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Abstract With the advent ofVolunteeredGeographic Information (VGI) the amount
and accessibility of the spatial information such as sketched information produced
by layperson increased drastically. In many geo-spatial applications, sketch maps are
considered an intuitive user interaction modality. In sketch maps, the spatial objects
and their relationships enable users to communicate and reason about their actions in
the physical environment. The information people draw in sketch maps are distorted,
schematized, and incomplete. Thus, processing spatial information from sketchmaps
and making it available in information systems requires suitable representation and
alignment approaches. As typically only qualitative relations are preserved in sketch
maps, performing alignment and matching with geo-referenced maps on qualitative
level has been suggested. In this study, we analyzed different qualitative represen-
tations and proposed a set of plausible representations to formalize the topology
and orientation information of extended objects in sketch maps. Using the proposed
representations, the qualitative relations among depicted objects are extracted in the
form of Qualitative Constraint Networks (QCNs). Next, the obtained QCNs from
the sketch maps are compared with QCN derived from the metric maps to determine
the degree to which the information is identical. If the representations are suitable,
the QCNs of both maps should be identical to a high degree. The consistency of
obtaining QCNs allows the alignment and integration of spatial information from
sketch maps into Geographic Information Systems (GISs).
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1 Introduction

Hand-drawn sketch maps have extensively been used to investigate how humans
memorize spatial knowledge. Cognitive maps and cognitive collages (Tolman 1948;
Tversky 1993) have been suggested as metaphors to describe mental organization
of geographic information. They relate the concrete and detailed spatial information
from the physical environment to abstract and conceptual information stored in our
brain (Casakin et al. 2000). Sketch maps are used to externalize the individual’s
mental image of the environment. They contain objects which represent real world
geographic features, relations between these objects, and oftentimes symbolic and
textual annotations (Blaser 1998). These spatial objects and their relationships enable
us to use sketch maps to communicate about our environments and to reason about
our actions in those environments. In this way, sketch maps provide an intuitive user
interaction modality for many geo-spatial applications (Egenhofer 1996; Nedas and
Egenhofer 2008; Wallgrün et al. 2010). Especially with the advent of Volunteered
Geographic information (VGI) (Goodchild 2007), sketch maps may be the key to
contribute spatial information in Geographical Information Systems (GIS) without
taking into account the technical barriers imposed by traditional GIS as noted by
Goodchild (2007).

The information represented in sketch maps reflects the user’s spatial knowl-
edge that is based on observations rather than on measurements. However, Humans’
cognitive maps are typically distorted, schematized, incomplete, and generalized,
thus the information in sketch maps is equally distorted, schematized, incomplete,
and generalized (Tversky 1992, 2003; Huynh and Doherty 2007). Cognitive errors
documented in Wang and Schwering (2009), Schwering and Wang (2011) are nei-
ther random nor solely due to human ignorance. In sketch maps, people present
a few significant objects and their configuration in terms of qualitative relations
(Wang and Schwering 2009; Schwering and Wang 2011). In many GIS applications
(Egenhofer 1996; Nedas and Egenhofer 2008; Wallgrün et al. 2010), these rela-
tions are used to represent and reason about spatial configurations between depicted
objects. However, processing spatial information from sketch maps and making it
available in information systems requires computational approaches to represent,
align, and integrate the sketched spatial information.

During the last two decades, a series of qualitative spatial calculi have been pro-
posed in the area of Qualitative Spatial Reasoning (QSR) (Freksa 1993), focusing on
different aspect of space such as representations for the topological relations (Randell
et al. 1992; Cohn et al. 1997), orderings (Allen 1983; Schlieder 1995; Osmani 1999),
directions (Frank 1996; Renz and Mitra 2004), relative position of points (Moratz
et al. 2000, 2005; Renz and Mitra 2004) and others. These representations provide
general and sound reasoning mechanisms based on spatial configurations in terms of
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qualitative relations. Wang et al. (2010, 2011) identify a set of qualitative aspects in
sketch maps throughout a series of experiments. These qualitative aspects represent
spatial configurations between depicted objects in terms of relations. In our previous
study (Jan et al. 2013), we propose a set of coarsened representations to formalize
the ordering aspect of spatial objects in sketch maps.

