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1 ABSTRACT

"This project addresses what has to date been a largely underdeveloped aspect of digital
technology. Complex topographic databases are needed to underpin today’s GIS, but
their usefulness can rapidly be degraded if maintenance is neglected. It is essential to
have in place, from inception if possible, efficient and effective updating methodology
which can handle incorporation of new information and satisfactorily cater for retention
of the historical perspective if this is necessary.

The project seeks to achieve its objectives through pooling the resources and expertise
available within the OEEPE membership. It is therefore a combined attempt to produce
ideas which will act as a catalyst, both to pioneer in-house solutions to the complex
issues involved and to promote essential development by GIS suppliers.

2 EXECUTIVE SUMMARY

This project was initiated to examine the problems and address the growing need for
more user-friendly methods to update the complex digital topographic databases
increasingly underpinning a range of GIS applications. A project proposal was prepared
by OSNI in collaboration with other OEEPE members and approved by OEEPE in
October 1992.

The proposal envisaged a two phase practical project:

Phasel - generation of ideas.
Fhase Il — validation of these using common digital data.

OEEPE partners representing both digital mapping/GIS and academic interests (see
Appendices) undertook the work, the objective being to produce a range of individual
approaches fo an agreed set of key updating issues. Results from the work would then
serveas a catalyst for necessary software development. Project objectives and key issues
are set out in Sections 4 & 5.

Anoverall timescale of one year was set for project completion. The project has followed
the agreed schedule with CERCO Working Group IX, also involved in digital update,
being included in an end of Phase I workshop.

In general terms Phase lindicated that both the relational model approach and the object
oriented approach merited further practical examination and this was followed through
in Phase IL

The key issues were all successfully addressed with the project focusing the thinking of
a number of leading edge organizations on a problem that few have tackled or even
considered. Ideas were shared and potential working systems devised.

The main problem areas for the future were seen as:

!

handling the time /historical dimension

development of user friendly, cost effective procedures

production of software to produce and accept change-only information
data compatibility.




All require attention by software developers and users must ensure that their demands
are recognized.

Although no major breakthroughs were achieved the project can be judged a success in
that it has brought these important needs into sharper focus as a basis for on-going
research and development.

3 INTRODUCTION

The November 1991 OEEPE Steering Committee meeting charged Commission 1 with
producing proposals for a project addressing the problems of updating complex digital
topographic databases. Despite increasing use of spatially referenced information
generally there was little indication that this fundamental requirement was receiving
other than scant atiention from software developers.

From population and use of its large scale, fully structured, digital topographic data-
base, Ordnance Survey of Northern Ireland (OSNI) was familiar with the problems
posed by updating. Functional update procedures had been developed in-house, based
on the existing software, but a fresh approach was necessary for the future. Importantly
the issue was not unique to OSNL

This background enabled a draft updating project to be presented to the May 1992
meeting of OBEPE Comunission 1 by the President, Mr M J D Brand. This visualized a
collaborative, mulli-national project pooling the expertise of various OFEPE members
in a detailed examination of the problems inherent in the maintenance of such data-
bases. At Commission 1 request further details, to supplement the draft proposal were
provided to members and an initial meeting was convened at OSNI to consider the pro-
posal further,

3.1 Initial Meeting
This was held in Belfast on 21 /22 September 1992. (See Appendix 1 for list of attendees),
While supportive of the proposal, the meeting expressed the following concerns:

— resource limitations given the one year duration
— the constraints of differing computer systems

- unfamiliarity with the complex 1:1250 OSNI data
— the potentially competitive nature of the project.

However concerns were overcome and a draft two phase action plan agreed.

Phasel - examination of the problems and production of ideas (ie a “thinking” phase).

Phase II ~ practical validation of Phase 1 theories using a common OSNI large-scale
digital data set.

A four month Phase I, five month Phase II, followed by a three month period for final
report compilation was provisionally accepted.

Representatives were shown both the OSNI system and the large-scale data. The nature
of the problems to be addressed was demonstrated and full documentation to support
this demonstration was provided.
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The meeting concluded with all being requested to consider the draft proposal, and
indicate, in principle, their willingness or otherwise to participate.

3.2 Final Proposal

Positive feedback from the initial meeting enabled the final proposal to be prepared by
OSNI and presented by President OEEPE Commission 1 for approval of the Scientific &
Steering Comumittee at their 27-29 October 1992 meeting in Brussels. (See Appendix Il
for content of the final proposal).

Approval was granted for official commencement on 1st January 1993.

3.3 Project Actions

Phase [ commenced as planned and concluded with a Workshop at which each partici-
pant submitted and presented a report.

The usefulness of this Workshop was enhanced through inclusion of CERCO Working
Group IX, also involved in digital updating,.

Phase II proceeded with a reduced complement, due mainly to resource problems.
Nearing the end of this phase some overrun was deemed desirable in the light of devel-
opments and completion was put bacl to 31 December 1993. This delayed project report
completion but resulted in a more positive outcome.

3.4 Final Report Structure

Due to the nature of the project, the range of participants and the resultant diversity of
material generated, this report has largely been organized chronologically. The main
body covers the initiation and conduct of the project, outlining the main events and
summarizing results. The full content of individual reports is incorporated in the appen-
dices. The main project elements are listed in the Contents and where appendices relate
this is indicated in the text.

The final report should be regarded as a record of the work carried ouf, with findings
and recommendations, rather than a definitive treatise on updating. As such it forms the
basis for further more detailed research.

4 PROJECT OBJECTIVES
Two main objectives were established:

(i} To examine the issuzes involved in updating a complex digital topoegraphic data-
base, using as a basis the key areas identified at 5 and a common digital dataset
drawn from the OSNT large-scale digital topographic database.

{(ii) To present findings as a collective report for publication through OEEPE.
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5 KEYISSUES
Seven aspects of update were identified as key issues.

5.1 How anupdated, fully-structured and attributed digital graphic, conforming to the
full OSNI database specification and free of map sheet-line constraints, can best be
arrived at?

5.2 How existing textual records linked to the graphic should be modified, and how
the detail dealt with in the course of updating should be tagged with date of addi-
tion/modification /suppression, held, maintained and presented?

5.3 How output of the revised topographic data, both digital and hard copy, should be
handled in terms of replacement map sheet and much more importantly, “change
ondy” information?

5.4 How archiving of topographic information no longer extant should be dealt with?

55 Assuming the requirement to hold such data, inclusive of all attributes, date of
suppression, ete., as a layer within the topographic database, how should this be
met?

5.6 How such archived data can be interrogated /output for specific historical points
and/or periods?

57 How a continuing policy of such updating and archiving can be satisfactorily
operated and how administration of the resultant database can be kept manage-
able, given a policy of continuous revision in line with ground change occurring?

6 OSNITOPOGRAPHICDATABASE

As the project areas.to be addressed were identified within the OSNI general purpose,
topographic database, and as the common digital dataset was drawnfrom it, itis appro-
priate to provide a brief synopsis of the large-scale element of this expanding database.
Typical 1:1250 data is shown at Appendix 1L '

The database structure is complex, being designed to act as the geographical “hub” of
the developing Northern Ireland Geographic Information System — NIGIS. This is a
growing multi-partner initiative fo develop a common infrastructure to radically
improve information sharing, chiefly across the Northern Ireland public sector. Devel-
opment is in the form of a distributed network of individually controlled digital data-
bases each holding spatially referenced information of a specific pariner organization.

The large scales element of the OSNI database has some 190 different levels, is of links
and nodes form and is capable of handling points, line strings and polygons. Geometry,
while held once only, is multi-attributed and all map sheets are fully edge-matched with
the objective of providing homogenecus cover for all of Northern Ireland. (See
Appendix IV for database structure).

Textual information is linked as associated data to selected points, vectors and poly-
gons, the link being a system generated, Irish grid reference, representing the X and Y
co-ordinates of these objects to one metre positional accuracy on the ground. Polygon




integrity in particular is fundamental to current and future NIGIS user applications
(eg roads, buildings, properties, etc) and considerable effort is required at updating to
ensure that this is preserved. One typical example of this feature is linking of postal
addresses to specific properties, a factor of obvious importance to NIGIS.

7 OSNIDATABASE UPDATE METHODOLOGY
Basic System : DEC/Sysdeco

OBJECTIVES

OSNI digital updating objectives are in direct response to database user needs. These
range from the basic in-house requirement to maintain the currency of the survey
archive, to the GIS demands of an increasing user base. The latter in particular requires:

- current information
— an historical perspective
- “change only” information

Fundamental to the whole updating process is the need to ensure that all changes made
are fully compatible with the database specification so that key features suchas polygon
integrity /multi-attribution of the graphic and associated textual records are not deg-
raded over successive updates.

The methodology devised by OSNI is an attempt to accommodate these requirements
within the constraints of the existing digital mapping/database system. While it meets
the first of the above requirements satisfactorily the latter two can only be achieved ina
cumbersome manner with “change only” information supply in particular being a
significant problem.

However the existing updating system is straightforward in its approach and lends
itself to illustrating the need for improved methods of handling the key issues listed in
© Section 5. As such a brief outline is of benefit to this project.

INITIAL UPDATE STAGE

Taken in its simplest form the updating process begins with the current ground infor-
mation being supplied to the digital updating group on a plastic survey document. This
document is accompanied by a paper copy which clearly identifies the changes that
have occurred since the last survey or update. New and obsolete survey information is
highlighted on the paper copy in different colours to assist the operator to quickly and
. accurately identify change.

‘UPDATING PROCEDURES
STEP1
- A copy of the relevant mapsheet is extracted from the database and is then assigned with

{a) The date of present update.




(b) The date of the original digital capture.

The appropriate data files are then created for the new and obsolete textual and graphic
information:

1. New addresses

2. New vegetation polygons
3. Linestrings

4. Deleted addresses

5

. Deleted vegetation polygons.

The hierarchical structure of the database file is then checked to ensure that it is compat-

ible with the latest specification and amended if necessary.

STEP 2

_The hierarchy of the file is then temporarily changed to accommodate the additional

levels of “Suppressed”, “Structure Change” (feature code changes) and “Retained”.
During the graphic editing process all detail which has been highlighted for deletion is
identified in the file and the level “Suppressed” added to it, and similarly, all detail with
feature code change has the level “Structure Change” added to it.

At this stage for ease of identification the operator alters the on-screen colours for the
“Suppressed” and “Structure Change” geometry.

STEP3

“Structure Change” identifiers are normally created automatically, by a systems proce-
dure, for all linestrings, and the date of change is recorded in the respective data files.

STEP 4

At this stage of graphic editing a new file is created and from this two copies are made to
provide:

1. Interim Deletion File
2. Remainder File

The “Suppressed” and “Structure Change” information is transferred from the Interim
Deletion File to create the Final Deletion File. Each element of “suppressed” geometry
will have an identifier created which automatically records a date of deletion, and the
“Structure Change” geometry will be linked to a single identifier recording the date of
change. To update the textual data in the Deletions File all geo-references are selected
and recorded with a date of deletion. On completion of graphic editing operations the
file will be returned to normal database hierarchy with the removal of the additional
levels of “Suppressed”, “Structure Change” and “Retained.

The Remainder File, which contains all unchanged geometry, is created by deleting all
“suppressed” geometry and returning the file hierarchy to normal database format.
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STEP 5

The next procedure is to create an empty file into which all the new geometry will be
digitised. New unique identifiers will be generated automatically for all relevant
addressable properties and polygons and these will be stored in the respective data files
awaiting input of textual data. Following this, identifiers will also be generated for all
newly digitised geometry and a date of survey attached to the respective data files.

A file has now been created containing new geometry which can be merged with the
Remainder file containing the unchanged geometry. This produces a new updated
version which will be checked during graphic editing to ensure that all the amendments
have been attended to, all feature code levels are correct and all polygons closed. The
new or amended textual data is recorded in the relevant data files for each addressable
property or vegetation polygon.

On completion of the necessary quality control procedures the updating process is com-
pleted by returning the graphic and textual files to the database ready for the next
update.

The overall process can be represented as in Figure 1.

In general, while update of 1:1250 information presents significantly more detailed
problems than might normally be expected with the smaller scales topographic data-
bases more commonly encountered, nevertheless the same broad issues apply. Where
GIS features large, then similar areas demand the same high degree of attention. The
nature of data may differ but polygons must still be closed and appropriate linear
features must still be linked if the topographic data is to successfully act as the GIS infor-
mation carrier.
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OSNI Digital Update Flowline
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Data Entered of A&B
Figurel
SUMMARY

This broadly summarises what is in effect a very complex operation requiring a high
level of competency and concentration on the part of the operator. The OSNI large scale
(1:1250, 1:2500) database is complex. There are therefore a large number of aspects to be
dealt with in any updating session and a consequent penalty to be paid in respect of
effort required to maintain its currency. Work is carried out at Digital VAX Station
3100's with a linked interactive digitising facility using Sysdeco software.

The system outlined involves a mix of interactive and batch processes and is kept under
continual review in the light of experience and developing technology in order to refine

the process and reduce the turnaround time between completion of the survey and the .

latest information being databased. At present a turnaround within seven days from
take up is normal due to the extent of batch processing necessary for efficient system
management. By increasing the interactive proportion this can be reduced considerably.
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This very much emphasises the importance which must be attached to the whole main-
tenance mechanism in any GIS database, The more complex the database the greater the
resultant updating commitment. While in the case of OSNI, updating policy is in res-
ponse to identified NIGIS requirements, we are acutely aware that the effort involved in
achieving the desired currency, particularly in a rapidly changing urban area such as
Belfast, is approximately the equivalent of initial digital conversion.

A particularly relevant maintenance factor is the inclusion, as associated textual data, of
the date and nature of survey for each successive update. OSNI policy is that af initial
conversion a common date is applied to the total content of a map sheet (due to the fact
that at that time there is no historical record) and as successive suppressions and addi-
tions are carried out the actual data involved has date and nature of survey linked
through an automatically created 12 figure, Irish Grid geo-reference, to each geometric
element or object. At this comparatively early stage in maintaining the topographic
database this policy does not create any significant storage or database management
problem, but as the digital conversion programme proceeds and the database Frows,
then constraints may appear. This reinforces the need, in a constantly changing scenario
of user demand and technological development, for an organisation to continually
monitor the performance required and what tools are available, in order to ensure that
an unmanageable situation is not created.

The associated textual element is an important feature and one which has tremendous
application within the developing NIGIS. At present only a small proportion of the
potential application is being addressed in this way, (eg linking of postal addresses to
building polygons, etc} and work is in hand to enhance the NIGIS potential of the data
by, forexample, linking road names and classification numbers to road centrelines, and
a plethora of other similar functions is obvious. All this is ultimately of benefit and sen-
sible for the future use of NIGIS, but in turn adds yet again to the maintenance overhead.
Thereis no doubt that such enhancements will be desirable in any complex GIS database

as it develops and new applications are identified, but the knock-on maintenance effect
should never be under estimated.

8 ACTIONS TO COMMENCE PROJECT

As already noted, participants who attended the September 1992 meeting in Belfast had
the opportunity to see the identified problem areas demonstrated on the OSNT system.
However they were not shown how OSNI handled the updating issues thus ensuring
that all came to Phase 1 without pre-conceived ideas influenced by the OSNI approach.

All participants were provided by OSNI with a standard set of documentation and
system outputs indicating the problem areas, and this formed the basis for Phase 1
activity. The difficulties of communicating the issues became evident later in Phase 1
when new participants who had not had the benefit of screen demonstration and were

thus forced to rely solely on the documentation, required considerable further clarifica-
tion.

The common documentation has not beenincluded in this report but copies can be made
available from OSNI




A further issue, commenced at this stage and essential to Phase I, also proved a consi~
derable problem and reinforced the need for multi-national standards for digital data
transfer. This was supply of the standard OSNI dataset in formats which the range of
pariner systems’ could accommodate. Although eventually resolved it required much
greater effort on OSNI's part than anticipated and is obviously an area where users
should be pressurizing all bodies and suppliers concerned for standards and appro-
priate translation softwares.

9 PHASEI

This phase was formally commenced in January 1993 with an enhanced number of
participants. All those not present at the initial (September 1992) meeting in Belfast were
issued with copies of the documentation relating to the trial similar to that provided
earlier to attendees at the original meeting. A full list of Phase I participants is at
Appendix V.

All were asked to provide details of the data format requirements of their systems to
enable the common OSNI digital data set to be loaded to each for Phase I work. Initial
actions regarding data translation were put in hand.

Using the common information and explanatory documentation issued by OSNI, each
participant sought individually to address the project areas on the basis of examination
of the objectives outlined in the final project document.

Work on this phase proceeded with little interruption or further joint contact apart from
the explanatory issues mentioned earlier. With the benefit of hindsight more contact
would perhaps have been desirable as nearing the conclusion of this phase it became
apparent that some misconceptions regarding the objectives still existed. Not surprising
perhaps given the multi-national involvement, but nevertheless indicative of the latent
communication problems which can exist.

In spite of this sufficient progress was evident to warrant the convening of an end of
Phase I workshop in Belfast on 24/25 May 1993. Prior to this each participant prepared
an interim report. These individual findings were collated by OSNIand where possible,
issued to all prior to the workshop date.

10 END OF PHASE 1 WORKSHOP - PROCEEDINGS AND CONCLUSIONS

In view of the commuonality of interests between this project and the activities of CERCO
(Committee of the Heads of European National Mapping Organisations) Working
Group IX on updating of digital mapping, this workshop took the form of a combined
meeting, thus greatly enhancing the range of interest and expertise present. A list of
workshop attendees is included at Appendix VL

Each project participant gave an illustrated presentation of their Phase 1 theories to sup-
plement intermediate reports and these acted as the basis for subsequent discussions.
The diversity of these still reflected to some extent the misconceptions referred fo earlier
but nevertheless provoked extensive discussion.
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Full documentation of the workshop presentations has been omitted in the interests of
previty but copies are available from OSNT if required.

e main debate resulting from the presentations centred on the difficulties encoun-
tered in trying to produce a single generic description of updating and the limitations
mposed by the conceptual model of the system employed to manipulate the data. It was
onclided that the former may not necessarily be an essential output from the project
“and that, in the case of the latter given the tight timescales, existing tools should be used
in providing solutions, rather than trying to create a conceptual model which could not

be implemented.

he feasibility of dividing the group into units and tasking each with addressing specific
issues was considered, but rejected as impracticable as the areas are related and different
‘approaches would have led to confusion.

.Two main themes emerged from this phase:
= handling update using a relational model
.- handling update using an object oriented approach.

The former has been around for some considerable time and tends, wrongly perhaps, to
be thought of as outdated. It does however provide for rapid searches and is kind to disk
space. While it enables relationships between data elements it usually does this by
reference to graphic elements with links being made to the textual matter. The OSN1
system is a typical example.

The latter offers a newer approach by treating the whole rather than linking parts. Using
* this the totality of information on a particular feature, for example a dwelling, would
form one object — geometry, nature of feature, postal address, type of survey, date of
‘survey, amendment, suppression, deletion, etc. The objects can in furn be part of other
objects or classes of objects.

Following much deliberation on the options a reduced team agreed to go forward with
Phase Il using both the approaches outlined above to address the project objectives.

CONCLUSIONS AT END OF PHASE T

1. Both the relational model approach and the object oriented approach were valid and
offered possibilities which should be examined further.

2, While conceptual updating models capable of implementation were necessary for
Phase II of the project other alternatives should also be recorded.

3. Problems encountered with supply of the common digital dataset in formats appro-
priate to the range of participant systems reinforced the need for, ideally, all to be
able to handle data in a neutral format.

4. Difficulties in retaining the integrity of the complex OSNI dataset, particularly in
respect of multi-attributed features, when it was moved between systems empha-
sizes a weakness which some system suppliers need to address for the future.
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5. Resources available to participants were insufficient to allow all to proceed to
Phase IL It was judged impractical to divide the key issues across the group to miti-
gate this and hence, regrettably, only a reduced team was able to continue with
Phase I1. The problems to be addressed were evident and regardless of Phase H out-
come properly resourced further work would almost certainly be needed.

11 PHASETI

Based on the outcome of the Workshop a smaller team of participants (see Appendix
VH) proceeded to Phase Il. After clearing of some outstanding data transfer problems
the common OSNI topographical dataset was successfully loaded on their respective
systems.

Both relational and object oriented approaches were adopted and summarised versions
of the individual teams’ activities are included, under their respective titles, in
parts 12-16 of this report. Full content of the various Phase I reports is incorporated in
Appendices VIII to XIL.

12 SUMMARY OF FINAL REPORT

Department of Computer Science,
Queen’s University, Belfast, Northern Ireland

Basic System : IBM compatible PC

OSNI's complex large-scale topographic database can be characterised by the informa-
tion it can provide namely:

* Thestorage and retrieval of detailed accurate geometrical data.
* Geometry structured with codes to indicate the nature of the features represented.

* Features represented with associated textual information describing non-graphical
properties.

This paper proposes a solution based on an object-oriented (OO) data model.

It also shows how the OO model is especially suitable for topographic databases in
general.

How is the updating carried out? First we need to examine some basic principles, with
particular emphasis on OO.

The basic concept behind these databases is that the data are structured in terms of the
real world objects being modelled. Therefore, each object of interest in the real world is
represented directly by a single object in the database.

