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How to design a cartographic continuum to help users to navigate
between two topographic styles?

Jérémie Ory,! Guillaume Touya,' Charlotte Hoarau,! and Sidonie Christophe!

1. Univ. Paris-Est, LASTIG COGIT, IGN, ENSG, F-94160 Saint-Mandé, France ; firstname.surname@jign.fr

Abstract: Geoportals and geovisualization tools provide to users various cartographic abstractions that describe dif-
ferently a geographical space. Our purpose is to be able to design cartographic continuums, i.e. a set of in-between
maps allowing users to navigate between two topographic styles. This paper addresses the problem of the interpola-
tion between two topographic abstractions with different styles. We detail our approach in two steps. Firstly, we set-
up a comparison in order to identify which structural elements of a cartographic abstraction should be interpolated.
Secondly, we propose an approach based on two design methods for maps interpolation.

Keywords: geovisualization, cartographic continuum, topographic style, interpolation, map design, perception and
cognition

1. Introduction and problems statement

The last two decades, next to the traditional maps producers, i.e. National Mapping Agencies from different
countries, new maps producers gradually emerged: Google Maps, OpenStreetMap (OSM), Stamen, MapBox and so
on. This diversification of maps producers naturally leads to the multiplication of cartographic abstractions with a
different cartographic content and a particular visual appearance defined as a topographic style (Kent and Vuja-
kovic, 2009; Jolivet, 2009; Beconyte, 2011; Christophe, 2012; Ory et al., 2015). These various cartographic abstrac-
tions are provided to users in geovisualization applications in order to respond to theirs uses (Ruas, 2006; Bucher et
al., 2007; Mericksay, 2011; Griffin and Fabrikant, 2012; Lafay et al., 2015; amongst others). According to their us-
es, needs and preferences, users switch from a cartographic abstraction to another. In this context, one of the major
challenges consists in proposing innovative visualization methods to smooth and improve the navigation between
two different cartographic abstractions with various styles on a geoportal.

We propose to design cartographic continuums, i.e. a set of in-between maps enabling users to navigate between
two topographic styles. An important issue of this work is to define a method to design a continuum composed of in-
between cartographic abstractions mixing two topographic styles. In this paper, we aim at identifying which struc-
tural elements of a cartographic abstraction should be interpolated and how to design them to get a relevant carto-
graphic continuum.

In the following, Section 2 provides the related work. In Section 3, we detail our approach to identify which
structural elements of a map should be interpolated and how to design them in a cartographic continuum to navigate
between two topographic styles.
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2. Related work

Designing cartographic continuums between two topographic styles relate to several parts of map design: data
matching, generalization, legend specifications and so on. This section describes some research that we believe to be
closely related to our problems.

2.1 Characterizing discontinuities between various cartographic abstractions

To optimize the multi-scale navigation, Dumont et al. (2015) identify different sources of user disorientation such
as symbolization and content discontinuities. The Figure 1 illustrates the symbolization discontinuities between
three various topographic abstractions at the same scale depicting the same geographical space: Ziirich in Switzer-
land. According to the topographic map visualized, the salient objects seem different. On Google Maps representa-
tion (A) the hydrologic surfaces seems the most salient objects. On 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 symbolization disparities are based on the legend specification choices, such as color, line width, tex-
ture and so on (Jolivet, 2009, Kent and Vujakovic, 2009, Christophe, 2012, Ory et al., 2013).
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Fig. 1. Three various topographic abstractions at the same scale: (A) Google Maps, (B) OpenStreetMap, (C) Swisstopo — (Dumont et al.,
2015).
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Fig. 2. Difference of content quantity between maps from IGN-France (A) and Google Maps (B) — (Dumont et al., 2015).
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The Figure 2 illustrates the content discontinuities between two topographic abstractions, IGN-France (A) and
Google Maps (B), which depicted the same geographical space: La Rochelle in France. A simplification of the level
of details from the IGN-France to the Google Maps implies different map contents for the same displayed scale.

These symbolization and content discontinuities should be managed by a relevant approach to design a carto-
graphic continuum between two topographic abstractions.

