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Abstract. Landmarks are crucial for human wayfinding. Their integration in
wayfinding assistance systems is essential for generating cognitively ergonomic
route directions. I present an approach to automatically determining references to
different types of landmarks. This approach exploits the circular order of a deci-
sion point’s branches. It allows uniformly handling point landmarks as well as lin-
ear and areal landmarks; these may be functionally relevant for a single decision
point or a sequence of decision points. The approach is simple, yet powerful and
can handle different spatial situations. It is an integral part of GUARD, a process
generating context-specific route directions that adapts wayfinding instructions
to a route’s properties and environmental characteristics. GUARD accounts for
cognitive principles of good route directions; the resulting route directions reflect
people’s conceptualization of route information.

1 Introduction

Landmarks are crucial elements in human wayfinding. People use them to identify pre-
viously visited places and to orient themselves. Landmarks are a pertinent part of an
environment’s mental representation. They are also crucial in human direction giving.
People refer to them frequently while providing another person with directions to reach
a destination; they are mostly used to link actions to be performed to places in the
environment. This holds for both verbal route directions and for sketch maps [1]].

Integrating references to landmarks in wayfinding assistance systems is essential for
automatically generating cognitively ergonomic route directions. We developed a gen-
eration process that implements cognitive principles of good route directions and allows
for integrating different types of landmarks in instructions. To this end, features of an
environment that may serve as a landmark need to be identified and it needs to be
checked whether and how they are applicable in communicating the information neces-
sary for route following. In this paper, I present an approach to testing the applicability
of different types of landmarks in a uniform ways; it is part of the generation process for
route directions.

The paper is structured as follows: in the next section, I further illustrate the im-
portance of landmarks for organizing spatial knowledge and their prominence in route
directions. SectionBlintroduces context-specific route directions, our approach to an au-
tomatic generation of route directions. In Section[d] I explain the prerequisites for auto-
matically determining a landmark’s functional role in route following; the determination
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is detailed in Section[3l Section [@] then demonstrates how context-specific route direc-
tions are generated and how different landmark types are integrated in the directions.

2 Landmarks in Route Directions

Many definitions of the term landmark can be found in the literature. Common to all,
landmarks are defined as entities that are easily recognizable and memorizable. Pres-
son and Montello provide a general definition stating that everything that stands out of
the background may serve as a landmark [2]]. In his seminal book ‘The Image of the
City’, Lynch discusses why a feature may serve as a landmark: “Since the use of land-
marks involves singling out of one element from a host of possibilities, the key physical
characteristic of this class is singularity, some aspect that is unique or memorable in
the context” ([3]], pp. 78-79). Lynch further elaborates spatial prominence: elements
may be established as landmarks either because they are visible from many locations or
because of local contrast to nearby elements.

Sorrows and Hirtle pick up these considerations and list features that let a landmark
stand out: singularity, prominence, meaning, and prototypicality [4]. Singularity applies
to objects that are in sharp visual contrast with their surroundings. Prominence of enti-
ties refers to their spatial location in an environment; they are visible from many other
locations or are located at a significant point, such as a major intersection. Some enti-
ties may be used as landmarks because they have a meaning common to many people
stemming, for example, from their cultural or historical significance. Prototypicality is
a characteristics similar to meaning in that such entities are referred to because they
are typical representatives of a specific category. According to these characteristics,
Sorrows and Hirtle identify three types of landmarks. A visual landmark is an entity
used as landmark primarily because of contrast with its surrounding, because it has a
prominent spatial location, or because its visual characteristics are easily memorizable.
A structural landmark is defined as having a significant spatial role or location in the
structure of space, while a cognitive landmark stands out because of its typical or atyp-
ical characteristics in the environment.