However these objects include more than the real world object, they will have methods
or operations available to create, delete, manipulate and output this data. For example
the dwelling house at 194 Bangor Road, Holywood has one object in the database which
contains all information relevant to this property.
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“'The feature (DWELL_HOUSE), 194 Bangor Road contains, for example, the fields
making up the postal address (house number, street and city names etc.) and links to its
geometry. The geometry in tumn contains lines (composed of individual straight seg-
ments), symbology, text {in this case “194”) and/or arcs, points etc.

d
'
f
c
a
194
b
Line
Start ... -m
Dwell_House —- gggn;e:nm'
From: 16/7/91 ’
e
House_No: /94 —L <]
Street: Bangor Roacd Text _’I;I
Geometry: X
Y.
contents: 194

Figure 2 — Representation of a house in an OO topographic database

 Objects are organised into homogeneous classes of similar real world cbjects. 194
Bangor Road would belong to the class DWELL_HOUSE which may inherit properties
from its parent class, for example :

GENERAL_BUILDING
!
PWELL_HOUSE

This sub_class / super_class structure builds into a hierarchy similar to that of OSNI
(a few alterations are necessary!).

Some OO-DBMS provide built in versioning capabilities for objects but if this is not the
case, the proposal is to create a ‘'super’ class called “versioned object” at the fop of the
structure, containing properties such as “Current From”, “Current To” (dates). As this
class sits at the top of the structure, those below can inherit these features.




Versioned Object
|

Geometry depicted by Peature Map Sheet

I
Building
E
General Building

|
Dwelling House

Geometry and Feature are connected so that a particular map object is connected to the
geometry objects that depict it including the lines showing its outline, associated
features and its house number. The dividing wall between semi-detached houses would
belong to two {dwelling house) objects.

The database is designed to be seamless so the link to ‘map sheet’ can be ignored.

During each change (update) the ‘current from’ date is added (automatically if required)
to each new object and the ‘current to” date to any deleted or changed object. By default
only current detail is displayed. Through an operation called ‘previous’ earlier versions
can be accessed, displayed or printed.

If an object is altered in any way, then first a copy is automatically made. This new
version becomes the default object, although the older version is still available (it is
marked with the ‘current to’ date). This process can be repeated many times and as we
are dealing with complete objects, the data base management system maintains existing
and generates new links to the geometry elements, therefore there is no duplication of
the geometry. Changes to structure are inherent within this system.

Operations such as “Get Previous Version” and “Get Version At Date” can access alder
versions of the object. By applying these operations to all features a complete map-sheet
for a particular date or change-only information for a particular period may be gene-
rated.

A pilot system is being developed on an IBM compatible PC, using the OO database
system POET, which provides database extensions to the standard OO programming,
language C++.

Three separate programs will interact with the database:

— Conversion program to construct the database from a text file generated from the
original OSNI database file.

- Hditing —to permit revisions to the map and store them as new versions of objects.
- Display - to demonstrate ime dependent queries.

This paper has proposed an object-oriented method for modelling changes to
topographic databases. It improves on the data structure of the current OSNI model by
maintaining all features as individual objects while providing a simple versioning
mechanism for storing the history of a topographic object. it satisfies the original requi-
rements for this project as described in the initiation document.
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13 SUMMARY OF FINAL REPORT

‘Research Group
University of Pavia, Pavia, Italy

Basic system : PC based

This solution replaces the operations of ‘addition’, ‘modification” and ‘suppression’, as
escribed by OSNI, with ‘addition” and ‘disactivation’.

\ddition refers to the introduction of something new into the database while disactiva-
tion refers to an instance of entity no longer existing; tagged as no longer extant in the
al world, but still held within the database.

oth addition and disactivation canbe ‘simple’ or ‘complex’ operations. Simple refers to
stances of change where no other items in the database are effected by this change.
‘Complex operations are changes that have an effect on the surrounding geometry, each
operation is given a unique database number, this being necessary for future manipula-
ons.

‘As geometry is entered into the database it is tagged with the date of introduction.
Changed or deleted geometry is date stamped and continues to be held within the cur-
rent database. Current data has a layer value ranging from 1 to 99; for detail no longer
extant the layer value is increased by 160,

order to assume time as the fourth dimension within the database all entities must be
‘tagged with addition and disactivation dates, as required, and for this reason these dates
are stored within the graphic files.

Because everything is tagged with the necessary date information, the file can be dis-
played at any point in time. As default views only display current data, introducing the
concept of the “fictitious current date’ permits the operator o enfer the date of their
choice resulting in the data being displayed current at that time.

The database is structured on three types of file:

(a) Textiual

- used tostore the textual information of each of the entities, each class being stored in
a different file. Links are made by means of an identification code. OSNI data has
two classes having textual records; buildings and vegetation, and these are held in
two DBIII files. These DBIII records are structured according to the group of atiri-
butes associated with these classes in the O5SNI data.

(b) Graphic
i, = two types are used: description(D) and co-ordinates(C).

The description file contains information such as colour, addition and disactivation
dates, ‘complex’ number and various pointers to DBIH files and the co-ordinate file.

The co-ordinate file contains the point’s X,y and z co-ordinates and a pen up
or down code. This file is used to output the geometry.

Besides the description and co-ordinate files, a text file is also available but for rea-
sons of simplicity was not created - names of rivers, roads etc, could be stored
within this file.



{c) Graphic—DBII link

— to link objects in the description file with the correct DBIII file in which textual data
is stored.

The basic software used to carry out the project originates from existing software
produced to manage digital cartography, some of the main features are:

- data capture

— data display, via a number of “filters’
— editing

— updating

- data validation

These are performed by means of more than 200 dedicated menu driven functions. The
source codeis the ‘C’ language.

The hardware used is PC based (386 or 486) with both text and graphic (1280 X 1024 pixel
resolution) monitors, matrox card 1281, mouse and digitiser — a cost effective solution,

The following modifications to the existing software have been carried out:

— the management of the addition and disactivation dates and the ‘complex” operation
number fields in the description file,

— atwo way link to the DBIII files.
The following new features have been added:

- introduction of the addition/disactivation date and of the complex operation
number in the dedicated fields.

— introduction of a different display representation for existing and disactivated geo-
metry. HExisting is drawn by a solid line and disactivated represented by a pecked line.

— a’layer’ filter, giving the possibility of displaying only current detail, disactivated or
both.

- ‘change only’ filter, selecting detail between dates.

— ’‘complex operation filter” selecting detail involved in a complex addition or disac-
tivation.

— ‘fictitious current date’ function giving the possibility of looking at the territory as it
was in the past. Therefore detail having an addition date after the fictitious date will
be considered as not exjsting. Detail having an addition date preceding the fictitious
date and a disactivation date subsequent to the fictitious current date will be
considered as still existing,

~ complex operation group function : the entering of a complex operation number will
resultin that alone being drawn on the screen.

DBIII query filter; only detail resulting from a DBIII query will be displayed.




Tio first six of the seven key areas are answered in the above text. Key area seven does
pose any particular problem in a production environment and indeed offers many
dvantages, for example it capitalises on cost effective hardware and software and lends
self to the setting up of many workstations to keep pace with confinuous revision.

4 SUMMARY OF FINAL REPORT
‘National Geografisch Instituut (IGN) Belgium
asic System : Intergraph

e to time constraints and problems with the translator there was only a limited
mount of practical work carried out for phase two of this project.

Towever, an adapted version of the proposal for phase one was created for testing.
‘Some interesting differences between the OSNIand IGN concepts were brought to light.
or example, consider a building in the middle of a garden /parcel; when the building is
“extended the garden gets smaller in the IGN model but in the OSNI model the parcel still
etains the same areal

. The data model used in the National Geographical Institute uses one database in which
various tables, text and graphic files are held.

Geomelry is mainly captured by stereoplotting, while attribute values are collected by
field survey. The database structure allows geometry and attribute values to be updated
ta different frequency. For each feature category (buildings etc.) four different kinds of
ector files are used: a file for present geometry, one for history and a working file for
each. For each (simple) feature type there is a geo-table and one or more tables with geo-
etry independent attributes; the geo-table is permanent whereas the attribute tables
-are replaced when updating. Links to text and raster graphic files are also possible
‘through attributes containing the full path.

If we consider the house/ garden scenario, objects are created for the two area centroids
and both geometry dependent and independent attributes are attached to them,
esulting in at least two tables for each object.

When topology is being built, the area boundaries (and geometry) are linked to the area
centroids meaning that a geometry change requires a local rebuilding of the topology.

The seven key areas as defined in the initiation document are answered by applying
them to the IGN conceptual data model:

PROCEDURES FOR UPDATING

The data within the conceptual data model are not seamless but tiled. When geometry is
altered we would normally store new, then delete old geometry.

All geometry versions of a house for example, are given the same unique identification
and in this way a house becomes a complex object. For new detail a date of survey is
added. Once completed the new working file is merged into a buildings actual drawing
file.
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elete b"uﬂdiﬁg’s geometry is gathered into a working set from the buildings_actual
B d_fawiilg file and stored in a deletions file. This is eventually merged into a
puildings_history file, the date of deletion is also completed in the relevant tables.

Geometry independent attributes are pericdically captured in the field and the results
stored as follows:

- unload the database tables,
— archive this ASCIE dump.
— give the attribute tables a new name, for example HOUSE94 rather than HOUSE93

etc.

— load these into the database.

- delete all lines where the date of deletion was filled out the year before.

— perform the modifications.

— new objects have added the date of survey and are treated as for modified objects.

— modified objects will be given the date of change.

— deleted objects will be given the date of deletion.

Text files similar to those supplied by OSNI for dwellings and vegetation are considered
too regular and are loaded into attribute tables and treated as above.

OUTPUT OF CHANGE ONLY SYSTEM

Dates used are in 1508601 format. The supply is achieved on a table search by feature
category basis. New geometry is in the current file whereas deleted detail is contained in
the *** hist file, but as all contain the relevant dates change only information is possible.

ARCHIVING OF HISTORICAL INFORMATION

Albhistorical graphic information is kept in separate .dgn files. Except when needed for
special applications these {iles only have (o be loaded for updating purposes.

‘The database records which are directly linked to historical geometry are held within
the single geo-table for every feature, whereas the real attribute tables are separately
archived for each revision.

Interrogation of historical data does not pose any real problem as all the information is
date stamped.

The concept described was designed for periodic revisions although it could be adapted
for continuous revision. As more frequent versions would imply frequent archiving of
the same unchanged data, perhaps the database should be archived once a year and
modified data should be archived with a greater frequency.

THE APPLICATION OF THE IGN CONCEPTUAL MODEL ON THE OSNI DATA.

As previously stated, a number of problems arose during the translation process
resulting in loss of links to both text and design files, it is also fair to say that we do not
know how much extra functionality was lost during the translation.
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rie design file was received for each feature category resulting in a duplication of
metry in many instances. A more satisfactory solution is to hold vector data once
and keep the structure in attribute tables.

On investigating the detail, it appears that OSNI geometry is fragmented. This can be
Svoided and the topology built automatically by changing to a structure that respects
the principle of always choosing the highest possible dimension, for example:

point is not a point object if it belongs to a line,
“a line is not a line object if it belongs to an area etc...
e suggest that OSNI consider changing from line objects to area objects, having the

 centroids tagged with their functions(levels). This has the effect of reducing the number
fobjects ‘active’ at any given time.

fost of the OSNI data can easily be transformed into the conceptual data model that we
have described.

n conclusion, it is possible to perform updating using the software at IGN aithoughitis
‘not really constructed for updating purposes; it should be improved with some real,
user friendly updating functions.

15 SUMMARY OF FINAL REPORT
‘National Landsurvey of Sweden (NLS), Gavle, Sweden
asic System: ARC/INFO

‘This is a four part entry to the updating project based on NLS experiences in developing
he Geodatabank (GDB), being part of the NLS general software called Autoka. Parts
ne and two discuss generally:

different geographic information systems.

the importance of GIS conceptual models.

features the ideal GIS might have, including how we may communicate with this
system.

complexity of structures and the operations that act on these and methods by which
this complexity may be reduced.

the various interfaces the ideal system can have in order to permit the most efficient
use of human and computer resources.

historical data and the possible fragmentation of the geometry.

the storage of archival data, using new technology.

Part three is very much a practical exercise, manipulating the data as supplied by OSNI.

If we consider a dwelling house which has changes at the first update due to the addi-
tion of a glass building. The common geometry connecting the dwelling house to the
glass building has been changed with respect to it having an additional level. The
original structure was dwell_h and non_squ, the structure now is dwell_h,non_squand
glass_b. These codes are stored in tables containing the user id and the feat code,
having a one-to-many relationship with no practical imits to how many codes an object
can have,
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The necessary commands are collected in ‘macros’ and form menus for more efficient
updating operations. Dates of change are also held as a related table so that the historic
viewpoint can be recorded. Bach modification to an object will be treated in the same
way.

Deletions to geometry also carry a date stamp and are held in a separate ‘cover’ or layer.
This paper concludes:

- most of the commands (probably all) needed to digitise, update, delete, multi-code
and date handle objects such as lines, points, areas and text already exist in most
estabh'shed systems.

in area handling it is important to have full topologzc data structure to reap the bene-
fits of analysis and control.

the ‘system’ may also provide a macro language in order to produce user friendly
menus for each application.

Although several software packages are used for handling topographic databases at
NLS, Arc/Info (version 6) was chosen for this project; it is our opinion that it woudd have
been impossible to use version 5. Version 6 introduces the ‘cursor’ concept; well known
in SQL language.

With the help of the macro programming language (AML) and the cursor facility a small
application program was implemented for updating the OSN1 digital data, taking about
three days. This application does not cover every issue although it is estimated to com-
plete all the update cases would take about two weeks.

However, two items would still be missing, handling of historic data {versions) and
change only updates. The latter could be introduced by an appropriate selection proce-
dure, adding more time for the implementation. Historic data can be stored automati-
cally in a separate layer but there is no easy method to handle time dependent versions
of objects.

The data can be held in either a seamless or tiled system, depending on the user.

The prototype application could be further refined to create a production flowline and
we estimate this would take a further two months.

Both textual and date information are handled using the macro language, although
automatic tagging of date information has not been implemented.

Both hard copy and file export in a number of formats are possible.

No standard procedure for the export of change only information exists at present. In
our opinion this feature should be built into the original system.

Traditionally the archival subsystem is separate from the main database resulting in
archive data having to be handled differently; often manual routines are required.

NLS is presently investigating new optical mass storage technology and will use this in
conjunction with the GDB. The advantage with this type of hardware being you don’t
have to treat historical data differently from current data this mass storage is akin to an
indefinite extension of conventional d.lSkS R




it would appear that it is quite possible to use Arc/Info to perform the required
updates - by writing some extensions in the macro language.

archival storage problems could be solved by using new mass storage technology.

to get beyond the limits of today’s systems we have to investigate new conceptual
models. However, there are many different opinions as to what the ideal conceptual
model should look like!

as far as possible the system must automatically handle the operators work to
increase productivity. The new technology of object orientation seems to be moving
. in the right direction.

iG SUMMARY OF FINAL REPORT
- General Command of Mapping, Ankara, Turkey
Basic System : Intergraph

Notall key areas as defined in the project initiation document have been answered due
to limitations of the software used, although the exercise has given valuable experience
in updating complex topographic databases.

KEY AREANUMBER 1

The software used is Intergraph MGE and Informix is used as the DBMS. A special pro-
ject was created along with related descriptive information and in order to have default
relational database tables a project schema was also created.

A graphic data file (dgn) was created for each feature category. Polygon feature classes
are generated for dwelling houses and vegetation, including their related tables
containing the necessary attributes.

The OSNI textual data files were loaded into the database using SQL statements. Using
© the MGE command “feature maker”, OSNI graphic data was also loaded into the data-
base.

The textual data was linked manually Lo each cartographic object containing the neces-
sary centroid value,

KEY AREA NUMBER 2

The term ‘updating’ is assumed as addition, modification or deletion. To update the gra-
phic data the OSNI map sheets are scanned via an Optronix 5040 raster scanner, fol-
lowed by ‘heads-up’ digitising on screen of the changed information.

When new graphic data are entered the related textual data are also input. Modified gra-
phic data also infers a change to the textual information and when geometry is deleted
so also is the related textual data. Tf the graphical data is unchanged but changes to the
textual are necessary, this can also be performed.

Both graphic and textual information can be printed and displayed.
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KEY AREAS3TO7

De to limitations in the software it was not possible for us to answer these key areas.

17 CONCLUSIONS

Fully structured and attributed digital data from the OSNI topographic database was
- used for Phase 11, although some project participants used only a small subset of this in
order to help simplify matters. In these cases a scaling up of procedures and macros
would be necessary to cater for the complete structure.

Some participants had initial difficulties in translating the necessary information into
their systems and for at least one the problem wasn’t fully resolved.

Whether the approach was an object oriented or a relational one, from the documented
results the major areas of difficulty would appear three fold:

— how best to add the fourth dimension {time) to the database information ?

- assuming dates of change can be added, is the database management system able to
manipulate the information based on time relevant queries?

— how should the suppressed data be archived?

From this it can be seen that the critical element is whether or not the database manage-
ment system is capable of dealing with the fourth dimension. If the dates of ad dition and
suppression are successfully incorporated with both graphical and textual elements and
the DBMS is capable of utilising these dates then all the main project criteria can be satis-
fied.

This being the case then it is possible to provide the following to users:
— current information, being a straight copy of today’s data

— ‘change only’ information, being only data marked as new or altered since the last
version was supplied

a ‘snapshot’ of the database at any given moment in time

time sequenced extracts, similar to the above although they are taken over a period of
time.

The solutions offered include the date stamp as the fourth dimension,whether added
automatically or manually. There were a number of ways this feature was included in
the database. For example, in one case the date ‘field’ was inherited from a ‘super class’
in the database hierarchy while others simply inchitded the date as another related table.

Geometry changes were carried out in two main ways:

to the original and modify the copy toagre

~ mark therelated tables with the d te
the current position — geometry is h




ﬁoth work equally well although duplication of geometry may not be desirable in the
Jong term.

‘As previously reported not all DBMS permit the addition of the fourth dimension as a
" standard function, although this situation is alleviated somewhat by the addition of
inacro functions and other utilities, permitting the addition of in-house ‘workarounds’.
This infers a thorough understanding of the various commands etc. available with these
- systems and could not be undertaken by a casual user.

1t became apparent, from some of the papers, that considerable thought had been given
~ to the computer/operator interface and how this may effect throughput of updates. For
 example, “pull down’ menus afford a greater degree of flexibility than does command
" line entry. If the operator selects an object on screen the system should present the rele-
" vant ‘form’ including the necessary default values, thus reducing input times. Auto-
' matic error checking should also be available thus reducing the possibility of mistakes
by the operator during input.

Entry of changed or suppressed data has been mentioned only briefly but it would
appear that this information can be stored by three main methods:

— held directly on line with the current data, although by default, only the current situa-
tion will be displayed.

held indirectly, via the necessary tables to deletions layers or to files under the control
of the DBMS, called only when necessary

held on large optical storage devices, permitting rapid access to the user when
required.

With regard to hardware, it was interesting to note that a number of the solutions
offered were based on a PC platform, thus offering a cost effective route to updating, alt-
hough this is typical of the ever narrowing gap in performance between PC’s and the
workstation environment.

The seven key areas:

1. “How an updated, fully structured and attributed digital graphic, conforming to the
full OSNI database specification and free of map sheet line constraints, can be best
arrived at.”

— anumber of working solutions to this key area have been reported on, although at
least one system operates on a tile by tile basis. However PC based systems may have
difficulty in coping with the data volumes on a country-wide basis.

. “How existing textual records linked to the graphic should be modified and how the
data dealt with in the course of updating should be tagged with date of
addition/modification /suppression, held, maintained and presented.”

— anumber of solutions to this area were recorded, in the case of the OO approach
the textual records are included with the ‘object’ being updated. Another solition
replaces the add/mod /supp with ‘addition’ and “disactivation’.
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“How output of the revised topographic data, both digital and hard copy, should be

handled in terms of ‘replacement map sheet’ and much more importantly, ‘change
only’ information’”

— it was reported that the time dimension can be added to all the necessary infor-
mation and if the DBMS can utilise this then the required data can be extracted in the
form required by the user.

4. "How archiving of topographic information no longer extant should be dealt with.”

~ anumber of solutions to this were recorded; the crucial factor being the addition
of the date of deletion to the necessary graphical and textual elements.

5, "Assuming the requirement to hold such data, inclusive of all atfribittes, date of
suppression, etc, as alayer within the topographic database, how should this be met”

— several solutions to this key area were reported. It is possible to hold this infor-
mation on line along with the existing data (tagged with the date of deletion). It is

also possible to hold this data in a separate coverage or layer, linked via necessary
tables.

6. “How such archived data can be interrogated /output for specific historical points
and/or periods”

— itwasreported thatif the time dimension can be added to the detail and the DBMS
can utilise this information, then this key area can be answered. Queries such as “dis-
play detail with date of survey >datel and date of survey <date2” are possible.

7. "How a continuing policy of such updating and archiving can be satisfactorily
operated and how administration of the resultant database can be kept manageable,
givena policy of continuous revision in line with ground change oceurring,”

- this key area was answered in a number of papers. It was thought that the
resultant data volume would be no greater whether updates were carried out, say,
annually or continuously, the DBMS would record the necessary dates.

18 RECOMMENDATIONS
Although this project has succeeded in:

— bringing to light a problem that, perhaps, only a few organisations have tackled, or
even considered.

focusing the ideas and thoughts of a number of leading edge organisations in this
area,

— sharing of ideas and an understanding of how this problem can be dealt with from
different viewpoints, RN

— producing a number of potential working systems

a number of issues still remain,




These are identified as follows and the project recommends that the key areas which
software development must concentrate on are:

1.

