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Bench Marking and Acceptance Testing : Towatds Standard Approaches.

A Benchmarh test 13 & most 1mportant step for the (lient who, having no other
tifarmation, wmust know how closely a system meets required specifications. A
useful Penshmark test 13 costly '

It 1s  fairly unusual for a client to pay for « Benchmark, but clearly "free”
benchmarking 1s in  the end paad for by ( other? ) customers through initial
and tecurring charges

tach Benchmark test will check some functions which may be of 1nterest ta
several wusers, and some specific functlons representing the unique interests
of the potential custonmer The results of Benchmark tests normally remaln
confidential, known only to the selling organisation and the potential cus-
tomer, and perhaps to third partles acting as agents for the selling or the
customer  organisation But could the results of Benchmarks be made more
uidely available, theteby saving costs, without damaging the reputations of
selling organisations still, for example, developing particular functions?

Benchmark tests are usually designed tu ascertain whether, and how effec~
tively, planned sperifications are, or could be, met by a system As a resnlt
ot these tests, specifications may be modified and « purchasing decision made.
some specifications, such as digitizer resolution, are stated by most selling
ot ganlsations, but more useful quality parameters are not.

[ndustty wide proredures for determining quality parametets and the inclusion
of such statistics in the commerclal literature might be cost effective.
Clear descriptions of software capabilitiles successfully achieved might permit
the benchmatk test to be reduced to those reguirements of a buying organisa-
tion which ate trully unique.

As the oriaqinal specifications control the Benchmark testing, so the Benchmark
testing, through the media of modified specifications, controls Acceptance
testing.  Acceptance testing ensures that the actual delivered system meets
all modafied specifications - both hardware and software. Acceptance testing
may take place in several stages 1n & one week to six month period granted by
the manufacturers, during which final payment for the system may not need to
ve completed. Because there 1s some time pressure on this testing, effi-
cient procedures have to be developed.

Proposals for « range of suitable Benchmark and Acceptance tests are given.
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Geographical data processing started early in Sweden. Already 1955 profes-
sor Hagerstrand at the University of Lund published a work in the Swefiish
Geographical Yearbook: "Data processing machines and aerial photography -
a project of combination". That must be the first work in the field of Geo-
graphic Information Systems, however, the concept information system was
not known at that time.

In the bootsiraps of Hdgerstrand and with the further development of the
computers several administrative systems were computerized. As usual, the
tax systems were the first ones, with a population register and a property
register as the basic databases. Later on, the Central Board for Real Est-
ate Data was established as a govermmental agency with the task to imple-
ment a Land Information System for registration of real properties, land
titles, mortgages and so on.

National Land Survey (NLS) is the official mapping agency of Sweden. Even
if digital technique was used rather early, it is first in recent years the
new technique has been used 1n regular production. Today, the digital tech-
nique is fully implemented and a mapping system, AutoKa, has been developed
Along with the map production alsoc databases are produced. These databases
have a status samilar to the offiecial maps.

The objective of this paper is to preseni how the administrative registers
and the databases created in the digital mapping are going to be used in
physical planning at the regional level. First a pilot project in Skéne
(the southmost province of Sweden) is described. In order to carry out the
project the software of NLS was extended with a cabability to handle graph-
ical and non-graphical data simultaneously.

After evaluation of the project three Land Information Centres (LINFO-cent-
res) have been established in three different counties for a test period of
three years. The LINFO-centres have to be organized, financed and managed
by regional bodies. The support from NLS consiste of basic land information
education and software. Several projects have been designed. Some projects
are concerned with the support of information, which is a new obligation of
the planning unit at the county administration in the new laws on physical
planning, building and conservation of naturel resources.

The test period also has to show how the LINFO-centres will be organized
and managed on a long term.
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Water resources decision support systems (DSS) can be organized in many ways
depending upon institutional objectives and the nature of decisions that a
system is designed to support. In this paper we outline a framework for aiding
designers of water resources DSS through the use of the ROMC strategy advocated
by Sprague and Carlson (1982): Representations, Operations, Memory Aids, and
Control Mechanisms. These aspects of a water resources DSS should be clearly
specified in order to ensure rhe sucressful development and operation af a
water resources DSS.