There is general agreement in the cognitive science literature that landmarks are em-
inently important for acquiring and organizing knowledge about our surrounding space.
For example, there is evidence that spatial knowledge is organized hierarchically [5/6]
around landmarks that function as anchor points for this knowledge [[7I8]]. In acquisition
of space, landmarks are learned early on. The model of spatial knowledge acquisition of
Siegel and White [[9] sets landmarks to be the first kind of spatial knowledge acquired
in a new environment. People recognize landmarks as places they have been before;
connecting these places is the next step, termed route learning. Only in a final step, the
different routes are integrated into survey knowledge that allows, for example, calculat-
ing shortcuts. Montello [I0] questions this framework with regard to the (strict) order
of these steps and states that some kind of metric knowledge, i.e. knowledge about dis-
tances, is acquired from the very beginning. But he does not question the important role
landmarks play in spatial knowledge organization.

Landmarks are not only an important organizing concept for spatial knowledge, they
also serve as navigational tool [11]]. Landmarks identify decision points, origin and
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destination of a route, provide verification of route progress, provide orientation cues
for homing vectors, and suggest regional differentiating features. This is echoed in re-
search on route directions. People use landmarks to signal crucial actions, locate other
landmarks in relation to the referenced landmark, and provide information to confirm
that the right track is still followed [T2[13I14]]. The need to integrate landmarks into
computational assistance systems has been confirmed by Tracy Ross and coworkers. In
a set of usability studies they show that the use of landmarks in such systems signifi-
cantly improves users’ confidence in correctly executing the instructions and their nav-
igation performance in both car navigation [15]] as well as pedestrian wayfinding [16]].

Landmarks may have different locations relative to a route. A landmark can either
be at a decision point, at a route segment between two decision points [17], or in some
distance to, but visible from the route (termed distant landmark [13]]). Furthermore,
there may be global landmarks [4]]. These are outside the current environmental space,
i.e. not immediately reachable by a wayfinder, but their location relative to the current
space is known. Landmarks are usually assumed to be point entities. In Lynch’s tax-
onomy of elements that structure spatial knowledge of a city, they are physical objects
serving as point references that single out one element from a host of other objects [3.
This assumption is also prominent in research on the mental representation of spatial
knowledge. In the model of Siegel and White [9], landmarks are strategic places that
a wayfinder travels to and from to keep herself oriented. Hierarchies of spatial knowl-
edge are formed based on point landmarks [5l6]. In their taxonomy of different types
of landmarks, Sorrows and Hirtle [4] use the term landmark as it is defined by Lynch.
Consequently, computational approaches that integrate landmarks also focus on point
landmarks (e.g., [18I19]).

In our work on route directions, we extend the point notion of landmarks and in-
tegrate linear and areal entities, as well as structural elements, such as salient inter-
sections [20/21122]]. Examples for linear landmarks include rivers or railway tracks;
areal landmarks may be parks or big shopping malls. Typical salient intersections are
T-intersections and roundabouts. With this extended view on landmarks, we comply
with Presson and Montello’s definition of a landmark as everything that sticks out from
the background [2]] (see also the anchor point theory [[7]). Considering different types
of landmarks leaves open more options to describe spatial situations, i.e. extends the
expressibility of our representation. It also eases adapting instructions to the current
situation. And it allows better accounting for human conceptualizations of spatial situ-
ations, i.e. it improves communication of the route directions.

3 Context-Specific Route Directions

We developed a computational process for generating route directions that takes dif-
ferent types of landmarks into account [23I20]. The process is termed GUARD, which
stands for Generation of Unambiguous, Adapted Route Directions. This reflects that
the process generates directions that unambiguously identify each route-segment and
that adapt to the current action to be taken in the current surrounding environment. In
that, we try to be as precise as possible with as little information as necessary; we take
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a Gricean perspective [24] in generating references. Our approach is in line with Dey’s
definition of context: ”’[...Jany information that can be used to characterize the situation
of an entity” ([23], p. 5). Accordingly, we coin the route directions generated by our
process context-specific route directions.

For the adaptation, we need to account for the characteristics (the structure) of the
environment in which route following takes place. The structure of an environment
strongly influences the kind of instructions that can be given. The embedding of the
route in the spatial structure surrounding it, the structure of that route itself, path anno-
tations, and landmarks that are visible along the route all contribute to this influence.
Based on an analysis of the basic constituents of routes and route directions, we iden-
tified classes of elements that can be used in route directions, as well as the spatial
knowledge required to determine and interpret the corresponding references. We group
these elements in a systematics on three different levels reflecting their relation to a spe-
cific route (see Table[T)). They abstract to different degrees from a detailed description of
a single decision point, which is captured by different levels of granularity. Global ref-
erences abstract the most, while egocentric references and landmarks at decision points
provide the most detailed description.

