, "rolling, strongly inclined", measured by Centre 6, FM Kartta.

The centre measured some 2260 mass points, according to the principle of adaptive
sampling. 219 points lie on structure lines 0.8km long (open terrain). The traffic areas and
the courtyards were modelled by break lines of a length of 8.6km, totalling 1352 points.
For the delineation of the dead area, some 180 points were measured. The percentage of
line points is 41%; the mean point distance was computed at 8.2m

This centre achieved the smallest standard error of £19.4cm beside the Centre 4, the
largest residuals were —113cm and 86cm.
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Figure 26:
Test area C1, "rough, weakly inclined", measured by Centre 1, Vienna.

In this region also Centre 1 applied its standard measuring procedure by using a basic grid
with a 10m mesh size. Additionally, a few isolated points were measured on the summit
of hills, totalling 1071 mass points. The bulk of the points, nearly 90%, were measured on
form lines and break lines. 10% of the working area was delineated as dead zones. In total
more as 10.000 points (exactly 10.509) were measured for modelling the area, about
twice as many as by the other 2 centres.

The random part of the mean square residual error was determined at +15.4cm, with a
systematic component of +8.3cm giving a total root mean square error of =17.5cm.

The largest residuals are —61 and —55cm, values observed only on border points, within

the area the residuals are under 2*G; consequently the area is very homogeneously mod-
elled.
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Figure 27:
Test area C1, "rough, weakly inclined", measured by Centre 4, Flotron.

Also for this restitution, the 1580 mass points were measured in the profiling mode, the
profile lines parallel to the north-west delimitation of the area. Additionally 6.6km of
structure lines with 4138 points were measured in the open terrain. The traffic area and
the courtyards were modelled with 2.5km of break lines comprising 660 points. 13% of
the area was designated as dead zones, requiring the measurement of 1136 additional
points.

The centre obtained a precision of £15.6cm and a systematic error component of —6.6¢cm.
The largest errors were observed on the edge of forest, with 1.92m near a dead area.
Another error of —83cm appears on a scree.
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Figure 28:
Test area C1, "rough, weakly inclined", measured by Centre 6, FM Kartta.

Again the centre measured according to the principle of adaptive sampling and deter-
mined some 2523 mass points, also on peaks and depressions. 4.9 km of structure lines
were measured in open terrain with a total of 1947 points. The traffic area was modelled
by 3.4km of break lines (730 points). The delineation of the dead zones required 28
points; in all only 2% of the area was eliminated.

The precision obtained at +14.7cm is slightly better than that of the other centres. The
systematic component is only 2.9cm.

Extreme residuals of —148cm and -74 are observed in the rolling, but open terrain.
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6.1 General impression of test area Al “smooth, weakly inclined*

This test area is a rather flat and even farming area, easy to model. It is crossed by 3
minor traffic roads and shows a number of farm houses. The terrain undulates slightly;
there are some gullies and flat ridges. The average terrain inclination is 4%, the maximal
inclination 15%; the largest height difference is 22m.

In total 4 centres measured this area and obtained a very high precision with a standard
error between =6 and +11cm. Centres 1 and 4 used a regular point distribution whereas
Centre 2 and 5 used an irregular point distribution, corresponding to adaptive sampling.

All measurements show systematic errors between —6 and +7cm; the systematic devia-
tions are more or less constant for the measurements of centres 1, 2 and 5, whereas the
measurements of Centre 4 show an inclination in north-south direction of 8cm over 500m,
corresponding to an inclination of 0.15%o.

The measurements satisfy the initial accuracy specification of +20cm, even in taking into
consideration the systematic error component; the best measurements (Centre 2, Tampere)
use only 37% of the allowance, whereas the weakest is close to 67% (Centre 5, Muttenz).

Table 10:

Compilation of the various parameters for data capture of test field Al. Most of the
parameters are self-explained. Column 6 specifies that the following values are differ-
entiated for open area, built-up area and for the total. Column 11 gives the percentage of
the points on line elements.

. Point
Test area Al Line elements Surface density
Syst. | Precis. |Error|Type of Mass |Length | Numb. | Total | Line | Meas. | Dead | Total | Per |Mean
error max. | meas. pts of pts | pts | pts zones ha | dist.
O] @ 3) “ () ® | D] ® ® a0 dn| 342 | d3 | 149 [d5 ]| de)
Cenl| -6.1 |+ 6.5cm|35cm lg(iigl Open | 2089 |9317 m| 4561 | 6650 19.4 ha 19.4ha| 343|54m
Built 4815m| 1261 | 1261 1.2 ha 1.2 ha|1051| 3.1 m
Total 7911| 74% | 20.6 ha 20.6 ha
Cen2| -4.1 |+ 6.2cm|35cm| Progr Open | 5152 | 554 m| 312| 5464 19.4 ha 19.4 ha| 282| 6.0 m
sampling
Built 5515m| 820 820 1.2 ha 1.2 ha| 683|3.8m
Total 6284 18% |20.6 ha 20.6 ha
Cend| 5.8 |+10.6cm |40 cm 4';5(1‘“ Open | 1688 {6007 m| 2414 | 4102 18.7 ha| 0.7 ha|19.4 ha| 219 6.8 m
Built 4825m| 782 | 782 0.8ha| 0.4ha| 1.2ha| 978|3.2m
Total 4884| 65% [ 19.5 ha| 1.1 ha|20.6 ha
Cen5| 6.8 |£11.2cm |40 cm S:[;‘;El"i;g Open | 1665 (2451 m| 491 | 2156 18.9ha| 0.6 ha|19.5ha| 114| 9.4 m
Built 3556 m| 483 483 0.8ha| 0.3 ha| 1.1 ha| 604(4.1 m
Total 2639| 37% | 19.7 ha| 0.9 ha|20.6 ha
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6.2 General Impression of test area A2, "smooth, strongly inclined"

Test area A2 is generally inclined by about 21%, with a maximum inclination of up to
40%. The upper part is formed by a flat ridge; the central part is uniformly inclined and
the lower part is characterised by a gully and a narrow valley and a larger one. It is mainly
used for cattle grazing; the upper part of the area is crossed by a main road and some
other minor roads lead to the eight buildings.

Again 4 centres measured this test area and obtained precisions between £7 and +11cm,
very similar to test area Al. In this case also two centres used a regular point distribution
and two an irregular one. A very favourable result was achieved by Centre 2 with a stan-
dard error of +7.8cm. This centre measured only 21% of the points on break or form lines
and measured 5435 mass points in an irregular distribution (adaptive sampling). Centre 7
chose a very dense grid at 3m, the densest point distribution of all measurements,
including the rough areas. The final standard deviation achieved by this centre was
consequently very low at +7.3cm, even slightly lower than Centre 2. However, Centre 7
has a large systematic error of nearly 10cm.

The restitutions 2 and 4 show only very small systematic errors, hardly exceeding 1cm,
whereas Centre 3 has a systematic error of —5.1cm and Centre 7, as mentioned, an error of
—9.9cm. The measurements of Centre 7 also show a small inclination of +5/-5cm from the
south-west to the north-east edge.

Table 11:
Comparison of the various parameters for data capture of test field A2.
Test area A2 Line elements Surface dl;(:i;iltty
Syst. | Precis. |Error|Type of Mass |LengthiNumb.| Total | Line | Meas. | Dead [ Total | Per |Mean
error max. | meas. pts of pts | pts | pts zones ha | dist.
ONNE) 3) @] 6 |©O O] @ | O a0 an| a4z | 13 | a4 |ds)|ae)
Cen2| 0.0 |+ 7.8 cm|93 cm sfél?)%{ﬁg Open | 5435| 397m| 150| 5585 14.6 ha 14.6 ha| 383(5.1 m
Built 4556m| 1268| 1268 1.1 hal 1.1 ha|1153|2.9 m|
Total 6853|21% (15.7 ha 15.7 ha
Cen3| -5.1 |£10.1 cm|39 cm sfnrq(}))%r.lg Open | 2773|6612m| 1205| 3978 14.6 hal 14.6 ha| 272(6.1 m
Built 5965m| 1270| 1270 1.1 hal 1.1 ha|1155|2.9 m|
Total 5248(47% |15.7 ha 15.7 ha
Cen4| 1.1 |£11.4 cm|65 cm 4;%(;“ Open | 3105{1212m| 1250| 4355 14.5 hal 0.1 ha|14.6 ha| 300|5.8 m
Built 2158m| 800| 800 0.6 ha| 0.6 ha| 1.2 ha|1333|2.7 m
Total 5155{40% |15.1 ha|0.7 ha[15.8 ha
Cen7| -9.9 |+ 7.3 cm|53 cm|3 m grid |Open [16603| 781m 77116680 14.8 haj 14.8 ha[1127|3.0 m
Built 1949m| 290 290 0.6 ha| 0.4 ha| 1.0 ha| 483|4.5m
Total 16970| 2% |(15.4 ha|0.4 ha|l15.8 ha
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6.3 General impression of test area Bl, "rolling, weakly inclined"

The area is rather flat and mainly used for cattle grazing and farming; it is covered by a
great number of erratic cones (little drumlins). The Kander river crosses the area over a
length of 400m and has a width of 10 to 20m; the river bed is about 4m deep. The river
banks are covered by trees and the rest of the area is completely open.

