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Abstract

The Map Labelling Problem appeas in severa applicaions,
mainly in Cartography. Although much researcch onthis problem
has been dorg, it is interesting to nae that map-labelling
processes in commercia fields are very often exeauted manually
or with little suppat of automatic todls. In genera, pradicd
map-labelling problems involve human subjedive domain
knowledge dou label placament that is not entirely covered by
the eisting scientific goproaches. In the present paper, we
describe  an  interadive framework for minimising this
techndogicd gap. The framework alows users to interad with a
labelling process by giving hints, which represent domain
knowledge or adjustments that help an optimisation method to
produce good labelli ng results. A map labelli ng system based on
the framework has been implemented and an initia evaluation
shows that it is promising.”

Keywords: Map Labeling, user hints, combinatorial

optimisation.

1 Motivation

The general Map Labelling Problem consists of defining
positions for the labels of several graphicd feaures
(cities, roads, lakes, rives, national parks, states,
courtries, etc.) of a map, such that these feaures can be
uniquely identified. This is a well-known problem in
Cartography that had its ientific foundation establi shed
with the reseach of Imhof (1962 1975 and Yodli
(1972. Imhof and Yoeli defined a set of fundamental
rules for labelling maps that has been used until the
present time. Theserules are;

1. readability: labels must have legible sizes;

2. unambiguity: ead label must be eaily identified
with exadly one graphicd feaure;

3. avoidance of overlaps: labels sould not overlap
with other labels or other graphicd feaures.

Since the debut of Map Labelling as a scientific aeg this
problem has increased in importance and has been subjed
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of a mnsiderable anount of publicaions. An ill ustrative
chart of the distribution of the Map Labelli ng publicetions
over the last 45 yeas can be seen in the Map-Labeling
Bibliography Web Ste (Wolff 1996.

Current map-labelling research has application not only
in Cartography, but aso in many other fields from the
visualization of socia networks to medicd image
analysis.

Tedhniques for solving Map Labelling problems in
general adopt an abstrad model about how to place
labels. The most popular model is the fixed pasition
model, where afinite set of candidate label positions is
creded for every feaure (Neyer 2001). The labelling
adivity is then treaged as a mmbinatorial optimisation
problem which aim is to choose a subset of positions
among the candidates, such that al feaures are labell ed,
and label-label and label-fedure overlaps are avoided.
Picture 1 shows a labelling example using the fixed
position model for labelling four point fedures
representing cities. For ead city, four candidate positions
are defined around it. The candidate label positions are
represented by dotted redangles. Note that some
candidate positions overlap with ead other. The labelling
task aims to choose only one candidate position for every
feaure such that when pladng the label on that position
no overlap occurs. It isalso passble to define preferences
for the candidate paositions in order to have labels placed
on a particular side of their feaures as much as possble
(e.g: on the top-right corner of the feaures). Preferences
can be modelled as costs asdgned to the cadidate
pasitions. The optimisation problem is then redefined as
computing an overlap-free dwice of label positions with
minimum cost. In cases where there is no choice that
results in an overlap-free labelling, then one or more
feauresremain urlabeled.

Picture 1: candidate label positions for four cities. Each city
is represented by a dot and has four candidate positions for
label placement (represented by dotted rectangles around
thefeature).

The mmbinatorial optimisation problem stated above is
NP-hard for most of its pradicd cases (Marks and
Shieber 1991). Severa heuristic techniques have been
presented for Map Labelling, including Simulated



Anneding (Christensen, Marks, and Shieber 1994 1995,
Gradient Descent (Christensen, Marks, and Shieber 1995
and Integer Programming (Zoraster 1986 199Q and
Strijk, Verweij, and Aardal 2000.

Even though an extensive acaemic reseach on Map
Labelling is avail able in the literature (Wolff 1996, it is
interesting to note that these scientific results have not yet
been applied broadly in industry. For instance the
labelling task performed by the main Australian
companies that produce maps and stred diredories are
gtill done manualy or with little suppat of automatic
map labelling tools (Russll 2002 Tollis 2002. In the
international context, this problem is a isxue of concern:
the Computational Geometry Impad Task Force
(Chazdle et al. 1999 has classfied the Map Labelling as
an important problem that needs to be investigated by
future reseach.