Table 1. The systematics of route direction elements. Elements are grouped on three levels ac-
cording to their relation to the route: Global References, Environmental Structure, and Path and
Route.

Global References Environmental Structure Path and Route

cardinal directions edges egocentric references
global landmarks districts landmarks at decision point
slant landmarks between decision points

distant landmarks
linear and areal landmarks
path annotations

Based on the systematics, we implemented GUARD. It consists of four steps: in an
initial step, every possible description of the action to be performed at each decision
point is generated. These are represented in relational statements termed abstract turn
instructions (ATI). The next step combines ATTs of consecutive decision points into a
single instruction, performing so called spatial chunking [26]]. As the initial chunking
is simply syntax based, in the third step the generated chunks are checked against cog-
nitive and representation-theoretic principles defining valid chunks. Finally, the fourth
step generates the route directions in an optimization process. These steps are further
illustrated in Section [6l

The inclusion of landmarks requires automatically determining their functional role
in following a specific route. To this end, first, landmarks need to be assigned to those
decision points they might be functionally relevant for. Second, it needs to be checked
whether they unambiguously identify the route-segment to take at the decision points
they are assigned to. The next section explains the basic representation used in the
process and how landmarks are assigned to decision points; Section [3] illustrates how
their applicability is checked.
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4 Representing Routes and Landmarks

In our approach the environment’s representation is coordinate-based. The street-
network is represented as a graph, i.e. streets are represented as edges. Nodes that have
a degree greater than three represent intersections. Nodes with a degree of two are used
to reflect a street’s geometry. Each node is associated with a coordinate. In the same co-
ordinate system, features that may serve as landmarks are represented as points, lines,
or polygons depending on their geometry.

A route is represented as a directed path in the graph. As already explained, of spe-
cial interest are decision points, i.e. the nodes with a degree greater two. In the real
world, these decision points are not just points. Here, a decision point denotes a cer-
tain area around an intersection which contains the point where the streets meet and
part of the streets itself. It represents the configuration of streets at an intersection. That
is, the branches meeting at a decision point are part of that point. This modeling corre-
sponds to human conceptualization and reflects that humans usually turn in an extended
process with deciding on the direction to turn and then changing their direction gradu-
ally while keeping their forward movement [1127]. However, for assigning landmarks to
decision points and for determining their applicability, we abstract from this gradual di-
rection change. Decision points are modeled such that all branches meet in a single point
(Fig.[D). This divides the area around an intersection into a region before action and a
region after action [28].
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Fig. 1. A decision point with the two functionally relevant branches: the incoming and outgoing
route-segment. The branches’ meeting point is the actual decision point.

4.1 Assigning Landmarks to Decision Points

Having set the basic modeling of the environment, the landmarks represented in the an-
notated graph need to be functionally assigned to the route. As explained above, some
landmarks may be functionally relevant for several decision points. Here, we need to
distinguish two cases: the landmark spreads along the route which may, for example,
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hold for a linear landmark such as a river; or the landmark is distant to the route but
visible from several decision points, for instance a church spire.

In the first case, the landmark’s geometry is represented by a sequence of coordinate
points. Even though belonging to the same landmark, these points can be individually
assigned to a decision point. Different parts of such a landmark are relevant for different
parts of the route, i.e. only that part of a landmark that is in the local surroundings of
a decision point is functionally relevant for this decision point. Accordingly, for such
landmarks, there is an exclusive assignment of coordinate points to decision points, i.e.
each coordinate point is assigned to exactly one decision point. Landmarks distant to
the route cannot be assigned exclusively to a specific decision point; this is independent
of how they are geometrically represented. That is, next to categorizations of landmarks
as, for example, discussed in [22]] (see also Section ), in the context of this work land-
marks are distinguished between those that are only locally functionally relevant (i.e.
that can be exclusively assigned to decision points) and those that are globally relevant.
However, it is important to note that the role of a landmark may change along a route.
It may serve as a distant landmark for several decision points, but be located at one of
the route’s decision points, i.e. serve as a local landmark there. In the following, I will
concentrate on landmarks that are locally functionally relevant.