This study extends our previous work on qualitative representations of spatial
objects in sketch maps. In this study, we propose qualitative representations to for-
malize spatial configurations between extended objects such as containment (topol-
ogy) of landmarks in city-block, their orientations, and the topology of city-blocks
themselves. We identify these representations being robust against schematizations,
distortions, and other cognitive effects (Tversky 1992, 2003; Huynh and Doherty
2007) found in sketch maps. Using the proposed representations, we extracted quali-
tative information of extended objects in the form ofQualitative Constraint Networks
(QCNs) (Wallgrün et al. 2010; Chipofya et al. 2013). Next, the obtained QCNs from
the sketch and metric maps are tabularized to evaluate the proposed representa-
tions. The evaluation is done by testing the accuracy of qualitative relations between
landmarks and city-blocks from sketch maps with the qualitative relations of cor-
responding spatial objects in metric maps—generated from OpenStreet Map. The
tested sketch maps (28 in total) are from two different locations (area about 1.04
and 2.10 km2) in Münster, Germany. All the sketch maps are generated by different
participants and most of them were holding an academic degree at University of
Muenster, Germany. Though none of the participants were residents of the prede-
fined locations, all of them were familiar with the locations by frequent visits by foot
or vehicle. During the experiment, participants were asked to produce sketch maps
of predefined locations as detailed as possible but only from memory.

The results of the evaluation show that the proposed representations are suit-
able to formalize the qualitative information of extended objects. They provide high
accuracy of identical relations between objects from sketch and metric maps. The
highly identical qualitative relations will allow users to align and integrate spatial
information from sketch maps into geographic information systems (GISs) as VGI
(Goodchild 2007).

The remainder of this chapter is structured as follows: In the following section,
we briefly introduce related work. In Sect. 3, we introduce extended objects found in
sketch maps. Representations are proposed to formalize the qualitative information
of extended objects in Sect. 4, which are evaluated with respect to accuracy of
qualitative information in Sect. 5. Section 6 concludes the chapter with an outlook
on future work.

2 Related Work

In qualitative representations, everyday descriptions of distinguishing the relative
direction (left, right), distance (near, far), and topology (disjoint, overlap) are used
to identify associations or correspondences between scenes. During the last two
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decades, several approaches attempt to capture spatial configurations between objects
qualitatively. Egenhofer (1996, 1997) proposeSpatial-Query-by-Sketch to query spa-
tial databases using a sketch-based interface. It focuses on specifying spatial relations
by drawing them. The approach uses five types of spatial relations such as coarse,
detail topological relations, metric refinements, and coarse and detailed cardinal
directions relations to capture spatial configurations between depicted objects.

Forbus et al. (2003) develop a sketch understanding system, nuSketch, which
is a battle-space search system that focuses on qualitative topological reasoning.
The system uses both qualitative topological relations and quantitative information
to construct spatial configurations between depicted entities. Nedas and Egenhofer
(2008) propose a similarity measure to compare two spatial scenes by identifying
similarities between (i) objects in the two scenes, (ii) similarity between the binary
relations among spatial objects such as buildings and lakes, and (iii) the ratio of
the total number of objects to the number of objects that has been matched—or
equivalently, not matched.

Similarly, there are several approaches on how graph-like structure can be rep-
resented qualitatively. For example, Wallgrün et al. (2010) propose an approach
for qualitative matching of geo-/non-referenced datasets using qualitative relations
between spatial objects. In Chipofya et al. (2013), we propose a simple model for
matching qualitatively described spatial scenes extracted from sketch maps. The
qualitative direction relations over points in the plane depend on the angles formed
by the points, where angles that yield the same direction relation belong to a common
direction sector bounded by different angles.

