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Abstract

The paper will explain the implementation of thengelization application to select spot heights,
developed by the Escola Técnica Superior d'Engiay@eodésica, Cartografica i Topografica of the
Universitat Politécnica de Valencia (UPV), in th@guction workflow on the Institut Cartografic de
Catalunya (ICC) to derive the Topographic Datalzfs€atalonia at scale 1:25.000 from the master
database at 1:5.000.
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1.- Introduction

Since 1997, the Institut Cartografic de Catalun¥aC) has been applying automatic generalization
techniques in the production workflows of the vectopographic databases and maps, but these
techniques never has been used on the objectstihedcterize the relief. The main reason is that,
although there are some research works on this tBMeibel and Hellerr, 1991), the available
commercial software has not offered, until now, atopl specifically designed for relief
generalization.

From 2002 the Research Group Geoenvironmental @rapby and Remote Sensing from the
Department of Cartographic Engineering, Geodesy Rhdtogrammetry of the of the Universitat
Politécnica de Valéncia (UPV) has developed aniegiibn, called GENCOTES to generalize spot
heights, mainly based on the analysis of the tem@orphology (Palomar and Pardo, 2002; Palomar,
2004; Palomar and Pardo, 2004). Moreover, thisiegmn took into account cartographic aspects as
significant points or map names.

In 2006 ICC and UPV signed a collaboration agregneradapt GENCOTES to the requirements
defined in the ICC specifications and applied ire tbartographic production environment. An
additional improvement has been achieved duringpttogect, the geomorphologic analysis of the
terrain has allowed the enrichment of the origohatia with the classification of the spot heightse T

! GENCOTES is the acronym of tgeneralitzacié de cotehat means spot heights generalization.



paper will explain in detail the algorithms behith@ application and the improvements introduced in
the adaptation to the ICC requirements, as wellttas,implementation process on the production
workflows. Finally, it will be given some aspectsfrther developments.

2.- The project

The ICC topographic data models represent thefnglenly using contour lines and spot heights.
Moreover, the master database at scale 1:5,00Gainsnadditional information to model more
accurately the terrain as break lines and contmeslto infer break lines. The spot heights
generalization application can be used on the widste ICC production workflows for deriving large
and medium scales vector topographic databasesapsl.

The ICC decided starting the implementation of thid on the generalization workflow to obtain the
Topographic Database of Catalonia at 1:25,000 stale the master database, the Topographic
Database of Catalonia at 1:5,000 (Baella and RI&3R Up till then, the generalization operations
applied on contour lines have been automatic seteand point filtering, followed by manual
revision and editing of the conflicts, and in these of the spot heights, the generalization has bee
done totally by manual processes. The main reasobegin with this production workflow were that
at 1:25,000 scale remains yet a significant nundfespot heights and that the cost of the manual
generalization is quite high.

3.- UPV application: Generalization process of thepot heights (GENCOTES)

The application GENCOTES is a set of informatiagdgavritten in AVENUE language that works on
ArcView 3.2. This program automatically generalizee spot heights following two main steps:
hierarchical classification of the spot heightsgiee a specific value to each spot height based on
parametric criteria, and selection of the spot hisigaking into account the hierarchical classtiaa
and a balanced distribution of these points orfittad data.

3.1.- Hierarchical classification

The criteria for the hierarchical classificationr@aleduced by analyzing the needs of the user: how
are spot heights useful to a user, what sort afigien should they have, where should they appear,
etc. The answers to these needs were that thetlpagits would be more useful in the areas close to
the roads, at characteristic points of the tereaid in reference elements that help in the oriemtat
Moreover, the density of height points should bghsly higher in elevated areas than in flat areas,
since the users are generally more interested awkmy the heights of the peaks rather than the
intermediate or low areas.

In terms of hierarchy, three kinds of spots heiginesconsidered:

a) Special interest points. They are defined by tha geoducer specifications as significant, and
must remain in the generalized data (on the raatiged with map names, etc.).

b) Geomorphologic interesting points. They identifyadcteristic terrain points, as peaks, passes
or depressions.



c) Remainder points. Into this category there areunet! all the other spot heights that have not
been considered in the previous categories.

3.1.1.- Categorization of the special interest {®in

The areas for categorize the special interest pa@mng defined as influence area of roads, inhabited
zones and map names. To apply the proximity catetihe application uses a combination of
operations to determine which spot heights are dotlose to elements of interest, such as a buffer
operator, an area of influence or the topologieldtronship of inclusion. Once these points havenbe
localized, a weight is assigned to each spot hegagtdording to the priority, defined by the
cartographer, for the elements used to define ribasa

In the case of the map names, GENCOTES has a ispeaf that allows to the operators to create a
database with all the possible generic names wsegkebgraphical landforms (peak, rock, crest, ridge
summit, mountain, etc.) in the language of thecgaephy. For each map name in the input data, the
program searches in the database if there is angrigename partially coincident with it. Then, the
application searches, buffering around the map raoséion, all the spot heights placed around @ an
selects the closest to the map name.