In order to assign these landmarks to decision points, a region around each deci-
sion point is defined. The size of this region depends on different parameters including
travel mode and visibilityﬂ. Most importantly, the regions are chosen such that no other
decision point falls within the region, i.e. the regions do not overlap. This way, we pre-
vent conflicting assignment of a landmark’s coordinate points to decision points; all
coordinate points within the decision point’s region are exclusively assigned to that de-
cision point. This may lead to different sizes of the regions for different decision points.
Decision points that are close together have smaller regions. This reflects that with de-
cision points close together, a wayfinder has to decide on the further way to take more
frequently, i.e. has to correctly interpret new spatial situations more often.

4.2 Ordering Information in Route Directions

For determining the functional role of a landmark, we exploit ordering information. Or-
dering information derives from the linear, planar, or spatial ordering of features [29]. It
does not specify any further metric information, such as distances between these entities.
This kind of information is a powerful structuring means and it is easy to determine as
it only requires knowledge about a neighborhood relation between the relevant entities.

In routes, ordering is closely linked to orientation; a route, being a linear and directed
(oriented) entity, induces an order on the entities along that route [30]. That is, the ori-
entation of the route determines in which spatial and temporal order these entities are
encountered. Furthermore, the configuration of entities at an intersection, for instance
its branches or landmarks located there, can be described using circular ordering infor-
mation. Figure Plillustrates both these usages of ordering information.

! Checking for visibility is kept simple in the system. It is performed on the graph representation
using scan-line methods. It just ensures that in the 2D projection an object is in line of sight
from the route and in a distance shorter than some threshold.
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Fig. 2. a) Linear order of entities induced by the orientation of a route. The route is directed from
left to right; the order is A < B < C < D. b) Circular order of entities at an intersection:
starting with A, the orderis A < D < C < Church < B < A.

5 A Uniform Handling of Landmarks in Route Directions

In the following, I will detail a uniform approach dealing with different types of land-
marks, As a basic case, I start with point landmarks at a decision point. This case illus-
trates the general principles; ongoing from there, extensions needed for handling other
types of landmarks will be explained. Generally, the location of a landmark relative to
a decision point is required to appropriately reference the landmark in route directions;
the relation to incoming and outgoing route-segment and, consequently, to their meeting
point (the decision point itself) needs to be determined.

5.1 Point Landmarks at Decision Points

For point landmarks at a decision point, there are three locations that can be distin-
guished functionally. The turning action may either occur affer passing a landmark
(“turn left after the church”), it may take place before the landmark is passed (“turn
left before the church”), or the landmark may be ar the decision point, but not lo-
cated at a functionally relevant branch (“turn left at the church”) (see Fig.[3). In other
words, the landmark may be next to the incoming route-segment, next to the outgoing
route-segment, or next to any of the other branches of the decision point. In order to

a) b) c)

Fig. 3. Three functionally different locations of a landmark at a decision point: a) turning action
after passing the landmark; b) turning action before passing the landmark; ¢) landmark not at a
functionally relevant branch
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A

Fig.4. A virtual branch integrating a landmark at a decision point into the circular order of the
decision point’s branches

determine the location of the landmark relative to the decision point, we need to deter-
mine this next to relation. It corresponds to a neighborhood relation of landmark and
branch. This neighborhood can be extracted from the circular ordering of the decision
point’s branches. We introduce a virtual branch ranging from the decision point to the
point landmark. This way, the landmark becomes part of the branches’ circular ordering
(see Fig. [).