We believe that the main reason for the outcomes of
scientific reseach not to be gplied in full for pradicad
map labelling problems is the existence of a gap between
the theoreticd models gudied in acalemy and red-life
applicdions. Basicdly, red-life map labelli ng depends on
domain knowledge about subjedive aetheticd criteria
and cognitive apeds of human vision that are not
considered by many of the theoreticd models. The
existing optimisation methods are suitable for some
particular map labelling aspeds, mainly the asoidance of
overlaps, as proposed by Imhof (1962 1975 and Y odli
(1972, but very often they negled other important isues
such as ambiguity and “good visual appeaance™ of the
map.

In the present paper, we investigate how cartographers
can interad with automatic map labelling techniques in
order to convey domain knowledge to the process We
study a restricted case where only point fedures are
considered, labels are modelled by redangles of unit
height, and there is a fixed number of positions where a
label can be placad around its feaure. We introduce an
interadive framework that alows users to spedfy hints
that help to produce good labelling solutions. A conflict
graph of candidate label positions is used for modelling
most of the user interadions.

The remainder of this paper is organized as follows:
Sedion 2 presents a brief survey on interadive
optimisation tedhniques. Sedion 3 introduces our
interadive framework for map labelling. We discuss
different ways of the user to interad with a labelling
process and how these interadions can be implemented.
Sedion 4 describes preliminary results obtained with the
implementation of a map labelling system based on the
framework. We show some labelling problems that can
be dleviated by user interadion. Sedion 5 concludes
with an overview of our approach and with topics for
future investigation.

1 When we say “visua appeaance”, we mean aesthetic espeds
that make alabelling solution deasant for the human eyes.
Often, such aspeds are subjedive and intuitive for the users.

2 Interactive Optimisation

In recett yeas, there has been an increasing interest in
the use of interadive tools for optimisation methods. This
is partialy due to developments in User Interfaces, more
generaly in the aea of Human-Computer Interaction,
which now can provide intuitive ad effedive
environments for interadion with a variety of
applicdions. On the other hand, there has been the
redisation that several red-life problems 4gill nea
humans as their main solvers. Examples are Garment
industry bin padking (GradiSar, Jesenko, and Resinovi¢
1997), steel, wood and glass cutting (Beasley 1985), and
vehicle routing (Anderson et al. 2000). There are a
number of reasons for such need:

* the problem may depend on domain knowledge,
including solution qualities, that are subjective
for the user; this kind of knowledge may be
difficult to describe precisely;

e the optimisation process may be dynamic, in the
sense that some objectives and constraints are
unknown prior starting the process;

e optimisation methods available for solving the
problem may not handle all objectives and
constraints, but only a small subset of these;

e computational resources (CPU power and
memory size) may not be sufficient for solving
the problem due to its complexity or to a large
amount of data that has to be manipulated.

User interaction is necessary in this context in order to
refine the problem or to manage the computational
resources available. There are aso well-known
differences between human and machine skills for
problem-solving, which can be exploited by interaction.
Computers are suitable for intensive computation, where
solutions for a problem are created and numerically
evaluated; humans, on the other hand, are good in
identifying patterns that differentiate good from bad
solutions. Most heuristic optimisation algorithms (for NP-
hard problems) easily find local optima (i.e., solutions for
which there is no local improvement) but have difficulty
finding global optima (solutions which are better than all
other solutions). With good visual representations,
humans can recognise that while a local improvement
may be impossible, a more globa improvement may be
available.

In general, most real-life optimisation problems are
handled in two steps: first an automated tool is applied,
and then a person manually improves the solution in a
post-processing stage. We are, however, interested in a
more intense relation between the roles played by humans
and automatic tools. We consider automatic tools as a
natural extension of the human capabilities that should be
used not only in the initial stage of an optimisation task
but through the whole process.

A good example of use of human interaction for
optimisation problems is the cooperative paradigm called
Human-Guided Smple Search (or HuGSS for short)
presented by Anderson et al. (Anderson et al. 2000).