Recording the time/historical dimension

‘Not all GIS/DBMS cater directly for the fourth dimension and it is important that

users, and user groups such as this, press this issue with software vendors so that
their DBMS will have the necessary functionality. At least one of the project partici-
pants is currently doing this with their system supplier.

Production of user friendly/cost effective updating procedures

The updating operations must be made as straightforward as the original data entry
, with the DBMS logging and time-stamping all changes to the database and that the
operator can achieve this in the most cost effective manner.

Production of software which can not only produce, but also accept, change only
data

These issues are important even for users who are not interested in the historical
perspective, it may be more economical for them to receive change only information
rather than complete tiles, for example. Therefore the end user’s software must be
able to utilise some of the features discussed in this report.

Data compatibility

A number of data translation problems were apparent at the start of this project and
it is important that these difficulties can be overcome by increased software house
acceptance of GIS standards. _ ;

19. GENERAL COMMENTS ON PROJECT CONCLUSIONS BY PHASE 1

PARTICIPANTS

Following presentation of the draft report to the OEEPE Steering Committee in May
1994 it was recommended that general comments by participants would be a further
worthwhile inclusion in the Final Report.

These are as follows:

Adam C. Winstanley, Queens University, Belfast BT7 1QP, Northern Ireland

This appraisal of the OEEPE project is divided into three sections starting with the
overall results and then our own contribution. We then conclude with some suggestions
of future directions.

1.

The project

The project involved diverse participants from many different couniries across
Europe using a variety of different GIS software systems based on relational, object-
oriented and priority models. As such, diverse solutions to the problem were for-
mulated, often drawing on the broad experience of the participants in using GIS
systems professionally.
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Ve 5nu'rnb.'ér'of drawbacks can be identified which hamper the usefulness of
ults and mean real-world practical issues have not been addressed:

Lack of resources for the project in terms of manpower and equipment.
“s" No participation from the GIS software development industry.

* The diversity of the approaches taken and solutions proposed, while being a

strength, also means that any conclusions to be drawn from the project are not suit-
ably cohesive or definitive.

- Queen’s University

Queen’s entered the project at the beginning of Phase 11, and consequently missed
the valuable preliminary meetings and discussions and the Phase I workshop.
Approaching the problem from a software engineering viewpoint, we decided to
concentrate on basic models of time rather than adapting proprietary software as
most other participants proposed. As such our system to input and display temporal
topographic data is currently limited to a small demonstration running on a rela-
tively slow personal computer. While necessarily restricted in application, we
believe this has demonstrated the feasibility of our general conceptual model and
emphasised the importance of the user-interface design in making the updating pro-

cess fast and easy. We intend to continue our work by enhancing our system to
address the current drawbacks by:

* Porting the implementation to a more powerful machine {probably a SUN work-
station)

* Experimenting with the user interface in order to improve the updating proce-
dure.

- Conclusion and future development

The project was useful for experimenting with solutions but, of course with the
limited resources available, it was never going to provide a fully workable solution

to the problem. For this to come about, the following points would have to be
addressed:

* problems due to the size and complexity of large-scale real-world datasets
* involvements by GIS software development industry

* external funding to provide resources.

Funding for a larger project from national governmental sources (such as one of the
Research Councils in the UK) may be feasible. The pan-European nature of the
participants, and of the OEEPE itself, would also possibly make it feasible to obtain
support from one of the European Union’s research funds (such as ESPRIT),




Prof. Riccardo Galetfo, University of Pavia, Ttaly
‘We can identify many positive elements in the outcome of this project.
fa) From the methodological point of view we underline these aspects:

e efficient co-ordination which allowed the project to be contained within the pre-
dicted time span

e quick circulation of the papers documenting the activities carried out by the par-
ticipants

« immediate presentation of the results of the finished work at an international con-
ference (Athens — Georgia)

o utilization, by all of the participants, of the same data for the research project
s involvement of the CERCO Group IXin the research.
(b) Regarding the contents, the most revealing aspects are:

» in general, the attention placed on a problem concerning large-scale digital map-
ping. In fact, large-scale digital mapping still presents many unresolved aspects
regarding its content; the way in which it best matches the cadastral maps; the
degree of detail necessary to satisfy the needs of the land information systems, etc

» highlighting the fact that updating is a problem which does not yet have a definite
solution and that it is therefore necessary to carry on with the research on this sub-
ject

s emphasizing the advantages of employing and running the time parameter in the
GIS, which allows a dynamic vision of the evolution of the territory.

» motivating the participants to find new solutions concerning the data structure
and more specifically, the investigation of solutions based on the object oriented
theory.

(¢} Conclusions

We believe that there could have been a more complete participation in the second
phase of the project, which was more experimental and consequently crucial in
verifying the theories created in the first phase.

Furthermore, we think that a final discussion session is necessary to analyze the
results in depth and to evaluate and critique the solutions adopted by each partici-
pant.

Overall, our feeling is that the project was very successful and that it achieved the
goals which were set in the beginning. Nonetheless, we consider this project to be
unconcluded as yet and we think that the research must be continued to better
develop the proposed solutions. Only in this way can we stcceed in comparing the
various methods on a practical level.
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- Jan Beyen, National Geographical Institute, Brussels, Belgium

This project was very useful because it forced us to find solutions to the updating prob-
lems at an early stage, the project comin g right in time to influence our data structure. It
also provided the opportunity to let (GIS software) vendors know what we expect, 50
that they might adapt their software by the time when updating will be our most impor-
tant problem. I didn’t succeed in giving a detailed evaluation of MGE within the dead-
line of the project, but my paper for ISPRS Commission IV (Athens; volume 30 part 4

Pp 884-888) may also be considered as a final report to or a continuation of the OEEPE
project.

Kjell Degefstedt, National Landsurvey of Sweden, Gavle, Sweden

The findings of the OFEPE project addressing the above problem are of central and
general interest for people concerned with updating of digital topographic databases
because of the well known fact that the dominant part of the cost of building a working
GISis in data collection and updating,

The updating activity is in many contemporary systems very much dependent on the
operators skill and decisions. The human factor is the main source of most of the data
errors. The most cost effective way to rationalise the updating process is therefore o find
better ways for the system to support the operator in the complex updating operations.

Progress in this direction is being made by all the main vendors in the GIS market. Incre-
mental steps forward happen every day, but to get a more significant improvement it is
perhaps necessary to look in new directions like searching for new data models and new

paradigms. This is of course a complex problem demanding a large amount of personnel
resolree.

Unfortunately it has not been possible for the NLS to allocate enough resources to give a
major contribution to the solution of the updating problem. However we have tried to
convey our opinions about the topics based on earlier experiences of both a theoretical
and empirical nature. We have also shown by updating the OSNI data, that extending a
system possessing suitable features will make a real difference. To sum up we believe
that the project has been successful in describing and pointing out important aspects of

updating complex topographic data, which can be the starting point for further
research, :

Hayati Tastan (Capt. MSc.), General Command of Mapping, Ankara, Turkey.

As an active participant in the project, we believe that this project has contributed
considerably to the activities in the GIS field. A digital geographic database which is not
up-to-date is nothing but a modelled view of the real world at a definite time. A GIS
database is supposed to be dynamic, ie up-to-date.

As for archiving of the historical geo graphic information in a digital database environ-
ment, the fact is that neither all geographic information users nor all the applications
need this capability. On the other hand, if these historical data are needed and if they
don’t exist any langer it’s water under the brid ge. Taking this factor into consideration,
it can be said that historical information should be archived when creating a GIS data-
base in case any tiny possibility for making use of it is foreseen. Otherwise there is no
point in wasting time and data storage space. IR




- Another key area needing further discussion is the smallest unit used for updating of
© digital information. This unit should be a real world object (eg a house} but not an ele-
- ment of it {eg a wall of the house) since the descriptive data are linked to the object but
. not to any element of this object.

As a final technical remark it is believed that it would be useful if the results of the pro-
ject could be presented as an appendix to the final report in some recognized statistical
way such as line /bar graphs and / or pie charts which would cover the project as a whole
and give the lead to future studies on this topic.

20 FINAL REMARKS

The project proved to be a most useful exercise in that a wide range of mapping and aca-
demic expertise was involved in using typical complex digital topographic data to
examine an issue which, for various reasons, would appear to have received scant in-
depth attention to date.

While no radical new theories or methodology have emerged what is particularly evi-
dent is that the process can be greatly simplified and speeded up given a properly faci-
litated approach. Here users must ensure that their demands are heard and influence the
course of software development accordingly. This report and its appendices certainly
highlight the significant areas for attention, and while not all will require to maintain
data of this complexity the continuing expansion in use of geographic information will
guarantee that the general principles must certainly apply.

Asalready indicated in the introduction the findings of this report can form the basis for
more, properly resourced, research and development.

Only through keeping this update issue to the forefront can organizations be sure that
their costly database investment of the 20th Century be safeguarded to service their
demands in the 21st.
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APPENDIXTE © -
TO: OEEPE SCIENTIFIC AND STEERING COMMITTEE
27TH - 29TH OCTOBER 1992 BRUSSELS

FINAL PROJECT PROPOSAL FOR APPROVAL
1. INTRODUCTION

The rapid development of geographic information systems (GIS) and the growing range
of application areas identified, reinforces the need for increasingly sophisticated and up
to date digital topographic databases.

The essential maintenance of such databases is an aspect which, to date, has received
little or no attention.

This project seeks to address the issue in depth and support from a range of organisa-
tions has already been established.

OEEPE approval to proceed as outlined in the following agreed plan is hereby
requested.

2. PROJECT TITLE
UPDATING OF COMPLEX DIGITAL TOPOGRAPHIC DATABASES.

3. PROJECT OBJECTIVE

To examine the problems inherent in updating of complex digital topographic data-
bases and identify and recommend effective procedures to ensure that database
currency and maximum functionality is maintained. To present the findings as a co-
ordinated report, published under the auspices of OEEPE, for the benefit of the GIS com-
munity in general, and as an indicator to software development houses of GIS demands
which must be addressed.

4, PROJECT METHODOLOGY

The project will address the issues in depth through individual teams working, largely
independently to a common objective and employing their own ideas and systems. No
constraints will be imposed in respect of methods employed but each must produce a
final report to an agreed common format.

5. PROJECT PARTICIPANTS

Ordnance Survey of Northern Ireland NORTHERN IRELAND
Lantmateriet (National Land Survey) SWEDEN

University of Pavia ITALY

Ordnance Survey GREAT BRITAIN

47



Dienst van het Kadaster en Openbare Registers ~ THE NETHERLANDS
{Cadastre and Public Registers Agency)

Niedersadchsisches Landesverwaltungsamt GERMANY

(Federal State Survey)

Statens Kartverk NORWAY

{(Norwegian Mapping Authority)

University of Ulster NORTHERN IRELAND.

The possibility of an involvement from IGN FRANCE and Ministry of National
Defence, TURKEY also exists.

6. ACTIONS TO DATE

At the Berne meeting of 7/8 November 1991 OEEPE Commission I was charged with
production of proposals for a project concerned with updating of digital topographic
databases. Resulting from this Mr M ] D Brand, President Commission I, presented a
proposal at meeting No 80 in Gavle, Sweden, on 13-15 May 1992, At the request of the
Steering Comunittee further information was prepared and issued o relevant organisa-
tions, together with an invitation to participate.

A meeting of interested participants was duly held at Ordnance Survey of Northern Ire-
Jand on 21 and 22 September 1992, and following demonstrations and identification of
the type of problems involved, using the OSNT database, agreement was reached on
how the project could be handled within an acceptable timescale. The agreed proposal
was subsequently circulated and the necessary support from the above listed partici-
pants confirmed.

7. SUMMARYPROJECT PLAN
The project will be handled in two consecutive phases:
Phasel

Each participating organisation will individually consider the updating issues as iden-
tified and demonstrated at OSNI, together with the principles underlying them, and
produce proposals on various means of updating the topographic database as pre-
sented, in the form of a textual report. A workshop will be convened at the end of this
Phase and resulis reviewed.

PhaseI]

Having formulated ideas and reached conclusions, organisations involved will, as far as
possible, attempt to test and validate their individual theories on their Own systems
using a common dataset from the OSNT large scales topographic database. Results will
be fully documented.

At the conclusion of these two phases OSNI will, with assistance as necessary from
others, draw the individual findings together into a final report with conclusions and
recommendations, for presentation to OFEPE,




8. PROJECT TIMETABLE

1

four months, commencing from date of OEEPE
approval to proceed.

Phasel

five months, following completion of Phase L

j

Phase IT

Preparation of final report three months, from completion of Phase 11

|

1

Total project duration 1 year.

9, PROJECT FUNDING

91 Costs of manpower and equipment within each participating organisation will be
met by that organisation.

9.2 Travel and subsistence in respect of the end of Phase I workshop and any other full
meetings necessary, will be the responsibility of each organisation concerned.

93 OEEPE funding is requested for any necessary travel and subsistence incurred by
project co-ordinator staff in the course of the project.

9.4 OEEPE funding is requested to cover costs of magnetic media, documentation,
postage/fax/telephones, incurred in the project.

OEEPE funding of £ 5,000 is requested to cover the issues at 9.3 and 9.4 above.

10. DETAILED PROJECT PLAN
Phasgel

Using the information supplied by OSNI, derived from experiences to date with digital
updating of the OSNI large scales database, and having seen the issues demonstrated on
the OSNI system, each participant will individually examine the problem areas and the
updating principles giving rise to them. This will take the form of an in-depth study and
proposals will be produced on various methods of updating the topographic database
as presented.

Further information will be provided by OSNI if and where necessary in the course of
the study.

The key areas for examination and proposals will be:

— how an updated, fully structured and attributed digital graphic, conforming to the
full OSNI database specification and free of map sheet line constraints, can best be
arrived at. :

— how existing textual records linked to the graphic should be modified and how the
data dealt with in the course of updating should be tagged with date of
addition/modification /suppression, held, maintained and presented.

— how output of the revised topographic data, both digital and hard copy, should be
handled in terms of “replacement map sheet” and much more importanily, “change
only” information.
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— how archiving of topographic information no longer extant should be dealt with,

— assuming the requirement to hold such data, inclusive of all attributes, date of
suppression, etc, as a layer within the topographic database, how should this be met.

- how such archived data can be interrogated /output for specific historical points
and /or periods,

— how a continuing policy of such updating and archiving can be satisfactorily
operated and how administration of the resultant database can be kept manageable,
given a policy of continuous revision in line with ground change occurring.

At the end of this Phase each organisation will produce a report to a common format
based upon the key areas outlined above. These will be the subject of discussion at an
interim project workshop to be held at the close of this Phase.

All ideas and theories will be included in this report, even if only considered and
rejected, as they may well prompt fresh lines of investigation by others.

Phase [

Having formulated ideas and reached conclusions on how the required actions should
be carried out, and with the benefit of the workshop discussions, each organisafion will
attempt to test and validate, as far as possible, their individual results using their own
equipment and systems.

To enable this OSNT will provide each with a common digital dataset of appropriate
complexity from the large-scale topographic database. This will be supplied in a data
format and on media which will, directly or indirectly, render it capable of reading into
their respective systems. OSNI personnel will be available, on a limited basis, to visita
participant site if problems in relation to data readin g or interpretation which cannot be
otherwise resolved, are encountered.,

Full statistical details derived from conduct of these practical trials, in respect of
processing times, manpower and equipment will be recorded to enable cross system
and procedural correlation. Statistics in relation to rejected options and processes will be
recorded and untested alternatives detailed.

Results from these tests will be documented and included in the initial Phase Treport.

11, POSITION AT END OF PHASES I AND II

Completion of the nine month period allowed for these phases will see a full set of indi-
vidual participant reports prepared fo a common format, ready for use in the compila-
tion of a final report.

12. FINAL REPORT

The remaining thrée months of the project will see col afcibﬁ'.'o'_f“él final report document
based on and drawing together the individual findings, complete with conclusions and
recommendations, R R S




OSNI will assume the overall responsibility for completion of the final report, with assi-
stance from others as and when necessary.

As wide a range of options as possible will be incorporated in order to produce a report
of real benefit. The resultant document will be of high quality, for presentation through
OEEPE and eventual publication.

M D BRAND BA ERICS
President OEEPE Commission 1
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MALMASTER31050
MASTER_GTH3240
MASTER_0S5100

FRAMESS1L
CLIPSILY
LATCHS112
FRAME_QTH$11)
FLAGS12
FLATAREAS121
AREAS$123
FLAG_OTHS123

OSNIDATABASE STRUCTURE

TOPO_DATAI0
ARTIQUITYS101
AePIQ BLDSI0LL
ANTIQ FEATS2012
ATIQ_SITE81013
ENTIO_OTRS 1014
BUILDINGES102
COMMUHAL, BSL021
LAH_ADHINS 10211
HEALTH_BS10212
EIUCATE_B$16211
RELIGION B510214
SERVICES_BS10215
RECREAT_B510216
GOV_OFFICESLOZ17
COMM_OTRS10218
GRERAL_B51972
DOUSTRY_B§10221
COMMEACE_B§10222
OWELL,_EGUSE_B510224
GEMERAL_0T510223
BUTLD_FURNS1023
BLOFURH_OTS10231
HOH_SQU_B$1024
GLASS_3$1025
BUILD LIH31026
— BUTLD_OTH51427
COMMCATIONS103
COMM_AIR$1031
AIRFORTSI03E1
RUNWAYSLO3L2
BIRFURNS10313
COMMATA_CTHS10314
COMM_RAIL$1032
RAILWAY$1032L

HAIL_CHTR$10122
RALL _FURNSL(123
RATL_OTAS10324
BAIL_LINESS101Z5
PERH_WAY510326

COMM_ROADES1033

MGTORWAYS1D331
DUAL_CARRS163311
CLASS_h_RD$10332
CLASS_B_RD$10333
HIROH_RDS10134
C_LINE_AD§18315
TRACK$10336
FOOTPATHS10337
ROUNDABOUTS 18338
SIDEWALES1931S
VERGE_RD$103314
ROAD_FURN3101311
ROAD_CTHS101312

COrH_WATER51034

FERRYS10341

BORT. HARB510345
DOCXS5510346
CHAMNELSLO3 41
WHARF_QUATS10748
WRATER_OTHSL0349

COMM_GTHERS1035
WATER_FEAT_WTRS 104
FRESH _WTR$1041

RIVEASLO41Y
STREAM510412
DRAINS10413
CONDU_DUCTSI0414
€_LINE_W510415
WEIR SLUICSI0ALE
SOURCE_DNDS$10417
WELLS10418
URSHOWN_WS10419
FRESH_OTHS10420

TIDAL_WTRS1042

HAMHT310421
Leer510422
TIUAL_OTHS10423

WATER_FURNS1943

WIRFH_GTHS10431

_FEAT_OTH§ 1034

GEM_FEATURF1DT

APPENDIX IV

ARTIF_FEATSLO5L

ARTIF_PNTSLESIL
ARTIF_LINE310S12
ARTIF_ AREAS10513
ARTIF_OTH$10514

HNTUR_FEAT$1052

NATUB_PNT31052)
RATUR_LINES10522
HATUR_AREAS10523
NATUR OTHS18524

SLOPESSLIOS)

GRADIENTSS$10511
GRA_UPFER$105311
GRA,_LOWERS105312
GRA_CLOSESI05313

GRA_GEOMSS10532

GEN_F_OTHS1654
TORO_MREASSLES
BOUNDARIES$ 1061

LGDS10611
WARDS10612
PARLS10613
CQUNTYS10614

€O _BOROUCHS10615
TOWNLANDS 10ELE
BOY_LEFTS1Q6L8
BOY_RIGHTSI0GIY
I_NATIONALS10E17

EXTENTS§1062

LAND_PARS10621
PAR_PRINTS106211
PARCELS106214
TELANDS196212
LANDSC_CTH3106213

GRNAHENTS10622

WATER_PARSLO623
HOAT_LARES106231

SEALOUGHS10623d

BRYS106235

WATPC_OTHS106236
VEGETATICNS10624
EXTENT_QTES30625

LIMIT_LINE§iT6]
PERIMETER§1064

FENCES10541
HEDGES19642
WALLS10643

BAKRS 10544
PECK_OTHEBS 19625
PERIH_CTHS10646

TORO_A_UTHE1065

CONTACLSLOT

CORT_HAJORS1GTL

TRIGS10711

FLANG10721
TRAV_STHS107211
REYIS_PHMT5107212
AIR_PNTS107213
PLAN_OTHE107214

HEIGHT$10722
SPOT_HTS107221
HEIGHT_PNT§107222
COHTCURS 107223
HEIGHT_OTHS107224

CONT_OTHERS107)

TEAT_IHFOS108

HAMESS 108

DISTIHCT_MEL0811
DESCRTPT_N$IGDI2
ANTIONG1081)
ROAD, HAMESL0A14
ADHIN MAMES10815
HAMES_OTHS10818

MEREINGSS1082
HOUSE_HUMBS1082
CONTAOL TES1084
PEAT_OTHERS 1685
SYMROS_THFS10%
TMBELLSS1091
FLOW_DIRG1092
ELRC_PYIONS1093
STMBOL_OTHS10%4

TUPO_DTHSLED
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PHASE 1 -PARTICIPANTS
ITALY