There are two types of qualitative representations that allows for defining sectors
with different angles: the STAR calculi (Renz andMitra 2004) for absolute directions
andOPRA calculi (Moratz et al. 2005) for relative directions. In STAR calculus, the
direction sectors are same for every point p in the plane, while the sectors inOPRA
depend on the orientation of p. Lücke et al. (2011) propose a qualitative approach for
navigating in the street-network. They useOriented Point RelationAlgebra (OPRA)
(Moratz et al. 2005) together with Klippel’s turn directions (Klippel and Montello
2007) for navigating in the street-network. Renz and Wölfl (2010) use STAR calculi
(Renz andMitra 2004) for representing direction sectors in order to have a consistent
sector arrangement for every intersection node in the route-network.

All the above cited approaches use the method of representing spatial configura-
tions with some abstract qualitative relations. They share motivation with our work
and use similar methods of representing spatial configurations in sketch maps. How-
ever, they did not consider the influences of human spatial cognition and the effects
of cognitive distortions (Tversky 1992, 2003; Huynh and Doherty 2007) in the qual-
itative representation and alignment of spatial objects. Since spatial objects’ outlines
in freehand sketches are imprecise, the qualitative representation of spatial objects
with imprecise boundaries leads to different qualitative relations when compare with
relations in geo-referenced maps.

In this study, a set of plausible qualitative representations is proposed to formalize
topology and orientation information of extended objects in sketch maps.
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Fig. 1 a The unprocessed sketch map with depicted street segments and landmarks. b Street
segments, landmarks, and city-blocks in the processed sketch map

3 Extended Objects in Sketch Maps

3.1 Landmarks

According to Blaser (2000), landmarks and road entities are the most frequently
depicted spatial objects in the sketch map. In freehand sketches, landmarks are vec-
torized and approximated by polygons. They are represented as multiple intersecting
or non-intersecting strokes. Sketcher considers main street segments that lead to
frequently visited or important landmarks and few side street segments which con-
tain landmarks along them (Huynh and Doherty 2007). In sketch maps, landmarks
represent spatial entities such as water bodies, buildings, and parks (see Fig. 1a).

3.2 City-Blocks

City-blocks are important areal features for sketch map alignment. We define city-
blocks as the smallest area, completely surrounded by street segments. In our repre-
sentation, a city-block plays the role of a container for other spatial objects such as
buildings, water bodies, and parks (see Fig. 1b). People do not always sketch com-
plete city-blocks. They may sketch a network of the streets without any loop because
they have omitted other street segments, in particular at the edge of sketch medium.
Therefore, sketch maps do not contain many closed city-blocks. In order to maxi-
mize the number of city-blocks, we consider them as areas bounded not only by the
street segments, but also by the medium-boundary. Therefore, all incomplete street
segments with endpoints towards the medium-boundary are extended. This is done
until either the medium-boundary or other street segments extension is encountered
(see Fig. 1b).
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4 Qualitative Representations of Extended Objects

4.1 Topology of Landmarks in City-Blocks

It is common to use lines or extended objects as basic entities in topological reasoning
and points as basic entities in positional reasoning (Freksa 1993; Moratz et al. 2000,
2005). The topological constraints on landmarks and city-blocks together allow us
to partially constrain the possible locations of the landmarks. For topological rela-
tions between extended objects, the region connected calculus RCC (Randell et al.
1992; Cohn et al. 1997) is perhaps the most well-known topological formalism. RCC
supports the definition of two spatial relation algebras, i.e. the RCC5 and the RCC8.
These two algebras make a small number of five and eight topological distinctions
between regions.