HUGSS divides an optimisation process into two main
subtasks carried out by different entities: the computer is
responsible for finding locd minima using a simple hill -
climb seach, whil e the user works on escgping from loca
minima and lealing the seach to better solutions. The
paradigm was siccessully applied to the cgadtated-
vehicle-routing problem with time windows. A system
was developed where the user could either change an
existing solution to the problem manually, or focus a hill -
climbing method to improve a particular area of the
solution. A visudisation of the solution being improved
provides feedbadk to the user and helps to dedde the next
adion in the optimisation task. Experiments with the
system showed that the performance of a simple hill -
climb algorithm could be significantly enhanced by user
interadion. Further investigations of the HuUGSS
paradigm were done (Lesh, Marks, and Patrigname 200Q
Scott, Lesh, and Klau 2002).

Another example of interadive optimisation can be found
in the aea of Evolutionary Algorithms, where systems
were developed to produce drawings of graphs by
leaning wer preferences for a set of aesthetic criteria
The aethetic aiteria ae highly subjedive and manually
setting their weights in a multi-objedive function is a
very time-consuming task (Mendongca 1994). The
solution presented by Rosete-Suarez et al. (1999,
Jambsen (2007 and Barbosa et al. (2007 to this problem
was to combine user-evaluation with an automatic
optimisation method. A genetic dgorithm produces a
population of drawings, which are presented to the user.
The user scores or ranks the drawings and the system uses
this information to adjust the weights of the aesthetic
criteria. The process repeds until the genetic dgorithm
generates a drawing whose quality reades the user’s
expedation. One alvantage of using genetic dgorithms
for this type of task is that they naturally produce severa
dternative solutions for evaluation. Moreover, genetic
agorithms are flexible in handling a wnsiderable anount
of different objedives and constraints. A survey on
Evolutionary Algorithms for interadive optimisation is
presented by Takagi (2000).

We can say that both interadive gproades described
previoudy use human interadion as a tod to fill in a
“gap” (or weekness in an optimisation process The
approaches differ mainly in the type of gap being
considered. In the interadive graph drawing systems, the
gap is an objedive function that is not clealy defined a
priori. The task performed by the user aims to clarify this
function by providing indicaion about its parameters. In
the vehicle-routing system, the objedive function is well
defined, but the optimisation method merely seeks locd
optima and does not find sufficiently good solutions. The
user’srole in this cese is to guide the method to a global
minimum through a better control of the optimisation
method and the solution being developed. In the present
paper, we over both gaps: the user refines the map-
labelling problem by inserting domain knowledge, and
helps the optimisation method to converge to high quality
|abelli ng.

Map Labeling is a problem that can benefit from
interadive optimisation. In fad, it arealy depends

strongly on humans for evaluating labelling solutions.
Seg for example, the cae in Picture 2 where three
fedures are labelled as “St. George”, “Washington ” and
“Happy Bay” respedively. Considered in this order the
labelling may cause the user to misread the labels to say
“George Washington” or “George Washington Happy”.
This can occur even though there is aufficient spacein
between the labels. The human map labell er may prefer to
minimise this effed by postioning the label
“Washington” above its feaure; however, it would be
very difficult to encode this problem as a generd
constraint in an optimisation todl.

St. George  Washington  Happy Bay

Picture 2: ambiguity in labelling features.

Optimisation methods for map labelling commonly do
not include such types of domain knowledge when
computing a labelli ng solution. The user has to adjust the
solution in a post-processng stage by manually moving
some labels to different positions. Unfortunately, manual
adjustment can also be a omplex process particularly
when the map has sveral fedures close to ead other,
and the improvement of a singe aethetic issle caises
new problems with the remaining labels. Therefore, a
better way of combining inclusion of domain knowledge
with automatic labelling optimisation is necessary. The
ultimate goal is gill to refine the problem, but minimizing
now the anount of work that the user hasto da

In the next sedion, we describe a interadive gproac
for Map Labelling. It is based on our user-hints
framework (Nascimento et al. 20013, 2001band 200X)
that aggregates <veral interadion fadlities. The
framework consists of a user, an optimisation method and
a visudisation tool. The user gives hints to the
optimisation method. Hints are aljustments aiming to
refine the problem, reduce the space of solution to be
explored, and escgpe from locd minima. We onsider
threemain types of hints:

* Adjustments of objectives and constraints: the
user can change the objedive function as well as
add new constraints or remove e&isting ones.
This is useful for inserting domain knowledge
into the problem after starting the optimisation
process

e Control of the optimisation method: the user
can focus the optimisation methods on parts of
the problem. The ideais to concentrate adion on
areas that need major improvement. Focus is
implemented by allowing the user to seled and
explore a subset of variables of the problem
while fixing the remaining parameters. The
complexity of solving a sub-problem is in
general smaller than of the whole problem. As a
result, much processng effort can be saved. The
user can aso control other aspeds of the
optimisation such as choosing a different



optimisation method o adjusting some tunnng
parameters of the method.

¢ Manual changes. al optimisation aspeds that
are not covered by constraints and focus can be
managed by manual changes. In this case, the
user diredly adjusts the values of some variables
of the problem. Such operation is useful when
the user visualizes changes of a pre-computed
solution that may lead to grea improvement in
quality.

These types of hints must be given in an intuitive way,
preferentially through a graphicd interface The
visualisation tod is a aiticd element of the framework,
since it must supplies the users with feedbac. Based on
the visualisation, the user identifies quality aspeds of the
solution and deddes what adion to perform next.

We aopt a supervised model where the user runs the
optimisation method when recessry. However, the
framework automaticdly computes the quality of every
new solution creaed by either the user or the method, and
flags any improvement made on the best solution
computed so far.

3 AnlInteractive Map Labelling Approach
An interadive system for Map Labelli ng should provide:

e Insertion of domain knowledge — the user should
be &le to continuously refine the labelling
problem by inserting domain knowledge.

e Use of automatic optimisation tools — instea o
performing very time-demanding manual
adjustments of labelling solutions, the user
should take alvantage of automatic optimisation
methods. The methods must compute asolution
for the problem possbly considering recent
domain knowledge entered into the system.

¢ Qudity feedbadk — visudisation tools sould
provide feedbadk to the user about the quality of
the aurrent labelli ng solution and the progress of
the optimisation process

These fadliti es are implemented in our framework as a
cyclic process where an initia |abelling solution can be
continuously improved. The user inserts domain
knowledge, cdls optimisation methods for improving the
solution, and visuali ses the result. The processis repeaed
until the user is happy with the quality of the labelli ng.

Next, we divide the labelling processinto a sequence of
small steps, and show how user interadion can insert
domain knowledge and control the optimisation in the
several stages. The division of the labelling processin
steps is based on a cmbinatorial approach proposed by
Edmondson et al. (1996.

3.1 Labdling steps

Picture 3 shows a diagram of the labelling steps. The
labelling process sarts with a list of point feaures with
their XY -coordinates in the map and their labels. A set of
graphic atributes is then assgned to the labels,

describing the font size used for writing the text. In the
next step, a labelling model is incorporated into the
process We use the fixed pacsition model described in
Sedion 1. Up to nine predefined candidate |abel-positions
can be adgred to ead point fedure. The cadidate
paositions are redanguar regions in the map around the
feaures. The size of the redanguar regions depends on
the text and on the font size of the label they represent.

Features and
|abels
l ‘___[ Font S ze ]‘ ......................... .
Features and
|abels with
font size Labelling
Model | g .
l + (candidate <
; |abel
Features with i
assigned positions)
candidate label
positions
Conflict Graph| -

J

Optimisation

Method 4 .....................................................
Labelling | |
Solution 4 .................................................

Picture 3: Labelling steps and user interactions.