The southern border of the area is crossed by a provincial crossroad, with embankments;
furthermore, the houses are served by minor raods. The maximum height difference of the
test area is only 15m; the local drumlins and cones show height differences of 2 to 10m.

This flat but heavily rolling area was measured by only 2 plotting centres. Both centres
used some 3500 mass points and 3000 to 6000 points on break or form lines. The preci-
sion obtained is very similar, namely =10 and £11cm. Also the largest residuals are very
similar and up to 60cm.

Table 12:

Comparison of the various parameters for data capture of test field B1.

Test area B1 Line elements Surface POiI.lt
density
Syst. | precis. |Error|Type of Mass Length Numb.| Total |Line| pyoaq | Dead | 1oy | Per M.ean
error max. | meas. pts of pts | pts | pts zones ha | dist.
(ONN®) A3) @1 6 | OO @ | © [Jd0|dY| 42) | (13) | 14 |d5)]d6)
Cen3| 0.0 [+11.4 cm|58 cm| PZ" | Open 3695 [10200m| 2090 | 5785 19.8 ha 19.8 ha[292 (5.9 m
sampling
Built 2750m| 586 | 586 0.7 haj 0.7 ha{837(3.5m
Total 6371(42%20.5 haj 20.5 ha
Cend| -3.1 | 9.4 cm|55 cm i’)_rl)lﬁlr: Open [ 3786 [16655m| 6686 (10472 19.6 ha| 0.1 ha|19.7 ha|534|4.3 m
Built 2588m| 650 | 650 0.7 ha|0.3 ha| 1.0 ha[929 (3.3 m
Total 11122|66%20.3 ha|0.4 ha|20.7 ha
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6.4 General impression of test area B2, "rolling, strongly inclined"

The eastern part of the test area is a steep slope with an inclination of about 70%, crossed
by 2 torrents which have eroded deep ditches. These ditches meet in the central part of the
test area, where the water has formed a nearly 200m wide glacial terrace. The torrents
empty in the lower part of the area, where they again formed steep slopes of about 70%.
There are only a few farm buildings served by minor roads. The steep slopes are partly
covered by dense forests, partly by grass land dotted with a few trees. The area has a
height difference of 175m; the slopes range from 5 to 105%.

The area was measured by four centres. Two centres obtained a precision of £24 and
+28cm and did not reach the goal of the measurements. Centre 6, using adaptive sam-
pling, obtained a precision of +19cm and Centre 4 £13cm; however, the latter eliminated
many critical areas.

Centre 1 with the precision of +24cm, again used the grid structure with a mesh width of
10m, which is appearantly too coarse, although many spot heights and structure lines were
measured. In total 71% of the points were measured on line elements.

Centre 5 also used a far too coarse point density for that area. The number of the points is
only half of that measured by Centre 1 and the precision is £28cm.

Table 13:
Comparison of the various parameters for data capture of test field B2.
Test area B2 Line elements Surface POil.lt
density
Syst. Precis. Error |Type of Mass LengthNumb' Total | Line Meas. Dead Total Per M_ean
error max. | meas. pts of pts | pts | pts zones ha | dist.
(ORE®)] (3) ) G |O®| O] @ | O [ 10| ()] (12) | (13) | (14) [(15)] (16)
Cenl| 7.8 |+24.1 cm|181 cm lg(zig‘ Open| 1693 |9288m| 2871 | 4564 15.6 ha| 2.5 ha|18.1 ha| 293/5.8 m
Built 4743m| 1400 | 1400 1.5 hal 1.5 ha| 933|3.3m
Total 5964 | 72% [17.1 ha| 2.5 ha[19.6 ha
Cend| 7.5 [£13.1 cm| 50 cm pr60rlelle Open| 4198 [1918m| 3151 | 7349 12.1 ha| 5.2 ha(17.3 ha| 607(4.1 m
Built 3506m| 848 | 848 0.7 ha| 0.3 ha| 1.0 ha|1211{2.9 m
Total 8197 | 49% [12.8 ha|5.5 ha[18.3 ha
Cen5|-4.1 |+27.7 cm|157 cm S;;‘}’;‘T’i;g Open| 1029 |2403m| 781 | 1810 15.4 ha| 3.6 ha|19.0 ha| 118[9.2 m
Built 5304m| 807 | 807 1.2 ha| 0.3 ha| 1.5 ha| 673|3.9m
Total 2617 | 61% [16.6 ha|3.9 ha[20.5 ha
Cen6| 1.5 |£19.4 cm|113 cm Sf;}‘ﬁfﬁg Open| 2260 | 812m| 219 | 2479 16.5 ha| 1.9 ha|18.4 ha| 150[{8.2 m
Built 8600m| 1352 | 1352 1.2 hal 1.2 ha|1127|3.0 m
Total 3831 |41% [17.7 ha| 1.9 ha[19.6 ha
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6.5 General impression of test area Cl, "rough, weakly inclined"

This test area is a high mountain pasture land at a height of 1000m, it is crossed by the
Kander river which is still a torrent at this height. About 70% of the area is a torrent allu-
vium, with a thin cover of humus used as pasture. This pasture is crossed by an other 3-
5m deep torrent. The terrain is rough, interleaved by numerous rocks and boulders. The
river bed of the Kander, bordered by groups of trees on both sides, is also clearly visible
to a great extent. The area shows 5 sheds, reached by small roads. The average inclination
is 21% (minimum 0% and maximum 75%); the maximum height difference is only 30 m.

For this rough, but not very steep area we have 3 measuring sets with very similar preci-
sion, around +15cm, whereas the number of points varies between 5000 and 10,000.

Centre 1 again used its regular grid and measured additionally a great number of form
lines and break lines. Nearly 90% of the points measured are on line elements.

Centre 4 again measured its profiles with a distance varying between 5 and 9m. Addition-
ally, a great number of line elements were measured; nearly 70% of the points lie on these
elements.

Centre 6, with adaptive sampling, reached the relatively best result of £14.7cm (weakest
+15.6cm) with only 5000 points. Here proportionally only 50% of the points lie on line
elements.

Centre 4 and 6 have outlayers of more then 1.5m, whereas these critical areas were elimi-
nated by centre 1; the largest error observed is —61cm.

Table 14:
Comparison of the various parameters for data capture of test field C1.
Test area C1 Line elements Surface POiI.lt
density
Syst. Precis. Error (Type of]| Mass Length Numb.| Total [Line Meas. Dead Total Per M‘ean
error max. | meas. pts of pts | pts | pts zones ha | dist.
O] 6 @ G OO @ | O |10)|an| 12) | 13) | (14 |(15] d6)
Cenl| 8.3 [+15.4cm| 61 cm lg(;lgl Open| 1071 [11544m| 6888 | 7059 9.3 ha| 1.2 ha|10.5 ha| 856/3.4 m
Built 4220m| 2550 | 2550 1.5 ha 1.5 ha|1700/2.4 m
Total 10509 (90%(10.8 ha| 1.2 ha|12.0 ha
Cend|-6.6 |£15.6 cm|192 cm| pfoglle Open| 1580 | 6650m| 4138 | 5718 9.2 ha| 1.2 ha|10.4 ha| 622(4.0 m
Built 2540m| 660 | 660 0.6 ha| 0.1 ha| 0.7 ha|1100/3.0 m
Total 6378|75%| 9.8 ha| 1.3 ha|11.1 ha
Cen6| 2.9 |+14.7 cm|148 cm S:’;}‘;%;g Open| 2523 | 4900m| 1947 | 4470 10.3 ha| 0.2 ha|10.5 ha| 434/4.8 m
Built 3427m| 730 | 730 0.6 haj 0.6 ha|1217|2.9 m
Total 5200(51%]10.9 ha| 0.2 ha|11.1 ha
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6.6 Characterization of the data capture by the different methods
6.6.1 Plotting Centre 1 (Test area Al, B2, C1)

A general characteristic of the measurements of this centre is a strict use of a prefixed
regular grid of 10m mesh widths and the measurement of a great number of form lines.
The mesh width was used independently of the terrain, whereas the number of points on
form lines was increased heavily in rough terrain. The number of points on form lines
exceeded the number of mass points partially by a factor of 3-5. That means that the grid
points represent the area only to a small extent and the bulk of the work concentrated on
the acquisition of the structure lines. Roads and buildings were systematically plotted as
break lines. Dead areas were scarcely designated in order to allow for a maximum plot-
ting area.

The strategy chosen required the measurement of a high number of points compared to
the precision obtained. It appears that this approach is not too efficient concerning the
number of points measured.

This centre worked with the Leica analytical plotter, Aviolyt BC3; the plotters are
equipped with monocular image injection. The centre indicated that the measurements
were checked after the data capture by injecting the contour lines into the stereo model.
The measurements of the 3 test sites required 30 hours.

6.6.2 Plotting Centre 2 (Test area Al and A2)

This centre worked with an irregular point distance varying between 3-9m and obtained
very precise results in this way. The number of mass points is quite high, about double
those measured by Centre 1. Roads and buildings were also marked out by break lines,
but very few form lines were determined. This approach is very efficient and, as already
mentioned, delivers a very high degree of precision.

