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Abstract. The process of cartographic generalization requfrat extraordinary
and typical geographical structures be maintaiifée.have set-up a pencil and
paper experiment to analyze what extra-ordinarycsires, i.e., groups of
polygons, are perceived by humans, and to explweptinciples that lead to
the visual grouping of polygonal objects. In thisppr, we outline the
associated research objectives and describe theagsrial and procedure. We
then sketch how the survey results are stored ezgkpt a method for assessing
the similarity among polygonal objects groupingsally, we present some
preliminary statistics derived from the survey data lay out our future work.

Keywords: perceptual grouping, pencil and paper experimguaiygonal
objects, cartography.

1 Introduction

Automated map generalization describes the prooéssontrolled (map) data
reduction and transformation in consideration @& thap purpose and cartographic
design principles to ensure the map legibilityislbne stage of the overall process of
map compilation besides data acquisition, data gvegjpn, map maintenance,
cartographic finishing, and printing. In automatethp generalization research,
various authors [1,2] have stressed the role afciire recognition or cartometric
analysis as a key initial step in the automateceg®ization process. The aim of the
structural recognition stage is to classify andcdbs the data that should be mapped
to enable informed decisions on the appropriat®geaphic treatment for a particular
situation during the map generalization processiisiance when a single building is
too small to be clearly visible in the final mapeh one can eliminate the building or
enlarge the building. The decision if the buildimgist be enlarged or eliminated will
depend on (a) its semantics, i.e., is it a hospjassible treatment: enlarge +
symbolize), or (b) its geographic context, i.e.the building a garage in the city
(eliminate), is the building a cabin in the forésit may be a good point of orientation
for hikers (enlarge), or is the building part of@wv of terraced houses (merge or
typify together with the neighboring buildings).

In our work we concentrate on the context classiifi; of polygonal objects such
as lakes, islands and buildings to enable inforhecision making with automated



methods. We are interest in particular in the gettea grouping of such objects, as
processing decisions should be based on the piepeita perceptual group (i.e., the
context) and not only on the properties of the Isirabject. For instance, Bertin [3]
recommends that islands or lakes, that are pathefcore of a lake district, or an
island archipelago respectively (i.e., that fornpexceptual group), should not be
eliminated since they build the skeleton of suatucstres [4]. Similarly, isolated
islands (i.e., objects not part of any perceptuatig) should also be preserved, since
they may be an important point of orientation foaprusers. If such rules are not
observed during data reduction, then the genettpeof the spatial arrangement of
islands or lakes will be destroyed, and situationghe final map may be wrongly
interpreted by the map reader, or the corresporedbatwveen the map and the realty
can be lost.

The development of computer-based algorithms tfeble to extract perceptual
groups of objects (i.e., that classify groupingaiitons in the map data) for their later
use in map generalization involves three compondrtese components are (1) the
identification of the visual patterns of interd®) the formalization of patterns (i.e., in
terms of their construction principles), and (3 ttevelopment of pattern recognition
algorithms based on the discovered principles T9].identify perceptual patterns of
interest (i.e., the first stage), we have desigaggencil & paper experiment. The
remainder of this article will (a) outline the qgtiess that our experiment is intended
to answer, (b) describe the test material and egpgirocedures, and (c) the methods
that have been developed to assess our test reSulte this paper presents work in
progress, we will only report preliminary resultspwever, we will present and
discuss more detailed experimental results at thrixshop.

2 Objectivesfor the Pencil and Paper Test

The first and foremost objective, with respect tar ¢ater application area in
cartography, is the identification of groups of ymminal objects that need to be
preserved during the cartographic generalizaticocgsses. As we aim to develop
automated detection algorithms, we need to knowt fewdors are responsible for the
grouping of objects. Gestalt theory has extensivadalt with the exploration of
principles that let humans perceive groups rathantsingle objects. Of particular
note, is a list ofaws on organization in perceptual forimtroduced by Wertheimer in
1923 [6]. Some of these laws/principles have beesvipusly applied in map
generalization to group objects. For instance, Ralgh[7] applied theprinciple of
proximity for the grouping of buildings, and Thomson andhgidson [8] applied the
principle of good continuatioto extract salient road network structures (foedew
see [5]). However, while some of these conceptsh s the principles of similarity
and proximity, are narrowly defined, the formalipatof other principles, such as the
principles of PragnanZconciseness) an@ood Gestalt(good continuity), are less
well defined.

In addition to the problem of formalizing these $at’ principles for general
visual grouping, we are not aware of any experigengsults that satisfy the
following conditions:



« show the validity of the Gestalt principles for ygdnal objects,

« show that the set of principles is exhaustive, dogeall possible perceptual
organization cases of polygonal objects, and

« show how the principles can be ranked against etiwh.

Several questions appear with respect to the fazatan of Gestalt principles and
their transfer into pattern recognition algorithrsr instance, (a) can we classify the
groups with respect to the number of group objectd/or shape of the group? (b)
How do people delineate these groups? (c) Are thetieeable grouping differences
between people with a cartographic and geograptikdround than those without?

Finally, we also conducted this test to obtain dediion data for testing the
algorithms that will be developed at a later stafj@nalysis.