We can now determine whether the virtual branch is neighbored to one of the func-
tionally relevant branches. Two branches are neighbored if one succeeds the other in the
ordering. If the virtual branch representing the landmark’s location is direct successor
or predecessor of the incoming route-segment, the turning action is performed after the
landmark is passed. We represent this situation with the relation 1m<. The turning action
is performed before the landmark if in the ordering the virtual branch is neighbor to the
outgoing route-segment, represented by 1m~. All situations in which the landmark is
not neighbored to a functionally relevant branch are represented by 1m ™. To ensure that
the landmark is really located before the decision point, two additional virtual branches
perpendicular to the incoming route-segment are introduced. These branches demarcate
the before-region. Without them, a landmark may be neighbored to the incoming route-
segment though it is located after the decision point (see Fig.[3). The same holds for the
after-region correspondingly. For relation 1m~, further restrictions apply with respect to
possible ambiguities in identifying a branch. This is reported in [28], along with further
details on this basic case—point landmarks at a decision point.

5.2 Other Landmark Types at Decision Points

Next, we consider features of the environment whose landmark character is dominated
by a specific part that may not be visible from everywhere around the feature. This
holds, for example, for buildings housing shops that have a salient store-front [I8].
These features may be represented as points, as well. But, additionally, the salient side
(the facade) needs to be captured; this is done by adding a vector pointing in direction
of the salient side. The relation of the landmark to the decision point is determined as
illustrated above. Then, the intersection of the vector representing the facade with the
functionally relevant branches is calculated. If the landmark is next to the incoming
route-segment, the vector needs to intersect with this route-segment for the landmark
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a) b)

Fig. 5. a) A spatial situation where the landmark is located next to the incoming route-segment,
but after the decision point; Im< is not a valid result here. b) Virtual branches demarcating the
before-region. .. c) ...and the after-region.

to be applicable. The same holds for the outgoing route-segment; the vector needs to
intersect it to reference the landmark at the decision point.

The basic principle can also be used for landmarks that are not represented as point
features. The three relations 1m<, 1m~, and 1m~ are still sufficient to handle these cases.
A landmark’s geometry is defined by a sequence of coordinates. For each coordinate
point it is possible to determine its relation to a decision point by introducing a virtual
branch connecting it to the decision point and then calculating the relation as described
above. The functional role of a linear or areal landmark in route following is then de-
termined by the resulting sequence of relations holding for its coordinate points.

For example, the location of a landmark at a decision point that cannot be represented
as a single point (see Fig.[@)) is addressable in the same way as a point landmark, i.e.
there are three functionally different locations (turning action before the landmark, after
the landmark, or at the landmark). If the resulting relation is 1m< for all coordinate
points, the landmark is passed before the turning action occurs. We can assign 1m< to
denote the location of the landmark with respect to the decision point. If all relations are
1m~, it is passed after the turning action, and the relation for the landmark is 1m~. If the
resulting relations differ (especially if some are 1m™) the landmark is not completely
located in before- or after-region. Therefore, 1m™ is the adequate relation to represent
the landmark’s location.

5.3 Extended Landmarks Relevant for Several Decision Points

Linear and areal landmarks may stretch along the route, i.e. be applicable for several
consecutive decision points. As detailed in Section 4]l the coordinate points defining
their geometry get assigned to different decision points. This way, it is possible to de-
termine for individual decision points the relation to the relevant part of a linear or areal
landmark. Using the same approach as before, we can get from the relation of single
coordinate points to a decision point to the relation of a landmark to a single decision
point. And from there, we can get to the relation of that landmark to a sequence of
decision points.

It may, for example, be possible to refer to a river to indicate the direction to take
for several decision points in instructions as “follow the river until the gas station”. In
this case, the river must unambiguously indicate the direction to take at each decision
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Fig. 6. Example of an extended landmark at a decision point. For each coordinate point, its re-
lation to the decision point is determined. The resulting relation of the landmark to the decision
point is 1Im™ as different relations hold for the points.