2.2 Characterizing a topographic style

Ory et al. (2015) formalize the concept of a topographic style as a cartographic family with a visual signature
composed of graphic signs perceived and recognized by users. From the results of a user study, Ory (2016) charac-
terize two levels of a visual signature for IGN-France topographic style. The Figure 3 illustrates two levels of a vis-
ual signature. The graphic signs content in the level (A) are both perceived and memorized by participants. The
graphic sign content in level (B) are only perceived by participants. Ory (2016) relies on these two levels of visual
signature to produce topographic maps with a recognizable style by users.

A L A >

Fig. 3. (A) 1:25000 IGN-France topographic map, (B) 1% level of visual signature, (C) 2™ level of visual signature - (Ory, 2016).

The knowledge on the graphic signs recognized by users and the visual signature of a topographic style should be
managed to design a cartographic continuum between two topographic styles.

2.3 Design method of the interpolation between vector data and orthoimage

Hoarau and Christophe (2016) propose a global rendering method to mix efficiently topographic vector data and
orthoimages. This method is based on natural appearance extraction, color and texture interpolation, and the control
of the realism and abstraction levels, allowing to design a cartographic continuum composed of several in-between
representations. The Figure 4 illustrates a cartographic continuum between a vector data set with IGN-France topo-
graphic style and an orthoimage. The legibility of cartographic objects is preserved all along the continuum, provid-
ing efficient covisualizations of the two representations to the user. The cartographic continuum allows users to
smoothly navigate between two different representations of a geographical space, or to stop on a legible and effec-
tive in-between representation.
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Fig. 4. Cartographic continuum between a topographic vector data with IGN-France style and an orthoimage based on method design
proposed by Hoarau and Christophe (2016).

2.3 Research challenges

From this related works, we take up three different challenges to successfully design a cartographic continuum
between two topographic styles:

1. The transitions between consecutive in-between cartographic abstractions in the continuum should be ensuring
continuity and smoothness during the navigation.

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

3. The legibility of the different cartographic objects (e.g. color contrast) has to be preserved for each in-between
representation.

To reach the three research challenges, we aim at identifying which structural element of a topographic map
should be interpolated and how to design them on in-between representations, in order to get a relevant and efficient
cartographic continuum between two topographic styles.
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3. An exploratory approach to design a cartographic continuum between two topographic
styles

In this section, we detail our exploratory approach to design a cartographic continuum between two topographic
styles: IGN-France and OSM standard Mapnik style. Our approach is declined two steps:

1. Identification of structural elements of the maps which should be interpolated.
2. Proposition of methods to design in-between representations for these structural elements.

3.1 A comparison method to identify the structural elements of a map which should be
interpolated

We select two topographic maps, a first one produced by the French NMA IGN-France illustrated by the Figure
5.A, a second one produced by OSM illustrated by the Figure 5.B. The two topographic maps depict the same geo-
graphic context at the same scale: a French territory, St-Jean-de-Luz at the 1:25000 scale. Based on our knowledge
on map design, we propose to visually compare with a systematical approach two map design processes: data selec-
tion and legend specifications, layer per layer, from the map A to the map B. We do not focus on other cartographic
processes, such as data categorization or generalization for the sake of simplicity. To summarize, our approach con-
sists in visually comparing two topographic maps, to analyze how they are designed and to identify some structural
element which should be interpolated.
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Fig. 5. Visual comparison of two topographic styles: IGN-France (A) and OpenStreetMap (B) - ©OpenStreetMap contributors.
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This comparison provides us a graphic detailed insight of two topographic styles. We observe particularly some dif-
ferences allowing us to identify six kinds of maps structural elements should be interpolated. We group them into
two categories:

1. The data selection

The Figure 6 illustrates the two maps structural elements, belonging data selection, identified by the visual com-
parison of the two topographic styles IGN-France and OpenStreetMap:

—  Shading: shaded is a major cartographic theme in the IGN-France maps while is not represented in the OSM
maps, as illustrated in Figure 5.

—  Additional vector data: the IGN-France maps contain more cartographic themes than the OSM maps, as
contour lines and the intermittent streams illustrated by the Figure 5.

2. The legend specifications

The Figure 7 illustrates the four maps structural elements, belonging legend specifications, identified by the visu-
al comparison of the two topographic styles IGN-France and OpenStreetMap:

—  Color: the two maps producers use two different color palettes to design the various cartographic themes.
Each color palette is illustrated on Figure 6.

—  Texture: different kinds of texture are used by the two producers use to design cartographic objects belong-
ing land use. The textures used to design forests and beaches are illustrated on Figure 6.