For the topology of landmarks in the city-blocks, we analyze different qualitative
representations that support extended objects as entity types such as region connected
calculus RCC (Randell et al. 1992; Cohn et al. 1997) and string based topological
representation (Li and Liu 2010). In sketch maps, city-blocks are non-overlapping
regions, while landmarks may overlap several city-blocks (see Fig. 2a). Since spatial
objects’ outlines in freehand sketches are imprecise, the distinction between over-
lapping and disconnected boundaries becomes less important when landmarks are
involved. Similarly, for the topology of landmarkswith respect to city-blocks, the dis-
tinction between completely inside and sharing boundaries become less important.
Therefore, we propose RCC5 to capture the topological relations between landmarks
and city-blocks. RCC5 base relations consists of DR (“discrete”), PO (“partially-
overlap”), PP (“proper-part”), PPi (“proper-part inverse”), and EQ (“equal”). The
RCC5 provides topological relations at an abstract level, which overcomes the effects
of schematization and distortion of landmark’s boundaries in qualitative representa-
tion and alignment.

Figure 2a shows, the landmarks and detected city-blocks (delineated by street
segments and page-boundary) in the sketch map. Using RCC5, the topology about
landmarks with respect to city-blocks are represented as follows: landmarks a1 is
proper-part of the city-block (cb2), landmark a2 partially overlaps on city-blocks
(cb1 and cb2), and landmarks a4 is proper-part of the city-block (cb1), while land-
marks them self are disconnected from each other. Figure 2b shows the constraint
network for topological relations between landmarks with respect to city-blocks in
the sketch map.

4.2 Topology of City-Blocks

Triangulation of City-blocks. In freehand sketches, the city-blocks are mixed (con-
cave and convex) regions surrounded by street segments and medium-boundary.
The qualitative representation of these mix regions increases topological relations
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Fig. 2 a Landmarks and city-blocks in the sketch map. b QCN for the topological relations of
landmarks with respect to city blocks using the RCC5 representation

significantly because there are many uncountable topologically different regions in
the plane (containing infinite holes and connected components).

However, we need to restrict our representation of city-blocks to specific regions,
such as simple regions (homomorphic to a closed disk), convex regions or rectangles.
In many practical applications, arbitrarily shaped spatial objects are approximated
by their convex hulls. Randell et al. (1992) represent the problem of representing
qualitative relations of concave objects with the help of their convex hulls. Bennet
et al. (1998) consider regions as the union of convex polygons. However, the qualita-
tive representation using convex hulls of approximated city-blocks lead to different
topological relations when compared with the relations of city-blocks in correspond-
ing metric maps.

For the qualitative representation of city-blocks, we restrict ourselves to convex
regions. Convexity plays a central role in computational geometry, geographical
information science, and several other disciplines. For qualitative representation,
concave city-blocks from sketch andmetricmaps are detected using an algorithm and
decomposed them into a set of triangles (convex regions), known as a triangulation
(Eberly 2002). In triangulation, concave polygon of n vertices is decomposed into
n−2 triangleswith the help of the ear-clipping algorithm (Eberly 2002). For example,
we have concave city-blocks cb1 and cb3 in sketchmap; the vertices of bounded street
segments are used to decompose them into sets of triangles (see Fig. 3b).

Formally, the decomposition of concave city-blocks can be described as follows:
A city-block A is a region surrounded by street segments and medium-boundary. It is
divided into a set of triangles, called parts, such that the union of all parts constitutes
A itself (Eq. 1), and all parts are mutually exclusive (Eq. 2).

A =
n⋃

i=0

Ai With n ≥ 1 (1)
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Fig. 3 a Concave city-blocks cb1 and cb3 bounded by street segments and page-boundary.
b Decomposition of the city-blocks into sets of triangles

∀Ai, j|i �= j: Ai ∩ Aj = ∅ (2)