6.6.3 Plotting Centre 3 (Test area A2, B1)

A rather detailed description of the measuring procedure used by the centre is given in the
report. It worked with the analytical plotter Leica Aviolyt BC2. The program PMO-MAP
was used for the DTM data capture and the program PMO-PM3 for the measurements of
the check points. The report delivered by the centre explains that the technique used for
DTM data collection is very commonly used in Finland. The operator first measures all
break lines. Thereafter random points are measured. 3 surfaces are distinguished: terrain
surface (1), rock surface (2) and “off DTM structures” (9) like buildings, bridges etc. The
structure surface (9) can be measured as real 3D objects or in the conventional way. Areas
covered by forest are normally measured in the field. Control measurements in the form
of profiles are prescribed in Finland. For routine DTM determination one uses
photographs in the scale 1:3300, a scale nearly twice as large as for the OEEPE test
presented here. In this case, the standard deviation between the profiles and the
interpolated points should not exceed £0.1m and the frequency of differences greater than
0.25m should not exceed 1%. It is further specified that the photogrammetric profiling
serves only for the control of the point density used, but that for a thorough control one
uses field measurements, either profiles or individual points.
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The procedure used by this centre is very similar to the other Finish participants in the test
(Centre 2 and Centre 6). However, this centre measured only half the number of points
used by Centre 2. Nonetheless, a great number of form lines were measured in order to
complement the mass points. The break lines were again measured on roads and
buildings.

6.6.4 Plotting Centre 4 (All test areas)

The data capture of centre 4 is not quite homogeneous. The test areas Al and A2 were
measured with regular grids; the mesh widths were adapted to the zone of the terrain and
varied between 4 and 12 m. Test areas B1, B2, C1 were captured by profiles at distances
between 7 and 9 meters. For test areas Al, B1 and C1, a great number of form lines were
measured; for B1 a total length of nearly 17km. Furthermore, this centre eliminated a
great number of areas from measurements by designating them as dead areas. For B2 the
delimitation line of the dead areas has a total length of 5.4km. We should mention in this
context that the measurements of this centre were performed as contract work for the
elaboration of the DTM of the entire Kandertal, and were not executed with a view to
testing.

6.6.5 Plotting Centre 5 (Test area Al, B2)

This centre used also an irregular distribution of the mass points (adaptive sampling) but
measured a very low number of points; for Al and B2 the mean point distance was about
9m, whereas on average the other centres had a mean point distance of Sm. Consequently,
the interpolation precision was rather low, about 2 compared with the best results of the
specific areas. Additionally, form lines and break lines were measured.

6.6.6 Plotting Centre 6 (Test area B2 and C1)

This centre also measured an irregular grid with a point distance of 4-10m, as well as
break lines and a considerable number of form lines, especially for C1.

6.6.7 Plotting Centre 7 (Only test area A2)

This centre chose a very simple approach in measuring a very dense grid of 3m. Addi-
tionally, break lines were measured along the roads and houses, which were also desig-
nated as dead areas. This required the measurement of nearly three times more points than
captured by centre 2, which obtained about the same precision, but used adaptive
sampling.

6.7 Ranking of the results according to the obtained DTM precision

After the various analyses of the measuring procedure, it is of interest to attempt to rank
the measuring procedures chosen. It is understood that such an approach is somewhat
problematic and could be misunderstood. However, this attempt might help to classify the
various procedures and to elaborate recommendations.
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The easiest approach is without any doubt to classify the procedures according to the
precision obtained. In table 15 the plotting centres are ranked according to the relative
precision obtained on the grid points. We realise that the Centre 2 is always in a good
position, whereas Centre 5 is rather low ranked. Although this ranking is not uniform, as
the various centres did not measure all test zones, there results a clear sequence, with the
exception of Centres 3 and 4 and we can make the following ranking:

1. Centre 7 dense regular grid

2. Centre 2 adaptive sampling

3. Centre 6 adaptive sampling

4. Centre 1 regular grid

5. Centre 4 profiling

6. Centre 3 coarse adaptive sampling
7. Centre 5 coarse adaptive sampling

It is understood that it is not correct to put Centre 7 in the first place, as it only measured
a very dense grid without considering efficiency. Effectively, this centre measured about
three times more points than any other centre. Nevertheless, this ranking shows that Cen-
tre 2 and Centre 6, which both used adaptive sampling, obtained very favourable results,
whereas centres which used a regular grid structure (Centre 1) or a profiling method
(Centre 4) obtained less favourable results. In this sense this approach allows an assess-
ment of the measuring results on a purely empirical basis.

6.8 Precision of terrain approximation in relation to point density

In the preceding paragraph the centres were ranked according to the general precision
obtained. Below, an attempt is made to deepen these reflections by considering efficiency.
As already pointed out, Centre 7 has apparently measured far too many points in
comparison to the precision obtained, whereas Centre 5 measured very few points and had
nevertheless respected in most of the cases the general goal, stipulating a precision below
+20cm.

An attempt was made to reach this objective with the help of a regression analysis be-
tween the precision and the point density used. This regression analysis can be used to
estimate 2 parameters: a constant term and the multiplication term of the point density or
by estimating only the multiplication factor and forcing the regression line by the origin;
both approaches were followed.

The point density was derived from the square root of the surface to be modelled divided
by the total number of points, that means mass points, individual height points and node
points of the different line elements. In order to avoid a disturbing influence of the mod-
elling technique of the built-up area, this has been excluded from the calculation. We are
aware, that the value of the point density is somewhat disturbed as all points are used
including points on break and structure lines. The regression lines are also presented
graphically in figure 29 to figure 33 and the various parameters are listed in table 16.

113



Table 15:

Trial for making a classification of the different measuring results according to the
obtained precision (*Centre 4 applied here a special technique for the elimination of dead
areas).

C Arrangement of mass | Sigma in Deviation. to .
entre Plotter points em the lz/e;st in | Ranking
@) ) 3) 4 &) (6)

Zone Al
Cen2 BC2 Adapt.samp. 3-9m 6.2 0 2
Cenl BC3 Regular grid 10m 6.5 -5 4
Cen4 DSR14 | Regular grid 4-12m 10.6 -71 5
Cen5 DSRI15 | Adapt.samp. 3-12m 11.2 -81 7
Zone A2
Cen7 BC1 Regular Grid 3 m 7.3 0 1
Cen2 BC2 Adapt.samp. 3-9m 7.8 -7 2
Cen3 BC1 Adapt.samp. 3-9m 10.1 -38 6
Cen4 DSR14 Regular grid 4-12m 114 -56 5
Zone B1
Cen4 DSR14 Profiles 9m distance 9.4 0 5
Cen3 BC1 Adapt.samp. 3-9m 11.4 -21 6
Zone B2
Cend* DSR14 Profiles 7m distance 13.1 0 5
Cen6 P3 Adapt.samp. 4-12m 194 -48 3
Cenl BC1 Regular grid 10m 241 -84 4
Cen5S DSR15 Adapt.samp. 4-12m 27.7 -111 7
Zone C1
Cen6 P3 Adapt.samp. 4-8m 14.7 0 3
Cenl BC1 Regular grid 10m 15.4 -5 4
Cen4 DSR14 Profiles 9m distance 15.6 -6
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Table 16:

Regression analysis of the modelling precision of the various test areas. Column 2 shows
the point density in open terrain and column 3 the modelling precision; in column 4 and 5
are given the parameters of the regression analysis with two parameters and in column 6
the multiplication factor forcing the regression line through the point of origin. Column 7
gives the deviations of the individual measurement from the one parameter regression line
in %, one notes that the measurements with a regular arrangement of the mass points are
always above the regression line (negative values). In column 9 the coefficients between
modelling precision and point density are computed, which correspond to the
multiplication factor of the 1 parameter multiplication factor, but now determined for the
individual centres.

Regression
Restit. | Mean |[Standard| 2 parameters 1 parameter |Deviation| Point |Empirical
Centre | point |deviation Multipl. | Constant| Multipl. of regr. | distrib. | multipl.
distance factor term factor line factor

(1) (2) (3) 4) (5) (6) (7) (8) %)
Test area Al

Cen2 6.0m |[0.062m | 0.013 0.000 0.013 -17.4% |Adapt.s.| 0.010

Cenl 54m |0.065m -4.5% |Regular | 0.012

Cen4 6.8m |0.106 m 24.6% |Regular 0.016

Cen5 94m |0.112m -5.1% |Adapt.s.| 0.012
Test area A2

Cen7 30m [0.073m | 0.011 0.037 0.018 36.1% |[Regular | 0.025

Cen2 5m |0.078 m -15.2% |Adapt.s.| 0.015

Cen3 6.lm |0.10l m -7.4% |Adapt.s.| 0.017

Cen4 58m |0.114m 9.8% |Regular 0.020
Test area B1

Cend 43m [0.094m | 0.013 0.037 0.020 7.0% |Regular | 0.022

Cen3 59m |0.114m -4.0% |Adapt.s.| 0.019
Test area B2

Cend 41m |0.131m | 0.020 0.072 0.030 7.6% |Regular | 0.032

Cen6 82m |0.194m -20.7% |Adapt.s.| 0.024

Cenl 58m |0.241m 37.4% |Regular 0.041

Cen5 92m |0.277m 0.1% |Adapt.s.| 0.030
Test area C1

Cen6 48m |[0.147m | -0.005 0.174 0.037 -16.3% |Adapt.s.| 0.031

Cenl 34m |0.154m 23.1% |Regular 0.045

Cen4 40m |0.156m 6.3% |Regular 0.039
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Figure 29:

Regression analysis of test area Al, relation between the modelling precision and the
mean point density. The figures refer to the plotting centres, triangles stand for an
irregular point distribution and rectangles for a regular one. For this test area the two
parameter line corresponds with the one parameter line.
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Figure 30:

Regression analysis of test area A2, dashed line for two parameters and continuous line
for one parameter.
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Test area B1
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Figure 31:

Regression analysis of test area B1.
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Figure 32:

Regression analysis of test area B2.
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Figure 33:

Regression analysis of test area C1.