Representations in a water resources DSS take the form of cartographic and
non-cartographic displays, tabular listings, and computer formatted reports.

At the DSS design stage, important choices must be made about methods of spatial
referencing, and the degree of spatial precision chosen for storing cartograph-
ic representations. Thematic precision (e.g. number of categories) also plays

a role in both cartographic and non-cartographic representations.

The specification of the number and types of operations in a water resources
DSS is controlled by a need for information upon which to base decisions, a need
to select from alternative problem solving strategies, and a need to design
effective representations. From a cartographic standpoint, an important opera-
tion allows simplification (Douglas and Peucker, 1973) or enhancement (Dutton,
1981; Armstrong and Hopkins, 1983) of stream traces for producing maps at
various scales. Examples of other, non-cartographic operations needed frequent-
ly in a water resources context are: production of summary statistics for
streams or basins, and the application of logical decision rules to determine
suitabilities from combinations of variables.

Memory Aids often take the form of a detailed database design and implementa-
tion strategy. An important component of a database is the adoption of a logic-
al model to support representations and operations. Logical models vary in the
types of relationships they support and in methods for producing efficient link-
ages among database elements. Miller (1984) has provided a structure for water
resources applications based upon the relational model; Hopkins and Armstrong
(1985) provide an example using a network design.

Control Mechanisms provide the means for performing operations, using repre-
sentations, and manipulating memory aids. A number of control mechanisms are
available, ranging from low level programming commands, to menu or icon driven
displays, to natural language interfaces. The provision of documentation is
also a vital aspect of control.
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Affiliation . ... SWiss Federal Institute of Technology, - Lausanne

The last two years, the practice has shown the importance of graphical
injection systems for photogrammetric acquisition on stereo plotters
(e.g. Zeiss-Videomap system and Intergraph system for Kern or Zeiss
plotters). Such systems seem to be particularly necessary for carto-
graphic updating - to confront photos with digital maps - and for con-
troling precision and completeness of the map.

The Laboratories of Photogrammetry and Microinformatics of the Swiss
Federal Institute of Technology of Lausanne have developed, in collab-
oration with the industry, such a graphical verification system. The
main innovations of this system, in comparison with the above cited
existant systems, are full editing facilities, the possibility to in-
clude the height information, and a rather low price. Furthermore, the
system can be used as a peripheral for analytical or analog stereo
plotters. These innovations are due to the development of a powerful
display architecture with build-in dedicated panning functionality.

This paper will describe the characteristics of the hardware and the
possibilities provided by the software. The system is based on a Moto-
rola microprocessor and NEC graphical controller chips. It allows the
operator to move in real-time (panning) in a virtual working space of
32'000 x 32'000 pixels, with a vertical and horizontal resolution of 1
pixel.
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Over the psst two decades, scientists have developed geographic
1nformation systems to handle information about spatial structures
and processes assocliated with man, his organisations and the
physical environment. Most of these have been designed to perform
specific and often a somewhsat limited ronce of operations on one
type of data for a particular set of spplications. For exampnle,
geographic information systems for digital masping rely mainly

on vector representation for noint, line and polygon mannhing.
Wwhile these are efficient for cartographic applications, they
exhibit severe shortcomings in meeting acceptible levels of
performance for reographic applications such as those involving
search in large regional peographic information systems.

Over the past five years, the development of a variety of
hierarchical data structures based on quadtrees has stimulated

a review of traditional objectives and methods 1in designing
teographic information systems. The potential advantage of using
ruadtrees lies in the efficiency with which many types of queries
can be handled. Geographic information systems based on nuadtrees
overcome several major shortcomings thet exist with traditional
methods of storing spatial data, remove major barriers to geo-
graphical research and expand the horizons of geographers and
other f1eld scientists for participation in the analysis of large
sets of images from archival maps, remote sensors and other s»urces.