Qualitative Representation. In order to formalize topological relations among city-
blocks, we analyze region based qualitative representations (Randell et al. 1992; Li
and Liu 2010). Since street information is incomplete in sketch maps, we find aggre-
gated city-blocks covering larger areas quite often. UsingRCC8 (Randell et al. 1992),
we find the topological relations such as disconnected (DC), externally connected
(EC) between city-blocks very often. In sketch maps, city-blocks are externally con-
nected by street segments or connected diagonally at junctions.UsingRCC8 (Randell
et al. 1992), the relation EC represents the connectivity of the city-blocks without
differentiating their connectivity by street segments or junctions. For example, the
city-block cb6 is EC with city-blocks cb1, cb7, cb4, and cb3 by street segments (see
Fig. 3a). It provides the same EC relation for the connectivity between city-block
cb6 and cb5 which are connected diagonally at junction D. The aggregation of street
segments in the sketchmap leads to different topological relations among city-blocks
when compare with topological relations between corresponding city-blocks in met-
ric map. Therefore, it is important to make the distinction between these two types
of externally connected scenarios when city-blocks are involved.

We propose the qualitative representation known as a model for topological rela-
tions between convex regions (Li and Liu 2010). Using representation, the atomic
topological relation between two convex regions can be uniquely represented as a
circular string. It provides a complete classification for topological relations between
regions. Using circular string, two configurations are topologically equivalent if they
have the same string representation. If we have two non-equal convex region (a, b),

the topological relations αa, b between interiors (◦) and boundaries (∂) of a and
b is represented by a circular string over {u, v, x, y}. If a region a �= b and a
is not contained in the interior of b, each maximally connected component (mcc)
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Fig. 4 Topological relations between convex regions using the circular strings {ε, u, v, x, and y}.
a A (ε)B, b A(x)B, c A(y)B, d B(uxvx)A, e B(vy)A, f B(u)A

of a◦ ∩ ∂b or ∂a∩ b◦ is homomorphic to the open interval (0,1) and each mcc of
∂a ∩ ∂b is single point or line (Li and Liu 2010). The circular string represents
following possible intersections.

u represents mcc of
(
a◦ ∩ ∂b

)

v represents mcc of
(
∂a∩ b◦)

x represents 0—dimensional mcc of (∂a∩ ∂b)

y represents 1—dimensional mcc of (∂a∩ ∂b)

The circular strings {(ε), (u), (v), (x), (y)} represent the atomic topological rela-
tions DC, NTPP, NTPP−i , and two refine sub-relations for the EC of RCC (Randell
et al. 1992). The refine sub-relations for EC distinguish the topological relations
between regions which are externally connected by lines or points. Similarly, the
combinations of strings represent PO, TPP, and TPP−i of RCC (Randell et al. 1992).
Figure 4 shows, the possible topological relations between two regions using circular
strings.

As shown in Fig. 3b, we have two concave city-blocks cb1 and cb3 in the sketch
map. The decomposition of these concave city-blocks provide sets of triangles cb1 =
{cb11, cb12, . . ., cb14} and cb3 = {cb31, cb32, . . ., cb34}, which are basically convex
sub-regions of the given concave city-blocks. If Ai and Bi represents a set of triangles
in the city-block cb1 and cb3, then the topological relations between city-blocks can
be inferred using the possible topological relations between triangles.

If the boundary of at least one triangle in Ai intersects with the boundary of
Bi and the intersection of the interiors of Ai and Bi is empty, then the boundary–
boundary intersection between two city-blocks is non-empty (Eq. 3). Similarly, if
the boundaries and interiors of all triangles in Ai and Bi have empty intersections,
then the intersection between city-blocks is also empty (Eq. 4).

∂

n⋃

i=0

Ai ∩ ∂

n⋃

i=0

Bi = ¬∅ ∧
n⋃

i=0

A
◦
i ∩

n⋃

i=0

B
◦
i = ∅ → A∩ B = ¬∅ (3)
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Fig. 5 a The orientation information of C with respect to oriented line going through A and B.
b The basic relations of LR where A �= B

∂

n⋃

i=0

Ai ∩ ∂

n⋃

i=0

Bi = ∅ ∧
n⋃

i=0

A
◦
i ∩

n⋃

i=0

B
◦
i = ∅ → A∩ B = ∅ (4)

Using constraints among interiors and boundaries of triangles, we formalize the
set of possible topological relations between aggregated city-blocks in the sketch
maps and relations between city-blocks in the metric maps. These relations can be
used to infer new knowledge and can be combined for more than two parts such that
Ri ⊗ Rj ⊗ Rk derive the relation between two pairs of adjacent regions (Tryfona and
Egenhofer 1997).