The regression line computed with the two parameters shows a clear relation between
point density and modelling precision, apart from test site C1. The constant term should
have expressed the general terrain noise, a value which defines the possible precision of
terrain approximation. However this term is not very precise, due to other factors, and it
seemed more useful to estimate only the multiplication factor. This seems confirmed by
the theoretical considerations of chapter 7, at least as for profile approximations. When
reducing the point distance we could not find a limit, showing a general terrain noise.

The regression coefficients obtained in this way are between 0.011 and 0.018 for the
rather smooth areas and 0.030 and 0.037 for the rough test sites. The values of the coeffi-
cient are very similar to the values given by Ackermann: for “medium type” terrain
(0=0.010) and difficult terrain (a=0.022). Only the modelled areas B2 and especially C1
seem even more “difficult”, than the areas characterised by him.

This approach also allows one to analyse the efficiency of the modelling by the different
centres. The measurements of centres above the regression line are less efficient, as too
many points were measured compared with those below the line. Here it becomes very
obvious that Centre 7 has measured too many points when taking into consideration the
precision obtained of +£7.3cm. From the graph one can read that the point for Centre 7 is
about 40% higher then the regression line. These 40% were computed between the ordi-
nate of the point and the corresponding value of the regression line. One could also state
that this centre should have obtained a much higher precision. In general centres using
regular prefixed point arrangements are above the regression line (Cenl, Cen4 and Cen7),
whereas centres with an adaptive point distribution are below the regression line; this is
specially apparent for Centre 6 which is nearly 20% below.
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It is also possible to compute for each centre the relation between measuring precision
and point density, which then leads to a spread of the multiplication factors (cf. table 16,
column 9). According to this reasoning, we realize that the multiplication factors are
systematically higher for a regular point distribution than for an irregular point distribu-
tion. The spread ranges between 0.011 to 0.016 for test area Al and up to 0.033 to 0.047
for test area C1.

6.9 Influence of the measuring instruments

The very rich measuring material also leads one to study the influence of the measuring
instrument on the DTM-precision. The various centres used analytical plotters BC1, BC2
and DSR 15 by the firm LH Systems (formerly Kern and Wild) and the P3 by Zeiss. The
results of the different plotting centres are listed in table 15 separated according to the
different test sites. Already in section 6.7, an attempt was made to work out a ranking of
the centres. This list is reproduced here again, after adding the type of plotter used:

1. Centre 7 Reg. grid BC1

2. Centre 2 Adaptive sampling BC2

3. Centre 6 Adaptive sampling P3

4. Centre 1 Reg. grid BC3

5. Centre 4 Profiling DSR14
6. Centre 3 Adaptive sampling BC1

7. Centre 5 Adaptive sampling DSR15

We realise that Centres ranked rather high used BC1 or BC2. However, the DSR was only
used by Centre 4 and 5; Centre 5 especially applied concisely a very scarce point density
and was therefore ranked very low; Centre 4 executed the measurements within contract
work for a much larger project and might not be very representative either. Consequently
it does not seem justified to deduce from this list any ranking of the plotters.

Another way would be to use the “efficiency” of the measurements for ranking; that
means we establish the rank according to the quotient between the standard deviation
divided by point density (cf. table 17). The order is quite well defined; only the test field

Al would give a slightly different ranking regarding the position of Centres 1 and 4:

1. Centre 2 Adaptive sampling BC2

2. Centre 3 Adaptive sampling BC1

3. Centre 6 Adaptive sampling P3

4. Centre 4 Profiling DSR14
5. Centre 5 Adaptive sampling DSR15
6. Centre 1 Reg. grid BC3

7. Centre 7 Reg. grid BC1

The above ranking shows very clearly that the type of plotters did not really influence the
measuring precision and we can assume that all plotters, independent of the make, sup-
plied a sufficiently high precision for the terrain modelling. We realize however once
again that adaptive sampling is far more efficient then the measurement of grids or pro-
files, at least as far as the number of points is concerned. Lets mention in this context that
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also regular grids could be used in a sort of adaptive sampling; this would mean that the
grid spacing is changed in accordance with the terrain particularities. However such an
appraoch was not used here.

7 A priori estimation of the DTM precision by profile segmentation
7.1 Basic considerations

Up to now the considerations concentrated on the precision analysis of the empirical
results. An attempt was made to derive the terrain characteristic “alpha (a)” from the
empirical measurements. The parameter introduced by Ackermann gives an indication of
the necessary point density if one wants to reach a certain precision in terrain modelling.
However, the operator or the engineer who has to prepare the measuring instructions for
the terrain modelling might have difficulties in determining the appropriate point density
properly, prior to the measurements. Furthermore, it seemed interesting to verify whether
there is a linear relation between the point density and the modelling precision.

Various discussions took place on this question and the co-author of the article tried to
work out a simple procedure based on profile measurements. Profiles, even very dense
profiles, are quite easy to measure and can serve after the measurements as an efficient
tool for the quality assessment. At the time of contouring on analogue plotters, the control
measurement of a profile and its comparison with the actual contour lines was an efficient
means for the assessment of the precision. Profiles have been used already earlier for the
characterization of the terrain roughness (cf. under others [3]). Very often Fourier Trans-
formations are used in order to determine the terrain characteristics. However, the estab-
lishment of a direct relation between the coefficients of a Fourier Transformation and the
sampling distance, corresponding to an irregular point distribution appeared not quite
obvious. In order to obtain such a relation we used a “segmentation” of the terrain pro-
files. That means that the terrain profile is approximated by polygons of varying side
lengths and the standard deviation is computed successively between the original profile
and the approximation polygon.

7.2 Practical approach for profile segmentation

Practically speaking the approach chosen is as follows. In the first phase the whole profile
is approximated by a single straight line passing through the beginning and end points of
the profile and one computes the r.m.s. deviation between the profile and its approxima-
tion. Afterwards, one looks for the profile point with the maximum deviation and uses
now two segments, one joining the beginning point with the detected maximum and the
other joining the maximum with the end point (cf. figure 34) and again the root mean
square deviation is computed. Then again the maximum deviation is derived and the
corresponding segment is again split up. This process is repeated until the desired ap-
proximation is achieved. The quality of the approximation is expressed by the root mean
square deviation between the terrain profile and the segments of approximation.
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Table 17:

Ranking of the centres according to the measuring efficiency.

Arrangement Rank Rank |Modelling| Point Multipl.
Centre | Plotter of mass points efficiency | precision | precision | distance fac.tor
(efficiency)
2 3) “ (&) (6) (M ®

Zone Al

Cen2 |BC2 | Adapt.samp 3-9m 1 2 62cm | 6.0m 0.010
Cen5 |DSRI15| Adapt.samp 3-12m 5 7 11.2 cm 9.4 m 0.012
Cenl |BC3 Regular grid 10m 6 4 6.5cm | 54m 0.012
Cen4 | DSR14]| Regular grid 4-12m 4 5 106cm | 6.8 m 0.016
Zone A2

Cen2 |BC2 |Adapt.samp 3-9m 1 2 7.8 cm 5.1m 0.015
Cen3 |BCl1 Adapt.samp 3-9m 2 6 10.1 cm 6.0 m 0.017
Cen4 |DSRI14|Regular grid 4-12m 4 5 11.4 cm 5.8m 0.020
Cen7 |BCl Regular grid 3 m 7 1 73cm | 3.0m 0.024
Zone B1

Cen3 |BCl1 Adapt.samp 3-9m 2 6 I114ecm | 59m 0.019
Cen4 | DSR14| Profiles 9m distance 4 5 94cm | 43m 0.022
Zone B2

Cen6 |P3 Adapt.samp 4-12m 3 3 19.4 cm 82 m 0.024
Cen 4 |DSR14|Profiles 7m distance 4 5 13.1cm | 4.6m 0.028
Cen5 |DSRI15| Adapt.samp 4-12m 5 7 277cm | 92m 0.030
Cenl |BCl Regular grid 10m 6 4 241cm | 58 m 0.042
Zone C1

Cen6 |P3 Adapt.samp 4-8m 3 3 147cm | 4.8m 0.031
Cen4 |DSRI14 ]| Profiles 9m distance 4 5 156cm | 4.0m 0.039
Cenl |BCl Regular grid 10m 6 154cm | 34m 0.045
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Figure 34:

Principle of terrain profile approximation by segments.
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The successive reduction of the segments used for the profile approximation leads to an
increasing precision of the approximation. The relation between the mean segment length
and the precision of approximation is presented in table 18 and the values are presented
graphically for the test area Al and C1 (cf. figure 35). For practical reasons, the curves
have been plotted in a double logarithmic scale, so that the supporting points appear in
the same distance. When analysing the figures one sees that the graphs follows more or
less straight lines, although a closer analyses reveals that the slope increases with an
increasing point distance. This becomes quite evident in the table 18:. Under the line
“Test linear.” we present the double relation (e.g. quotient between segmentation length
for +40cm and for £10cm divided by the quotient between 40cm and 10cm). In most
cases we have for +40cm a value around 0.7-0.8 and for the approximation with £2.5cm
a value of 1.3. So the slope or the terrain characteristic o reduces for about 15% when
doubling the point distance (segmentation). That means that the mean point distance for a
one-meter approximation is not 10 times larger then for a 10cm approximation but only 5
times larger.