SWEDEN -

GERMANY -

GREAT BRITAIN -

SWITZERLAND -

TURKEY -

FRANCE -

BELGIUM -

NORTHERN IRELAND -~

APPENDIXV

R Galetto
University of Pavia
1-27100 PAVIA

K Degersiedt
Lantmateriet (National Land Survey)
5-80182 GAVLE

P Creuzer
Niedersachsisches Landesverwaltungsamt
D-30159 HANNOVER

Alllert
University of Bonn
W-5300 BONN

D Sharman

Ordnance Survey of Great Britain
SOUTHAMPTON

S0O%4DH

O Kolbf

Ecole Polytechnique Federale de
Lausanne

CH-1015 LAUSANNE

H Tastan
Ministry of National Defence
TR-06100 ANKARA

M C Combes
Institut Geographique National
F-94160 STMANDE

] Beyen
National Geografisch Institut
B-1050 BRUSSELS

M Mulvenna
University of Ulster
NEWTOWNABBEY
BT37 0QB

R Clements

Ordnance Survey of Northern Treland
BELFAST

BT9 58]
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24 & 25 MAY 1994

PRESENT: M Brand
V Zill

J Beyen

J Mousset

M Combes

A Jakobsson
P Crevzer

M Endrullis
Alllert

G Apagyi

P Divenyi

D Kirwan

J Dangher

A Arrighi

R Galetto
Jvan der Linde
M Mulvenna
| Thompson
H Tastan

A Rodriques
K Degerstedt
P Lindberg
C Eidenbenz
O Kolbl

D Sharman
A Wild

B Hearn

R Clements
G Mitchell
5 Gray

D Martin
G Muhood

President OEEPE Commmission I

Bundesamt fiir Eich- und
Vermessungswesen

IGN

CERCOQ

IGN

National Survey Board

Federal State Survey

Institut fiir Angewandte Geodésie
University of Bonn

Ministry of Agriculture

Ministry of Agriculture

Ordnance Survey (Ireland)
Ordnance Survey (Ireland)
Instituto Geografice Militare Italiano
University of Pavia
Topographfishe Dienst
University of Ulster

British Antartic Survey

General Command of Mapping
Ministry of National Defence

IGN

National Land Survey
National Land Survey
TFederal Topographie Office

Institut de P'grammetrie
University of Lausanne

Ordnance Survey (Great Britain)
Intergraph

Intergraph

Ordnance Survey (N Ireland)
Ordnance Survey (N Ireland)
Ordnance Survey (N Ireland)
Crdnance Survey (N Ireland)
Ordnance Survey (N Ireland)

APPENDIX VI

END OF PHASE [ WORKSHOP (COMBINED MEETING WITH CERCO WG IX)

AT ORDNANCE SURVEY OF NORTHERN IRELAND, COLBY HOUSE,
STRANMILLIS COURT, BELFAST

Northern Ireland

Austria
Belgium
Belgium
France
Finland
Germany
Germany
Germany
Hungary
Hungary
Ireland
Ireland

Italy

Italy
Netherlands
Northern Ireland
Great Britain

Turkey
Spain
Sweden
Sweden
Switzerland

Switzerland
Great Britain
Great Britain
Great Britain
Northern Ireland
Northern Ireland
Northern Ireland
Northern Ireland
Northern Ireland
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PHASE [ -PARTICIPANTS

ITALY R Galetto
University of Pavia

27100 PAVIA

SWEDEN — K Degerstedt
Lantmateriet (National Land Survey)

5-80182 GAVLE

TURKEY - HTastan
Ministry of National Defence
TR-06100 ANKARA

BELGIUM — [ Beyen
National Geografisch Institut

B-1050 BRUSSELS

A C Winstanley
Queens University
BELFAST

BT7 1NN

— R {lements

Ordnance Survey of Northern Ireland
BELFAST

BT9 58]

NORTHERN IRELAND
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APPENDIX VHI

UPDATING COMPLEX DIGITAL TOPOGRAPHIC DATABASES
AN OBJECT-ORIENTED SOLUTION

Final Report
1 February 1994

Adam C Winstanley
Department of Computer Science
Queen’s University
BELFAST
BT7 INN

1. INTRODUCTION

Complex large-scale topographic databases, such as that maintained by Ordnance
Survey of Northern Ireland (OSNI), can be characterised as follows. They provide:

— The storage and retrieval of detailed accurate geometrical data
— Geometry structured with codes to indicate the nature of the features represented
— Features with associated textual information describing non-graphical properties

Currently topographical database management systems concentrate on support for the
capture, maintenance and presentation of data representing an up-to-date view of the
landscape. However, one of the additional tasks required by users of the data is the
ability to reconstruct historical detail and to identify changes made over time. These
issues have been largely ignored by the developers of commercial systems so far and
have only recently been the subject of sustained academic interest {eg, as in [Langran
1993, '

OSNI have identified 7 key areas that need to be addressed by an updateable
topographic database {OSNI 19921

1. It should provide an up-to-date, fully structured and attributed graphical represen-
tation,

2. Dates of the addition, modification and suppression of data should be held, main-
tained and presented.

3. Output of the revised data should be available in terms of replacement map sheet
and change only information.

An archive should be maintained of topographic data no longer extant.
Archived data may be held as a layer in the database.

Archived data should be accessible for specific historical points and /or periods.

N Gtk

A continuous system of such updating and archiving should be operated and admi-
nistered.
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This paper proposes a solution to the problem of the continuous revision of large-scale
topographical databases and the maintenance of a historical archive based on an object-
oriented {O0) data model. It also shows that the OO model has characteristics that make
it suitable for topographical databases in general and describes an experimental imple-
mentation of the ideas expressed. Section 2 introduces the main concepts behind object-
oriented databases and illustrates them using examples taken from the OSNI data
model. Section 3 discusses the support OO Database Management Systems provide for
managing change and storing time-dependent information. Based on this material, a
proposal for a temporal topographic database design follows in section 4 which
addresses the requirements identified by OSNI. Section 5 describes the experimental
implementation being developed at Queen’s University, concentrating particularly on
the user interface design. Section 6 concludes the paper by summarising the imple-
mented model and evaluating it against the 7 key areas identified by OSNL

2. OBJECT-ORIENTED DATABASES

The basic concept behind object-oriented databases is that the data are structured in
terms of the real-world objects being modelled. That is, each object of interest in the real
world is represented directly by a single object in the database. For example, the house
at 194 Bangor Road, Holywood, has one object in the database which groups together or
contains all the relevant information about that property such as its full address, ground
area, date surveyed and graphical depiction (or possibly alternative depictions for
different scales). This one-to-one relationship between objects in the database and those
in the real world greatly eases the task, the creation and use of the database.

There are a number of properties of object-oriented systems that malke their constituent
objects easy to create, use and manage:

{a) Encapsulation:

Objects include not only the properties (data) of the real world object but also the
methods or operations available to create, manipulate and output that data. Exam-
ples of methods for 194 Bangor Road might include create, display and delete.

(b) Classification:

Objects are organised into homogeneous groups or classes of objects which represent
similar real-world objects and have a similar structure and set of methods.
194 Bangor Road would belong to a class Dwell_House representing all the dwellings
in the database. A class definition gives the properties and methods that objects of
that class possess. Using a notation based on that used in Hughes [1991], we can
define the following structure for Dwell_House:

class Dwell_House

properties ST E
House No: cardipal, "0 00
Street: string; Townland: string;
City: string; - vl

County: County Type; {Antrlm, Armagh, Down ...}
Postcode:  string; Bt L T




methods
create
display
delete.. {other relevant methods)
end Dwell House

(¢) Class Hierarchy:

The different classes of objects in the database are arranged in a logical hierarchy. A
portion of the class hierarchy for a topographic database is shown in Figure 1. The
class Dwell House is a sub-class of the class General_B uilding which in turn has a sub-
class Building. This relationship is often indicated by thelabel IS_A (ega Duwell_House

is a General_Building; is a General Building a Building).

Building

Communal General Building
Building Building Furniture

Other
Building

A

Industrial Commercial Dwelling
Building Building House

General
Other

Figure 1 — Class hierarchy for buildings
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(d) Inheritance:

Obijects in classes lower down the hierarchy (sub-classes) inherit the properties and
methods of those higher up (super-classes). Sub-classes can be seen as specialisations
of their super-classes. They can have additional properties and methods only rele-
vant to objects of the sub-class, Therefore properties relevant to all buildings, such as
area or geocoide or whether they have a glass roof, are declared for the class Building
and inherited by all its sub-classes but properties only relevant to Dwell House are
declared in that class. In this way, the duplication of the data and methods for similar

objects is avoided:

‘ class Building

' properties
Geocode:  string;
Area: reai;
NonSquare: Boolean;
Glass: Boolean;

methods

..tmethods relevant to all buildings}
end Building,

class General_Buﬂding
inherit Building
properties
~.{properties relevant to all general buildings}
methods
--{methods relevant to all general buildings)
end GeneraLBu_ﬂding,

class Dwell House
inherit General_Building

properties
House_No: cardinal:
Street: string;
Townland: string;
City: string;

County: County Type;
Postcode: string;
methods

create

display

delete

...{other relevant methods}
end Dwell House




(e) Extensibility:

The use of inheritance in the object-oriented data model facilitates the re-use and
extension of existing objects. Re-use is through the formation of libraries of classes
containing properties and methods for inclusion in a new program or database. New
classes can extend those provided in class libraries. In this way, users of topogra-
phical data, such as telecommunications providers, can extend the class hierarchy to
include the data relevant to them:

class HouseWithPhone

inherit Dwell House

properties
Householder: string;
Previous_Reading: cardinal;
Current_Reading: cardinal;
Last-Billed: date;

methods
Create_Bill

end HouseWithPhone
(f} Polymorphism:

In an object-oriented database, the same method name can mean different things to
different classes of objects. For example, each individual class can have a separate
method to display objects of that class with specific attributes. If a miscellaneous
collection of different topographic features is assembled during the running of a pro-
gram, they can each be sent the message to display themselves and each feature will
display itself according to its own display method. In this way the software adapts
automatically to the form of the objects selected.

(g} Composition:

Often an object is made up of several smaller objects collected together. For example,
a line on a map is composed of a series of straight segments. Fach segment is
modelled as an object in its own right and each line object connects to the correspon-
ding segments by a relationship labelled HAS_PART. Similarly each segment con-
tains two points that represent its ends. Moreover the existence of these points
depends on the existence of the appropriate segments which in turn depend on the
line itself: the deletion of the line implies the deletion of the point.

Figure 2 shows a class hierarchy of geometrical objects suitable for a topographic
database showing the relationship between lines, segments and points.




Eoint ljegment ' | Line I..__

* N
. Symbol I I Text Arc é‘d
2

Figure 2 — Class hierarchy for geometry showing relationships.

(h) Aggregation:

Apart from composition, there are more general relationships between objects that
need to be modelled. For example, the nodes or line-junctions are related to the indi-
vidual lines. Each node can be the end-point of several lines but each line if related to
only two nodes. Figure 2 shows the 2:Many node-line relationship. Using the nota-
tion introdticed early, a data model for the node-line and point-line relationships can
be specified as:

class Geometry
properties
colour: colourtype;
height: real;
methods

end Geometry

class Point
inherit Geometry
properties
X real;
v real;
methods

end Point
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class Line

inherit Geometry
properties
start: node;
end: node;
segments: sequence of Segment {internal segments are ordered}
thickness: cardinal;
linetype: cardinal;
methods
end Line
class LinePoint
inherit Point
properties

StartSegment: Segment;
EndSegment: Segment;
methods

end LinePoint

class Node
inherit LinePoint
properties
Lines: set of Line;
methods

end Node

Some OO database systems provide explicit support for inverse relationships such as
that between Line and Node. When one side of an instance of the relationship is modified,
the other attomatically adjusts to maintain consistency. For example, if alineis deleted,
the corresponding nodes will automatically update their properties to remove refe-
rences to the deleted line. If the deleted line were the only one terminating at a particular
node, the node itself would automatically be deleted as well.

This section has introduced various concepts used in object-oriented database design
and illustrated them using topographic examples. OO databases, of course, can also
support the more general facilities required of a database such as concurrency control,
distribution, data integrity assurance, querying and error recovery. There are other
advantages gained from using an object-oriented model for a topo graphical database:

- Knowledge-based techniques can be naturally mapped onto the object-oriented
model. Many cartographic tasks such as object recognition, feature coding and map
generalisation could be automated using such techniques.

— Graphical user interfaces, such as those required for topographic databases, are most
easily modelled using objects. A one-to-one-one relationship between the real-world
object, database object and user interface object should lead fo easily created and
maintained data and more intuitive interfaces.
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3. UPDATING AND ARCHIVING OBJECT-ORIENTED DATABASES

Many application areas have to support multiple versions of objects. These may repre-
sent different copies of an object being modified by different people in large computer
aided design (CAD) projects or alternative implementations of objects being evaluated
to defermine which satisfies certain criteria. Reviews of database versioning problems
are presented in [Snodgrass and Ahn 1985] and [Borhani et al. 1992]. Recent papers speci-
fically about GIS include [Bofalkos et al. 1993], [Kowalczyk and Kemp 1993] and [Wachowicz
and Healey 1993].

For this project we are interested in versions that store the evolution of a topographic
object over time. Hughes [1991] has identified three requirements for versioned OO data-
bases:

- Individual objects are versioned rather than classes

- Any object can have versions and there is no limit on the number of versions a parti-
cular object has

— Applications should be able to access either the current version (usually by default)
orany of its older versions (which in general should be restricted to read-only access).

Some OODBMS provide built-in facilities for versioning. For example, ODE [Agrawal &
Gerani 1989] provides an operation newversion that creates a new version (copy) of an
existing object which can then be updated. This new version becomes the default object
but the older version is still available through a call to a predefined operation previous.
The operation newversion can be called many times for the same object and so a sequence
of versions, linked through calls to previous, can be created over time to record the objects
history.

When an OODBMS does not have in-built versioning, facilities can be programmed
explicitly. A class of versioned object suitable for a topographic database can be created
as follows:

class VersionedObject
properties
CurrentFrom: date;
CurrentTo: date;
Previous Version: VersionedObject;
methods
CreateNewVersion
GetPreviousVersion

GetVersionAtDate [returns the version current at a particular date]
end VersionedObject
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This class becomes the super-class of the topographic objects in the database which the-
refore inherit its facilities. If the dates to be recorded refer to the time when the database
itselfis updated (as opposed to the date when the change happened on the ground) then
they can be recorded automatically by the database system.

4. ATEMPORAL OBJECT-ORIENTED TOPOGRAPHIC DATABASE

Based on the models for object-orientation and temporal data described in the previous
sections, figure 3 presents a design for an object-oriented database to hold topographic
data. The diagram incorporates the class hierarchy and the composite and aggregate
relationships involved. There are three main classes of data: Geomelry, Feature and
MapSheet. To incorporate revisions to the database, the super-class of Feature is the
VersionedObject described in section 3.

Geometry represents the graphical depiction of the map and has a sub-hierarchy to
model the main geometrical object types: lines, arcs, symbols and text. The latter three
are specialisations of the generic class Point which models a grid location. Node models
the end-point or junction of Lines with which it has a 2:N relationship. Line also contains
a composition of Segments representing its straight-line portions. Each segment shares
its two end points with those of adjacent segments.

Feature represents the real-world objects depicted on the map. It's sub-classes reflect the
object types of interest. Only the Building sub-classes are shown in full here but there will
be similar sub-hierarchies under the other classes. Associated data are stored as pro-
pertiesin the appropriate classes. It can be seen that the Feature hierarchy is similar to the
present OSNI hierarchical structure for feature codes. However, in this proposal these
classes are used to model the actual features rather than for tagging geometry with fea-
ture codes. For this reason some of OSNI's categories are inappropriate as classes such
as those tagging non-square and glass buildings. These instead become properties of the
class Building to be inherited by all buildings. Similarly, there are no separate classes for
text and symbols; these are contained in the objects they refer to. For example, a house
number belongs to the appropriate house object, an antiquity name to the antiquity
object and so on.

Geometry and Feature are connected by the many-to-many relationship Depicts. In this
way a particular map object, for example, 194 Bangor Road, is connected to the geometry
objects that depict it (figure 4). This would include the lines depicting its outline, asso-
ciated features and the house-number. Similarly, all geometry objects are connected to
the features they are part of. The dividing wall between semi-detached houses, for
example, would be connected to both house objects.

The database is designed to be seamless. However, to be consistent with existing map
sheet series. MapSheet indicates those sheets in the series on which a particular feature
appears. A map-sheet will contain many features: a particular feature may fall on more
than one sheet.

Thereis therefore a N:M relationship between the two. Inalarge topo graphical database
containing data captured at different scales, the MapSheet class is likely to be more com-
plex than shown here,
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To: —’I__J
House_No: /94 |
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Geomelry: X
o yi..
contents: 194

Figure 4 ~ Representation of a house in an OO topographic database

To illustrate the structure of the database, figure 4 shows the geometrical depiction of a
typical building together with its representation. The building outline is stored as one
line made up of six segments labelled 4 to f. The feature would be entered into the data-
base by first indicating a new Dwell_House object is to be created. The date of creation of
this initial version would be automatically recorded. The user would then be prompted
to input the textual and graphical properties of the object. The different geometric
objects involved and the links between them would be automatically maintained —as far
as the user is concerned there is only one object.

The subsequent revision of the map causing, say, the addition of a new adjoining glass
building would result in the configuration shown in figure 5.
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Geometry:
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Figure 5 — Addition of an adjoining building
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The new building is entered in the database. It’s four sides are digitised but the system
recognises that they partially coincide with existing geometry and so readjusts the exi-
sting lines to provide nodes at the appropriate points and share common elements.
Notice how the line segments a to f remain unchanged even though the higher-level line
structure has altered. This represents the real-world situation where the walls they
represent are unchanged.

A further revision of the original building similarly causes the database to adjust as
shown in figure 6.

194
Line
Start ...
Dwell_House — — oo
Frony T6/7/91 |
Tor 1278402
. |
Dwell_House L
From: 72/8/92 — B Text
T J7/9/92 ] Lo
VI
Dwell House - - ] comtents: i
From: /7/9/92
T |
House N PO ] Li
Street: Beneor Ko ‘Sll:llr?
Geomelry: L - -
I Line
Starl ...
I P Lud .
L Line
Start ...
Guneral_Other el ...
From: 24842 o Lo .
To: 1779092 Line
| e Siar ..
Emd ...
General_Other | - n
IFrone: 12/8/92 Line
Tow FA79/92 Start ...
- = — B End
Glass H1te Line
(fémnelr\“ start...
- End ...

Figure 6 — Database after revision of building
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Now there are three date-stamped versions of the house in the database. By default, all
. operations to display, print or query the house refer to the current version. However, by

using the methods GefPreviousVersion and GetVersionAtDate the older versions can be
accessed. The geometry records are maintained automatically by the database. Note
how when geometry does not change between versions, as with the line segments 4 to f
and text 194, it is shared between them. The data model has been described using a buil-
ding as an example. However, this versioning method is applicable to any kind of
topographic object.

5. IMPLEMENTATION

To demonstrate and experiment with the conceptual model described above, a pilot
system is being developed. The data model, provided as an appendix to this paper, has
been implemented using the object-oriented database system POET [1993] on an IBM
PC compatible machine. POET provides database extensions to the standard object-ori-
ented programming language C++. In particular, it allows data class definitions to be
prefixed by the key-word persistent. Storage is organised for these classes and a set of
standard methods is provided so that objects belonging to these classes can be:

stored and retrieved from disk

organised into sets

|

searched and queried based on values

indexed

locked and unlocled {for multi-user applications)

- ——_—
Conversion  [——- Database Display ! Eh

T
> —

1

Ediling

‘l

-

Figure 7 — Configuration of programs in demonstration system
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The configuration of the system is shown in Figure 7. Three separate programs will
interact with the database:

— A conversion program to construct the database from a text-file generated from an
(SN DST file. Because the QO database should store more information that the DST
file (grouping geormetry into real-world objects), for all feature types the conversion
process would require rules for the construction of objects from geometry. The
demonstralion program only deals with buildings, however, and the geometry of
each building is stored in the DST file as one object (area) already.

- Anediting program that allows revisions to the map and stores them as new versions
of objects.

— A display program that displays the results of time-dependent queries.

6. CONCLUSIONS

This paper has proposed an object-oriented method for modelling changes to
topographic databases. It improves on the data structure of the current OSNI model
while providing a simple versioning mechanism for storing the history of a topographic
object. It satisfies the original requirements for this project set out by OSNI in the
following ways:

1. If should provide an up-to-dnte, fully structured and attributed graphical representation.
The data model proposed through the M:N Geometry-MapFeature relationship pro-
vides similar structuring of graphics te the current OSNI model, It goes further
however by maintaining all features as individual objects, which can be selected and
manipulated as such, rather than as individual feature-coded lines, symbols and
text. At present the OSNI data model only treats the area of a Dwell_tHouse as an
object. The proposed model also integrates the associated data into the main topo-
graphical database.

2. Dates of the addition, modification and suppression of data should be held, maintained and
presented. Using the Versioned Object super-class described in section 3 these dates are
automatically attached to all topographic objects. They can be entered by the user or,
if the dates concerned represent the date the change is entered in the database, be
maintained automatically by the database system, This is the method adopted by the
demonstration system,

3. Cutput of the revised data should be available in terms of replacement map sheet and change
only information. The replacement map sheet is represented by all the current versions
of the objects on the sheet; change-only information by those current versions whose
CurrentFrom date is later than that of the previous map-sheet.