4.3 Orientation of Landmarks

A person’s ability to establish his or her location in an environment is termed spatial
orientation (Correa de Jesus 1994). From the cognitive point of view, the spatial
orientation is considered as the capability to form a cognitive map (Golledge et al.
1996). Human beings always distinguish between spatial objects ahead of them or
behind their back, spatial objects on their right and on their left-side, when they
proceed along the path (Scivos and Nebel 2004).

To formalize the orientation information about adjacent landmarks with respect
to street segments, different qualitative representations for relative orientations are
investigated such as LR calculus (Scivos and Nebel 2004), Single Cross Calculus
(SCC) (Freksa 1992), and Double Cross Calculus (DCC) (Freksa 1992). We exclude
the DCC as it is not closed under composition and permutation and there exists no
finite refinement of the base relations with such a closure property (Scivos and Nebel
2001). We propose LR calculus (Scivos and Nebel 2004), an enhanced and refined
version of the FlipFlop Calculus (Ligozat 1993). The LR calculus deals with point
type entities in the plane R2. It describes the position of a point C with respect to two
other points A (the origin) and B (the relatum) as illustrated in Fig. 5a.

For configurations with A �= B, the following base relations are distinguished
using LR calculus: C can be to the left or to the right of the oriented line going
through A and B, or C can be placed on the line resulting in one of the five relations
inside, front, back, start or end (see Fig. 5b). The LR calculus (Scivos and Nebel
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Fig. 6 a Orientation of landmark a4 and a3 in the sketch map using the LR calculus, b QCN for
relative orientation of the adjacent landmarks with respect to street segments

2004) introduces relations dou (A = B �= C) and tri (A = B = C) as additional
relations. Overall, the LR calculus provides nine relations. The orientation relation
of an object using LR is represented as A,B (reILR)C.

For positional reasoning, it is common to use points as basic entities (Freksa
1993; Moratz et al. 2000). To fulfill the requirements of proposed representation,
landmarks are approximated by the centroids of their minimum bounding boxes. The
landmarks which are stretched over multiple city-blocks, the centroids of their sub-
regions in each city-block are considered. For example, landmark a6 is a water body
that stretched over city-block cb1 and cb2 (see Fig. 6a). We have three approximated
points, one point for each sub-region and a point on the street segment that intersects
the landmark. The start-and end-junctions of street segments are used as origin and
relatum points and the orientation information about adjacent landmarks is extracted.
The LR calculus provides the orientation information of landmarks at an abstract
level, which overcomes the effects of schematizations and distortions of reference
street segments in the relative orientation of adjacent landmarks.

For example in Fig. 6a, we have street segments with their start- and end-junctions
such as JI, IK, and IG. The orientation information about adjacent landmarks with
respect to oriented street segments is represented as r(I, G : a4), where relation r
represents the orientation of the landmark a4 with respect to a street segment IG.
Similarly, the orientation information about landmarks a6 (water body stretched
over multiple city-blocks) is represented as l, i, r(I, K : a6). The qualitative relation
left (l), inside (i), and right (r) represents the relative orientation of a6 with respect
to reference street segment IK. Figure6b shows the orientation of landmarks with
respect to street segments in the form of QCN.
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5 Evaluation

In this section, the proposed representations are evaluatedby aligning aforementioned
28 sketch maps with corresponding metric maps. The sketch maps are generated
by different participants at University of Münster, Germany. Spatial aggregation is
ubiquitous in the sketch maps world. Particularly, street segments and city-blocks
are highly aggregated spatial features (see Fig. 7a). After our participants have com-
pleted drawing the sketch maps, we asked them to describe and indicate the spatial
objects on the metric maps. We also asked participants to indicate the correspond-
ing street segment for every sketched street segment, thus we got information on
how streets were aggregated. As city-blocks are delineated by street segments, these
street segments are used as reference objects to identify corresponding city-blocks
in metric maps on an aggregated level.