3.1.2.- Categorization of geomorphologic interegpoints

In this phase, the points that are not categoiizéde previous phase are analyzed to determinehwhi
ones are geomorphologic singular, that is, peaksyntain passes and depressions. Their magnitude is
then analyzed and, finally, some operations ardiegppo the peaks, which are by far the most
abundant, to categorize and classify them accorirtigeir shape: conic, asymmetrical (escarpments),
open or closed. This categorization will be latsedito make a selection, based on objective @&jteri
of the points that should remain.

The geomorphologic analysis requires an accuraggadielevation model (DEM), if possible
generated using the same data to be generalizegielaas other significant altimetry data as break
lines. With these elements a DEM in vector fornsageénerated obtaining a triangulation model (TIN).
Theoretically, also a DEM in raster format can keed) but it adds some difficulties to this
methodology. One is that the centre of a pixelaster data can not be coincident with the exact
position of the spot height and the location of fhgel containing the spot height is unclear.
Moreover, in raster format, each pixel of the DEMstnbe analyzed, while when using a DEM in TIN
format, the analysis can be specifically restridizdhe spot heights. Therefore, the use of a DEM i
TIN format reduces substantially the computatiometi

For the ICC data, the TIN model has been creatatyws standard TIN algorithm included in the
ArcView software. The input data used is breakliflegdrographic network, talwegs, divides and
other strong slope lines), spot heights, flat pohgused to represent a flat surface (reservoasave
lakes) and scan lines. The contour lines have aehlused because they are derived automatically
from the ICC TIN model, so, they are redundant data

Once then TIN model has been created, the spohtseifgat are geomorphologic singular should be
determined. Three basic types are differentiafgehks (summit points), depression points and passes



Peaks

0 According to the height in a neighborhood. For wegi spot height, a fixed circular
surrounding area is selected and analyzed. If ¢ive pas the maximum height value in the
area, then it is considered the peak of that aréa. radius of the surrounding area is
enlarged several times repeating the analysish®dsame point until a higher spot height is
found. The peak category is assigned accordingdaize of the area of which the point is
considered peak (Figure 1).

minimum neighborhood
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Figure 1. Analysis by surrounding areas.

o According to the shape. For a given peak, a nacular neighborhood is analyzed. This
neighborhood area is defined by the contour ofltlveest height that includes only the
peak to be analyzed. This curve, called Base Contour LingBCL), is defined as the
lowest contour line that includes only one peakkii@ it into account, the relationship
between the peak and the BCL is studied in ordeletermine different types of possible
shapes, such as conical or asymmetrical shapesctegpthe peak, and open or closed
shapes according to the ratio between the differenceight between the peak and the
BCL.

For topographic data, it is important to keep tloengs that are located on more abrupt
terrain, called critical shapes, as they are thestmerceptible in the area. The following
parameters are used to detect these critical shapes

1. Proximity to the edge of the contour: It measunew centered the point is with
respect to the curve. A high value shows a tendémeards asymmetrical cliff-like
shapes, or escarpments, while a low value detet#adency towards conical shapes
(Figure 2).

Figure 2. Selection of the analysis curves (red).



2. Average slope: It is the average of the slogefe straight lines that connect the
peak to each of the points of the curve. This patamdenotes the more open or
closed peaks depending on whether the valuesr@er lar smaller (Figure 3).
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Figure 3. Basic shapes.

The combination of these magnitudes gives inforomatbout the type of the peak. In
practice, all of the peaks that have critical sisaqe placed at the same categorical level as
those peaks classified in the maximum categorygugia analysis of neighborhoods.

Depressions

In this case, the interest was focused on largeedsjons, so the same process used in the
analysis by neighborhoods for the calculation cdksecan be applied. The surrounding

area used is sufficiently large to avoid micro-@ssions, and every point is analyzed to
determine if it is the one with the minimum heigliits area.

Passes

The location was deduced by the analysis of circaleas or neighborhoods (Figure 4), by
studying the relative maxima and minima of the gmaphic profile resulting from the
analyzed circle. It is determined whether or n@t skelected point is a pass (2 maximums

and 2 minimums), applying simplification techniquesthe topographical profile to extract
the main tendencies (Figure 5).
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Figure 4. Determination of passes.
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Figure 5. Simplification of the topographical prefi
3.1.3.- Categorization of the remainder points

The value assigned to the remainder points wasretdyed with the height value. This means that the
higher points have more importance than the lowesso

3.1.4.- Weight assignment to the points

The final weight assigned to each point is caladaising a formula which combines the value of the
previous categorizations and a specific value assigpy the user to each category. With this specifi
value, the cartographer can modulate the resulieofiutomatic generalization depending on the final
product, for example emphasizing the geomorpholpgiots or minimizing the interest points.