4. Anarchive should be maintained of topographic data no longer extant. The data no longer
extant is represented by all object versions which have a CurrentTo date earlier than
present (ie the CurrentTo date has been entered). The “archive”, as such, is integrated
with the current database. However it would be possible to separate the current
information from the archive if required.
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5. Archived data may be held as a layer in the database. The concept of a “layer” is not used
in the proposed model. Separating the current data from the archive, as described in
4, would have an equivalent effect.

6. Archived data should be accessible for specific historical points andfor periods. Using the
method GetVersion AtDate on versioned objects, the set of all object versions that were
current at a particular date are returned. These can then be searched, displayed,
printed, etc. in the same way as the current data.

7. A continuous system of such updating and archiving should be operated and administrated.
The discussion in section 4 has indicated a possible procedure for updating the data-
base. The demonstration system will provide a user interface that matches the object-
oriented data model described, shielding the user from the underlying geometrical
maodel of lines and nodes. The user will then enter, update and manipulate the data
in terms of topographic objects rather than geometric elements.
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Interface Definition For Topographic Database In POET /C++

//gisdef.ncd
//Header file Tor versioned topographical database

#include <poet.hoe

class TimeStamp //stores temporal information
{
privaie:
PiDate Date;
PiTime Time;
public:
TimeStamp(); //Constructs using current date and time
void SetTimeStamp (PiDate, PITime);
PtDate GetDate():
PiTime GefTime();
frit operator > (TimeStamp &); [flater than
int operator < (TimeStamp &); [fearlierihan
I
persisient class VersionedObiect
{
private:
TimeStamp From;
TimeStarmp To:
ondemand<VersionedObject>- Previous;
public:

VersionaedObject  (); //Constructs with From = now
VersionedObject *CreateNewVersion ();
VersionedObject *GetpreviousVersion (O
VersionedObject *GetVersionAtDate (PtDate Date);
TimeStamp GelFrom ()
TimeStamp GetTo (),

%

persistent class MapFeature;

[/ defined below

persistent class Geometry
{
private:
Isetcondemand«<MapFeature>> Fectures: //list of map objects
belengsto
int colour;
cdouble helght;
public:
Geometry() //constructor
void AddFeature(MapFeature);
void RemoveFealure (MapFealure);
virtual void Display ()
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persistent class Point: public Geometry

{

private;
double xy;
public:
Point (doubie, doubie); /{constructor
void SetXY{double, double);
virtual void Display(;
by
persistent class Symicol: public Point
{
private:
fnf SyrmbolNo;
int Rotation;
public:
Symbol (%

Symbol  {double, double, Int);
Symbol  (double, double, int, int);
void SetSymbolNo(int);

void SetRotation(int);

void Display();

}
persistent class Text: public Point
{
private:
int Size;
Int Inciination;
int Underlining;
int Rekation;
PtString  Confents;
public:
Texf():
Text (double, double, PtSiring):
text (double, double, Int, Inf, int, int, P1SHing);
void SetfSize (int);
vold Setinclination (int);
vold SetUnderining (inh);
void SetRotation (Inf);
void Blsplay();
L
persistent class Arc: public Point
{
private:
int Thickness:
int - Linetype;
int Radius;
it StarfAngle;

int AngleRange;

"




public:
Arc();
Arc (double, double, int):
Arc (double, double, int, int, int);
void Setthickness (ind);
vaid Setlinetype dnty;
void SetRadius (inf);
void SetStartAngle (nf);
void SetAngleRonge (int); ,
void Display(; |
k |

persistent class Linepoint;
persistent class Node;
// defined below

persistent class Line: publiic Geometry
{
private:
ondemand<LinePoint= Start;
ondemand<LinePolnt> End:
ondemand<Polyline> Pline;
public:
Line (O
Line (LinePoint™);
void  AddEnd (LinePoint*);
void  Display(); |

b
persistent class Polyline: public Geometry
{
private:
ondemand<Nodex Start;
ondemand<Node: End:
1set<ondemand<Llines>> Lines;
int Thickness;
int Linetype;
public:
Polyline (:
Line (Node™);
veid Addtine (ine *);
void AddEnd (Node™);
void SetThickness (int);
void SetlineType (int):;
void Display();
|3
persistent class LinePoint: pulic Point
{
private
cndemand<Line> Linel, Line2;
public:
LinePoint {double, double, Line*);
LinePoint {Line*, Line™);
}
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persistent class Node: public LinePeint
{
private;
cset<ondemaond<PolyLings> Plines;
public:
Node (double, double);
veid Addline (Line*);
vold Removeline (Lne *);
vold Display();

I3
persistent class MapFeature: public VersionedObject
{
private:

tsetwondemand<Geometry>> Geom;
public:

MapFeature (;

void AddGeometry (Geometry™);
void Display(;
L

persistent class Building: public MopFeature

{

private;
PiSting Geocode;
int NonSquare;
int Glass;

pubiic:
Building (O:
Building (PIString);
void SetNonSquare();
void SetGlass():
void Dispiay(;

I

anum CountyType {Antrim, Armagh, Down, Fermanagh, Londonderry, Tyrone §;
persistent class DwelHouse: public Buiiding

{
private:
int HouseNo;
PiString  Street, Towniand, City;
enum CountyType County;
PtString  Postcode:
public:

BwellHouse();
DweilHouse (inf, PtSting, PiString, Pistring, CountyType, PiSting);
vold Display();




APPENDIXIX

UPDATING OF COMPLEX DIGITAL TOPOGRAPHIC DATABAGSES
RESEARCIH GROUP: UNIVERSITY OF PAVIA

FINAL REPORT
R Galetto — T Viola
9 November 1993

1. ANSWERTO THE KEY AREAN.1

how an updated, fully structured and attributed digital graphic, conforming te the full OSNI
database specification and free of mayp sheet line constraints, can best be arrived af.

The way envisaged to best cater for the aims expressed in the key area N.1 isbased on the
following steps.

1.1 Restructuring of the graphic data

The structure of the graphic data has been changed from the original topological to a
non-topological structure,

This fact implies that the cartographic objects (for the terminology see the appendix) of
each instance of entity are realized by means of simple or complex objects which have
only topographic value; each instance of entity has its individual geometric description
independent from that of all the others in the database.

Thus if we remove from the database the cartographic object which geometrically
describes an instance of entity, the geometric descriptions of all the others remain
unchanged.

From the point of view of the geometry three different kinds of entities are possible:

- area entities, whose corresponding cartographic objects are made up of simple or
complex polygons

— line entities, whose corresponding cartographic objects are made up of strings

— point entities, whose corresponding cartographic objects are made up of points.

1.2 Imtroduction of the concept of fictitious current date

When the user examines the data in the database they are found in a given updated
situation, which corresponds to the last updating. The consultation date can be called the
current date.
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To best achieve the ends of the project the concept of a fickitious current date has been
introduced.

Thatis to say: the software which has been used to carry out the project can accept that
the user chooses any date in the past, and it performs all the functions as through that
were the real current date. This is the fictitious current date.

1.3 Replacement of the additionalfmodification/suppression operations with addition/disac-
tivation ones

1.3.1 The concepts of addition and of disactivation

The basic concept of the updating procedure adopted is that we have replaced the ope-
rations of addition, modification and suppression of an instance of entity, and have substi-
tuted for them addition and disactivation.

By addition, we mean addition in the general sense, that is, the introduction of an
instance of entity into the database.

By disactivation, we mean that when we find that an instance of entity no longer exists in
the real world we do not suppress it, removing, it from the database, but leave it disac-
tioated in the database, tagged as no longer extant in the real world. This kind of operation
will be called from now on disactfoation,

Consequently, when we find that an instance of entity in the real world is different from
its representation in the database, in regard to one or more of the values of its attributes
or its cartographic description or both, we act in two ways:

— wedisactivate it, that is, we save the situation as it appears in the database as 1o longer
extant

— weadd to the database a new instance of entity which corresponds to the new situa-
tion in the real world.

If an instance of entity changes several times it will be disactivated accordingly several
times. That is, in the database the most recent situation will be retained as well as all the
previous ones, each of them tagged with the date of its recognitiom as no longer extant in
the real world,

All the instances of entity of the database will compulsorily have the introduction date;
those no lenger extant will have the disactivation date too.

1.3.2 The simple addition and simple disactivation procedures

When an instance of entity is introduced into the database it is ta goed with the date of its
introduction and it will never be removed. The introduction of an instance of entity into
the database can be classified as simple addition or addition. We have a simple addition of an
instance of entity when its introduction does not imply the disactivation of any other
instance of entity already existing in the database.
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When an instance of entity disappears in the real world it remains in the database as no
longer extant and it is tagged with the date of the registration of this fact in the database;
the fact that an instance of entity is tagged as no longer extant will be indicated as disac-
tivation of the instance of entity, as previously said; this can then be subdivided into
simple disactivation and disactivation. We have a simple disactivation of an instance of entity
when its classification as no longer extant in the database does notimply the disactivation
of any other instance of entity already existing in the database.

1.3.3 The complex operations

An addition, or a disactivation, is no longer simple when it is carried out within the con-
text of other additions and/ or disactivations, with which it has an interrelating link.

The link can be objective or subjective or both.

An objective link is when the addition, or the disactivation, necessarily implies the disac-
tivation of at least one existing instance of entity.

A subjective link between a number of additions and disactivations is created by the
operator when he judges that it is necessary as a consequence of interrelated changes to
reality.

Al the operations performed in the context of the same link represent a complex apera-
tion.

Fach complex operation assumes in the database a sequential number.

All the cartographic objects of the instances of entity linked in the same complex opera-
tion are tagged with the number of the complex operation.

The record which describes the cartographic object of an instance of entity in the graphic
file has two dedicated fields to the complex operation number. Indeed an instance of
entity can be added to the database with a complex

operation and can be disactivated within another complex operation.

2. ANSWERTO THEKEY AREAN.2

how existing records linked to the graphic should be modified and how the data dealt within the
course of updating should be tagged with date of additionfmodification/suppression, held, main-
fained and presented,

The way envisaged to best cater for the aims expressed in the key area N.2 isbased on the
following steps.

2.1 Structuring the database on three types of files

The database structure is characterized by the following types of files:
— textual data files

— graphic files

- graphic-DBII link file (auxiliary file in the following)




Even if in an up-and-running application it might be realistic to have several such
groups of files, each of them relating to a part of the whole territory managed by the
database. Tn this report we shall assume that we have only one in the database.

211 Textual data files

DBIII files are used to store the textual information of the entities; each class of entity is
stored ina different file. The link between an instance of entity in the graphic file and the
corresponding record in the DBIII file is performed by means of an identification code,

As in the data supplied by OSNI two classes of entities have textual records, buildings
and vegetation, two DBIII files have been used.

For the classes buildings and vegetation the DB file records are structured according to
the group of attributes associated with these classes in the OSNT data. ‘

Each file contains all the instances of entity which belong to the class to which the file
refers. According to the updating operations the records can refer to existing ot no longer

extant instances of entity. A dedicated field in the record will contain the layer value of
the corresponding record in the graphic files (see the following description).

2.1.2 The graphic files

The cartographic objects of the instances of entity are stored in the database by means of
two files:

~ the description file (D file in the following)
— the co-ordinates file (C file in the following)
(a) D file

For each instance of entity we have one record in the description file and as many
recordsin the co-ordinates file as are the points of its geometry,

For each instance of entity the record structure in the file D is the following:

— hame; sequential number which identifies the instance of entity within the file; for
instances of entity which belong to the buildings and vegetation classes this
number is used as link {o the corresponding record in the DBIH files,

— code: class code
~ point_number: number of poinis which describe the geometry

— co-ord_pointer: pointer to the record of the file C in which the first point of the
entity is stored.

— colour: number of the colour by which the instance of entity is drawn on the screen

— layer: thevalueissetto 1 for the instances of entity existing in reality; it is set to 101
for instances of entity no longer extant

~ addition date: the date in which the instances of entity has been added into the
database
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— disactivation date: the date from which the instance of entity is no longer extantin
reality

— complex addition: the value is set to zero for simple addition or to the number of
the complex operation within which the addition has been performed

— complex disactivation: the value is set to zero for simple disactivation or to the
number of the complex operation within which the disactivation has been per-
formed

The layer is strictly interrelated with the addition or disactivation date: indeed if the
disactivation date is set to 00/00/00 the layer must be de rigeur equal to 1 and if the
disactivation date is not 00/00/00 it must equal to 101.

The redundancy aims to avoid errors in the updating operations.

Tn order to assume the time as the fourth dimension of the database not only the
entities which have corresponding textual records must be tagged with the addition
and disactivation dates, but all the entities. For this reason the addition and disac-
tivation dates are stored in the graphic file instead of in the DBII files.

(b) C file

The C file contains the co-ordinates of the points which describe the geometry of the
instances of enfity.

The record structure is:
— point code: pen up code (-1) or pen down code (1)
~ X, ¥,z co-ordinates of the point.

{0) Text file

Besides the files D and C a text file also exists in which the names of rivers, roads and
s0 on are stored; for reasons of simplicity for the OSNI data this file was not created.

2.1.3 Theauwxdliary file

This file has the function of linking the cartographic objects of the D file, corresponding
to the instances of entity which have textual data, to the DBIII file in which the textual
data are stored.

The record has 2 fields:
— aclass code

— the DBIII file name which contains the textual data of the entities having the previous
class code.
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2.2 Modification of existing software

The basic software used to carry out the project originates from an existing software

expressly produced to manage digital cartography; its main facilities are:

— acquisition

— Visualization; a large number of filtering criteria is available (by code, by colour, by
type, by layer)

- editing

- updating (by digitizer or other standard input devices)

— data validation

performed by means of more than 200 dedicated menu driven functions.

The source code is in C language and it runs under MS-DOS.

The hardware configuration used to run the software is:

—~ PC 80386 or 80486

~ double monitor, a text monitor and a graphic one with 1280 x 1024 pixels resolution
— matrox card 1281

- mouse

— digitizer

For the realization of the new software derived from the existing one, these modifica-
tions have been performed:

2.2.1 the management of the addition date, disactivation date, complex operation num-
bers fields of the record of the I file.

2.2.2 linking to the DBHI files; the link allows two operations. First: when the carto-
graphy is visualized on the graphic screen, if an instance of entity is captured (that
is, it has been pointed by the cursor on the graphic screen and enhanced) and it has
a corresponding record in a DBII file, this record is printed on the text screen.
Second: when a selection is made on a class file using the DBIII capabilites, the
names of the instances of entity matching the selection criteria are stored in an
ASCII file which can be managed by the graphic software.

2.2.3 implementation of the following new capabilities:

2231 introduction of the addition / disactivation date and of the complex opera-
tion number in the dedicated fields performed for an instance of entity or
for a group of instances of entity enclosed in d given polygon.

2232 the introduction of a different graphic: representation on the graphic
screen for existing and disactivated instances of entity; the existing ones
are drawn with solid lines, the disactivated 6nes are drawn with dotted
lines. SRR

2233 layer filter: this filter gives the pdss:ib'i'}.i'ty of 'iris'ua]ising only the existing
instances of entity, or the disactivated ones; or both,




2.2.3.4 change only filter: this filter selects the instances of entity which have the
addition date or the disactivation date between two given dates. We have
the more straightforward application of this filter when the two dates
define an interval of time which includes only the date of the last
updating; in this case the filter gives the classic change only situation.

2235 complex operation yesfno filter: this filter selects the instances of entity accor-
ding to whether they were, or not, involved in a complex operation, when
they have been introduced into the database or in following updating ope-
rations.

2.23.6 fictitious current date function: the default situation that is taken into
account when managing the database refers to the current date; this func-
tion gives the possibility of looking at the territory as it was in the past by
setting up a fictitious current date, that is, a current date which corre-
sponds to a date situated in the past. Indeed to fix such a fictitious current
date will have these consequences:

— the instances of entity which have the addition date subsequent to the
fictitious current date will be considered as not existing in reality

~ the instances of entity which have the addition date preceding the fic-
titious current date and the disactivation date subsequent to the fic-
titious current date will be considered as still existing in reality.

2.23.7 complex operation group function: given a complex operation number, the
instances of entity involved in this complex operation are selected, and
they alone drawn on the graphic screen,

2.2.3.8. DBII query filter: setting this filter the software takes into consideration
only the instances of entity previously selected by a DBII query and
whose names are stored in an ASCII file produced in the DBIII environ-
ment,

2.2.3.9 many functions devoted to the updating procedure have been changed
according to the needs of the project.

2.3 Theaddition and disactivation procedures

Now we take into consideration the main procedures which can be performed with the
maodified software.

2.3.1 The addition of an instance of entity

The cartographic object of the instance of entity is created adding a record in the D file
and the corresponding co-ordinates records in the C file. The introduction date field is
filled with the updating date and the layer value is set to 1 for simple addition or it is set
to the number of the complex operation if it is the case.

If the instance of entity has textual attributes a record in the corresponding DB file is
created and filled and linked to its corresponding cartographic object.




2.3.2 Thedisactivation of an instance of entity.
The disactivation procedure is applied to an instance of entity in two cases:
(a) when the instance of entity does not exist any more in reality

(b) when the instance of entity has had a change in reality which implies a change of its
cartographic object or of its textual record (if it exists) or both.

Case(a)

In the record of the D file corresponding to the cartographic object of the instance of
entity the value of the layer field is set to 10 and the disactivation date field is filled with
the updating dafe. If the instance of entity has a textual record in a DBIII file, the layer
field in the record is set to 101.

Case (b)

The records concerning the cartographic object descriptions in the D and C files are
duplicated; a new name is automatically given to the cartographic object; the DBHI
record, if it exists, is duplicated and linked with the duplicated cartographic object; the
cartographic object is updated using the graphic software capabilities and the fextual
record is updated using the DBII capabilities. Then the old situation is disactivated with
the same operations as case (a).

In order to save time in the updating procedures, the introduction of the addition or
disactivation dates and the value of the existing /no longer exiant layer can be performed
by a group of instances of entity by the function fustrated in 2.2.3.1,

2.4 The database data presentation

The data stored in the DBIII files can be consulted by the DBIII capabilities or using the
software function described in 2.2.2.

The data concerning the cartographic objects stored in the graphic files can be displayed
on the graphic screen, as llustrated in 2.2.3.2, according to a large number of filters
already available in the original software and fo those specifically produced for the pro-
jectillustrated in2.2.3.3,2.2.3.5,22.3.7 and 2.2.3.8.

3. ANSWERTO THEKEY AREA N.3

how output of revised topegraphic data, both digital and hard copy, should be handled in terms of
replacement map sheet and much more importantly, change only information.

3.1 Theveplacement map sheet problem

Due to the fact that we hold in the database the present situation as well as all the pre-
vious ones, after any updating phase we do not have any replacements to carry out. As
usual, what must be done s only a backup of the drchives, for safety.




3.2 The change only information

The availability in the software of the chan ge only filter, as iltustrated in 2.2.3.4,is a very
powerful tool to cater for any query of the user about this problem.

As has been previously said, we can have the change only situation between any two
desired dates. If the user sefs as the first date a date immediately preceding the last
updating and as the second date the current date, he wilt have the change only situation
in the usual sense. But many other queries are possible; just to give an example:

show the change only situation between datel-date2? (whichever) regarding only some
classes (for instance buildings), and, within these classes, only the instances of entity
involved in complex operations, and show not only the existing ones, but also the disac-
tivated ones (existing and disactivated are drawn in different ways: solid and dotted
lines).

4. ANSWER TO THE KEY AREA N.4
how archiving of topographic information no longer extant should be dealt with,

The topographic information no longer extant is maintained in the database (in the gra-
phic file) tagged as no longer extant (value 101 in the layer field).

This solution allows the user to perform on the topographic information no longer
extant, all the operations available for the existing ones.

5. ANSWER TO THE KEY AREA N.5

assuming the requirement to hold the fopographic information no longer extant, inclusive of all
attributes, date of suppression, etc, as a layer within the topographic database, how should this be
met.

As previously said, in the structure of the database that we propose, the topographic
information no longer extant is indeed a layer; and also the records which contain the
textual information in the DBIIL files have a field in which the value of this layer is regi-
stered.

6. ANSWER TO THE KEY AREA N.6

how the topographic information no longer extant can be interrogatedfoutput for specific histo-
vical points andfor period.

To answer this question two functions are available in the software:
— the current date function

~ the change only function
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With the current date function (illustrated in 2.2.3.6) itis possible to have a flash back for
whatever point in the past is wanted, and to see the situation as it was at that moment.
When a date is set with this function all the capabilities of the software work, as all
instances of entity having the addition date subsequent to the given date werenot inthe
database, and all the instances of entity having the disactivation date subsequent to the
given date were still existing.

Setting two dates, with the change only function it is possible to examine the evolution of
the territory in this period, using any combination of the filters.

Just to give an example: show only the buildings of a given category introduced into the
database between datel and date2, which at present are no longer extant and whose area
was less than 120 square metres.

7. ANSWER TO THE KEY AREA N.7

how a continuing policy of such updating and archiving can be satisfactorily operated and how
adwministration of the resultant database can be kept manageable, given a policy of continuous
revision in line with ground change occurring.

The proposed method does not pose any particular problems in becoming an up-and-
running applicatiory; on the other hand it offers many advantages:

— it utilizes cheap hardware and software and so lends itself to the setting up of many
workstations which can follow the continuous revision work without falling behind.