Effectively the slope of the curve or the quotient between the terrain approximation and
the segmentation distance corresponds to the terrain characteristic o, introduced by
Ackermann. However, we have to take into consideration that a profile is easier to ap-
proximate than a surface. According to Matheron [7] the profile approximation would be
twice as precise as the surface approximation for the same grid spacing. Consequently,
one would read for the area of Al a mean segment length of s,=24.6m for a terrain
approximation of +10cm leading to an =0.0081. The spread for s, ranges from 20-33m.
For the test field C1 one obtains a mean s,=9.5m, a spread of 7.8-14.1m and a mean for
0=0.021 (cf. table 18).

It is understood that the segmentation leads to a certain spread which can be used to com-
pute a mean square error. Furthermore, it is understandable that the ideal profile ap-
proximation leads to a rather long point distance, never achieved in practical work. Con-
sequently, an attempt was made to compute a relation between the “alpha” obtained from
segmentation and from practical work (cf. table 19). According to this comparison, we get
a factor of 1.59 with a mean square error of +£0.25. In practice we have to admit that more
points for about a factor of 1.5 to 2.0 have to be measured, especially when taking into
consideration the rather great number of points on break or form lines. In this sense, we
have to admit that Centre 1 chose the grid distance properly with 10m for test area Al.
The mean segmentation distance for this area is 27.3m to be divided by 2 gives 14m,
whereas a grid distance of S5m should have been used for the test areas B2 and C1 in order
to still obtain a modelling precision of +10cm. The grid distance of 10m should lead to a
precision of terrain modelling of about +20cm, as effectively achieved.

It should also be noticed that the profile approximation does not show a precision limit,
due to terrain noise or other factors. It is true that the profiles have been measured photo-
grammetrically and might show a certain error. But from this experiments we have to
deduce that the increase of precision is achieved more rapidly than expected from the
point density. On the other hand through all this work we observed again and again sys-
tematic errors, which even might become more important when comparing these photo-
grammetric measurements with terrestrial measurements. Consequently the constant term
B designated as terrain roughness might still be relevant, but might only reveal itself when
using terrain measurements for control purposes and might mainly reflect systematic error
components.
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Relation between the profile approximation and the mean segmentation length presented
in a double logarithmic scale.
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Table 18:  Overview of the parameters for segmentation. Column 2 shows the profile
length and column 3 the number of points measured. Although the operator tried to
measure a point every meter he had to interrupt the measurements in areas with dense
vegetation. Column 4 to 8 list the mean segmentation length required to obtain precision
in meter indicated above. The mean values, the standard deviation and the double relation
between segmentation and precision are then given in bold; the values for £10cm serve as
a reference for the double relation. These values give an indication of the faint non-line-
arity of point distance and modelling precision.

Profile | Number Segmentation for a standard deviation of
length | of points | £40cm | £20cm | £10 cm +5cm  |£2.5cm

(1) (2) (3) (4) (5) (6) (7) (8)
Test area Al
Prof 1 305 306 140.0 50.8 21.8 12.5 5.8
Prof2 365 330 85.0 73.0 20.8 11.0 7.2
Prof 3 330 312 83.0 50.0 26.0 14.0 7.5
Prof4 248 222 58.0 35.0 21.2 15.2 9.9
Prof 5 628 629 120.0 75.0 33.0 20.0 9.5
Mean 97.2 56.8 24.6 14.5 8.0
Stand.dev 32.6 17.0 5.2 34 1.7
Test linear. 1.0 1.2 1.2 1.3
Test area A2
Prof 1 229 230 28.0 26.0 15.3 10.3 6.5
Prof2 289 290 40.0 22.0 11.6 7.5 4.2
Prof 3 335 336 31.0 24 .8 13.4 8.8 5.4
Porf4 448 446 77.0 30.7 18.8 13.4 7.1
Mean 44.0 25.9 14.8 10.0 5.8
Stand.dev 22.6 3.6 3.1 2.5 1.3
Test linear. 0.7 0.9 1.4 1.6
Test area Bl
Prof'1 299 300 55.0 24.0 12.5 7.9 4.8
Prof2 308 309 62.0 19.0 12.4 8.3 4.7
Prof 3 308 309 50.0 30.8 13.6 7.7 4.5
Prof 4 380 381 49.0 21.0 11.3 7.9 4.1
Mean 54.0 23.7 12.5 8.0 4.5
Stand.dev 5.9 5.2 0.9 0.3 0.3
Test linear. 1.1 1.0 1.3 1.5
Test area B2
Prof1 285 279 33.0 20.5 12.3 8.0 32
Prof2 235 236 31.0 16.4 13.3 5.2 2.8
Prof 3 324 325 36.0 21.0 11.0 5.2
Prof 4 254 255 26.0 12.6 8.2 4.2
Mean 31.5 17.6 11.2 5.7 3.0
Stand.dev 4.2 3.9 2.2 1.6 0.3
Test linear. 0.7 0.8 1.0 1.1
Test area C1
Prof'1 320 260 18.8 7.9 5.6 39
Prof2 410 375 31.2 17.8 11.7 73
Prof 3 239 240 28.0 16.0 7.8 5.6 3.3
Prof 4 262 260 439 15.4 10.4 6.0 3.6
Prof 5 207 199 29.5 10.4 7.5 3.8 2.8
Prof 6 190 191 35.0 29.0 14.1 7.0 4.3
Mean 31.1 16.1 9.5 5.6 3.5
Stand.dev 8.3 7.3 3.1 1.5 0.6
Test linear. 0.8 0.8 1.2 1.5
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Table 19:

Comparison of the empirical and theoretical terrain characteristic alpha (o). Column 2
shows the empirically determined value as a mean computed from table 16 (column 9)
and column 3 gives the corresponding standard deviation. Column 4 reproduces the mean
values for the segmentation for +10cm according to table 17, while column 5 shows the
corresponding alpha: (2*0.1/segmentation); column 6 gives the relation between the alpha
of empirical measurements and of the segmentation, and column 7 the alpha value
corrected for the mean factor 1.59. Finally, we give the standard deviation of the
segmentation and the corresponding standard deviation for alpha in columns 8 and 9.

Mean o Stand. Seg'flen' o accord. Rel: Stand. Standard-
Test area . tation a correct. dev.
emprical. | dev.a . Segment. | Olemp/Olseg deva
nm segment.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Test area Al 0.0129 0.0022 24.6 0.0081 1.58 0.0130 5.2 0.0017
Test area A2 0.0197 0.0034 14.8 0.0135 1.46 0.0215 3.1 0.0028
Test area B1 0.0202 0.0006 12.5 0.0160 1.26 0.0255 0.9 0.0012
Test area B2 0.0337 0.0076 11.2 0.0179 1.89 0.0285 2.2 0.0035
Test area C1 0.0376 0.0062 9.5 0.0211 1.78 0.0336 3.1 0.0069
Mean 1.59
Stand. dev. 0.25

The terrain profiles have been measured on an analytical plotter (Leica BC1) by an expe-
rienced operator. It is understood that the precision of the profiles corresponds to the
possible measuring precision in photogrammetry. According to a rough estimation, the
precision of the point measurement might be about +4cm in accordance with the measur-
ing precision of the other centres. Consequently, each of the profiles can be considered as
a sequence of check points and used as check points for the terrain approximation.

7.3 Conclusions regarding the profile segmentation

The complementary study concentrated on the use of profile measurements for the a priori
determination of the required point density and for the quality assessment of digital
terrain model. One realises that this approach is rather easy to handle and gives consider-
able information. The present study concentrated on the profile approximation by seg-
mentation. This approach was chosen as it corresponds largely to a surface approximation
by finite elements.

By way of conclusion one can summarise:

1. The a priori measured profiles allow one to estimate the required point density in-
cluding the density of break lines for DTM measurements in order to satisfy prede-
fined precision requirements.