In this paper, we describe the current state of development of a
geographic information system using hierarchicsl data structires
besed on linear quadtrees. We outline briefly the philosophy that
we odopted in developinz the system. Then we explain the theory

of the linear quadtree and 'ts implementation in a suite of
computer nrograms written in the C programming language on a VAX
11/750 comouter running Berkeley UNIX !j.2. Ve describe the
functions that we have 1mplemented including auadtree encoding,
set operations, determining properties of regicns, nei¢hbour
finding, traversing on image, generation of statistics and output
of maps. Ve illustrate how the geographic information system can
he used with i1mages from a variety of different sources to perform
spatial analysis for applications in different fields of geographic
research and comment on its performance, scone and limitations
with particular reference to its potential use in Great Briatain
for regional planning and resource evaluation.
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This paper looks at some of the new facilities in GIMMS Release
5.0 and investigates the design thinking behind it.

The GIMMS system is a mature mapping system which has gone through
four major releases since its inception in 1970.

The development cycle has continued and the opportunity was taken
in generating the next release, 5.0, to radically change many parts
of the system, bringing it more into line with modern computing
practice while attempting to keep upward compatibility with
previous releases.

In particular, the user interface has been greatly enhanced to
include menu and conversational modes as well the previous command
modes. Unlike many other systems, any user can define the
characteristics of their terminal, and are not dependent on the
supplier supporting their particular type of terminal for menu
operation. As well as the GIMMS predefined commands, the system has
also been enhanced to include sophisticated macro facilities, to
allow the user to set up their own commands or menus, which can
access many of the facilities of the system by defining a few
parameters.

Mnay new facilities have been added, the most important of which is
probably the capability to produce contour maps. The system can
deal with very large grid structures for contouring, depending on
the machine, and there is a straight trade-off between size of data
set and speed.

The system has also been made much less machine specific, thereby

making it easier for users, when they move to a new machine, to use
GIMMS without learning new procedures.
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A new generation mapping and information system from Wild Heerbrugg
uses a modified relational database management system for data manipu-
lation. Modifications were made to circumvent the usual criticisms
of the relational approach; too slow for spatial data manipulation. Two
important modifications are the addition of a variapble length text
field and the addition of an undifferentiated variable length field.

These modifications will be discussed in this paper. Examples from
the database will be given to 11lustrate the results of the modifications.

The data structures for the spatial part of the database will
also be examined with emphasis on the reasoning for the structures.
Of special interest 1s the spatial request handler which manages
the spatial data within the DBMS. The capabilities of the spatial
request handler will be discussed with illustrations.

It is concluded in the paper that the spatial request handler

by manipulating complex, simple and triangular feature classes is an
effective means of handling spatial data.
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This paper gives an overview of the design philosophy of
Intergraph interactive systems for digital mapping, and reports
on company's latest developments in the area of data acquisition
and integration.

Hardware foundations include a range of standard processors and
peripherals, as well as Intergraph-developed special processors
to enhance system performance (incl. an array processor for
raster image display and processing) and a range of graphic
terminals. Of particular interest 1s the stand-alone UNIX and
IBM-compatible engineering and surveying workstation Interpro32,
which can also function as an Intergraph graphic terminal over
Ethernet.

Open System Architecture and object-oriented system concepts are
being utilized in developing next generation mapping and GIS
software.

In the area of data acquisition: a) scanners are gaining
acceptance, although not all types of maps are suitable for
scanning. The "scanability", automatic feature detection and
editing of different types of data will be discussed using
practical examples. ’

b) The on-going integration of photogrammetry and interactive
graphics resulted in development of first fully integrated
photogrammetric workstation Intermap Analytic. INA includes
dynamic colour superimposition, interactive graphics and user
control in the stereoplotter's field of view. A summary of
design objectives, technical characteristics and application
software for INA will be presented.

c) Raster imagery, either remotely sensed multi-spectral digital
image or scanned aerial photographs and other hard copy
documents, can now be fully integrated with line-based mapping
database. Intergraph's image processing software utilizes
standard Intergraph colour terminals and include a range of
display, spectral and spatial manipulations.
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Object-oriented System and Open System Architecture are new
concepts that are being employed by Intergraph to develop
database and software foundations for next generation graphic
systems.