- the updating procedures are easily carried out as the non-topological structure of the
data makes the geometric description of cartographic objects closer to reality.

— the capabilities of the software allow the user to verify the consistency of the different
types of data, geometric, textual and temporal.

The manageability of the database can be assured by subdividing the territory into not
too extensive zones.
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Terminology used in the report

class of entities: a class of real world phenomena which are not subdivisible into phe-
nomena of the same kind (for example: buildings, roads, rivers...)

entity: a generic real world phenomenon which belongs to a class of entities (for
example: a house, aroad...)

instance of entity: an individual materialization of an entity of a class of entities (for
example: the building located at number 62 Chestnut Road, London)

cartographic object: a digital representation of an instance of entity in the database

simple objects: the elements by means of which the carlographic objects are con-
structed; simple objects can have geometric value only or both geometric and topolo-
gical value.

For example:

(i) Points, segments, strings and rings of strings are simple objects with geometric value
only.

(it) Nodes, links, chains and rings of chains are simple objects corresponding to the pre-
vious ones but with geometric and topologic value.

complex objects: a mix of simple objects, for instance a complex polygon.

attribute: a defined characteristic which indicates an aspect under which the entities of
a class of entities are seen in the database.

attribute value: a specific quality or quantity assigned to an attribute for a given
instance of entity.

group of attributes: all the attributes relating to a class of entities.
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APPENDIX X

UPDATING OF COMPLEX DIGITAL TOPOGRAPHIC DATABASES

FINAL REPORT
28 OCTOBER 1993

JAN BEYEN
NATIONAAL GEOGRAFISCH INSTITUUT
BRUSSELS

PREFACE

Since on the one hand the Intergraph translation to the MGE format of the OSNI dataset
was very unsuccessful and on the other hand the documentation on the project only
arrived in Brussels by 7 October 1993, we did not have enough time to carry out much of
the practical work, which was to be done in phase H of the project.

Nevertheless, by assuming how the OSNI dataset would look like in a proper MGE
translation, it became possible to test a slightly adapted version of the updating proce-
dure that we proposed in phase 1. “Adapted” because of new views on the matter and
because of the detected differences in OSNIand IGN concepts.

Our proposal for phase 1 was worked out regarding our own 1:10 000 — 1:20 000 scale
topographic mapping, in which area objects are never part of other area objects. In the
following figure we see a house surrounded by a garden.

When the house is getting bigger, the garden is getting smaller and
vice-versa. OSNI though, also considers administrative data like land
parcels. OSNI see the same figure as a land parcel containing a house.
When the house is getting bigger, the land parcel’s size does not
change. Directly linked to this difference in points of view and to the
difference in working scales there is a different approach in making
objects of the real world features and in building topology.

The conceptual data model used in the National Geographical Institute

For practical reasons we do not use different databases as previously described, but one
big database to which various tables, text files and graphical files may be loaded or not;
depending on the information we need.

The geometry is mainly stored by stereoplotting, while the real (e, geometry indepen-
dent) attributes are surveyed in the field, and this with another frequency. The database
structure keeps this distinction.

For every feature category (buildings/ hydrography/...) we distinguish 4 kinds of files
containing vector graphics:

— actual geometry

- former geometry (history)
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— mnew geometry working file
— suppressed geometry working file

+ 1 everlasting geo table for every feature type (eg, house, roadsegment, but not a wall
ina house...), containing

— mslink, je, the objectnumber which is also written in the graphical element
~ mapid = identification of the graphical file

Together mslink and mapid form a (MGE) software dependent identifier for a gra-
phical element

— dates of source/input/suppression
- geomefry dependent attributes

- unique combination of pointer values to be used for all geometries of a certain object
and to be repeated in all related tables,

This unique pointer combination is a software independent identifier for an object.

+ for every feature type eventually two kinds of tables with ‘geometry independent’
attributes:

- 1 table with general attributes (+ one single date for the lot)

= 1or more tables with specific attributes which should only be filled out if a general
attribute takes a certain value.

For simple objects both are directly related to the geo table.

For complex objects both are related to the geo table through the table of their compo-
nents.

+ Text files {and raster graphics) can be reached through attributes that have the full
path of the file as a value.

For this figure we would make objects (a house and a garden) of the
* two area centroids and link geometry dependent and geometry inde-
pendent attributes in separate tables to them, So there are at least two
different tables per single object. Possible atiribute values may be
% listed (or limited by range) in domain tables,

A land parcel might exist as a complex object (without direct gra-
phical representation) linked to the two (simple) area centroid

objects. So for complex objects we only have the second (geometry independent) attri-
bute table. T




Graphical file Graphical file
Actual Landuse and Vegefation Actual Buildings
£
&
GARDEN HOUSE
mslink mslink
mapid mapid
surface surface
source source
deletion GARDEND3 HOUSE93 delation
pointers pointers pointers pointers
survey survey
change change
deletion deletion
PCLY2 |
parcel ~— - parcel

change
deletion

Only when building topology, the area boundaries and their geometry are linked to the
area centroids. This means that a change in the geometry asks for a local rebuilding of
the topology, and this either afterwards in batch with MGE-5X or directly (automati-
cally} with MGE_Dynamics, which we do not have at the moment.

Graphically we have two (.dgn) files per feature category: an actual and an historical
one. We also have two temporary files (for new and deleted objects).

Answers to the 7 Key Areas, applied to the IGN conceptual data model

1. Procedures for Updating

1.1 Geometry

Unlike OSNI data, the data within the CDM used in IGN are not seamless, but tiled.

When for example, the old geometry of a number of houses is changed we would
normally store new and delete old geometry.

1. By stereoplotting: store new geometry of the houses innew.dgn
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2, Bulk: make features of all elements in new.dgn; the program centroidplacer adds
lines (with new mslinks) in the table HOUSE.

3. Interactively: {ill out the other columns (except from mapid and date of survey) of
the new lines in the table HOUSE, giving the new geometry every time the same soft-
ware independent object identification as the old geometry has. This way a house
becomes a complex object with all its geometry versions linked to the same line with
geomelry independent attributes, (eg, in the table HOUSE93).

3. Eventually (for new houses) add a line in HOUSE93 and fill out the date of survey.
4. Mergenew.dgn into buildings_actual.dgn.

In table HOUSE for all elements appearing in new.dgn, bulk :

5. setmapid = mapid of buildings_actual.dgn.

and

6. fill out the date of survey.

¢'. Remark: for new geometry of old houses no impact on HOUSE93.

7. Interactively add the old geometry of the houses from buildings_actual.dgn into a
working set.

8. Build a graphical file del.dgn from the working set (instruction : ff = del.dgn)

9. Bulk: delete the old geometry of the houses from buildings_actual.dgn (all houses
appearing in the working set; instruction: delete fence contents).

10. Merge del.dgn into buildings_hist.dgn

In table HOUSE. for all elements appearing in del.dgn:

11. Set mapid = mapid of buildings_hist.dgn

and

12. fill out the date of deletion

13. Intable HOUSE93 fill out date of deletion (via join through the pointercombination).

For new houses we would apply (1) — (6), with the understanding that in (3) the object
identifier must be new and unique.

For houses that disappeared we would apply (7) - (13).

1.2 Geometry independent attributes are periodically surveyed in the field,

For storage of the new survey results we would follow this sequence:

1. Risunload of the database tables.

2. Archive an asciidump of the database tables.

3. Give the {real) attribute tables a new name, eg, HOUSEY4 instead of HOUSEY3 etc.,
4. Load these into the database,
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. Delete all lines where the dod (date of deletion) was filled out the year before.

6. New objects can be treated as modified objects, since at (3"} in the geometry updating
sequence: for every new object (not : geometry version of old object) we added a line
with the data into the (real) attribute table, eg, HOUSEY4 filling out the date of
survey, but leaving the other columns on default values.

7. Modified objects: change attribute values, including date of change, wherenecessary
(instructions : GDL — query on HOUSE94 review graphics — identify element -~
modify record).

8. Entirely deleted objects : fill out the date of deletion.

2. Textfiles

Textfiles like the OSNI dwellings and vegetation lis descriptions that we received, are
too regular to be considered as textfiles. They should be loaded into attribute tables and
be treated as described above.

Tor a real, irregular ascii text, - as well as for a raster image — the full path to the file may
be filled out as a value in the attribute table. The dates of addition and suppression are
the same as those already indicated on the same line in the table. We cannot tag every
single attribute value with dates without creating a huge number of tables. This does not
really matter since all attributes are - periodically - revised together.

A timestamp within the asciifile gives us the date of an eventual supplementary modifi-
cation { which should not occur in normal circumstances).

The textfile linked to a certain graphical element can be reached by: gdl query on the
right table - review graphics — identify element - gdl execute command ! vi? text?, in
which “text” is the name of the attribute that has the full path of the file as a value.

3. OQutput of Change Only Information
Using dates in 1508601 format

New geometry

For graphics:

per category eg buildings eg since 27.10.1992 for all graphical elements appearing n
buildings_actual.dgn database search on tables HOUSES, FACTORIES, etc, where date
of survey > 19921027 ;_> build a graphical file new.dgn from this ; the client merges this
file with his or takes it in reference.

For dbrecords:

per geometry independent attribute table eg, HOUSES, for all graphical elements
appearing in new.dgn. select *from houses (ie implicitly where dos > 19921027) _> ascii-
dump. The client unloads his version of the corresponding table, merges the two ascii-
tables and loads the upgraded table.




For real attributes concerning the new geometry : no search in graphics ; eg select *from
HOUSEY3 where dos ...

Deleted Geometry
For graphics:

per category, for all graphical elements appearing in eg, buildings_hist.dgn search data-
base tables HOUSES, FACTORIES, ... where dod > 19921027, and build a graphical file
del.dgn from this.

The client has to delete from his buildings _actual.dgn all graphical elements appearing
in del.dgn. To do so : merge del.dgn into buildings_actual.dgn - linecleaner merge
duplicate lineworlk to a free chosen level (atiribute linkages are being kept) — either file
fence + delete fence contents on this level if the client wants to keep historical data, or
delete feature and attribute linkages on the elements of this level if he does not want to
keep historical data.

For dbrecords:

per geometry dependent attribute table eg, HOUSES, for ail graphical elements appea-
ring in del.dgn (e implicitly dod > ...) select * from HOUSES > asciidump. The client
loads this table DEL. HOUSES to his database, updates his HOUSES by setting (in sql)
HOUSES.dod = DEL, HOUSES.dod and he unloads DEL_HOUSES.

For real attributes concerning the deleted geometry : eg. select *from HOUSE93 where
dod>...._> asciidump = DEL_HOUSE93. The client loads DEL._ HOUSEY3, updates dod
in HOUSE93 and unloads DEY._HOUSE93.

Modified real attributes

select from HOUSE93 where doc>...._> asciidump = CH_ HOUSE93

The client has to replace in his HOUSE93 all lines appearing in CH_HOUSE93:
~ load CH_HQUSE93

— update doc (where = pointercombination) in HOUSE93

- delete from HOUSEY3 all lines where doc >...

— unload both tables, merge the changes into the main and reload HOUSE93,

4. Archiving of Historical Inforrﬁ'at_i'ozn':'::-.. S

Graphics : Al historical information is kept in separate .dgn files (per category),
Except when needed for special applications, these files only have to be loaded for
updating purposes. This way the total amount of graphical data in the ‘actual’ .dgn files
remains the same, so the system does niot slow down.. ;-




Database : Therecords which are directly linked to historical geometry are being
kept within the one and only ‘geometry dependent attribute table’ of every feature, This
allows us to select very quickly (through their mapid’s} all geometries an object ever
had. The fact that this table is getting bigger does not really slow down the searches on
actual data because these searches are being performed through the graphics, which are
separate,

The asciidumps of real attribute tables are separately archived for every release/revi-
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Whenever needed the graphical history files can be copied onto the disk and the old
attribute tables can be loaded into the database. The link fo these is permanently avail-
able in the ‘geometry dependent’ tables.

6. Interrogation of Historical Data
As for actual data, but interrogating other files /tables.

eg: Suppose that on 1.7.1994 we need the geometry and attributes of all houses
demolished between 1.5.1986 and 1.5.1993 and suppose that we have revised our attri-
butes in 1985, 1988, 1991 and 1994 (utopic):

First solution: for all elements appearing in buildings_hist.dgn,

select * from HOUSES where dod > 19860501 and dod < 19930501
select * from HOUSESS where dod > 19860501

HOUSES1 =0

HOUSE%4 =0 and < 19930501

Second solution: make joins (through identical pointercombinations)

1 between HOUSES and HOUSESS

2 HOUSES1

3 HOUSEY

and make views on all columns VIEW HOUSESS,91 and 94.

then with one single instruction :

select *rom these views where HOUSES.dod > 19860501 and HOUSES.dod < 1993051

Therefore avoid giving columns in HOUSES and HOUSExx the same name!

7. Continuous Revision

Although the concept that we described above was developed for periodical revisions,
it may be applied for continuous revision as well. n this case the same procedures can
be applied without any change for the treatment of the graphical elements and the geo-
metry dependent attributes.
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For the real aftributes though we would need to add to the concept the notion of
‘releases’ : in production the revision may be continuous, but for administrative reasons

we would be forced to deliver the data in releases to the clients (every year/twice a
year/...7)

As more frequent releases would imply more frequent archiving of often the same
unchanged data, it might be interesting to maintain the principle that the total database

Is archived just once a year and that the modification data are outputand archived more
frequently.

Application of the IGN conceptual data model on the OSNI data

In the Intergraph translation of the OSNI dataset we found o the database side just a
feature tableie a list 0f 292 possibilities for kinds of objects, eg, non_squ_b, dwell_house,
comm_roads, road_oth, perim_oth, glass_b, etc, (+ a number, partof which indicates the
feature category) and some .lis textfiles containing geocode, house_no, street, etc.

We did not receive any tables containing an enumeration of the existing features and

their attributes and references to the graphical representation and to the Xs textfiles.

So on the database side we had no objects, no attributes, no links to the design files and
no links to the textfiles!

On the graphical side we received a design file per feature category containing line-
strings and complex chains tagged as a simple object and texts (for the geocodes) which
were not tagged at all. Lines that have several functions were repeated on different

levels and every different representation of the same line was tagged as a different
object.




Dataset example :

~— \
A
I /
[ /
! !
(] !
i /
b ~— J
Legend Fcode Type Number of elements
in this figure
general_ot linestring 4
_____ glsb_b complex chain 2
== - non_squ_b {inestring 10
dwel b complex chain 1
geocode - text 1

As we understood from the documentation to the project, in OSNI's original data and
conirary to what we received, each line appears only once and is labelled with one single
code {lingeo), which is serving as a pointer /key tothe associated textual data. This label
is considered as a single object. The textual data contain dos, doc, dod, sheet, planand a

multifeature code.
Both the labels and the associated texts were missing in the OEEPE dataset.

Apart from these OSNI data also contain geocode labels within dwelling houses and tex-
tnal data associated to these (geocode, house no, street, townland, city, county,
post_code, ig_sh, plan, area, survey_date, level_no and deletion _date). As for lingeo
labels we suppose that the geocode labels are considered as an object and that the code
is serving as a pointer/key to the textual data.

We received both the geocode labels and the associated textual datal
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:

Before even thinking of updating we first had to build a database from these remnants.

The realization of the logical links between

1. aline and its lingeo table

2. anarea and its geocode table

3. alabel and the text associated to it

depend on software and may be different within our system.

In MGE it is easy to establish the second link, ie, between the dwelling areas and their
geocode labels. All it takes is making features of the labels and running the program
topology builder, From the feature table we choose the feature dwel ¢, which is typed as
an area centroid.

It took more effort to associate the texts to the labels. As we already mentioned in our
answer to key area 2 the dwellings textfile (13seld.lis) is too regular to be considered as
a textfile; it should be loaded into an attribute table.

Therefore, before running the program featuremaker, we attached an attribute table
DWEL_CT1 to the feature definition of dwel ¢, containing the columns occurring in the
dwellings textfile + of course mslink and mapid. After making features dwel cofall the
concerned text elements, we used the program labelloader to load the geocode label into
the column geocode of the table DWEL. (1,

On the other hand we put command separators between the different columns of the
dwellings textfile, made a table DWEL_(C2 in the database and loaded the textfile into
the table.

This made it possible for us to fill out the other columns of the table DWEL_C1 one by
one:

update DWEL_C1 set house no = (select house no from DWEL C2 where
DWEL_Cl.geocode = DWEL_C2.geocode);

After having filled out all columns of DWEL_C1 we dropped the auxiliary table
DWEL_C2.

We see that at this stage the complete textfile contents are linked to the label and can be
edited through selection in the graphical file; so, for the areas we now have what we
need : {centroid) objects, each with a link to a record in an attribute table and a link to a
graphical (text) element.

For line objects though, Intergraph tried to replace the lingeo labels and the associated
texts by duplicating the lines as many times as there were functions switched on in the
multifeature code and by tagging each of these duplications with one different single
{functional) object. This duplication of the graphics was not necessary; Intergraph could
have given a multiple feature tagging to the lines. Furthermore, by raising the function
of aline from an attribute/text value in the original format to a featurecode in the Inter-
graph format, they dropped /lost the other attribiites of the line, viz dos, doc, dod, sheet
and plan, well knowing that it does not make sense to repeat these data for every
different function of the same wall. Even when usinig a multiple feature tagging we
would have met the same problem: the geometry dependent data like dos have to be
linked with one of the indicated features or v_vit_'h'a"s'pécial supplementary feature, eg,
wall in order to avoid choosing between the different functions.
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By using the tools linecleaner — merge duplicate linework and featuremalker, eg, wall
{(defined with an attribute table) we could still have built the following multiple tagged
structure for the dataset example:

(1)

2-1-6 =wall, general ot

2-3 =wall, glsb_b, general_ot

34 =wall, glsb_b, glsb_b (twice ?)
4-5=wall, glsb b

5-6 = wall, glsb_b, dwel_b, non_squ_b
6-7-8-9-5=wall, dwel_b, non_squ_b
7-9 = wall, non_squ_b

with an attribute table {(containing dos, dod and main geocode) attached to the feature
wall. (Neither the dataset nor the documentation is showing this, but we suppose that
the textual data associated with the lines also contain the geocode of the main dwelling
in order to group the line objects per dwelling).

We feel that this structure is too far away from the original OSNI datastructure, which
could easily have been reached by making all line elements the same kind of feature {eg
wall) and by leaving the functions of the line in an attribute table,

On the other hand OSNI determined the structure of their database at a time when soft-
ware did not allow automatic topology building,. They did a good job by fixing the topo-
logy in their data and they disposed of a complete database when we still had to start.
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But nowadays their database structure is pushing OSNI to do a lot of unnecessary work:
The fragmentation, which implies more data to be filled out, can be avoided and the
topology can be built automatically by changing to a structure that respects the principle
to always choose the highest possible dimension:

a point is not a point object if it belongs to a line

a line is not a line object if it belongs lo an area

an area is not an area object if it belongs to a volume

a volume is not a volume object if it belongs to a?

We suggest that OSNI consider the dataset example like this:
5 area centroids tagged with their function(s)
1= dwel_c¢, non_squ_c (2 objects)
2=gisbh ¢

a 3=glsb ¢

4 =general ot c
5=non squ ¢

in which all six objects are linked to their geo-

metry dependent attribute tables (and dos and

dod; no doc!) and either just the main object or
all six objects are linked to the one and only geometry independent attribute table {or
textfile in OSNI terminology ; + dos, doc, dod, geocede, house_no...).

In MGE the first link is inherent in the feature definition ; in Sysdeco the first link may be
the geocode of the area + 2 digits for the version, the second link may be the main geo-
code.

The main attribute table may also have a link to the land parcel on which the house is
built.

When the geometry of an ocutside wall is changed, one part of the dwelling (one object
with its area centroid) is deleted and replaced. For an inside wall we need to replace two
objects, but on the other hand the coniceptual data model has the advantage of avoiding
fragmentation: weend up w1th six actlve ob]ects Whereas the original dataset example
had 18 objects. : o

If ever the history of a part of a certam wall is needecl 1t can still be cut out afterwards.

Most of OSNI data can easily be fransformed into th_e_ CDM that we described above.
Only the replacement of a series of lingéd tables’ e tirhe by one single ‘areageo’ table
might show some minor difficulties/ ch01ces betwe different options.

As for updating matters, we can then refer t_o_ Qulj swers tothe 7 key areas.




Conclusions

The IGN conceptual data model allows updating of a complex topographical database
including tables, texifiles and both vector and raster graphics.

We also arrive at outputting all necessary change only information and the client is able
to integrate this information into this database.

o

By “allows”, “arrive at” and “is able to” we mean: it is possible to do so by using the
Intergraph software packages microstation and MGE, but the software is not really con-
structed for updating purposes; it should be improved with some real user friendly
updating functions.

Our CDM has no problems with archiving, holding and inferrogating historical data. It
was conceived for periodical revisions, but it can be used for continuous revision.

We recommend that OSNI adapt their database structure to a similar CDM in order to
save a lot of work.
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APPENDIX X

NATIONAL LAND SURVEY OF SWEDEN
MAP DEPARTMENT
COMPUTER SECTION

KJELL DEGERSTEDT

UPDATING OF COMPLEX DIGITAL TOPOGRAPHIC DATABASES
FINAL REPORT — Part 1 General Discussion 7 fune 1993

1. INTRODUCTION

A project with the above title was initiated by the Buropean Organisation for Photogra-
metric Research (OEEPE) in October 1992. The project had a first meeting at Ordnance
Survey of Northern Ireland (OSNE, where the structure and goal of the project were laid
out.