2. There is no strictly linear relation between point density and precision of terrain ap-
proximation. When passing from a precision of 10cm to 1 m the required point density
should decrease for a factor 5 only whereas the precision decreases for a factor 10
according to a rough estimation.
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3. The approximation does not show a precision limit, due to terrain noise or other
factors. It rather suggests that an increase of precision is achieved more rapidly than
expected from the point density. However as the profiles were measured photo-
grammetrically there might be a systematic error between terrain measurements and
photogrammetric values leading to a constant error component.

4. Terrain profiles allow a detailed quality assessment after the completion of the meas-
urement and should be used as standard tools.

8 Recommendations for data acquisition and conclusions

The present work shows that the natural terrain can be modelled by photogrammetric
measuring techniques with a precision of about +20cm or even higher, with photographs
in the scale of 1:6000 (flying height 800m above ground) in open terrain. This means that
an arbitrary point in the terrain can be interpolated with this precision from the photo-
grammetric data sets. The present study concentrated mainly on the photogrammetric
measuring techniques for data capture by an operator and the necessary precautions.
There was no analysis of how automatic measuring methods could be applied; moreover
complementary measurements in the field and controlled measurements are hardly dis-
cussed.

When discussing precision, it was possible to show that the quality of the terrain model-
ling depends essentially on the point density. However, serious limitations might come
from systematic error components.

8.1 Systematic error components

In the preceding section, error components appeared again and again which can be con-
trolled only to a limited extent by photogrammetric methods and which systematically
affect the result especially in comparison with terrestrial measurements. In table 21 we
tried to summarise the systematic error components. We can list the following compo-
nents:

1. Model orientation

2. Control measurements

3. Data capture
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Table 20:

Compilation of the measuring precision determined from model orientation and from
repeated point measurements (distinct points, grid points) compared with the precision of
an interpolated point of the TIN model; all values are in [cm].

Standard deviations of observation errors
. . Range of Range of
Resaion | N | o | o | ePnaton ST ol
errors tion errors
@ @ 3) “ &) (0) )
Test Area Al
Slopes up to 15%; Terrain Type = smooth, weakly inclined
Cenl 2.6 2.6 3.8 7.0
Cen2 0.4 2.7 3.5 3-4 6.5 7-12
Cend 1.4 2.4 3.8 10.6
Cen5 2.2 33 11.2
Test Area A2
Slopes up to 40% Terrain Type = smooth, strongly inclined
Cen2 0.9 2.3 34 8.8
Cen3 4.4 2.3 33 3-4 10.6 7-12
Cen4 4.9 3.1 2.8 12.0
Cen7 3.8 2.3 7.5
Test Area Bl
Slopes up to 35%  Terrain Type = rolling, weakly inclined
Cen3 2.6 3.4 4.7 11.4
Cend 2.6 3.4 4.5 3-5 9.4 10-12
Cen5 5.0
Test Area B2
Slopes up to 105%; Terrain Type = rolling, strongly inclined
Cenl 4.4 3.1 8.7 24.0
Cen4 6.8 3.1 8.2 3-9 13.0 13-28
Cen5 3.6 6.3 27.7
Cen6 5.5 19.4
Test Area C1
Slopes up to 75%; Terrain Type = rough, weakly inclined
Cenl 3.0 3.4 9.4 16.0
Cen4 43 3.4 9.4 3-9 16.4 16-20
Cen6 34 19.8

128




Table 21:

Compilation of the systematic deviations determined between the measurements of the
various centres; all values are in [cm].

Systematic deviations

L . . Range for
Restitution Mode.1 Dls'tmct G'rld point mea- Interpolated Range
Centre orientation points points points
surements
(@) ) 3) ) (©) (6) )
Test Area Al
Slopes up to 15%; Terrain Type = smooth, weakly inclined
Cenl --- 1.9 -2.9 -3.1
Cen2 --- -0.6 -1.9 2-3 -2.0 2-5
Cend --- 2.5 2.6 3.1
Cen5 --- 2.2 4.7
Test Area A2
Slopes up to 40% Terrain Type = smooth, strongly inclined
Cen2 --- 1.0 0 -1.0
Cen3 --- -0.6 0.5 1-2 -5.7 0-8
Cend --- -0.3 1.4 0
Cen7 --- -1.9 -8.1
Test Area Bl
Slopes up to 35% Terrain Type = rolling, weakly inclined
Cen3 - 34 5.2 -5.3
Cen4 - -3.4 -3.0 3-5 -0.1 0-5
Cen5 -
Test Area B2
Slopes up to 105%; Terrain Type = rolling, strongly inclined
Cenl --- 23 -3.6 13.6
Cend --- 2.3 7.9 2-8 0.1 0-4
Cen5 - -4.3 1.7
Test Area C1
Slopes up to 75%; Terrain Type = rough, weakly inclined
Cenl --- 1.0 1.4 6.8
Cend --- -1.0 -1.4 1-2 -6.8 2-7
Cen6 - 1.8
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8.1.1 Model orientation

It is understood that no systematic error components showed up during the proper model
orientation. The residual errors on the check points must however be considered as an
indication of systematic error components. If we consider table 2 then for example in test
area B2, the triangulation point 477080 has a residual error of +9cm. For control meas-
urements or complementary measurements, one would use necessarily this point as a
connection point. This means that there would be a systematic difference between terres-
trial and photogrammetric measurements of the order of the said 9cm. We should mention
in this context that it is absolutely necessary to determine the height difference between a
signalised point and the natural terrain, meaning the height difference between the signal
and the terrain, for it is very difficult for an operator to properly evaluate this height dif-
ference. Unfortunately, these values were not available for the test measurements. To a
certain extent, one could reduce these errors of the model orientation by immediately
using the orientation elements of aerial triangulation. However, this is seldom possible
and one should not forget that aerial triangulation is normally done with self-calibration,
whereas the additional parameters cannot be taken into consideration in the orientation
process of individual models.

From the present work, we have to conclude that model orientation might cause system-
atic errors of up to £10cm or 0.1%o of the flying height and that this component has to be
controlled carefully in the measuring process.

8.1.2 Systematic errors in point measurements

As can be seen from table 21, the individual sets of measurements also show significant
deviations from one centre to an other. For example, Centre 7 has a systematic error of
the mean control measurements of 10cm. Systematic deviations between 7 and 8cm are
also observed for all other measuring series. We have to take into consideration that
photogrammetric measurements show systematic errors, which should absolutely be con-
trolled as well as possible. In principle, it is known that operators have a personal meas-
uring error, which has to be taken into consideration. For example, the analytical plotter
BCI to BC3 allows one to introduce this constant. Similar possibilities are also given for
all other instruments. It must be regretted that the protocol of the measurements of the
various centres do not give an indication of such precautions. Similar systematic errors
can also be caused by variations in temperature.

8.2 Capturing and modelling of the terrain

As already explained earlier essential aspects for terrain capture and modelling, in addi-
tion to the DTM software packages, are also the type of lines and points measured. In
general, the terrain is approximated by mass points, break lines, form lines and the de-
limitation of dead areas.
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8.2.1 Break lines

Break lines have a special significance for terrain modelling. According to the experi-
ences gained one should absolutely model all roads, courtyards and the outskirts of
houses as break lines; houses should be delineated at ground level, whenever these ele-
ments should also serve for terrain modelling. Furthermore, we have to add the delimita-
tion of water flows, dam sites and other terrain edges. It should be taken into considera-
tion that roads and railways should in general be modelled by 4 break lines, that means
the upper edge of the slope and the break line between the slope and the natural terrain. In
the present test, the transition line to the natural terrain was unfortunately frequently
omitted.

The image of the break lines corresponds to a great extent to the content of a technical
plan and it should be possible to combine this restitution with the plotting of planimetry.
It is understood that great importance will be given to the height of the measuring points
for terrain modelling. Consequently, great care has to be given to the proper height meas-
urements. This should not be a problem when using individual registrations; however, an
automatic point capture appears problematic as far too many mass points might be pro-
duced and the complementary height measurements will not always be done with the
necessary care.

8.2.2 Form lines and other characteristic terrain lines

Form lines in general mark a gradual slope change in the terrain. Contrary to break lines,
the particular advantages of form lines are less evident. For example, Centre 1 measured
many form lines but was not able in this way to densify sufficiently the rather coarse grid
of mass points. One cannot analyse here whether this is due to the different measuring
precision on line elements and mass points, or due to other factors. Furthermore, it is
understood that this statement concerns only the terrain types treated and is valid only in
relation to the interpolation programs actually used.