point up to the one where the gas station is located. This is the case if for each of these
decision points the river is both next to the incoming and the outgoing route-segment. To
check for this, for all coordinate points that are assigned to the current decision point the
relation to the decision point is determined. This is done in movement direction, i.e. the
coordinate points are processed in the order they would be passed along the route. For
the linear landmark to be applicable, for the first [ coordinate points relation 1m< needs
to hold, for the last m coordinate points 1m~ needs to hold (I, > 1). No coordinate
point may be in relation 1m~, and there may be no switch back to 1m< after 1m~ has
been assigned to a coordinate point. If this condition is fulfilled the linear landmark
can be used to indicate the direction to take at the decision point. We denote this with
the relation £ol1ow. With areal landmarks, the same method can be applied to check
whether it may be used to guide a wayfinder around that landmark along the route. As
long as one part of the coordinate points is next to the incoming route-segment and the
other part next to the outgoing route-segment, the route passes along the areal landmark.

In conclusion, the basic principle of determining the location of a point landmark
relative to a decision point and the distinction of the three different relations 1m<, 1m~,
and 1m~ is sufficient to handle different spatial situations involving different types of
landmarks (namely point, linear, and areal landmarks). The situations covered so far
all involve passing a landmark, either at a single decision point or walking along it for
several consecutive decision points. A simple extension of the basic formalism allows
for handling further spatial situations in which the involved landmark’s role may be
more complex. When crossing a river, for example, the landmark is both to the left and
the right of the route. That is, in the corresponding representation of the route, part of
the coordinate points representing the landmark’s geometry are on the one side of the
route-segment, the other part on the other side.

This sideness can be captured using the ordering of branches, as well. The branches’
ordering (including the virtual branch connecting a coordinate point) always gets calcu-
lated in counterclockwise direction. That is, the order of the branches is ordered, as well.
Taking this information into account then allows inferring the sideness of a coordinate
point since we know the movement direction along a route-segment; for the incoming
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Fig. 7. Distinguishing the sideness of a landmark with respect to a functionally relevant route-
segment. The gray arrow shows the direction of determining the branches’ order.

route-segment the predecessor in the ordering is left of the branch, the successor right
of the branch. For the outgoing route-segment, it is vice versa; the predecessor is right
of the branch, the successor left of it (see Fig.[7)). We denote this with the indices [ and
r and end up with five different relations: 1m;", 1m=, 1my", 1m”, 1m ™.

Using these relations, we can capture additional spatial situations. Picking up the
example of crossing a linear landmark, a possible sequence of relations that corre-
sponds to this situation is the following: there are [ coordinate points for which the
relation 1m; holds, followed by m coordinate points with relation 1m . More gener-
ally, crossing a linear landmark is represented by an arbitrary number of coordinate
points in relation 1m~, followed by [ coordinate points in exactly one relation of the set
1m;, 1mS, 1m;, 1m, then m coordinate points being next to the same route-segment
but on the other side, for example, switching from 1m1< to 1mr<, followed again by an
arbitrary number of coordinate points in relation 1m~ (with [, m > 1).

These examples demonstrate that it is possible to define patterns of relations that
capture the functional role of different landmark types in route following. This is based
on a simple principle of using ordering information to determine the location of a point
landmark at a decision point and by distinguishing five relational terms to capture the
functionally relevant possible locations. The presented approach allows identifying spa-
tial situations and generating appropriate references to landmarks. It is important to note
that this is not meant to be a model of how humans judge spatial situations and of how
they determine adequate descriptions for these situations.

6 Generating Context-Specific Route Directions

The method for determining the applicability of different landmark types is an integral
part of GUARD, the process for generating context-specific route directions. As stated
in Section[3] this process automatically generates route directions that exploit different
features of an environment; it is realized in four steps. In this section, I will provide
more details on each step and will give an example for route directions generated by the
model. Figure[8ldepicts an example route that has been put together using different real-
world intersections whose data has been collected as input to GUARD. The following
illustration is based on this route.
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Fig. 8. An example route; the decision points are numbered for future reference

6.1 Generating Abstract Turn Instructions

In the first step of the generation process, for every decision point of the route all pos-
sible instructions are generated. To this end, for every element listed in the systematics
(see Table[T), it is checked whether it is applicable at all and whether it results in an in-
struction that unambiguously describes the further direction to take. In the abstract turn
instructions, actions to be performed at a decision point are represented as direction
relations; each kind of action is denoted by a specific relational term. Actions result in
a change of heading (which might be 0 if continuing straight on). In the graph represen-
tation, this change can be measured as an angular deviation from the previous heading.