Among the many participants is the National Landsurvey of Sweden (NLS) from where
this paper emanates. We are taking part in this project to a degree, which is not yet quite
clear to us, because of our limited resources. We have however decided to try to contri-
bute at least to the first phase of the project, which to some extent is of theoretical nature.

At the NLS we have during a couple of years developed a geographical information
system, which we call the Geodatabank System (GDBS). The GDBS has as it’s main pur-
pose to store large quantities of complex digital geographical data. During this work we
have encountered many problems which certainly fit into the scope of this project. We
also believe that some of the addressed problems are in fact being solved by the GDBS.
So in the following we will describe our experiences and ideas in connection with these
matters.

This paper will be followed by a part 2 in which conceptual, structural and operational
problems will be discussed in more depth.

2. DIFFERENT GIS SYSTEMS

There exist today many commercial GIS systems on the GIS market. (We will be using
the term GIS in a broad way also including the production of conventional maps). These
systems are all different in many ways, an evident effect of the market forces. What the
perfect GIS system looks like is still an open question and will probably be for decades
to come.

Because all systems are different a reasonable conclusion would be that some systems
must be better than others. Unfortunately the truth is a bit more complicated. Some
systems are better than others in some aspects but not in all. In order to be able to com-
pare different systems, you must be well aware of how and for what you want fo use the
system. This applies to everyone trying to purchase a GI5.
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Given a particular GIS there are consequently a limited number of ways to solve a given
problem. If the problem is outside of or beyond the original purpose of the system, you
cannot be certain of finding an acceptable way to solve your problem.

Many of the GIS on the market were primarily designed for data capture, geometrical
editing and map output. These activities constitute of course a very large part of the
effort in creating a geographic database, so a system which is good in these parts, will
therefore be very useful. But, when it comes to complex manipulation of the data, it can
be that these types of systems are not very appropriate many having their roots in the
1970s and early 1980s.

3. THE IMPORTANCE OF GIS CONCEPTUAL MODELS

Behind the visible outer features of a GIS there is always a more or less hidden concep-
tual model. The differences between separate models becomes evident when transfer-
ring data between the systems. Often there is no room in the receiving system for some
types of data from the sending system. Especially when it comes to structure, that is,
relations between different data items, it can be impossible to transfer the information to
the receiving system. This is evident and well known from many practical cases.

The same problem also exists between a given GIS and the user problem space in the real
world, but it is not always as obvious as in the case of transfer of files. For that reason this
circumstance is sometimes not considered of much importance and is too theoretical to
have any practical importance in everyday production.

It is our opinion and our claim that in fact this internal structure is the most important
limiting factor in the GIS’s of today. This limit becomes evident in two ways.

First, when the user wants to model the features of his real world there are very often
obstacles to storing attributes in the desired way. For instance the identifier field may be
too small, the precision of co-ordinates is not good enough; the number of attributes is
too small and so on. Some of the most modern systems have solved this problem by let-
ting the user add attribute data in separate tables, but then it is sometimes impossible for
the user to operate on them inside the GIS in the way he wishes. :

Also when it comes to relations, that is complex data structures, possibilities are some-
times too limifed.

The second problem is the dynamic part of the system, thatis the operations on the data
offered by the system. The vendor often claims that there is a lot of flexibility by supp-
lying a so called “macro language”. This is of course partly true because the number of
possible combinations of operations increases exponentially in this way. But this also
increases the number of redundant operations to the same extent and in fact the propor-
tion of redundant operations will also grow exponentially, while perhaps the needed
functionality is still missing.

The reason for this short coming is that it has not been possible to map the users” pro-
blem space into the conceptual model of the system. A small example will perhaps make
this a bit clearer.
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If the system conlains the elementary operations B1=al+a2 and B2=a3+a4 it if not pos-
sible to execute the operations al+a3, al+a4, a2+a3 and a2+a4. The E-operations are the
smallest visible operations accessible to the user. At a lower invisible level there are still
smaller a-operations. The E-operations are the operations available in the macro lan-
guage. If the user for instance wants to do the operation al+a3, he has to write a program
of his own in an traditional programming language, that is, he has to extend the system.
This can only done if the system has open structure with an interface to a standard pro-
gramming language and the systems internal datastructure. The limiting factor then
becomes the datastructures. What data are stored and in which structures. For instance
it is almost impossible to get a system to handle raster formatted data, if raster data is not
among the basic datastructures of the system.

The conclusion is that a system’s flexibility ultimately depends on what the elementary
operations are and what the basic datastructures are, or expressed in another way, what
do the dynamic and static conceptual models look like.

4. THE “IDEAL” SYSTEM MODEL

Of course it would be presumptuous of us to claim here that we know what the ideal
conceptual model for a GIS system would look like, but there are some promising new
ideas that very likely will be fundamental to such a system. We are referring to the “new
paradigm” of object-oriented systems. (It is not possible to describe this concept in full
here but for a good tutorial on this theme see reference (1)). These ideas have partly been
around for a long time but have found a mature form in the object oriented technique,
sometimes referred to as the OO-paradigm.

Many old (10 years or more) systems are built in a botfom up way. The construction of
the system has started from the most obvious elementary structures, namely the
geometric objects, which are well known since the days of Buclid. These elements are
very central to the production of maps and especially digital maps. This is where the
digital mapping technique started. Later came the need for connecting attributes to the
geometric information and the digital map information databases gradually changed to
be geographic databases with more general application areas. This is a well known
development and is especially motivated by GIS applications.

To be a bit more precise consider the following example.

In the bottom up approach a line is described as the division between, for instance, a
dwelling house and a glass building, This is usually described at attaching feature codes
to the line. Sometimes it is also said that the dwelling house is to the left and the glass
building is to the right. With this structure it can be difficult to answer some questions
and perform certain operations like:

~ Give me a particular object or all objects having this line as a border!

This problem becomes still more difficult if there are many objects having the lineas a
part of their geometry. It is also awkward to connect data to the line when they in fact
describe properties of the corresponding objects.
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In the QO-technique the approach for this type of problem is normally top down. That
is, there are in this case two objects, a dwelling house and a glass house, each catrrying
some properties of their own and they happen to have a line as a common part of their
geometries. This way of looking at the objects as independent entities with some
geomelric, topologic and semantic relations is a more effective way of describing the
users’ problem and creates a wealth of possibilities. In particular interrogation of the
objects can be defined in user friendly terms having responses in keeping with theuser’s
expectations.

5. ADIALOGUE WITH THE “IDEAL” SYSTEM

Here we shall try to imagine what an “ideal” dialogue would look like if we could forget
about the constraints of today’s commercial products and instead had access to a very
flexible system, which presumably must be built on the OO-principle.

In the following the computer (the system} will ask and answer questions in different
ways. This can be done actively, the computer prompts the user for an answer, or passi-
vely, the computer expects the user to pull down the right menu or view, In all cases the
ideal system should let the user answer in the way most appropriate to the actual situa-
tton. Por instance the user could choose to identify an object by pointing at it on a map,
by giving it’sidentification in a pop-up menu, by picking a value from a pulled down list
or by perhaps answering a voice recognition interface. These are all properties of the
systems user-interface, which is a completely independent part of the system and which
can change in line with ongoing technological development. In future we will expect all
GI5-systems to have this isotropic type of interface. The interface however is only the
means to interact with and carry out operations on the systemn. How such functions are
performed is dependent on the systems conceptual model.

In the following we represent the computers passive or active questions in bold italic
letters to be interpreted in the generalized way above. The users part of the dialogue is
immediately following in italics.

Consider now the familiar problem of extending a dwelling house with a glass house.
The dialogue could be something like this:

What do you want fo do?
The user answers that he wants to do the operation “extend” by puiling down a men.
What do you want to extend?

The user pulls down a list of object types and points at the object type dwelling house, writes the
words "dwelling house” in a field in a pop up menw or points af the map in another window on
the screen. When he has chosen this object a form appears on the screen with all the attributes of
the picked object giving the user the opportunity to fill in or change the attributes of the object.

What do you want to extend the dwelling house with?

Omnce again the user chooses the right object, which in this case is a glass house, and is also given
" the possibility to indicate the attributes in the same way as above.




Are there common geometric parls?

The user points out the comimon part(s) on the map on the screen under the control of the systerm.
Now the whole operation is completed and the computer finally asks a question like:
OK? Cancel or accept?

Of course this dialogue could be modified in many ways, for instance the user should
perhaps be able to create the glass house during the operation “extend”, which amounts
to allowing simultaneous actions, which perhaps is not so unreasonable to ask forin a
multi-window environment. As extra advantages in an OO-system there are alot of pos-
sibilities to check for consistency and integrity of the operations. For instance the opera-
tion “extend” would only be possible to perform on certain object types. This feature
alone will eliminate a lot of possible mistakes.

The conclusion we want to present with the above reasoning is as follows. When looking
for a best way to operate on complex geographic objects itis very convenient to free one-
self from the restrictions of many of today’s commercial systems and try to describe the
operations and the objects in a conceptual way like above using the OO-paradigm. The
solution found in this way will be much closer to the users application area and contain
fewer, more natural and safer operations. The system will be easier to understand and
more predictable for the user.

6. APPROXIMATING THE “IDEAL” SYSTEM WITH A GIVEN COMMERCIAL
SYSTEM

Supposewe have according to the preceding chapter found a good conceptual model for
how we want to do our complex operations. Then the questions arise:

— Can we use this information to find a better way to utilize the given system?

_ Would it have been betterto stay inside the given system’s restrictionsinstead and try
to optimize it's use?

For a pragmatist the tall about the ideal system can seem to be too utopic to be of any
value. The right way is of course dependent on what you want to achieve.

Each participant should try to implement the operations in his own system. For us this
is our own-developed system Autoka.

In our case we have the advantage of complete control of the source code and our system
also includes a macro language. Autoka is also, if not object-oriented, at least to some
extent object-based. We could therefore with some extra work come rather close to the
ideal dialogue. But if we then later want to move our findings overtoa specific given
system, we will face a problem of similar nature to map the “ideal” system directly into
that system. This “cognitive gap” or “system impedance gap” between two different
systems is always there, and we believe that it is best handled by people that are experi-
enced with the given system. We do not believe that a user complétely new to a system
can by Iuck or because of a fresh view of the system be able to find a solution that an
experienced user has not been able to find. The reason is that in our experience it takes a
Jot of time to Jearn a modern GIS-system in such depth, as to be able to explore all it’s
hidden possibilities.
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7. CONCLUSIONS

In modern GIS-systems complex datastructures have become more and more common.
The problem of finding new and better ways of creating and updating such structures is
oneof the aims of this project. Each participant should experimentally look for new solu-
tions by moving some data from the OSNI database into his own system. Operations on
that data will in total involve a lot of work. We do not believe that this is a cost-effective
way to work. This will perhaps only show, that some operations can be done in one of
the systems but not in the other. The risk is also that the discoveries will only be of trivial
nature and also perhaps obsolefe, because we are working with second generation
systems, and the third generation is waiting around the corner. This can be said even
about such a famous system as Arc/Info which many people believe will be a market-
leader forever.

Our opinion is that we should do with much less experimental and time consuming
practical and use instead more theoretical effort, in trying to define in conceptual terms,
how we would like our GIS-system to be in a unrestricted but still very precise way. This
model could be the basis for a broad debate and also serve as a guideline for the GIS ven-
dors to improve their systems for the benefit of GIS users. One common problem for
many of the GIS vendors is that they have very good resources and experiences in soft-
ware science, but for obvious reasons much less knowledge of the photogrammetric,
cartographic, geodetic and other disciplines involved in map production. Therefore we
believe what they need are good conceptual descriptions that can serve as specifications
of requirements for new enhancements and developments.

Literature

7 Max ] Egnehofer and Andrew U Frank: Object-orfented Modelling for GIS. URISA Journal
nr2, 1992

114




UPDATING OF COMPLEX DIGITAL TOPOGRAPHIC DATABASES
NLS - SWEDEN

Part 2: Complexity of structures and operations

1. INTRODUCTION

This article continues the discussion from part 1 and continues to claim that the concep-
tual model is of fundamental importance for the users perception of the system.

We will also try to describe what is meant by complex structures and complex opera-
tions in topographic databases. Everybody has intuitively a feeling of what complex
structures and operations are, but if you try to define what they mean more preciseiy,
you will find that it is nof so evident. Perhaps it is necessary to have these precise defini-
tions in order to understand how to simplify structures and operations. One of the most
complex operations you can perform on a topographic database is updating, which is
the topic of the OEEPE project, Therefore our discussion will hopefully shed some light
on this problem. .

We will also use terminology and concepts from the object oriented theory, because it is
avery convenient way to describe these type of problems and also, it seems, a good way
to describe the solutions. That does not mean that we believe that OO theory is the magic
remedy which will make these problems disappear, but there are certainly strong impli-
cations that object orientation (O0) will be a good help both in designing and imple-
menting future GIS systems.

Most existing software packages (here called GIS-systems) for handling and building
topographic databases are not implemented with object oriented techniques. We will
despite that, express our belief that these ideas can be partly applied to traditional GIS
and also be used to enhance them. The ideas and experiences referred to in this article
emanate partly from practical experience at the National Landsurvey of Sweden (NLS)
with developing and implementing our own system for storing large
geographic/topographic databases. The system is called the Geodatabank system
(GDB) and is part of the NLS general software, Autoka, occasionally referred to in the
following. GDB has been in use for over a year but is still developing using of some of the
ideas in this paper.

2, COMPLEXITY OF STRUCTURES

We are using the words “simple” and “complex” when we talk about data and informa-
tion structures. The question is, what is the exact meaning of these two notions. When
does a structure cease to be simple and start to become complex? We have intuitively a
feeling for that, but for understanding how to simplify complex operations, we might
know more precisely what makes a structure become a complex one.
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If there is a lot of labour involved in creating a certain data structure we do not necessa-
rily say that the structure is complex. It is laborious but not complex. Complexity has to
do with something else. If, on the other hand, it is hard to create the structure correctly,
we are more likely to call it complex. This difficulty is due to it being hard to understand
the structure. If a structure is hard to create and / or hard to understand, we say it is com-
plex. This complexity mostly has to do with there being a lot of facts and rules to be kept
in mind simultaneously for understanding of and for operating on the structure.

3. COMPLEXITY OF OPERATIONS

The operations of concern are primarily the updating, or often equally, the creation of
datastructures in a topographic database.

The complexity of these operations is not necessarily associated with the complexity of
the corresponding datastructures. You can have complex operations on simple struc-
tures and simple operations on complex structures. However, there is normally a strong
correlation between the complexity of structures and the accompanying operations.
Most complex operations are due to the complexity of the structures operated on. Other
reasons are that there are many rules involved simultaneously in the operation and the
one-shot nature of the operation. With one-shot we mean, that the user has to make the
operations right first time. The situation then becomes very difficult, and the system
becomes almost impossible to use. In reality there are not so many pure one-shot situa-
tions, but it can be very hard to repair a mistake, which in fact is an obstacle of the same
nature.

4. REDUCTION OF COMPLEXITY

The complexity of topographic data and information structures is dependent on the
complexity of the features in the real world being described by these structures and the
amount of semantics about these features we want to keep in our database. Unfortuna-
tely this reality is in itself very complex. The level of ambition in current information
systems is rising all the time. So topographic datastructures will of necessity be complex.
That does not mean that we should not try to simplify them. On the contrary we must
strive for simplification otherwise the complexity of the structures will grow cut of con-
trol. A similar argument holds for the associated operations.

If we cannot reduce the infrinsic complexity of the structures and operations, then what
can be done to help the user? The answer is the well known technique of information
hiding, which means hiding the complexities from the user as far as possible. The system
must take care of as much as possible of the (interdependence) rules and the facts, In the
following we will propose some possible measures to be taken to attain simplification.

When the user creates or updates a topographic (compound) object he normally puls a
lot of facts into the fields of a form. If there are many fields in the form the operation
becomes laborious, a different aspect from complexity.
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— The facts have to be filled into the form. There is no way around that. The only thing
which can be done to simplify this operation is to have the system fill in as much as
possible automaticalty. That is enable the system to malke “intelligent guesses” about
what these values can be. The standard way of doing that is to fill in as many default
values as possible in the form. “Intelligent guesses” means that they should be done
in a context sensitive way. The system must know as far as possible which defaunlt
values are acceptable in the actual situation, eg, by having a default form for each
object type at hand, which perhaps can be created automatically by the system by
collecting information continuously. A simple variant is to keep the values from the
nearest form of similar kind. Also the user can be relieved from typing by presenting
selection menus, Of course, sometimes such simplifications are not possible atall, but
itis a rare case. Normally a lot can be done that way.

- The fields of the form must be able to fill in any order. Of course it can be a disturbance
for the context sensitiveness, but if some parts of the form must be completed in a cer-
tain sequence, the system must tell the user that, The system should take care of the
ordering rules and other involved rules.

_ The user must be able to change anything in the form as many times as required by
moving back and forth (scrolling) the form. The form is not finalized (eg stored in the
database) until the user explicitly gives the command “Store!”. This is nothing more
than the well known concept of a transaction. So the system must be able to do tran-
saction handling.

_ Even if a transaction is completed the user should be allowed to cancel the transac-
tion, It can be very hard, perhaps sometimes impossible, to achieve that, but the user
must have this possibility as often as reasonable, at least with necessary restrictions.

— Tf the operation concerns several related objects that have to be updated simulta-
neously, the system should make it look like one single compound object, That is, the
whole operation should be done in one single form obeying the rules mentioned
above. The user should be allowed to scroll back and forth in this form in a seamless ‘
way not having to bother about which of the involved objects he is operating on for |
the moment. To enable that, the system will probably have to keep a working copy of |
all involved objects throughout the whole transaction. In this way compound objects ;
can be handled in a similar way to simple objects, which is probably as far as you can |
go in simplification of this type of operation. In this situation it becomes particularly *
important that the systems know all the rules concerned to prevent the user from
making intricate mistakes. ’
J
|
|

Of course all these demands together raise the level of ambition a lot if you compare with
many of the contemporary systems in use. This is however what is needed if there is to
be a decisive simplification of the complex operations.
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5. EXPERTINTERFACES

In addition to what had been said in Chapter 4 there is still another demand which is a
part of the systems context sensitiveness.

There must be different interfaces for different types of applications. A modern way to
express this is by referring to expert or knowledge based systems. As an example sup-
pose you are updating a large scale cadastral topographic database. Then the system
should “know” what is meant by all concepts involved like plof, real estate, border etc.
If somebody else works with a small scale topographic database they should have ano-
ther interface. Of course there are many similarities between these two interfaces. The
fundamental differences are that some rules and some concepts are different. For the
user to be allowed to work comfortably, the system will respond to the different
demands by offering dedicated interfaces.

In this way the user will also have a simplified view of the database, which is much more
adapted to his own problem area. If the user is working with dwelling houses, there
should be an object called dwelling house in their view of the database behaving in
accordance with the rules applicable to dwelling houses,

6. IMPLEMENTING THE INTERFACES

Of course the implementation of interfaces of the type mentioned will consume a lot of
human resources with accompanying costs, But this investment is what we expect the
vendors in the GIS market to make, to stay in business and keep up with competition
and the constantly growing demands of the user community. The users expectations are
of course well grounded. In the users own disciplines the collection and updating of the
necessary databases are very time-consuming and very costly. There is a real need for
simplification and the vendors must be made aware of that.

There are fortunately some factors that make these goals more attainable for today’s
vendors. We are thinking of the new software development platforms with object ori-
ented techniques (OOA, OOD, OOP) and case tools for developing graphical user inter-
faces (GUT's). With these new tools the effort is greatly reduced compared to the 3rd
generation procedural techniques.

OOP especially seems to be suitable, By putting both the behaviour and attributes into
typed objects (object classes) and wvsing inheritance to model similarities between
different contexts the system will become very flexible, An object will follow all the rules
and have the right type dependent behaviour in whatever context it js used or in wha-
tever form it appears. It is much harder, perhaps overly ambitious, to accomplish this
with ordinary 3rd generation languages like C or Fortran.

It can be contended that this type of extension has always been possible with the macro
languages contained in commercial GIS—SYsteihé. If thatis the case, then why has some-
body not done it? The need is urgent and the matro langiiages have been around for a
long time. There have been a lot of things done with macto languages to date, buta really
good solution for the complex update operation has not yet appeared. We believe there
are certain reasons for this. SR




Macro languages are powerful but not powerful enough because of the following rea-
SOIS:

— Macros are mostly embedded into macro scripts. If you want to reuse a macro in ano-
ther macro you normally have to copy the code into the new script. Sometimes it is
possible to make a call to the other script, but in such a case you can have a conflict
between local variables. In short, the reuse of macros is generally not so easy.

— Some systems do not have macro systems, or the macro feature is very limited, which
means you have to involve third generation procedural languages like C or Fortran.
Then you are caught in the trap again!

— Macros are perhaps good for creating new operations, but if you want to introduce
new datastructures it is not just as easy. So it can be hard fo create a new user view of
the system.