Under this concept, the information is represented as a set of
objects consisting of their own data definition, and a set of
operations (methods) for manipulating the data, for carrying
out tasks relative to an object, and, most importantly, for
communicating with other objects.

Methods are invoked by messages, issued and controlled by an
'object manager'.

Open System Architecture makes code reusable in other programs,
and transportable onto other computer environments.

Due to its inherent concept of distance, locality and proximity,
the object-oriented system seems particulary suited for
implementing new type cartocgraphic and topological GIS
databases. New approaches are being investigated to ensure
satisfactory performance of interactive edit operations on
highly structured databases.

The system further lends itself for aintegration and display of
different data types, such as grid, raster and DTM, for
extensive query possibilities, and for expert system
possibilities. Progress in developing an object-oriented mapping
and GIS system for a stand-alone UNIX environment will be
reported, and a prototype demonstrated at the exhibition.

555



Abstract for Auto Carto London

‘

The range of PLANIMAP analytical plotters amde by

Carl Zeiss/Oberkochen covers the entire field of
photogrammetric plotting. While one fo the principal
applications during the seventies was triangulation
measurement, the last few years have also seen the
emergence of these instruments in the field of mapping.
Two of the reasons for this have been the favourable
price/performance ratio and the use of digital mapping.

Digital mapping makes higher demands on the operator

who must not only be familiar with the guiding of the
floating marks but also with a multitude of commands for
the measurement and classification of the objects involved.
The efficient handling of the input data and the effective
control of their influences are essential for the success
of the work performed.

With PLANIMAP, VIDEOMAP and PLANICOMP, Carl Zeiss/
Oberkochen offers a complete system for digital mapping.
This paper describes the latest new developments 1n the
PLANICOMP famaily.
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The PLANIMAP software system from Carl Zeiss/Oberkochen

1s used for data acquisition, processing and output with
photogrammetric and cartographic instruments. It has been
repeatedly extended since 1983.

For direct mapping applications, in particular, the

PLANIMAP has provided the user with an exemplary method

for some time now. A large number of maps has been

produced by the digital method for the first time. The
PLANIMAP now offers various new features, permitting rapid and
convenient map revision, This is backed up by a further
improvement 1n operator comfort, an extended data structure
and by intelligent high-resolution colour screens.

This paper describes the major innovations in the PLANIMAP.
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Future generation remote sensing programmes will provide order of
magnitude of more data than current day systems due to the requirements
for all weather operation coverage. This will generate larger
quantities of data that will require archiving and management.

Collocated, with the raw data obtained from the satellite, ground truth
data, calibration data and other sources of tabular information, required
for product generation, will be stored within the archive. Saingle

access mechanisms for this data and many other data types that will be
stored within such a data centre archaive will be essential and the

paper discusses that in the context of the UK ERS Data Centre.

The paper features the design of the ERS-1 Data Centre as 1t has

specific archiving problems with a total data rate of 100 Gbytes/day
arriving in the course of the mission of the satellite. New

technologies for archaiving feature in the design and the issues of growth
and interfacing with other data centres archived are also addressed.

The paper concludes with estimates of the size of ground data centres
archives for many missions that are planned over the next decade and
highlights the very real issues of costs of maintaining the data in
readily access:ble and in a format suitable for processing. The
paper also addresses the 1ssue of maintaining an archive of all
products as they are generated or archiving of all raw data and
generation of products on-demand.
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Affiliation ... Institute of Cartography of Hanover University (FRG)

In digital thematic cartography the change of map grids is of great impor-
tance. The primary aim 1s to carry-over the contents of a certain map into
another one -with different projection in both maps. By doing this one aspect
gets more and more significant : to keep ready cartographic data digitized
once for any map projection. This is possible by the successive establishment
of a standardized data base (e.g. CORINE-Coordinated Information System of
European Environment). In small-scaled map regions ( < 1 : 500 000) the
geographic-coordinate-system is the only practicable reference system of a
data base.