For egocentric references, this angle is matched to a category representing a turn-
ing direction (e.g., left) to determine which relation to use. These categories are repre-
sented as angle intervals; we use the direction model of that distinguishes seven
different directions. For the first decision point of the example route, for instance, the
angular deviation from the current movement direction is in an interval representing
going straight, denoted by the relation straight. There is also a construction site,
modeled as point landmark. Using the mechanism presented in Section .1l results in
1m~, i.e. the landmark is located after the turning action. Possible abstract turn in-
structions for the first decision point are (DP;, straight) and (DP;, straight
construction-site 1m”).

Other kinds of elements, for instance linear landmarks, do not rely on the angular
deviation in providing information on the further way to take. The river next to consid-
erable part of the route is a good example. The coordinate points representing the river
get exclusively associated with decision points three to eight, respectively. For each of
these decision points, one part of the assigned coordinate points are in the before-region
and the other in the after-region; checking the landmark’s applicability results in the re-
lation follow. Accordingly, the landmark is suited to indicate the further direction to
take at these decision points. All in all, the first step of the generation process results in
a set of possible instructions for each decision point.
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6.2 Spatial Chunking

Spatial chunking is a process that combines the actions to be performed at several con-
secutive decision points into a single action [26/19]. This is a crucial process in con-
ceptualizing routes, i.e. in forming a mental representation of a route. Humans also
commonly apply spatial chunking in giving route directions.

GUARD performs spatial chunking in two steps (which cover steps two and three of
the generation process). In an initial step, abstract turn instructions are combined based
on two simple syntactic rules: first, ATIs that employ the same direction relation can be
combined; second, the egocentric direction relation straight can be combined with
any other egocentric direction relation. The first rule corresponds to a “do n-times”—
or “do until”—instruction, for instance “turn three times right”; the second rule covers
situations where going straight at a decision point does not need to be explicitly stated,
for instance, in “turn left at the third intersection”. Both rules ensure that references to
landmarks are sensibly handled, i.e. that each chunk only refers to a single landmark.

Then, it is checked whether the chunks generated using these rules are cognitively
and structurally sensible. For example, instructions that refer to following linear land-
marks require information on the point along the route upon which the landmark is to
be followed. This information, termed end qualifier, typically is provided by a point
landmark at a decision point. Thus, one of the chunking principles used in this step
states that chunks based on linear landmarks need to end with a decision point where
another landmark is present. Generally, in this step chunks are pruned until they adhere
to the defined cognitive principles.

Performing spatial chunking as a two-step process is advantageous as it allows for
more flexibility; different cognitive chunking principles can be implemented and used
with the model while always using the same basic chunking mechanism.

6.3 Optimization

The actual generation of the route directions is performed in the fourth step. Here,
from all possible abstract turn instructions for each decision point the one that is best
gets selected. This is an optimization process; accordingly, ‘best’ is defined relative to
an optimization criterion. Just as with the chunking principles, the model is flexible
with respect to the optimization criterion used. In the literature, different principles
for good route directions can be found that can be turned into optimization criteria
(e.g., [T2I13])). A straightforward criterion is to aim for the minimum number of chunks.
This reduces the cognitive load of a wayfinder as the communicated route directions
get shorter and, hence, the wayfinder needs to remember less information. And the
wayfinder’s processing of the route directions is also reduced since the instructions are
already chunked.

There are two optimization approaches implemented in the model. Local optimiza-
tion proceeds through the route from origin to destination. For each decision point, it
selects the best chunk starting with this decision point. It then checks whether this chunk
has to be integrated into the current partial route directions, i.e. whether this chunk im-
proves the directions. If this is the case, the directions are rebuild using this chunk.
Local optimization does not necessarily find an optimal solution. Global optimization
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guarantees this by generating every possible solution (every possible combination of
chunks). This is computationally more complex than local optimization. However, com-
putational tests show that in practice both approaches almost always result in the equally
optimal route directions.