8.2.3 Delimitation of dead areas and of areas of inferior precision

In general areas which should not be presented by the digital terrain model or which
cannot be measured properly are declared as dead zones. That means that the contour
lines should not cross houses which have to be designated as dead zones. Also areas
which cannot be seen properly, such as dense forests, must also be excluded and must be
complemented by terrestrial measurements. Whenever possible, it is recommended that
one should measure the surrounding lines of dead areas properly on the ground in order to
allow their use as break lines, although this precaution might require an additional effort
and prove difficult to perform. Especially for houses, it is much more appropriate to plot
the roof lines and ensure that the contour lines stop properly on the edge. The additional
requirement that these lines should be properly on the ground further complicates the
measuring process. In the present case, the principle that the delimitation line of dead
areas should be on the ground was only partially observed. Moreover, the definition of
dead areas was not uniformly handled. Various centres eliminated very generous dead
areas, whereas others undertook to also capture rather difficult areas. It should be rec-
ommended to particularly designate zones which are difficult to measure and to provide
connection points for complementary terrestrial measurements, as was specially suggested
by Centre 2 (SITO).
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8.2.4 Mass points and spot heights
The arrangement of mass points can be done according to various criteria :

e Regular grid (Centres 1 and 7);
¢ Profile measurements (Centre 4);
e [rregular, possibly according to the principle of adaptive sampling (Centres 2,3,5,6).

The best results with a relatively low number of points were achieved with an irregular
point distribution. On the other hand, profile measurements, regular or irregular grids
require more measurements. It is not quite clear whether this higher number of measure-
ments in a regular grid really requires more time. According to various experiences, an
operator can measure a grid very rapidly and can achieve a performance of up to 4000
points per hour. This high performance is possible as the operator can foresee where to
measure the next points. However, this effect is lost when doing adaptive sampling and a
lower performance is obtained.

8.2.5 Precision and point density

In the preceding section we dealt with the technique of profile segmentation. According to
this technique, the relative error of interpolated points can be estimated according to the
formula ¢ = ax*d; (a0 = coefficient depending on the terrain type and also on the required
precision and d = the mean point distance of the supporting points). That formula
corresponds quite well with the results effectively obtained. One may recall that in addi-
tion to these values, we have to take into consideration the systematic errors of 7-10cm or
0.1 to 0.15%o of the flying height, designated as a constant term, above-discussed. The
final precision formula should then read:

c= \/ [(OL -d) + constantZ]

For the various test fields, we obtained values for the terrain characteristic o of between
0.01 and 0.04.

8.3 Software packages for terrain modelling

The study presented is based mainly on the Terrain Analyst by Intergraph. Comparative
computations with the programme package SCOP (Stuttgart-Wien) and CIP show hardly
any differences. According to this study, it can be concluded that a plain interpolation
with relatively small finite elements provides satisfactory results. CIP works with bicubic
interpolation techniques and yields no better precision. Even the filtering of observation
errors, as is possible with SCOP, did not supply any increase in precision. Rather the a
priori point precision had to be set at about £1cm in order to obtain the same precision as
with the Terrain Analyst. Consequently, no real differences have been found in this study
for the different software packages.

8.4  Quality control of terrain modelling

A great part of the study had concentrated on the control of the precision. Principally, we
used a network of check points with a distance of 25 m. It is absolutely recommended that
such a control network be introduce in order to achieve efficient quality control.
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Additionally, one should also use profile measurements for quality control. As also dis-
cussed, it is rather easy to estimate from profile measurements the necessary point density
for the terrain modelling, in order to obtain a predefined precision. Furthermore, the
profile points represent an ideal series of check points, which should be included in the
quality control.

8.5 Conclusions

The present study of OEEPE tries to summarise the state of the art of data acquisition for
precision terrain modelling for civil engineering by photogrammetric stereoplotting. It is
based on the standard procedures used in 7 different photogrammetric plotting centres
from 3 different countries. The precision obtained with photographs in the scale 1:6,000
(flying height 900m) is about £20cm or 0.2%o of the flying height. In this value are in-
cluded a random component of £8-15cm or 01-0.15%o of the flying height and a system-
atic component of 5-10cm or 0.05-0.1%o of the flying height. The main part of the study is
a direct comparison of the specific techniques of data acquisition of the different centres
and the trial to analyse advantages and disadvantages of the different methods. The study
presents herewith a reference for photogrammetric stereo plotting at a time when other
techniques such as automated DTM capturing, Laser altimeters and Radar techniques are
emerging. The study showed that photogrammetric DTM measurement is a precise
technique giving a very compact data set, but requires certain precautions in order to
guarantee a high standard.
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web map applications:weather
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web map applications: traffic
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web map applications:
(national) atlases
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new realms:
mapping cyber space
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web cartography:
classification of web maps
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web maps
static view only
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web maps
static interactive
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static interactive
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web maps
dynamic interactive
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nmo’s and e-commerce

=
2 : Webbkarta
N
» PO UIT AL h_ Bestall kartbild och fastighetsinformation via internst.
>
oW mmmr_,_...__:_: U Tjansten innebéar att man med hjalp av angiven fastighetsbeteckning, eller angivna koordinater,
< 4 far ut en kartbild dver detta omrade. Om fastighetsbeteckning anges fas aven ett utdrag fran
@ Fastighetsdatasystemet, rorande denna fastighet. Inom tatortsomraden redovisas inte
) Webbkarta fastighetsgranser.
e Nyheter
] 4 Informationen skickas till ditt faxnummer eller till din e-post adress.
. Exempel 1
m Exempel 2 Fér att kunna anvanda gansten kravs att du ar registrerad anvandare, och har et avtal med
© = 13 Lantmateriverket. Detta avtal undertecknas och sands in tll Lantmateriverket, varefter ni
£ xempe registreras, och tilldelas ett losenord far tiansten.
o)
.nmu Hjalp Dret ar majligt att prova tansten innan ett avtal skrivs. Max tre bestallningar kan géras.
o)
o))

Fastighets




nmo’s and e-commerce

c
= : Webbkarta
N :
T N £ nter Hetwork Password
- :
(%) PO TALET h_ Eec
oM Pleaze twpe your user name and pazswaornd.
St Tjar angivna koordinater,
.W Beskrivning far 1 Site: wa |, ze wven eft utdrag fran
= Fas sdovisas inte
o Webbkarta fast R ealm ‘wiebbl.arta
O
m Nyheter Infol Uszer Name
© Exempel 1
N .
S Exempel 2 WQ Eassword _um_\ ett mmﬁm_ med
© an : : : ket warefter ni
m Exempel 3 reg [T Save this password in your password list
r.m -...-... RO OB OB R R R B W _”_ﬁ _U.W—.u__UW_ )
= Hjalp Det I lkan garas.
)
(@]

Fastighets




web access

Internet users Top 15 nations (x 1 million)

50 - 25,000 @ Spain29 . South Korea 5,7

Germany 12,2

geoinformatics, cartography & visualization

. 25,001 - 250,000 @ Netherlands 2,9 . France 5,7 Canada 13,3

® 250,001 -2,500,000 ® Sweden 4,0 . China 6,3 United Kingdom 14,0
@ laly47 ® 5:iss Japan 182
@ Tziwan 4.8 .

o
[
O
Australia 6,8
. United States 110,8



presence on the www

Aﬂ@nﬂg Europe e
4 : - JEurogi
e
__\1--

mtnnz
- 4PAIGHIPGH Africa

_J..Vb.__u.m_m ..
QMO websites g , \ — Oceania
_ (ANMO website
Latin .

America / - __JANZLIC H
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www.itc.nl/~carto/nmo




presence on the www: europe

International level
_zv CERCO
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gazetteer sample

What's New? | Search | Navigator | Comment | Home | © |

Search for Australian Geographic Place Names

Place Name _m_uE:mE_n_E:

ALL (kust enter a walue for Place Name)
Aerodrome, Aifield. Airport, Landing Ground (AF)
Place Type Anchorage (ANCH)

Archipelago (ARCH)

Bank. Bar. Sandbar (BANK)

Geographic Region || Australia “_
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gazetteer sample

Place Name

State/ Territory

Place Type

Latitude/ Longitude in Degrees Minutes Seconds and Decimal Degrees
1:100,000 WMap Sheet Code

1:250,000 Map Sheet Code

Flace Na Click on the place natne(s) to produce a map and firther detadls.

Place T
L =outhampton] Enviroldaps Link ]

WAL

= Locality (unbounded), Place Mame, Eoad Corner, Eoad Bend, Corner (LOCT
Geograpl 33 52'59"2 115 58'02"E (-33.8B298 , 115.96718)

2030

SI50-06
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southatnpton Reef] Enwrobaps Tink ]

QLD

Eeef (EEEF)

20 39'00"5 150 258'00"E {-20.65 , 150 46667
8956




gazetteer sample

waﬂ:um.. .Australian Geographic Place Names (Gazetteer) [teer)

P Summary Report - 16 February 2000
| = Details on Southampton (WA)
[ E R 1 N Eyyh repott Hsts information on Australian Geographic T

What's N

Place Name

State/ Territory

Place Type

Latitude/ Longitude in Degrees Minutes Se
1:100,000 WMap Sheet Code

1:250,000 Map Sheet Code

Search

Place a1 =i
Oads

E Ervers

[ ]
n Southampton

Click on the place name(s) to produce a map and firth

Place T
AL o outhampton] Enviroldaps Link ]

. WA
= o Locality (unbounded), Place Mame, Eoad Corn
Geograpl o 3352593 115 58'02"E (-33. 88298, 115,967
« 2030

o SI50-06 Geographic Place Name Report - 16 February 2000

geoinformatics, cartography & visualization

southatnpton Reef] Enwrobaps Tink ]

_moﬁrmgvﬂos
« QLD

_H;mnm Name
+ Reef (REEF) State/ Territory Western Australia

e 20 39'00"8 150 28'00"E (-20.65 , 150 46667) _Hu_mnm Type _H.o_umb._% funbounded), Place Name, Eoad Comer, Eoad Bend, Corner (LOCTT
RO54 o . _H.mﬂ_.._unmn Longitude _ww 52'58"3 115 58'02"E

1:100,000 Map Sheet|2030 Donnybrook 1:100,000 map sheet
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products: analogue; samples

Topographische Ubersichtskarten 1 : 200 000 Germany

Format 595 x 65,0cm, einzelne Blatter: 75 6 x 48 Scm
Denmark

Das Kartenwerlk ist ein Gemeinschaftsweark des Bundesamtes fiir Kartogr
Landesvermessungsamter der Lander der Bundesrepublik Deutschland.