The transformation of x, y-map coordinates into geographic coordinates ¥
and X principally occurs on two alternative ways:

- inverted close projection equations and
! - nterpolation methods (e.g. power series).

In the Institute of Cartography of Hanover University (FRG) for both methods
computer-programs are developed and tested. The accuracy of the results is
discussed and compared with results published by other authors. The paper
compares advantages and disadvantages of the methods and mentions guiding
rules for the selection of the most efficient method under certain condi-

tions.
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A close description of earth's relief 1s needed for several
purposes by administrators, planners and resource scientists.
Such a requirement cannot be met 1in normal working, except by
way of supplementation through various means. Digatal

Terrain Model (D.T.M.) defined as a registration of array of
spatial coordinates is one such means. Expression of the
terrain in D.T.M. 1s final, does not depend upon scale and

can be regulated at will, provided source material is available.
Basic problem of all D.T.M. 1is 1ts density vs the sophistication
of the mathematical model

z2 = f£(X,Y)
approximating the earth's surface.

D.T.M. was generated by linear least squares interpolation for
flat areas of Punjab and Baryana States in India by adopting

Z = a, +a, X+a,¥Y. It was based on 4,9, 25 control points

for blocks of 25, 50, 100 sq. km. areas and grid nodes test
checked on a large sample of known spirit level heights. A
FORTRAN IV computer programme written for the purpose was used

on the mini-computer Spectrum 7 of D.C.M. for these i1nvestigations.
0 ?H on check points in each case was obtained. Heights

generated were plotted on large scale maps with 2/5m V.I. and
agreed very well. Further accuracies in heights could be obtained
for large flat areas by use of second degree polynomials.
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Author(s) M. Claude Prlkiewicz

Affillation . Ingtitut Geographigue Nataonal (France)

A new type of output for the elevation
data base of the French Institut Geographique National:
raised relief maps.

Introduction

The Institut Geographique National having set France's Altimetry in a
data base, the next step was to automatize one of its traditional
actavities: the production of relief maps. Two studies have been
successively undertaken, on hardware and on software.

Hardware

The aim of the first part of this study was to examine the necessary
instruments. It led to the purchase of a Rambaudi numerical controlled
milling machine, to the manufacturing of a controller for the
concatenation of data transfered and milling sequences and to establishment
of a connection with the computer managing the data base. Saimultaneously,
materials were tested in order to find a bearer allowing milling as well
as manual retouching.

Software
The software 1s based upon the normalisation of raster files made at
the IGN. It 1is thus possible to treat digital elevation models as well as
thematic maps or any file from other sources. Completely modular, the
chain of programmes can be divided into three parts:
- preparation programmes, such as introduction of tasks, reversing
of relief, placing of houses, cutting out.
- control programmes, such as hill shading and visualisation on a
graphic screen. .
- the control programme of the milling machine. The aim of this
last one 1is:
- to make all the controls (size, security....)
- to modify the milling parameters (drills, steps....)
- to transfer orders to the controller and to the milling
machine. It improves the necessary time by using drills of
different size for sketching and touching up.

Conclusion

The last tests were being made as this summary was written. The
first orders should be started in early 1986 and the results could be
submitted in September 1986.
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The paper will include different aspects when designing an
economic system, which is intended to be used especially by urban
planners for setting up a digital data base and to manipulate the
data for planning purposes.

First, the objective and general principles of the system are
specified. The hardware requirements are shortly reported.

Secondly, the software aspects are presented including:

- dagitizing software and other input possibilities

- 1interactive graphic editing software

- plotting software

- attribute data base management and thematic analysis
- utilities software

Finally the experiences with the development of so called MASMAP-system
(Mapping and Anaylsis with Small Format Aerial Photography) are
presented. MASMAP-software has been developed by the Finnish company
Finnmap and 1t 1s based on the above aspects and the specification

of ITC (The International Institute for Aerospace Survey and Earth
Sciences) .
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in Tertiary College Courses.
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A number of courses exist in the United Kingdom for the education
and training of Higher Level Cartographic Techanicians. With any
vocational course the first problem is to establish the needs of the
employer and employee. Alwéys a difficult task, this is made even
barder by the inexperience of most employers and the rapidly
changing technology. Needs may range from purely operational
skills, through editing and design skills to system development and

innovation.

