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How to design a cartographic continuum to help users tonavigate
between two topographicstyles?
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Abstract Geoportals and geovisualization tools provide to users various cartographic abstthatidascribe dif-
ferently ageographical spac@ur purpose is the ableto designcartographic continuugni.e. a set ofn-between
mapsallowing users to navigate between two topographic stylbég paper addresses the problem of the interpola-
tion between two topographic abstractions with different sty\esdetailour approaclhin two steps. Firstly, we set

up a comparisoim orderto identify whichstructural elementsf a cartographi@bstractiorshould be interpolated.
Secondly, we propose an approach basetivo design methador maps interpolation

Keywords: geovisualiation, cartographic continuum, topographic styilgerpolation,map design,perception and
cognition

1. Introduction and problems statement

The last two decades, next tioe traditional maps producers, iNMational MappingAgendes from different
courtries, new maps producers gradually emerged: Google Maps, OpenStreetMap (OSM), Stamen, MapBox and so
on. This diversification of maps produceraturallyleads to the multiplication of cartographic abstractions with
different cartographic contersind a particular visual appearance defined as a topographic style ékddntuja-
kovic, 2009;Jolivet,2009;Beconyte 2011 Christophe2012;0ry etal., 2015). These various cartographic abstrac-
tions are provided to users in geovisualizatipplications in order to respond to theirs ustgal, 2006; Bucher et
al., 2007;Mericksay, 2011Griffin andFabrikant,2012 Lafay et al., 2015amongst othejsAccording to their us-
es, needs and preferences, users switch from a cartographic alrsti@ethotherln this context, one of the major
challenges consists in proposing innovative visualization methods to smooth and improve the navigation between
two different cartographictetractions with various styles on a geoportal.

We propose taesigncartographic continuugni.e. a set ofn-betweemmaps enabling users to navigate between
two topographic styles. An important issue of this worloidefinea methodto design a continuum composed of in
between cartographic abstractions mixing two toppgic stylesln this paper, waim atidentifying whichstruc-
tural elementsof a cartographic abstracti@houldbe interpolated and hote design thento get a relevantarto-
graphiccontinuum.

In the following, Section 2 provides the related wdrk.Section 3, we detail our approatthidentify which
structuralelementf a mapshouldbe interpolated and hote designthem in a cartographic continuuto navigate
between two topographic styles.
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2. Related work

Designing cartographic continuums betm two topographic styleglate to several parts ofiap design: data
matching, generalization, legend specifications and sdlois section describes somesearctihat we believe to be
closely related to our problems.

2.1 Characterizingdiscontinuitiesbetween various cartographiabstractions

To optimize the multscale navigatiorDumont et al. (2015pentify differentsources of user disorientatisach
as symbolization and content discontinuitiekhe Figure lillustratesthe symbolization discontinuities between
threevarioustopographic abstractiorst the same scaldepictng the same geographicspaceZirich in Switzer-
land Accordingto the topographic mapisualized, the salierdbjects seendifferent On Google Maprepresenta-
tion (A) the hydrologic surfaceseems the most salient obgdDn OpenStreetMap (B) representation the road net-
work seems the most salient objects and on the Swisstopo representation (C) the buildings seems the most salient
objects.These syrholization disparitiesre based on the legend specification chomesh asolor, line width tex-
tureand so or{Jolivet 2009, Kent and Vujakovic,@9, Christophe, 2012, Ory et al., 2013)
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Fig. 1. Threevarioustopographic abstractigrat the same scaléA) Google Maps, (B)OpenStreddlap, (C) Swisstopd (Dumont et al.,
2015).

Fig. 2. Difference of content quantity between maps from iI&fdnce(A) and GoogléMaps(B) i (Dumont et al., 2015).
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The Figure 2 illustrates the content distinuities between two topographic absti@ts, IGN-France(A) and
Google Maps (B)which depicted the same geographical space: La Rochelle in FRasaeplification of the level
of details from the IGNFrance to the Google Mapspliesdifferent map ontentsfor thesame displagdscale

These symbolization and content discontinuities should be managadeigvant approacto design a carto-
graphic continuum between two topographic abstractions.