The formula is:
weight=(w_s_int*k)+(w_peak* k)+(p_pass*r_pass*i+(p_depression*r_depression3)kheight

where:
w_s_int = weight corresponding to the point of iat& categorization
w_peak = weight corresponding to the peak categtioia
p_pass = 1 or 0, depending on if the point is & pat or not
r_pass = weight of the pass point as a functiats@ltitudinal range
p_depressions = 1 or 0, depending on if the psiatdepression or not
r_depressions = weight of the depression as aiumof its altitudinal range
height = height of the point
kn = specific value previously established by theagmdpher

In the ICC test, the priority to assign the specWialues (ky was, from the most to the least
importance:

1. points of interest
a. crossroads
b. roads
C. map names



d. other areas of special interest
peaks
mountain passes
depressions
rest of the points.

ablrwn

3.2.- Selection process

The selection step begins when each spot heighbéws evaluated and categorized. One of the input
parameters of the application GENCONTES is thel fobensity of the spot heights per square
kilometer in the generalized data. The problemearia deciding which points should be compared to
decide which has a lower category and can be dit@th In principle, it makes no sense to try to
compare points that are too far away, because tre separated they are the less possibility there i
that they belong to the same geomorphologic unit.athieve the requirement of homogeneous
distribution of the spot heights, the solution a@dpwas to use a regular space division, with
rectangles of the same size that must containahmee siumber of points. The size of the division and
the number of final points per division was decidéi@ér several tests.

3.3-. Process summary

The above mentioned methodological process canrmensrized in the following diagram:

*
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4.- From the original application of GENCOTES to the ICC specifications implementation

After defining several tests areas, the UPV prasg¢se data and the ICC analyzed the results of the
automatic generalization. The conclusion was tallhough the results were really promising, some
modifications must be introduced by the UPV in ongetake into account the complete set of the ICC
rules and to achieve results more similar to thiaiobd using manual generalization. Moreover the
modifications, the ICC must prepare the input dataptimize the performance of the application.

The modifications were related to different aspedtthe application and original data, as the iger
points, the selection criteria, the classificatzmd the workflow optimization:

Interest points:

o Road network. The ICC specifications for the Toapipic Database at 1:25,000, require
that for catalogued road network (roads coded by@hvernment):
There must be a spot height approximately every) 126éters on the roads.
The input spot heights placed on the intersectibrroads are considered as
preferred spot heights.
On a road intersection, with multiple input spoighés, the hierarchy of the roads
must be taken into account in order to select tietn the main road.
The input data was specifically processed to fatdi the modifications. For the first
requirement, a point every 1200 meters, the roagte whained to eliminate nodes. For the
other ones, the intersections were generated asifeéa point objects according to the
hierarchy of the roads (Figure 6).

Figure 6. An example of the application of theeasid on the roads and on their intersections.



Map names. In some cases, the selected point bgrigmal application doesn’t
correspond to the type of geographical landforncdlesd by the map name, for
example a spot height classified as peak is seleflite its proximity to a map name
of a pass. The ICC map names are not attributdsedbpographic objects, but they
are classified following geographical criteria. 3olve the classification problems,
the algorithm has been improved taking into accoth# ICC map name
classification (Figure 7).

The input data includes a file with the map namassified as peaks or passes.

Figure 7. An example of the use of the map namascateria on the application.

o Although the application can manage the spot heighurban areas, by the moment the
ICC has decided don’t use it, because the datadigset corresponding to the boundary of
urban areas must be modified manually to obtairdgesults.

o The application allows preserving spot heights nadlguselected before the automatic
process, but the ICC has decided don't use thiditfabecause the result obtained
automatically by the application is good enough.

Selection criteria

0 An ICC requirement is that an altimetric point witleight, in meters, multiple of the
contour line interval cannot be selected. In theodgyaphic Database at 1:25,000, the
contour line interval is 10 meters.

0 Spot heights located on intersections between atalagued roads and paths, are preferred

point after interest point, peaks, passes and dsjores. An new category of interest points
has been added.



Classification

o In the original application the spot heights clasation from the geomorphologic aspect
was not applied to the interest points. The ICCgssted that it would be interesting to
enrich the original database introducing the ge@imalogic classification of all spot
heights.

Workflow optimization

o The original application required the cartograpimeraction during the process. In order
to optimize the productivity, the application wasdified to interact only at the start point.

o To control the errors, the application stores factepoint the problems detected during the
process, by example:
Missing altimetric peak point for peak map name
Missing altimetric pass point for pass map name
Missing altimetric point for map name
Altimetric peak point eliminated by density probkem
Altimetric pass point eliminated by density probkem

5.- Results

In order to evaluate the modified GENCOTES utilitigh the ICC data, a comparison has been done
between the automatic results and the obtained isaditional manual processes.