To satisfy these needs there are, in practice, a number of aims to

be achieved, Firstly a familiarity with the operation of specific

hardware and software; secondly an understanding of the underlying

principles of computer graphics; and thirdly the application of the
first two to cartography.

To achieve these aims colleges are faced with the problems of
finding the resources to finance the hardware and software; to
provide the expert support that is necessary to install, maintain
and develop these; to maintain teaching staff expertise in such a
rapidly developing field and to find the necessary teaching time,

There are a number of levels of compromise which can be adopted by
a college, for example, the use of personal computers for the
teaching of principles and the use of sample packages on college

based systems for specific applications.

~—

0f paramount importance is the need to maintain flexibility to
accommodate changing demands of industry and technology.
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Author(s) .. DWW Micars, L
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Few computer maps have been produced to production cartographic
standards at economic costs or time scales The full introduction of
computer based map production as an integral part of a sucessful degree n
course 1n Cartography faces similsr obstacles The students have to learn
and apply Cartographic design principles, they cannot be impeded or
compromised by the use of the computer

Thie paper examines the relavence of the standard aspects o1f the
computer mapping syllabus to the computer hterate carographer and to the
programmer who 1s also a computer progremmer from the viewpoint of
ntetgration into the Cartography degree syllabus both as a digital
cartography stream, where appropriate CAD methods are learnt and
practised, and for expansion of major areas of subject areas such as
surveying, photogrammetry, map prajection, terrain analysis and map
design This lays 8 basis for both the group project end dissertation to be
computer based

The software used ts a combined raster and digital database with input via
a DTM (1tself obtained from surveyed measurments) or direct from s
digitiser, combined with the GIMMS thematic mapping package This
exemplifies the bulk of the taught computer cartography matertal very
effectiviy.

The Oxford Polytechnic Modular Course allows students to combine a large
range of subjects The paper explores the possibilities for those students
who choose Computer Science and 1n particuler information systems and
software engineering.
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CONTOUR-TO-GRID METHODS FOR THE ARAC SYSTEM

James F. Barbieri and Hoyt Walker

i
Lawrence Livermore National Laboratory
University of California

Livermore, California 94550, U.S.A.
ABSTRACT

Lawrence Livermore National Laboratory has been concerned with the accidental re-
lease of radioactive material into the atmosphere for the past fifteen years. This con-
cern is apparant from their development of the Atmospheric Release Advisory Capability
(ARAC), an operation for estimating the concentration of foreign material in both space
and time. Such estimates involve the execution of a suite of sophisicated computer simula-
tion programs which use terrain, geographical, meteorlogical and source concentrations as
input. Under optimal conditions, the required data would be readily available. However
this rarely happens in actual emergency situations since the data may only be available
from secondary sources. For example, digital terrain data for locations outside the conti-
nental United States are often nonexistent.

By combining a digitizing system developed by ARAC personnel with a contour-to-
grid program developed for ETL by the ZYCOR Corp., ARAC has developed a capability
which allows operators to develop digital gridded elevation data from contour maps in
an automated fashion. When combined with extensive graphics and editing capabilities
currently available, ARAC will have a method for obtaining accurate gridded terrain data
for any location for which a contour map exists within a reasonably short time period. The
contour-to-grid program is compatable with the programs that currently handle terrain
data in the ARAC system. It also has a menu-driven human interface and includes an
edit capability. The program allows the selection of either of two numerical techniques
for performing grid adjustments. The contour-to-grid system will become an alternate
method of obtaining terrain data which is of critical importance to the ARAC project.

This work was performed under the auspices of the U.S. Department of Energy by the
Lawrence Livermore National Laboratory, Livermore, CA under contract No. W-7405-
Eng-48.
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