2.2 Characterizinga topographic style

Ory et al. (2015) formalize the concept of a topographic style as a cartographic family with a visual signature
composed of graphic sigmperceived andecognized by usergrom the results of userstudy Ory (2016)charac-
terizetwo levels of avisual sign&ure for IGN-Francetopographic styleThe Figure 3 illustrates two levels of a vis-
ual signatureThe graphic signs content in the level (A) &ah pereived and memorized by participants. The
graphic sign content in level (B) are only perceived by gigdans. Ory (2016) relies on these two levels of visual
signature t@roduce topographimapswith a recognizablestyleby users
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Fig. 3. (A) 1:250001GN-France topographic mafB) 1 level of visual signature, (C)'Qevel of visual signature(Ory, 2016).
Theknowledge orthe graphic sigs recognized by useendthevisual signature of a topographic stgleould be
managed to design a cartographic continlngtween two topographic styles.

2.3 Design method of the interpolation betwegactor dda and orthamage

Hoarau and Christophe (2016) proposgiabal rendering method tmix efficiently topographicvectordata and
orthoimags This methodis based on natural appearance extraction, color and texture interpolation, eoxdttbe
of the realsm and abstraction levelallowing to designa cartographic continuum composedsef/eralin-between
representationsThe Figure 4 illustrates a cartographic continuum between a vector data skbMAHrance topo-
graphicstyle and an orthoimage. Thagibility of cartographic objectis preservedll along the continuunprovid-
ing efficient covisualizations of the two representations to the user. The cartographic continuunusdsis
smoothlynavigatebetween twdifferent representations of aeggraphical spacer to stop on a legible and effec-
tive in-between representation



ICC 2017: Proceedings of the 20lriternational Cartographic Conferenc#/ashington D.C. 4

Fig. 4. Cartographic continuum between a topograpieictor data witHGN-Francestyle and an orthoimage based orethod design
proposed by Hoarau and Christof2e16.

2.3 Research challenges

From ths relatedworks, we take up three different challengesstmcessfullydesigna cartographiccontinuum
between two topographic styles

1. Thetransitions between consecutiveliatween cartographic abstractions in the contingbould be ensuring
continuity and smoothness during the navigation.

2. The two original topographic styles have to be recognized throughout the navigatwencartographic con-
tinuum.

3. Thelegibility of the different cartographic objedis.g. color contrast)as to be preserved for eackoietween
representation

To reach thehreeresearch challenge weaim atidentifying which structural element ad topographianap
should be interpolateand how to desigthemon in-between represerntans, in orderto get arelevantand efficient
cartographic continuum between two topographic styles.
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3. An exploratory approachto design a cartographic continuumbetween two topographic
styles

In this section, weletail ourexploratoryapproach to desiga cartographic continuum between two topographic
styles: IGNFrance and OSMtandard Mapnik styl®©ur approach is declined two steps:

1. Identification of structural elements of the maps which should be interpolated
2. Propositionof method to design irbetween representatioriier these structural elements

3.1 A comparison method tadentify thestructural elementsof a mapwhich shouldbe
interpolated

We selectwo topographic maps firstone produced by the French NMA IGRtanceillustratedby the Figure
5.A, asecond ongroduced by OSMllustrated by the Figures.B. The two topographic magepictthe same geo-
graphic context at the same scadvench territoy, St-Jeande-Luz at the 1:25000 scale Based orour knowledge
on mapdesign we proposeto visually comparewith a systematickapproachtwo map design processes: data selec-
tion and legend specificationayerper layer, from the map A to the map\Be donot focus onothercartographic
processessuchasdatacategorizéion or generalizatiorfor the sake of simplicityTo summarize, ouspproactcon-
sists in visually comparing two topographic majesanalyzehow they are designeahdto identify some structural
element which should be interpolated.
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Fig. 5. Visual comparison afwo topographic styledGN-France (A) and OpenStreetMép) - ©OpenStreetMap contributars
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This comparison provides us a graphic detailed insight of two topogrstytés We observe particularlgome dif-
ferencesallowing us toidentify six kinds of maps structural elements shouldib&rpolated We group them into
two categories:

1.