—  Line width: the two maps producers use different specifications of line width to design the cartographic line-
ar objects, such as roads network illustrated by Figure 5.

—  Labelling style: the two maps producers use different typography specifications to design the labels, as illus-
trated by Figure 5.
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Fig. 6. Differences of texture and color specifications between IGN-France and OSM maps.

According to the first results, our approach seems relevant to identify structural elements of a map which should
be interpolated. We have to notice that the results are dependent on the two topographic styles analyzed. It would be
interesting to compare others topographic styles with the same approach to see if the structural elements are similar
or different.

3.2 Methods to design in-between cartographic representations

In this section, we propose to use design methods to interpolate each structural element identified in the previous
sub-section. The design methods have to comply with the research challenges briefly exposed in the sub-section 2.4,
namely:

1. to ensure a smooth transition all along the cartographic continuum,
2. to allow users to recognize topographic style’s sources,
3. to ensure legibility of cartographic objects.

From the literature, we identified two methods allowing us to design in-between representations of a cartographic
continuum:

1. A linear interpolation method: this method is used to define color specifications of each in-between carto-
graphic representation.

2. An arithmetic progression method: this method is used to define for each in-between cartographic represen-
tation (1) line width specifications for the linear cartographic themes, (2) level of transparency of shading and
(3) level of transparency of additional vector data, such as contour lines and intermittent streams.

Following the recommendation of a past research (Ory, 2015), we propose to keep the original textures and typogra-
phy of the two topographic styles sources all along the cartographic continuum. Indeed, texture and typography are
visual codes and guides, well known by the users, allowing them to recognize the two cartographic families of the
continuum extrema. We think that keeping original textures and typography improve the user navigation between
the two topographic styles. In the middle of the cartographic continuum, we propose to switch sharply from the tex-
tures of style A to the textures of style B. We adopt the same approach for the typography.
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3.3 First results

We apply the two design methods explained in the previous sub-section on 1:25000 IGN cartographic vector da-
taset, which depicts a French geographical space St-Jean-Luz. For this vector dataset, we define legend specifica-
tions of two topographic styles: IGN-France and OSM. The legend specifications are defined with the SLD/SE
standard.

In this use case, we use the two design methods to interpolate color and the line width. We use the linear interpo-

lation method to define the color specifications and we use the arithmetic method to define the line width specifica-
tions. The Figure 7 illustrates the results obtained for various cartographic themes: hydrographic surface, building,
vegetation, cemetery, roads network, river stream and administrative boundary, further we add the map background.
In this example, we define three in-between representations to navigate from IGN-France style to OpenStreetMap

style.
IGN
IN BETWEEN REPRESENTATIONS OpenStreetMap
France
Map background | | || | | I |
#FFFFFF #FBFBF9 #FBFTF4 #F5F3EE #F2EFEQ
Hydrographic surface
#B3DOFF #B3D6F3 #B4DAET #B4D2DB #B5D0DO
Building NI I I
#000000 #363432 #6C6864 #A29C96 #DBDOC2
w #2f2c29 #5f5852 #8eB4Tb #beb0a4
U stroke-width : 0 stroke-width : 0.5 stroke-width : 1.0 stroke-width : 1.5 stroke-width : 3
E Vegetation
“ #D1FFBA #CBF3B3 #BFESAC #BBDCAS #ADD19EF
b Cemetery | | | | | | ]
#FFFFFF #EBF2EC #D7EBD9 #799C7D #AFCEB4
#000000 #5b665C #6a8led #c3dac6 #88b78e
stroke-width : 2 stroke-width : 4 stroke-width : 6 stroke-width : 8 stroke-width : 10
Local roads ‘ L 1
#FFFFFF #FFFFFF #FFFFFF #FFFFFF #FFFFFF
#000000 #272727 #4edede #757575 #9dodad
stroke-width : 7.5 stroke-width : 10.62 stroke-width : 13.75 stroke-width : 16.87 stroke-width : 20
ﬂ stroke-width : 12.5 stroke-width : 15.62 stroke-width : 18.75 stroke-width : 21.87 stroke-width : 25
w Regional roads - I 1 | 1
z #FF994C #FCB164 #FICATC #FBE294 #FAFBAD
— #000000 #1b1f0ol #363e03 #515d05 #6d7c07
- stroke-width : 7.5 stroke-width : 10.62 stroke-width : 13.75 stroke-width : 16.87 stroke-width : 20
stroke-width : 12.5 stroke-width : 15.62 stroke-width : 18.75 stroke-width : 21.87 stroke-width : 25
Main roads [ Il e | ]
#FF0O033 #FE334A #FD6761 #FCOAT8 #FCCES0
#000000 #261a02 #4d3404 #734E06 #9a6908