3 Test Material and Procedure

A pencil and paper test was carried out by giviaghetest participant several
sheets that displayed polygonal objects. Our tessists of seven sheets that show
lakes, buildings, islands and triandless the sole feature class, and an additional
guestionnaire. Test participants were instructedidbineate groups of objects they
thought best belonged together. Additional infolioragiven to subjects included (a)
the purpose of the test, (b) the type of objecipldiyed, (c) the geographical location
of the test areas, (d) the map scale, and (e) dkiemthat structures might exist at
different scales. More precisely, there could lygdagroups of dozens of objects and
small groups of only a few objects. Should a pessant to delineate differently sized
groups, different colour pens were provided. Thes®s no set time restriction;
however, most took between 15 and 30 minutes topteten the test. To date, 30
persons (one sheet by 40 subjects) have perforimedtest. About 3/2 of the
participants either have a background in geograptoartography, and about 90% of
the subjects are of German or Swiss nationalitye @be of the participants ranged
between 20-55 years (with only few students) aed#tio of male to female has been
29:11. In total, approximately 3200 groups wereindgted by the 40 participants.
Figure 1 shows a sample of the groups that hava beked in the Aland island
dataset.

4 Representation and Analysis Methods

All groups that have been marked on the sheets digitzed, stored and queried
with the open source Geographic Information Syst@penJUMPR. For the
digitization and data analysis, a custom set ofstéas been programmed and the
survey data were stored within a specifically deped object-oriented data structure.

1 The triangles size, orientation and position aéved from one island/building dataset.
2 www.openjump.org
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Fig. 1. An example of one sheet (scale 1: 590,000) ikstg islands near Finland (Aland).
plot on the right side shows groups marked by tbeirvex hull, whichhave been selected by
least five participants and have not more than &éhber objects

In this data structure every dataset object costairset of group objects and their
geographic features i.e., the islands, buildings, ®ne group object holds (a) the
identifiers (IDs) that link to the geographic feas, (b) the ID of the user that marked
the group, and (c) a link-list that is used to etiimks to similar groups. This ID-based
storage schema allows for an efficient comparisbgroups from different users by
keeping the memory and processing needs compasatalil.

For our evaluation, we are interested in those ggaihat have been marked by
several people. Therefore, we needed to asses#tilarity among all groups within
a single dataset. The similarity analysis betwaemn dgroups should account for three
criteria: (1) the number of group objects, (2) #matial location, and (3) the area of
the group convex hull (i.e., footprint). A similgriquery that can account for the first
two criteria has been developed, and is basedbimaay representation of the groups.
Therefore, all groups are stored in a binany m matrix with n rows, the number of
groups, andn columns, the number of objects. Two groups can tleecompared by
calculating the so-called Hamming distaitcf9], i.e., the binary difference, between
two rows. If the distance between two groups ith8n they are identical. H=1, one
of the two groups has one more object than therothe

If similar groups with parameter h > 0 are queribén it is useful to add a second
test that compares the ratio of the footprint betwehe single groups and the
aggregation of the two groups to test. In otherdspiit is important to be able to
distinguish, for example, between two small groypsy., of 3 and 5 objects
respectively) with similar group core, but vastlffetent spatial extents.

A second analysis method has been developed tdifidgmoups that are not
formed in accordance with the Gestalt principle ppbximity. A group is not
considered proximity-based if the real-world dis&rmof one of the group objects to
the next non-group object is smaller than the distao the next group object.

Finally, we also implemented methods to assessdisteibution parameters of
(minimum) connection distances between the groupnibees. These will help to
identify if proximity-based perceptual grouping damrelated to the size (i.e., area) of
one polygon, and if there exists a maximum conoadtiistance among the members
of a group. These distance evaluations utilize raplémentation of theMinimum
Spanning Tredy Regnauld [10].



5 First Results and Future Work

An example of preliminary statistics generated fribva survey data can be found
in Table 1. The table data show that we are ablevimuate approximately 330
groups, which have been delineated by at least rcipants, on their forming
principles. If one compares the results for theasietis Aland and Maine we can see
that 26 percent (86/325) vs. 10 percent (13/129}hef groups marked are non-
proximity groups. Furthermore it is to see that thaximal connection distanteés
6.98 vs. 13.1 units. This shows that humans mailgbriarge distances in comparison
to the object size when they group objects. A frttesult, not shown, indicates that
the distribution of the distances for the dataset the groups are strongly skewed.
This fact needs to be considered when one studiéscampares the distance mean
and standard deviation values in Table 1.

Table 1. Statistics for the different datasets.

dataset
Aland  Maine Nyon Joensuu Lyon Triangle
Aland Nyon

# participants 40 30 30 30 29 26 28
# geograph. features 214 157 162 99 147 214 162
# marked groups 792 513 541 341 382 360 370
# groups for h=0 325 129 188 138 168 219 141
# non-proximity 86 13 70 59 59 95 40
groups for h=0
# groups for h=0 and 85 53 59 35 36 29 34

selected at least 3x

mean-connection 1.18 2.06 1.44 1.11 1.22 155 1.50
distancé [stdv] [0.91] [2.33] [0.81] [0.83] [0.76] [1.12] [0.76]
Maximum- 6.98 13.1 5.88 4.14 5.29 751 4.77
connection distande [3.68] [13.1] [4.45] [3.69] [3.88] [5.65] [4.77]
[proximity groups]

The next steps of the survey evaluation will coamranalysis of the within-group
distances to explore if there exists a statistjcaignificant difference between the
datasets and betweproximity andnon-proximitybased groups, and if the connection
distance is data driven, or a feature of humarorisiVe will then analyze the object
groups with respect to the principles outlined bgrtheimer [7].
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