The data selection

The Figure 6 illustrates thtgvo mapsstructuralelements, belongindata selectiondentified by the visual com-
parison of théwo topographic styles IGNFranceandOpenStreetMap:

2.

Shading shaded i« major cartographic themia thelGN-France maps while is not represented in the OSM
maps, as illustrated in Figurg

Additional vector datathe IGNFrance maps contain more cartographic themes than the OSM maps, as
contour lines andhe intermittent streamfustrated by the Figuré.

The legend specifications

The Figure? illustrates thdour maps structural elements, belonging legendiSpations, identified by the visu-
al comparison of the two topographic styles K6Nince and OpenStreetMap:

Color: the twomapsproducers usewo different colorpalettes todesign the various cartographic themes.
Each color palettés illustrated on Figire 6.

Texture different kindg of textureare used by the two producers usadesigncartographic objects belong-
ing land use. The textures used to desaestsand beacksare illustrated on Figure.

Line width the two maps producers use differgpecifications of line widtto design the cartographic line-
ar objects, such as roads network illustrated by Figaire

Labelling style the two maps producers use different typography specifications to design thedahikls-
trated by Figure 5.
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Textures Colors palette
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Fig. 6. Differences ottextureand colorspecificationdetweenGN-France and OSM maps

Accordingto the first results, our approach seemevantto identify structurablements of a map which should
be interpolatedWe have tooticethat the results are dependentthe two topographic styles analyzed. It would be
interesting to compare others topographic stylih the same approach see if the structural elements are similar
or different

3.2 Methodsto designin-betweercartographic representations

In this section, we propoge usedesign methodto interpolateeach structural element idéfired in the previous
sub-section The design methodsave to comply with theresearch challengédriefly expose in the subsection 2.4,
namely:

1. to ensure a smooth transition all along the cartographic continuum
2. to allowusers to recogniz@pographicstyled sourcs,
3. to ensurelegibility of cartographic objects

From the literature, we identifievo methodsallowing us to desigin-between representation$ a cartographic
continuum

1. A linear interpolation method: this methods usedto define color specifications afach inbetween carto-
graphic representation

2. An arithmetic progression method this methods usedo define foreach inbetween cartographic represen-
tation (1)line width specificationgor thelinear cartographic themes, (2) level of transparency of shading and
(3) level of transparency of additional vector datach as contour lines aimdermittent streams

Following the recommendatioof a pastesearch{Ory, 2015), we propose to kedipe original texturesand typogra-
phy of the twotopographic stylesource all along thecartographic continuumindeed, texture and typography are
visual codes and guidesell known by the usersallowing themto recognize the two cartograpHamilies of the
continuum extremaWe think that keepingriginal texturesand typographymprove the usernavigation between
the two topographic styletn the middle of theartogaphiccontinuum, we propose to switsharplyfrom the tex-
tures of style Ato thetextures of style B We adopt the same approach for the typography.
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3.3First resuls

We applythe two design methods explainediie previous sulsection onl:25000IGN cartographio/ector da-
taset which depicts &renchgeographical spacgtJeanLuz. For this vector dataset, we defilegend specifica-
tions of two topographic styles: IGIRrance and OSM. The legend specificatians defined with the SLD/SE
standard.

In this use case, wese the two design methods to interpoladbor and the linavidth. We use the linear interpo-
lation methodo define the color specificatiomsdwe use the arithmetic method to define the line width specifica-
tions. The Figure? illustratesthe resultsobtaired forvariouscartographichemes:hydrographic surface, building
vegetation cemeteryroads networkriver stream and administrative bounddiyrther we addhe map background.

In this example, we definthree inbetween represtationsto navigate from IGNFrance style to OpenStreetMap
style.

Fig. 7. Color and strokevidth specifications of surfeécand linear cartographic themtssinterpolate IGNFrance style to Open-
StreetMap style.