Fig. 7. Color and stroke-width specifications of surface and linear

stroke-width : 7.5
stroke-width : 12.5

stroke-width : 11.12
stroke-width : 16.12

stroke-width : 14,75
stroke-width : 19.75

stroke-width : 18.37
stroke-width : 23,37

stroke-width : 22
stroke-width : 27

Free highways —————— —————————s I [ | e
#FFO033 #FD2848 #FB505D #FO7872 #FBA188
#000000 #2f0f08 #5111 #8f2ela #bf3e23

stroke-width : 20
stroke-width : 25

stroke-width : 21.25
stroke-width : 26.25

stroke-width : 22.5
stroke-width : 27.5

stroke-width : 23.75
stroke-width : 28.75

stroke-width : 25
stroke-width : 30

Motorways I N |
#FFO033 #FT1E4A #FO3D61 #E95B78 #E2TABF
#000000 #350416 #6a092C #0042 #d51358

River stream

stroke-width : 20
stroke-width : 25

stroke-width : 21.25
stroke-width : 26.25

stroke-width : 22.5
stroke-width : 27.5

stroke-width : 23.75
stroke-width : 28.75

stroke-width : 25
stroke-width : 30

#B3DOFF #B3D6F3 #B4DA4ET #BAD2DB #B5DODO
permanent stroke-width : 10 stroke-width : 10 stroke-width : 10 stroke-width : 10 stroke-width : 10
intermittent stroke-width : 6 stroke-width : 4.5 stroke-width : 3 stroke-width : 1.5 stroke-width : O
Administrative
bounda #646464 #776eTa #8a7891 #9d82aB #B1BCBE
ry stroke-width : 7.5 stroke-width : 6.87 stroke-width : 6.25 stroke-width : 5.62 stroke-width : 5

StreetMap style.

cartographic themes to interpolate IGN-France style to Open-
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We produce all in-between cartographic abstractions on our open source platform, GeOxygene
(https://ignf. github.io/geoxygene/community/index.html).

IGN France
style

OSM style

Fig. 8. Color and line width interpolation between IGN-France style and OpenStreetMap style.

The different in-between representations, illustrated by the Figure 8, constitute a cartographic continuum that al-
lows users to have a smoothing navigation between IGN-France style and OSM style. Indeed, the visualization of
color and line-width of the different cartographic themes are progressive all along the cartographic continuum. The
methods allow the resolution of two issues:

1. Navigate between two cartographic styles which displayed differently the cartographic themes: for instance,
color and width differences exist between IGN-France roads network and OSM roads network. These two
methods allow sliding smoothly to one style to the second one, ironing out the color and width differences.

2. Navigate between two cartographic styles with different cartographic content: for instance, the contour lines
and the intermittent streams, outlined in red on Figure 8, are only displayed in the IGN-France style. These
two methods allow to progressively hide a cartographic theme and thus to iron out the content differences
between the two topographic styles.


https://ignf.github.io/geoxygene/community/index.html
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4. Conclusion and outlook

This paper addresses the design of cartographic continuum to navigate between two topographic abstractions with
different styles. We proposed an approach to define the best legend specifications to design each in-between repre-
sentation: first, we identify the major structural elements of a map which should be interpolated; then, we propose
two design methods to interpolate each structural element to produce in-between representation.

In future research, we hope to formalize our proposition in a framework allowing the automatic design of carto-
graphic continuum between various topographic styles. A first research perspective is to measure the similarities and
the difference between in-between representations to assess the quality of a cartographic continuum. A second re-
search perspective issue is the improvement of color interpolation with the specification of some constraints to im-
prove the global legibility of the map, by preserving, for instance, the color contrasts between map features. A third
research perspective issue is to measure a “global distance” between two topographic styles in order to define how
many in-between representations needs to design the best cartographic continuum. Finally, it will be necessary to as-
sess the efficiency of a cartographic continuum to achieve some user visual tasks.
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