In order to evaluate the proposed representations, the topology and orientation
information of extended objects is extracted. The qualitative information is derived
from the geometric representations of sketch and metric maps manually. Since, the
proposed representations for the topological relations are binary and the representa-
tion for the orientation of landmarks is ternary, we extracted both binary and ternary
qualitative relations in the form of QCNs.1

Next, the obtained QCNs from the sketch maps are compared with QCNs derived
from the metric maps to determine the degree to which information is identical. If
the representations are suitable, the QCNs of sketch maps and metric maps should
be identical to a high degree. In order to align depicted landmarks and city-blocks,
we identify the possible pairing of nodes from one QCN with those in the other
QCN. The hypothesis of matching city-blocks and landmarks are generated based
on a visual analysis, where we consider all depicted landmarks and city-blocks from
sketch maps and identify their corresponding spatial objects in metric maps.

5.1 Topology of Landmarks in City-Blocks

As proposed above, the qualitative representationRCC5 is used to formalize the topo-
logical relations between landmarks and city-blocks. The QCN derived from sketch
maps are tabularized and compare with the corresponding QCN derived from metric
maps. From a visual analysis of the tabularized QCNs, we find that the qualitative
constraints using the RCC5 have an average accuracy rate of 99.87% (see Table 1).
While using the RCC8, we have an accuracy rate of 99.02% for both locations. In
sketchmaps,most of the landmarks are depicted correctlywith respect to city-blocks.
However, we fine some mismatched topological relations using the RCC8, because

1 Complete QCN comparison files and images are available at http://ifgibox.de/s_jan001/
QualitativeRepresentation_ExtendedObjects/.

http://ifgibox.de/s_jan001/QualitativeRepresentation_ExtendedObjects/
http://ifgibox.de/s_jan001/QualitativeRepresentation_ExtendedObjects/
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Fig. 7 a Landmarks and city-blocks in the sketch map. b Corresponding spatial objects in the
metric map of the location-II

Table 1 Accuracy of topological relations between landmarks and the relations of landmarks with
respect to city-blocks in the sketch and metric maps using the RCC5 representation

Sketch maps (28) Total # of QCNs Mismatched QCNs Accuracy (%)

Location-I 3543 2 99.96
Location-II 22275 24 99.78
Average 99.87

topological relations such as EC, DC, TPP, and TPP−I in RCC8 require precise
boundary information of landmarks, which is not possible in freehand sketches.

Table 2 shows the inconsistent topological relations between landmarks and city-
blocks from sketch and metric maps using the RCC8. For example, the landmark
LM66 is disconnectedwithLM67 in the sketchmap (SM7),while the same landmarks
are externally connected with each other in the metric map. Similarly, the landmark
LM42 is tangential proper-part with respect to city-block (C10) in the sketch map.
The same landmark is non-tangential proper-part with respect to corresponding
city-block in the metric map.

The high accuracy of topological relations indicates that the proposed representa-
tion overcomes the effects of schematizations and distortions of landmark’s bound-
aries in qualitative representation and alignment.
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Table 2 The comparison table showing topological relations between the landmarks (LMs) and
city-blocks (Cs) from the sketch map (SM7) and metric map (MM). Using RCC8, we find six
mismatched topological relations between the landmarks and city-blocks