After a set of candidate positions has been creaed, we
model the labelling problem as an combinatorial
optimisation problem in a traditional fashion (Edmondson
et al. 1997 Strijk, Verweij, and Aardal 200Q and
Zoraster 1990 we mnstruct a conflict graph® G=(V,E)
describing all overlaps between pairs of candidate label
pasitions, and use it for computing a label assgnment
without overlaps and with minimal cost. The onflict
graph is creded in following way: for ead candidate
pasition ¢ a unique vertex Vv, is included in V; for every
pair of label paositions ¢ and d that overlap on the map, an
edge (V,Vy) is added to E, where v, and vy are vertices in
V representing the paositions ¢ and d, respedively. If a
candidate label position ¢, asdgned to a point feaure f1,
overlaps another point feaure f2 with f12f2, then an edge
(Ve,Vg) isinserted in E for every candidate label position d
assigned to f2. Moreover, for every feature f, the
candidate label positions assigned to f form acliquein G.

% For a background in Graph Theory, see Bondy (1976).



User preferences for the candidate label positions are
described by cost values (red numbers between 0 and 1)
assgned to the vertices of V. The higher the st value,
the lower the preferencefor the respedive label position.

Many user adions basicdly manipulate the nflict
graph, as we eplain in Sedion 3.2. An example of a
conflict graph is down in Picture 4 for the candidate
pasitions presented in Picture 1.

Picture 4: the conflict graph of the candidate label positions
in Picture 1. Vertices, representing label positions, are
drawn as squares. The original candidate label positions,
shown as dotted rectangles, are presented here only for
reference. Light-colour edges connect vertices related to
candidate label positions of the same feature. Dark-colour
edges indicate overlaps on the map between two candidate
positions.

In the next step, the wnflict graph is used for solving an
optimisation problem. The most intuitive gproad is to
solve the Minimum Cost Maximum Independent Set
Problem (MCMISP) for the graph of overlaps, as it is
done by some popular map-labelling techniques (for
example, Strijk, Verwelj, and Aardal 2000. A solution
for this problem is a subset S of the vertices of the graph
with maximum size, for which there is no edge (u,v) in
the graph that conneds vertices u and v in S. Moreover,
the sum of the asts of the verticesin Sis minimised with
resped to thesizeof S.

A solution for the MCMISP can be diredly transformed
to a labelling solution: the vertices in S indicae the
candidate positions that must be used for labelling the
feaures. If none of the vertices related to a particular
feaure f appeasin S, then f remains unlabeled. Note that
the elges in the graph ensure that no more than one
candidate position is chosen for ead feaure, and that no
overlap ocaurs.

The MCMISP provides a dea representation for the map
labelli ng problem. However, this approad is not the best
for an interadive system. The elges of the conflict graph
are strong constraints in MCMISP, in fad too strong for
user interadion. Inserting a new vertex v into the
independent set S implies the remova from S of all
vertices that conflict with v. This operation may cause
drastic changes of the labelling solution, while a user
would prefer to have smooth changes of the visualisation
of the labelling.

As an dternative, we onsider a dightly different
problem (investigated by Edmondson et al. 1996, where
overlaps between labels are tolerated, but are penalised in
the objedive function. The problem consists of choasing
a subset S of the vertices of the wnflict graph such that
the number of overlapping labels plus the number of
unlabeled feaures is minimised. Moreover, we ald to the
conflict graph an unlabelled vertex for every feaure. This

vertex forms a dique with the other vertices of the
fedure. If an urlabelled vertex appeas in S then its
related fedure is said to be unlabelled. All feaures must
have exadly one of their related verticesin S,

The objedive function includes the mst of the verticesin
Sasaseondary criterion.

With this new problem, the user is alowed to change the
labelling solution in a way that causes overlaps.
Nevertheless a worse solution is expeded to be an
intermediate state to a better labelli ng.

3.2

The user can interad with the labelli ng processin severa
ways. These interadions are shown in Picture 3 and
described below.

a) Changingthefont sizeof the label of afedure.

b) Activating/deadivating a predefined candidate
pasition ¢ for a feaure — this adion can be
implemented as inserting/removing a vertex v,
into/from the anflict graph, plus the ealges
indicating overlaps with v,.

I nteractions

¢) Creding a astomized candidate position for a
particular fedure. The new candidate pasition
can be locaed at anywhere in the map — this
adion causes the inclusion of a new vertex and
of some algesin the conflict graph.

d) Changingthe cost of a candidate label paosition —
the dhanges are made on the anflict graph.