The OO-technique can reduce these obstacles in the following ways:

— Reuse is much simpler. Every object is carrying it is own information which is com-
pletely independent of other objects and therefore always callable. The reusability is
also strengthened through the inherjtance feature. For instance you could create an
object class called building and two other classes, dwelling house and glass conser-
vatory, having some features inherited from the building class but also some unique
features of its own. You can also introduce an operation (method) called “extend buil-
ding” which behaves differently if you extend the dwelling house with a conserva-
tory or with a garage. This type of reuseis one of the most important advantages with
the OO-technique.

— With OO it is possible to build a new conceptual shell around an old system, at least
to some extent. End users can have their own expert interfaces with the concepts and
the terminology they are used to. Perhaps this is a way fo upgrade the existing 2nd
generation systems. This kind of upgrade can perhaps also survive a future change to
another commercial system because the user can stay with the expert interface he is
used 0. The economic and other advantages with that are obvious.

But who is going to create this new “marvellous” system? The difficulty has moved from
being one of implementation to being one of analysis and design. There is a lot of know-
ledge involved in this creation process and and it is not likely that one single person has
got it all. A project with a well composed collection of people must be created with the
accompanying problem of fundings, etc. Also somebody or something must make these
persons work well together. This is the difficult problem of group dynamics. Making
things Iike that happen is what we expect the vendors to do, and perhaps it is also what
they are trying to do all the time. 5o once more, why has that not been done already?

(Sometimes this is a truism that can be said about anything, but nevertheless it is rele-
vant, when you are looking for the main hindering reasons in this case}. One reason can
be that there is a lot of experience and knowledge on the user side which nobody has
been able to communicate to the vendors. This is why it would be important to try to
describe the ideal system in a way that is liberated from the straight jacket of 3rd gene-
ration procedural thinking.
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7. HISTORICAL DATA

There has emerged inrecent years a new interest in historical data in the GIS/LIS appli-
cation, especially in certain application areas like cadastral systems. Most of the current
GIS and mapping systems are not constructed to handle historic data. A common opi-
nion is that the systems can always be made to store historic data by adding a user attri-
bute carrying a time stamp. Here we are claiming that for the system to have complete
support for handling historic data, it has to have a time dimension, or in other words, be
based on a temporal conceptual model and a temporal database because of the
following arguments.

The spatial co-ordinates x, y and sometimes also z, are always implemented as implicit
attributes of the system’s basic model in contemporary GIS. The reason for that is that
the system needs to have full conirol of these attributes to be able to perform certain ope-
rations in an effective way, operations like spatial retrieval and overlay. If x and y had
been user chosen attributes, it would have become very difficult, if not impossible, to
implement the GIS.

For exactly the same reason if is most convenient that the database is temporal. This
means that time should be one of the basic intrinsic attributes in the datamodel like the
X,y co-ordinates. All operations involving time, like keeping historical data, change only
updates and optimistic locking procedures, will be very much simplified and can also be
handled in a more rigorous and consistent way.

Another thing that is necessary for keeping the history of an object is a labelling system
that gives every object an unique time persistent identifier. Again, for almost the same
reasoning as for the time co-ordinate, the labelling system should be one of the basic
automatic features of the system. This type of labelling system can also solve other
problems, like the need for pointers in compound objects and other relations,

Boththese features are implemented in NLS's GDB system and have been found to work
very well.

8. FRAGMENTATION OF GEOMETRY

When keeping historical data of complex compound objects, the geometrical parts pre-
sent a particular problem. The question is, when a line is partly updated should the
history tell exactly which part of the line was changed at a particalar moment? Things
become still more complicated if (multiple) object codes and attributes are also taken
into account. The structure can become immensely complicated, as time goes on. Is there
really a good cost/benefit case for this extreme fragmentation of the geometry? Does the
user need this information? The problem can be solved with the same pointer technique
as for other types of relations but the resulting structure will be more complex, error
prone and will degrade the performance of the system.

In the GDB system we have stayed at a lowerambition level, because we believe that the
benefit of this feature is very low. We are keeping the history of every object and can, for
any point in time, tell how the geometry of a certain object looked, but not the relation to
the earlier version of the geometry. This technique also overcomes the problem of geo-
metrical properties common to several objects. The compromise lessens fragmentation
of geometry and makes it easier to cope with.
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9. ARCHIVAL STORAGE

The problem of keeping a large archive for the topographic databases has got a new
solution recently, which at least to us at NLS, seems to solve this requirement satisfacto-
rily for the foreseeable future. In our case it entails using a new type of hardware, optical
jukebox storage, which in the version we have is capable of storing 1 Terabyte. The total
economic map of Sweden, which is estimated of about 30Gb, and is the biggest
topographic database in vector form we will build, will thus occupy only 3% of that sto-
rage.

However volume capacity is not the only favourable aspect. Another very good feature
of our “terabyte” storage is that it works as an ordinary Unix filesystem, which means
the NLS’s GDB-system runs on it without any change and that this external storage is
completely transparent to the user. The access time is of course larger than on ordinary
disks, but on the other hand very much faster than a traditional magnetic tape archive.
Tor these reasons we consider the choice of archival storage is no longer a problem. The
system has not been used extensively because we have not yet moved our software to
the Unix operating system.

10. CONCLUSIONS

There has been a considerable spread of GIS and other computerized mapping systems
around the world during the current decade. Many institutions have managed to build
very large digital topographic databases with these systems. Most of these systems can
be considered to be of the second generation and contain features that are beginning to
become archaic. Because of the large amounts of data collected in the formats of these
systems the users often consider it almost impossible to change over to other systems. At
the same time they observe that there are many new tools and techniques they would
like to use.

In this paper we have discussed this problem and proposed a way to migrate smoothly
into new techniques. The proposed route is to build new interfaces with the aid of the
new techniques. By using OO methods and tools these interfaces will look more like
expert systems, with a more powerful support to the user taking care of a large part of
the complexities in the system by hiding them. The expert interfaces will give the usera
new view of the database, which is a more natural conceptual model and thus easier to
work with. Another advantage is that, because this model is a better description of the
user’s application field, the model, the user’s knowledge of the model and the tools can
be reused, even if the underlying commercial database system is eventually changed,
which certainly is going to happen in the long run.
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UPDATING OF COMPLEX DIGITAL TOPOGRAPRHIC DATABASES
NLS-SWEDEN

Part 3: Summary of results

1. INTRODUCTION

The topics of the OEEPE project addressing the above problem are of central and general
interest for people concerned with updating of digital topographic databases. It has
been of interest to the National Landsurvey of Sweden to follow and also to participate
in the OEEPE project. Unfortunately NLS has not been able to allocate adequate
resources to make a deeper study.

However, NLS has during recent years pursued a large project, the development of a
system for storing and updating topographic and cadastral digital databases, in which
there are many similar issues.

We have reported our findings in the three referenced papers. Part of the material is
perhaps not strictly within the scope of this project, but we believe that our contribution
will at least be of interest and perhaps give some new views on the problems. Our expe-
rimental efforts have also been very limited but will hopefully answer some questions.

In the following text we will try to give answers to the specific points in the project inifia-
tion document using our experiences and the material we have collected during the pro-
ject.

2. UPDATING THE OSNIDATA

We are using several software packages for handling topographic databases at NLS. For
several reasons we chose Arc/Info for this project. These were as follows:

Arc/Info has a very broad userbase, perhaps the largest of all GIS-systems, which
among other things means that it is comparatively easy to get support. Inside NLS there
are about 20 people familiar with Arc/Info. ESRI/UK translated the data from 5YS-
DECO format into Arc Export format.

An important prerequisite for using Arc/Info was the existence of Version 6 of the
system which has been available for about a year. In our opinion it would have been
impossible to use Version 5. The reason is that in Version 6 ESRI has introduced the
“cursor” concept. This conceptis well known in SQL language, but it has not been avail-
able in Arc/Info until Version 6. It is not an ESRI invention, With the aid of cursors it was
easy to handle the multiple feature codes associated with the line and polygon objectsin
the OSNI data.

This illustrates one of our main points. By adding a new concept to a known system, the
system is given powerful new possibilities which areimpossible or very timeconsuming
to implement with the original system. Arc/Info has a very powerful and flexible
macro-language but that would not have been enough without the cursor concept. So
the conclusion is that finding the ideal system.is very much a search for suitable
concepts. :
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With the help of the AML language, the Arc/Edit program and cursorswe implemented
a small application program for updating the OSNI data. This took us about three days.
The application uses menus and “radiobuttons”. It does not cover all the issues, but we
estimate that a complete application taking care of all the update cases, could be imple-
mented in about two weeks.

However fwo things would still be missing, the handling of historic data (historic ver-
sions) and the change only updates. The latter coudd be introduced by an appropriate
selection procedure. This would add some more days to the implementation. We have
foynd a way to store historic data automatically in a separate layer during the update
process, but no easy and practical way to handle time dependent versions of objects.
This also confirms our theory that the only way handle historic data easily is to intro-
duce the concept of a ime dimension in the system.

Arc/Info has a built-in seamless database. The data are divided into smaller sections, so
called tites, which can be map sheets if desired. The user does not have to be aware of
that and the data can be used ina completely seamless way. The AML —language fully
supports handling attribute data and consequently this was no problem for us.

Of course our prototype application can pe refined in many ways to be more modular
and more directly relevant to the users application. The time needed for such imple-
mentation is hard to estimate without actually doing it and also very much dependent
on the level of ambition. We believe that a couple of months would be reasonable for
creating a routine acceptable in daily work.

With our prototype AML-program it takes about two minutes for a user to perform the
update in the example. We do not know if this is acceptable for practical use. With a
more sophisticated routine this time could perhaps be reduced to one minute. Jsthisisa
sufficient benefit to make the development offort worth while? There is cerfainly a lot
more to gain in amore complicated case. To find such a solution however demands a lot
more analysis and ergonomic studies.

We have not used the topological features of Arc/Info in our prototype AML-program.
It would certainly be more convenient and more effective to use these features, which
are one of the strong points of the Arc /Info software. By using topology the multipleline
feature coding could have been € iminated reducing the users manual work
considerably. Also more automatic snapping procedures could have been utifized avoi-
ding the user having to divide lines into segments.

All textual data and also all date data were handled as ordinary attributes in AML.
Arc/Info has a special data type for dates which makes things a bit easier. Our routine
does not contain any automated date tagging. The user has to do this interactively,
which of courseis notideal. As stated previously time should be a dimension automati-
cally handled by the system.




3. DATA OUTPUT

There are a lot of options for drawing complete map sheets in Arc/Info. These are pro-
bably satisfactory for most purposes. We have not looked closely at this problem. There
are also many file transfer formats, so it is a routine matter to output data to users of
these formats.

There is no standard procedure for change only data in Arc/Info. Such a routine has to
be implemented. Because there are no general identifiers retained in the system it can be
a difficult problem to provide a customer database with repeated change only updates.
Our belief is that this feature should be built into the original system.

4. ARCHIVAL SUBSYSTEM

Traditionally the archival subsystem is a separate system from the topographic data-
base management system. This is not an ideal situafion because retrievals from the
archive then have to be handled in a different way from ordinary current data queries.
Often a manual routine is involved. To integrate these two routines into a seamless
system, transparent to the user, is a very large implementation problem.

Fortunately a new way to solve this problem seems to have appeared. At NLS we are
presently looking at the new optical mass storage technology, the “terabyte” memories.
'The one we are testing is called “Storage Server” from Digital. We are going to use this
hardware in connection with our geodatabank system.

The great advantage with this type of hardware is that you do not have to treat your
historic data differently from current data. The mass-storage is just an “indefinite”
extension of your ordinary disks. To retrieve historic data is just asking for another time
intervalin your query.

Of course there can be a limit to how much data you want to keep on line. Even that
situation can be handled with the same method. Obsolescent data are moved from
magnetic memory through magneto optic memory to end up finally in optical write
once memory. This last copy can be removed from the online system and handled
manually on demand from the retrieval routines.

5. CONCLUSIONS

To summarize our findings from the above and from the references, these are the main
conclusions:

— Ttseems to us that it is quite possible to use Arc/Info to perform the required updates
by writing some extensions in the macro language.

— Archival storage problems could advantageously be solved by using new mass sto-
rage technology.

~ To get beyond the limits of today’s systems we have to look for new conceptual
models.
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— A difficulty with that policy is that there are a lot of different opindons on what the
ideal conceptual model should look like. There are many different proposals in the
literature and in the many commercial systems from different vendors. It seems
necessary fo formulate criteria which can be used to evaluate different models.

- Theway to enhance the operator’s performance when updating and collecting digital
topographic data, is to let the software automatically handle as much as possible of
the operator’s work. The new technology of object orientation seems to be promising
in this respect because it is semantically more powerful than traditional third genera-
tion techniques. That is our belief at NLS in spite of the not very impressive perfor-
mances of commercial object-oriented GIS systems to date. However in the very latest
of these systems (Smallworld} we find ideas in conformance with our beliefs, We are
going to test these ideas by building an OO-interface to our geodatabank system with
the object oriented language Fiffel,
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Lantmateriet
Marknadsavdelningen
80182 Gavle

Sweden

ADDITIONS AND DELETIONS WITH ARC/INFO
First Update

The following illustrates the code for the dwell_house before and after updating with a i
glass_building, |

1. Digitize a line with the code for glass_building and connect it to a line with the
dwell_house code. The line between the connections gets a new user-id and the codes
of both lines {multi-coding).

The codes are stored in a table, which contains the user-id and the feat code. Itisa
one-to-many-relationship with no practical limits to how many codes an object may
get.

This is also how the testdata we got was organized. |
{a) The related code-table for the current building before updating:

Arcedit: list cov3d-id feat_code long_code

Record COV3D-ID FEAT _CODE LONG_CODE
4921 140 1022 dwwell_h

4922 140 1024 non_squ_

(b} The part of the building, which is common to the glass-building gets a new cov3d
calculated into a copy of the “old records” and the glass_b-code.

Arcedit: list cov3d-id feat_code long_code

Record COV3D-ID FEAT CODE LONG _CODE
4923 2639 1022 dwell_h

4924 2639 1024 non_squ

4925 2639 1025 glass_b_
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The requested commands are collected in macros and form-menus for effective hand-
ling. The following are some examples of menus created for this test.

[Epircov ¥ ] [BAcKGROUND Y] [RELATE FILE ¥ F} {DRAW v 3 [EDTUNE '} [coDiNaLiNE )

froLEmancEs wH | st hJooes | save B Exmr R oy |

EDIT LINE CODING LINE
ADD line FNODE# 7
TNODE# 4
LPOLY# 4]
T} RPOLY# [H]
m.,.........m........g LENGTH# 25,685363388
DELETE line g COV3aD# 2634
SPLITline __} COVSDADb - 140
UNSPLIT line Next SF"S‘ A
- Ao | Select Box }
D & T, 1
EXTEND line |
[Gancel]
COvV3D-1D 140
COLLECT-1D 0
FEAT_CODE 1053
LONG CODE
STANDARD CODE
ORIENTATION 0
xt E First 77
Cinsert ) [ Deloto }

These menus contain the macros you need

When vou press the “NEWid-button”, the following macro is executed:
/*nyid.aml

/)E-

&s.cov[eniryname %.ecov%]
&if[show editfl = ARC &then
&s.maxid [show maximum id]
&s.maxid = %.maxid% + 1

&ty Select one ARC...

SEL

&iflshow number select =1 &then
CAIC %.cov%-id=%.maxid %

&else

&ty Ingen triff...Andra séktoleransen..
&return
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'The previous version of the “cov3d-id”-object may be moved into a “CHANGEREG”
with a “date of change” (DOC) to save the history. Every modification to an object may
follow in the same way.

Axcedit: select one

Point to the feature to select

Enter point

Arc 2660 User-1D: 140 with 4 points

1 element(s} now selected

Arcedit:put CHANGEREG

Copying the arc(s) into /HOME/SIGMA /CHANGEREG...
1 arc(s) copied

Arcedit: edit CHANGEREG

The edit coverage is now /HOME /SIGMA /CHANGEREG
Arcediteditf arc

1 element(s) for edit feature ARC

Coverage has no COGO attributes

Arcedit: sel DOC =~

1 element(s) now selected

Putin the “change-date” in the attribut-item DOC

Arcedit: moveitem [quote [date — vmsdale]] to DOC
Arcedit: list
FNODE#
TNODE#
LPOLY#
RPOLY#
LENGTH
CHANGEREGH
CHANGEREG-ID = 140
DOC = 30-AUG-1993

11.960

Second Update

The dwell houseis extended, as following example shows, with thenew objects, nr 2640
and 2641. The old line, a part of nr 140, should be deleted.

The main difference to the previous exampleis that an old line should be deleted, but the
date of deletion should be saved.
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A way of doing this is to save the deleted object in a separated “cover”, named
KILLREG.

Following commands are executed when you press the button: DELETE line
Arcedit:select one

Point to the feature to select

Enter point

Arc 2660 User-1D: 140 with 4 points

1 element(s) now selected

Arcedit: put KILLREG

Copying the arc{s) into/TIOME /SIGMA /KILLREG...
Tarc(s) copied

Arcedit; delete

1 arc(s) deleted

Arcedit: edit killreg

The edit coverage is now /HOME/SIGMA /KILLREG
Arcedit: editf arc

1 element(s) for edit feature ARC

Coverage has no COGOQ attributes

Arcedit: sel DOD ="

1 element(s) now selected

Put in the deletion-date in the attribut-item DOD

1 element(s) now selected
Arcedit: moveitem [quote [date-vmsdate]] to dod
Arcedit; list

ENODE# =23
TNODE# =29
LPOLY# =0
RPOLY# =0
LENGTH = 11.960

- KILLREG# = 1
KILLREG-ID = 140
DOD = 30-AUG~1993
CONCLUSION

Most of the commands (probably all) you need to digitize, update, delete, multi-code
and date-handle of objects like lines, points, areas and text, already exist in most estab-
lished systems.

In Area-handling it is important to have a topologic structure of data to get benefits of
data-analyzing and control.

The system may also have a built in macro-language, as AML in Arc/Info eg, a flexible
way of making user-friendly menus for every needed purpose.

If Arc/Info can save the history of the updates as well as an object oriented system is
hard to say. The coming version of ESRI's librarian, called ArcStorm promises to sup-
port version-handling. Perhaps it is an answer?

NLS of Sweden
Ingmar Westgrds
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APPENDIX X1

PROJECT - UPDATING OF COMPLEX DIGITAL TOPOGRAPHIC DATABASES

FINAL REPORT OF TURKEY
HAYATI TASTAN (CAPT MSc Eng)
28 JANUARY 1994

1. ANSWER TO THE KEY AREA NUMBER 1

“How an updated, fully structured and attributed digital graphic, conforming to the full
OSNI database specification and free of map sheet line constraints, can be arrived at”.

The method developed in answer to key area number 1 via Intergraph MGE software s
based on the following steps:

1.1 Project Creation

A project called %OEEPE is created and related descriptive information written,

1.2 Project Schema Creation

In order to have default relational database tables such as feature table, category table,
mscatalog table, etc, required for the project a project schema with the name %OEEPE _s
is created.

1.3 RIS Schema Creation

Since MGE communicates with the database management system (DBMS) via the rela-
tional interface RIS, an RIS schema is created. Informix is used as the DBMS.

1.4 Category Building

In MGE each graphic data file (eg dgn file) is supposed to be in a category. Therefore for
each graphic data file a category is built. :

1.5 Fenture Building

"Two features of boundary type are created which are “dwel_b” for a building and
“yege b" for vegetation. Related DBMS tables “dwel” and “vege” are built, having
required attributes, and then linked to the features dwel_b and vege b, respectively.
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1.6 Introduction of Textual OSNI Data into the Database

Via an SQL statement, textuial OSNI data files for each feature are loaded into the data-
base.

1.7 Introduction of Graphic OSNI Data into the Database

Having first been converted (o geographic features via the MGE command “feature
maker”, graphic OSNI data are loaded into the database.

1.8 Linkage between Graphics and Textual Data

Using MGE Geo Database Locate function each cartographic object having the text cen-
troid value equal to the geocode field value in the database record, is found by the
operator on the graphic screen, pointed to by the cursor and linked to the database
record with the “link to graphics” function of the MGE software.

2. ANSWERTO THE KEY AREA NUMBER 2

“How existing textual records linked to the graphic should be modified and how the
data dealt with in the course of updating should be tagged with the date of
addition/modification /suppression, held, maintained and presented”.

The answer to the key area number 2 is explained as follows:

21 Updating of OSNI Graphic Duta

The term “updating” is assumed as addition, modification or deletion. Therefore if we
update graphic data we either add, modify or delete them. In order to update OSNI gra-
phic data we scanned O5NI map sheets via our OPTRONIX 5040 raster scanner in RLE
format and then heads-up digitized “change only” data on the screen. In other words we
add new data, modify existing data or delete data which are longer extant.

2.2 Updating of OSNI Textual Data

When we add new graphic data we also add related textual data. In case of modification
of graphic data we also modify textual data if necessary. If we delete graphic data we
delete textual data linked to the graphics as well. If there is no change in graphic data but
changes in textual data exist, then textual data only are updated.

2.3 Presentation of Graphic and Textual Data

Both graphic and textual data are presented on the graphic screen. Textual data can be
written via line printers whereas hardcopy of graphic data can be obtained using elec-
trostatic plotters and pen plotters. '
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As for the terms “deletion/suppression date, change only information, replacement
map sheet, archiving of information no longer extant and historical points”, it has not
been possible for us to answer these key areas because the Intergraph MGE software is
not able to roll back the geographic data (graphic and textual).
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