Four sheets of the Topographic Database of Catalanil:25,000 scale corresponding to different
geographically areas have been compared (125 kmzhpet):

A flat area (Sant Pere Pescador, sheet identif&22)

An urbanized area (Mollet del Vallés, sheet idétif7330)

A middle high mountain area (Planoles, sheet ifienti7221)

A high mountain area in the centre of Pyrenee$ @beet identifier: 6616) (Figure 8 and
Figure 9).
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Figure 8. The result of automatic generalization the complete sheet, corresponding to a
high mountain area in the centre of Pyrenees: ith ¢elor, the original spot heights, in green
color, the result of the automatic generalization.

Figure 9. An enlarged view of the results (10 km2).
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The altimetric point generalization obtained us@GNCOTES is in some aspects slightly different
from the generalization obtained using manual mees. The differences come mainly from the
difficulty of introduce in the specifications allh¢ contextual and aesthetical rules that the
cartographers apply during manual generalizatioguf€é 10).

Figure 10. In red color the original spot heighiis,yellow color the manual generalization, in
green color the automatic generalization (40 km2).

One positive aspect of GENCOTES is that the metilmivs select the most interesting spot heights
keeping a homogeneous distribution on the finah.dahe Figure 11 and the Figure 12 show the
proportion of main types of spot heights accordihg obtaining method, GENCOTES or manual
generalization. The graphics show that the manehad is less selective than the automatic one for
this type of points. The disadvantage of the mamethod is due to the difficulty to detect visuadly

the significant points: the contour lines help &ettt the peaks, but it is more difficult the d&tetof

the passes or depressions. On the contrary, tenatit analysis of the terrain allows the acquositi

of a big amount of information on each type of poiand the use of this information in the
categorization and the final selection of the polmised on objective criteria.
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Figure 12
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6.- Application integration on the Topographic Datdase at 1:25,000 workflow

The original Topographic Database at 1:25,000 swaldkflow is divided in two main steps, the first
one includes the automatic processes and the set@nohanual assisted editing ones.

AUTOMATIC PROCESS:

- feature selection
- merge of the 16 sheets from 1:5.000 Database
- node generation
- line simplification
- building generalization:
- block aggregation
- for each block:
- building simplification
- building aggregation
- building simplification
- Z-coordinate assignation
- centerline generation
- map names generalization

A

ASSISTED INTERACTIVE PROCESS:

- altimetric points selection
- minimum length and area generalization
- map names edition
- conflict resolution
- aesthetic refinement:
- orthogonalization
- 2.5D edition tools
- altimetric coherence test

The implementation of the UPV application allowsnove the spot heights generalization from the
assisted interactive process to the automatic psoce

The modified application, including the ICC requairents, has been finished and there is a prototype

ready to be used. At this moment, the last testhemeal ICC production workflow are going on, and
during the next weeks it will be fully integratedthe production environment.
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The cost of the spot heights generalization repitssa 4.5% of the total cost of the project to wbta
the Topographic database of Catalonia at 1:25,008. first evaluation of the results estimates the
saving time around 65% of the time devoted to tla@umal generalization of the spot heights, reducing
the total cost from the 4.5% to the 1.5%. The ramgi 35% corresponds to some contextual and
aesthetical requirements not included in the carcartographic specifications (Figure 13).

Figure 13. An example of the manual editing to iower the results. The left image shows the
automatic result, the right image shows the resaifitsr manual editing to solve conflicts.

Next improvement, planed to be completed at thea#r&2D07, will be the migration of the application
to the new version of commercial software ArcGI. 9.

Further on, the results on other scales, as 1:00f88p, and other products, as fully automatic
generalization for web or mobile devices, will bealyzed. For the Topographic map of Catalonia at
1:10,000 scale, a first estimation of the savee tisraround a 40% of the total cost of the project.

7.- Conclusions

The altimetric point generalization obtained usthg UPV application is in some aspects slightly
different from the generalization obtained usingnoa processes. The differences come from the
difficulty of document in the specifications all ethcontextual and aesthetical rules that the
cartographers apply during manual generalization.

Although the existing differences, the results good enough to implement the tool into a real
production cartographic environment. The practteats have proved that there is an effective time
saving without a loss of quality and improvementgerms of global homogeneity.

This kind of tools makes more feasible the possjbib apply fully automatic generalization to affe
cartographic products trough the web or mobile clesi

Finally, this project has been an opportunity tovglthat the collaboration between the University, a

research center, and a national mapping ageneydata producer and as a cartographic specifiGtion
establisher, can be really fruitful.
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