Table 2l shows the resulting context-specific route directions for the example route of
Figure[8]as an XML-specification. Each chunk is grouped between <Direction>-
tags. For each chunk, a verbal externalization is listed

Table 2. The resulting context-specific route directions and their verbal externalization. On the
left, the part of the route that is covered by each chunk is depicted (rotated to fit in the table).

o) | <Directions “At the next junction go
;m’ <instruction point="1" relation="straight"> . .
</instructions straight, and then turn right
<instruction point= relation="right"> 2
“ landmark id="1" type="Map" relation="lm<"/> before a map pOSt
A </instruction>
s </Direction>
. <Direction> “Keep following the river until
- <instruction point="3" relation="follow"> .
H <landmark id="100" type="River"/> a Telekom sign and then, turn
aerorrace | | </instruction>

left after the Telekom sign.”

<instruction point="4" relation="follow">
<landmark id="100" type="River"/>
</instruction>

<instruction point="5" relation="follow">
<landmark id="100" type="River"/>
</instruction>

<instruction point="6" relation="follow">
<landmark id="100" type="River"/>
</instruction>

Newe Torbricke

<instruction point="7" relation="follow">
<landmark id="100" type="River"/>
<endqualifier id="7" type="Signage"
name="Telekom Schild"/>

</instruction>

<instruction point="8" relation="left">
<landmark id="7" type="Signage"
name="Telekom Schild" relation="1lm<"/>
</instruction>

</Direction>

& <Direction> “Go towards the Universum un-
<instruction point="9" relation="towards">

landnark id="9" type="sightSeeingobject® Ul @ bus stop, and then, turn
B avereu right after the bus stop.”

<endqualifier id="12" type="BusStop"/>
</instruction>

stadtwaldneg

<instruction point="10" relation="right">
<landmark id="12" type="BusStop" relation="lm<"/>
</instruction>

</Direction>

To test the performance of context-specific route directions, we performed an initial
user-test as a desktop study. Subjects had to, first, rate context-specific route directions
and, second, reach a destination location after memorizing route directions by clicking
on the branch to take on intersection photographs. Subjects rated context-specific route
directions as useful and well understandable, and even though the setup of the study
is somewhat artificial, subjects were well able to reach the destination using context-
specific route directions.

2 Verbal externalization of context-specific route directions is not part of the process directly;
it is done in collaboration with Prof. John Bateman, Universitit Bremen, using their natural
language generation system.
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7 Conclusions

In this paper I presented an approach to automatically determining the functional role of
landmarks in route following. The approach allows integrating different types of land-
marks in automatically generated route directions. The circular order that the branches
of a decision point form and the order of events in route following that is induced by
the directedness of a route are exploited. Distinguishing five different relations, the lo-
cation of a landmark’s coordinate points relative to a decision point are determined.
The sequence of these relative locations are compared to patterns representing possible
functional roles of the landmark. This way, it is possible to cover different spatial situ-
ations based on a single simple principle. The approach is an integral part of GUARD,
the generation process for context-specific route directions that automatically generates
route directions that adapt to a route’s properties and environmental characteristics.
Generation of the route directions is a four-step process; optimization is used to decide
on which description to choose.

In this process, we integrate different types of landmarks. This is a crucial step
in automatically generating cognitively ergonomic route directions. The process also
performs spatial chunking which is another basic principle of human direction giving.
However, currently it depends on landmarks being known. Except for structural land-
marks (e.g., T-intersections), potential landmarks are not identified from a given envi-
ronmental representation. Integrating approaches that aim for automatically identifying
landmarks (e.g., [18I32]) would be another important step for a truly automatic gener-
ation of route directions. Another aspect of future work is using the model to find the
optimal route applying route selection criteria related to both the difficulty of describing
the route and the difficulty of navigating the route (in line with, e.g., [33])), instead of
finding the optimal description for a given route as it is done by now. Furthermore, due
to its flexibility the model may serve as test-bed for empirical studies testing different
principles of generating route directions.
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