_..._.q_ Denmark 1:25,000 (4cm map)

i
Blattiibersicht TUK 200 -.T\

Kurzzeichen: TL Y
Thiz tag ﬂ Dentnark’s official _uﬂ_@mnm:ﬁmﬁ
topographic map. dom on the map
corresponds to lkm. The map 1=
mncredibly detaled and you can see
even the smallest creeks and paths.
Therefore the map 15 espectally usefil
for hiking and bidang i the
countryside. ¥ ou will find the map
relevant whether you are a private
pErSON of a scout, someone mvolved Click af the map fo see index of

in onenteenng etc. individual maps

Lot of detals w/
Normalausgabe _” Updatine Kommunekontor

. MH-H.-..—...__J.—HT—.—H_ _.J H-H.Hﬂm H-mH. H.H_.N.H-" Umﬁmﬁ nm._“-_“—

.ﬂ% . _..“—__nm._.



products: analog

Netherlands
‘_ mOOOO 27 Oost Heerde

Uitgave: 1993 ISBN: 90 350 0279 2

Northern Ireland

Index To The 1:50 000 Scale Map
Discoverer Series

51W 510

c
Q
)

©
N
'®©

=)
2

>
o

>
=

Qo

Q)

—

()}

O
=

®

(&)

)
9O
-—

@©

&

(-
L
=

o

()

(@)}

Dundale ——"

36A




products: analogue; price

Denmark
Pricelist of Maps

ontemporary maps

Contemporary maps

Danish maps 4cm map, Denmark 1:25,000*
403 map sheets. Per map sheet
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2em map, Denmark, 1:5




products: digital samples
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/| Admin boundaries

Roads
‘ | [ Water features

Kristiansand STATENS KARTVERK

Ireland

DA b, 1 111, Ny A

Halmanagid-=d TR

Vector datasets enable individual layers to be
individually shown, laid an tap of each other or
ormitted as required. Place a tick next to those
lavers you would like to see on the above
rmap.
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products: view the maps

maa e

o

LY

® =

. &

Tall 0000

Tall 5.000 Topografic
ld=. relatius 5.000

ld=. absaluts 5000

Eztat5.000 Tapagrafic
[ ] 19 Edicid
[ 2@ Edicid

Tops 500 . Nuclis
Tops.50M
Tops 2500 .M uclis

Tops 2500

cCA0
(ECIFICACIOMN 5]
Edificacid aillada

Limits adm.
Costa

.\bf\._.__._._n estatal “_

Lirm it auter fomie

1:5000 Topografic -
la ed: 4269 fulls

(14510015
daed: 537 ful
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products:

view the maps

® SO

® B R |

® [

. &

LY

Tall 50000
Tall5.000 Tapagrafic
ld=. relatius 5.000

ld=. absaluts S.000

Eztat5.000 Tapografic
[ ]17 Edicid
i 27 Edicid

Tops 500 . HNuclis
Tops 50M
Tops 2500 .M uclis
Tops 2500

cH0
(ECIFICACIONS]
- Edificacio aillada

Limits adm.

Costa
&E_ﬂ_: estatal

- - . 3 .
% 5 Uimd antanAmis




products: view the maps

Ta p= 250mM

cCq0
(EDIFIC
Edific

Limits adm.

.h.q_.___..____ .q..q. Costa

.\.f_\. Limit estatal

u.....____._ ...... Limit autondmic
’ Limit coma

A A Limit municipal

rba Mestra
corba Senzilla

(HIDR OzRAFILA)
r= natural d'aigua
Curs artificial d'aigua
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products: view the maps

@@@_f

Taps . 250M

cH0
(ECIFICACIOMNS)
Edificacia aillada

Limits adm.
Costa
.\f\._u__._._; eztatal
FLimit autondmic
Limit comarcal

Limit municip al "mm. -l s i ] ,_. . L...& i
. e .md%ﬁ
(ALTIME TR1A) : . HEL wmmfwfmwyww

Corba Mestra
Corba Senzilla

(HIDR OGRAFIA)
Curs natural d'aigua
Curs artificial d'aigua
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geoinformatics, cartography & visualization
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products: digital; formats, prices

Northern Ireland

Finland DIGITAL TOPOGRAPHIC DATA

Delivery Formats (=o, standard="*) VECTOR

[Format OENI produces and maintaing a fully structured digital topographic datab
WMMMMH 4 Unit Maagis |Arc/Info [Arc/Tnfo [DGN 79@? data 15 leased to customers subject to approprate copyright icensing arrar
L Gen. Ep. Fu
Toposraphic Database and 1. Large Scale {1:1250/1:2500)

Map Database 1:20000 The Data 15 fully edgematched, mulli-attributed, with full links and nodes st
1:10000 sheet

1:20000 raster

1:20000 sheet ! .
- OUm =e Annual Leasing Charges (accumulative per order)
Efs

County 1-10 files £ 27.00 each

Bazic Iap 1:20000 11-20 files £ 2200 each
- contours, felds 214+ files £ 16 80 each

- waters

1:20000 sheet One file equates to ane standard OSNI plan

150000

30z Okrn sheet 2. Small Scale { 1:50 000/1:250 000}

1:100 000 Here again full edgematching, multi-attributing and structunng apply where

30z40km sheet centre-lines, relief and dramnage patterns being of particular mterest. There
Area, Ward, Townland and Enumeration district Boundaries.

maintained and the lease fee prowndes for an annual fee.
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Iceland

oS

Click here for our Homepage

[ Products & Services

CARTOGRAPHY AN Mews & Events
CERCO [ In-depth & Technical
WMEGRIM [0 Education
Lantméteriverket, Suipjold ¥here to buy
Statens karverk, MoregH Aboutus

Kort- og Matrykelstyre|sH Metwork Sites & Links
Landbruksdepartermerte W_k_h_w__ﬂmﬁmﬂwmes
Finnish Geodetic Instity [Hlandline area
Lantméateristyrelsen, Fit nrﬁwwuﬁm_wmmﬂ__m,aa
Ordnance Survey, Engle ”m_ﬂm%_ﬁﬂw:_:_@
Ordnance Survey, M. Itlig Free

[fAG, Inst. filr Angewanig whars new
Institut Geographigue Mg gera-map

A, International Asso

MBS, Mational lmagery

LS. Geological Survey

Geodetic Survey of Can

ESEI

Great Britain
I_Mﬂaz Looking for something in particular?

Wetworlk sites & linlks

National Mapping Organisations

Australia - AUSLIG Home Page
Eritish Geological Survey

Canada - Mational Atlas Information Service
I3 - France

Zeographical Survey Institute of Japan
Mational Land Survey of Finland

Land Information Mew fealand
Monway - Statens Kartverlk:

ordnance Survey of Northern Ireland
Fortugal - SKIG

L5 Gazetteer

.5 Geological Survey

European Mapping Organisations

CERCD
Committee of the MNational Mapping Agencies of Europe - includes links to
wieh sites of all 30 members,

MEGRIM

The Multi-purpose European Ground-Related Information Metwork - a group

of 18 European MNational Mapping Agencies.




web site contents

Information

< i

Map animations, Range of supply & demand
fiy-through 3D landscape driven products and services:
with database interaction, topographic base data (map series,

video about the databases), gazelteers,

topographic discipline samples of demand driven
products .

Entertainment Advertisement
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Topographic name games,
samples of products for
athar customers, video

abhout specific NMO tasks
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geoinformatics

nmo contents

information

£X

/\._.wﬂ.mw _.c_ov___ﬂ___anu
&~ with Maps

What Do Maps Show (grades 5.8)

SR QLT gy i | Ll

Wil i 1hE M e asdE e 19 Similain e canale’

ewicagy Wapperg Baiwr [emdbach Sgoh UI0%

Mational Mapping Information

Hipaing Fsan Magpng Pre-diccot ang Tarecan e

Tprnp i Bap hgedors Unkoe

Fagnisad Sha

advertisement




information and advertisement

Information

Map anima;

m_m_,e___ : :ﬁn.a.r._.._. :
T__: EEE: .

". __...E. ....._......

3 . ?H_m..:_ﬂa. .E..m
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entertainment and advertising
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information and entertainment
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What Do Maps Show (grades 5-8)
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geoinformatics, cartography & visualization
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towards a customer oriented
web site
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