MM C61 C23 C24-C35 C48-C52 LM66 LM67 LM70 LM69 LM84
SM7 C9 C2 C10 C12 LM66 LM67 LM70 LM69 LM84

LM42 dc dc NTPP dc dc dc dc dc dc
LM42 dc dc TPP dc dc dc dc dc dc

LM66 NTPP dc dc dc eq ec dc dc dc
LM66 NTPP dc dc dc eq dc dc dc dc

LM67 NTPP dc dc dc ec eq dc dc dc
LM67 NTPP dc dc dc dc eq dc dc dc

LM70 dc dc dc dc dc dc eq dc dc
LM70 dc dc dc NTPP dc dc eq ec dc

LM69 dc dc dc NTPP dc dc dc eq dc
LM69 dc dc dc NTPP dc dc ec eq dc

LM85 dc dc dc NTPP dc dc dc dc ec
LM85 dc dc dc NTPP dc dc dc dc dc

Table 3 The accuracy rate of topological relations between city-blocks using the string based
topological representation

Sketch maps (28) Total # of QCNs Mismatched QCNs Accuracy (%)

Location-I 1210 40 96.94
Location-II 3631 42 98.65
Average 97.79

5.2 Topology of City-Blocks

To formalize the topology of the city-blocks, we use string based representational
model (Li and Liu 2010). For both locations, the string based topological relations
between city-blocks are extracted in the form of QCNs and compare with QCNs
derived from the metric maps. We find the string based topological relations between
city-blocks have an average accuracy rate of 97.79% for both locations (see Table 3).
While using the RCC8, we have an accuracy rate of 98.75%. Since the EC relation
of the RCC8 loses the important distinction of external connectivity, the proposed
string based representation seems a promising way to formalize topological relations
between city-blocks.

5.3 Orientation of Landmarks

WeuseLR calculus (Scivos andNebel 2004) to formalize the orientation information
about the adjacent landmarks. The street segments are used as reference objects
to localize nearby landmarks. Nearness is defined via the distance in a Voronoi
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Table 4 The accuracy of orientation information about landmarks with respect to street segments
in the sketch maps using the LR calculus

Sketch maps Total # of QCNs Mismatched QCNs Accuracy (%)

Location-I 272 2 99.43
Location-II 719 13 98.27
Average 98.85

diagram (Aurenhammer 1991). A landmark is considered adjacent, if its footprint is
in the Voronoi diagram of the reference object. For both locations, the orientation
information about landmarks is extracted from the sketch and metric maps. The
orientation information about landmarks usingLR calculus has an average accuracy
rate of 98.85% (see Table 4).

We compare these results to QCNs obtained from the Single Cross Calculus
(SCC) (Freksa 1993). Using the SCC, the average accuracy rate drops to 93.67%.
Therefore, theLR representation is suitable to formalize the orientation information
of landmarks in sketch maps.

6 Conclusion and Future Work

Sketch maps represent the physical environment in a highly schematized and there-
fore distortedway. To formalize the topology and orientation information of extended
objects, we analyze the existing qualitative representations in the area of Qualita-
tive Spatial Reasoning (QSR). We propose a set of qualitative representations that
are robust against cognitive distortions. The proposed representations are evaluated
by comparing the QCN matrices derived from the sketch maps and corresponding
metric maps. Overall evaluation shows that the representations are suitable to extract
high degree of identical information, and thus are reliable for the alignment of spa-
tial objects from sketch maps with geo-referenced maps. This way, the additional
sketched information such as information on the usage of the buildings, bakeries, and
completely un-mapped information about landmarks and areas can be transferred to
the geographic information system as volunteered information.

In the present study, we handle the aggregation and detection of city-blocksmanu-
ally. So, the future work comprises, in part, the automatic detection of the city-blocks
and the methods for handling aggregations. In evaluation, we use the sketch maps
of an urban spatial structure. In the future, we will investigate the relevance of the
proposed representations for the alignment of sketch maps from the rural areas. We
evaluated proposed representations by comparing QCNs manually. The problem of
QCN matching is ongoing research work. Evaluation of the representations using
the matching model is a part of our future work.
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