€) Diredly creaing a new edge in the nflict
graph or removing an existing one.

f) Forcing a fedure to be labelled, independently
of whether it causes other feaures to be
unlabelled — this adion is implemented by
temporarily deleting the “unlabeled” vertex
assgned to the fedure in the cnflict graph.

g) Constraining a fedure f not only to be labelled,
but also to use a particular candidate label
pasition c. In this case, al verticesin the conflict
graph related to f are temporarily removed,
except the one representing c; the dfeded edges
are dso removed.

h) Choosing an optimisation method (when there is
more than one method avail able for solving the
|abelli ng problem).

i) Focusing the optimisation method an a particular
group of feaures whose labelling reeds major
improvement. Focus is implemented by al owing
the user to seled a group of feaures. When the
optimisation method is exeauted, only the
seleded fedures have their labelling solution
modified.

i) Manudly changing the labelli ng solution, that is,
changing the set S of candidate label positions
computed by the optimisation method.



Actions performed by the user in a step o the labelling
process are propagated to the later steps. For instance,
increasing the font size of the label of a feaure caises all
candidates label positions assgned to this feaure to be
enlarged. Therefore, new overlaps may occur and new
edges will be alded to the mnflict graph. Similarly, if the
user deadivates a candidate label position c that isin use
by a labelling solution S then the related vertex v, is
removed from the aonflict graph and also from S.

These interadion fadliti es cen be dassfied as types of
hints, acoording to the user-hint framework described in
Sedion 2. The interadions (a) to (g) are aljustments of
the objedive function and the aonstraints of the problem,
since they diredly affed the cnflict graph. Fadliti es (i)
and (g) correspond to controlling the optimisation
method. Interacdion (j) is a typicd manual adjustment of
the solution.

With such fadliti es the user has a wnsiderable anount of
flexibility for refining the problem and improving a map
labelli ng solution.

3.3 Optimisation methods

Pradicdly any optimisation method for map labelling can
be used in the egproach. This includes Simulated
Anreding, Hill-Climbing algorithms, Integer Linea
Programming and Genetic Algorithms. There is a grea
benefit in using an iterative improvement method since it
can take alvantage of an existing solution in order to
produce anew one. In the worst case, the dgorithm can
use the eisting solution as an upper bound for the quality
of anew labelling.

3.4 Featureseection

We can implement feaure seledion (focus) in an
optimisation method in two diff erent ways:

1) Hard-coding suppat for seledion in the
optimisation algorithm; in this case, the
algorithm changes only vertices in S that are
asdgned to seleded fedures.

2) Creaing a small conflict graph containing only
vertices and edges related to seleded feaures.
The optimisation agorithm is applied on the
small graph. The resultant solution is mapped
badk to a solution of the whole labelli ng.

We have eperimented bah options. There ae some
optimisation algorithms for which it is easy to hard-code
seledion. The sewmnd ogion, however, is more
interesting since it alows using a wider variety of
existing map labelli ng a gorithms without modification.

3.5 Visual feedback

Pictures of the labelling solution are provided to the user
to emphasize some of its qualitative aspeds and/or the
combinatorial charaderistics of the problem.

The user can swap between two types of pictures that are
useful for this problem:

1) A geographic map with feaures and their labels;
the picture can optionaly show the set of
candidate postions for every feaure (as in
Picture 1).

2) The onflict graph with all
highlighted.

The pictures highlight overlaps and unlabell ed feaures by
using diff erent colours and shapes.

vertices in S

In order to avoid overwhelming the visuali zation with too
many details, we alopt an information-demand policy:
the user can control the amount of extra information to be
displayed. This is done by combining the visualization
too with the feaure-seledion mecdhanism, so that extra
detail s are shown only for the seleded fedures.

4 Remarks

4.1 System Implementation

We implemented a system for experimenting with the
map labelli ng approach. Seepicture 5.

At the beginning of the labelling process the system
credes a trivia solution by producing a set S with an
unlabelled vertex for every feaure. Thisis gown in the
visualization by drawing crosss representing uriabelled
feaures. The user then seleds a group of feaures and
adds candidate positions for them. Picture 6 shows a
dialog window for setting the fedures attributes. Next,
the user cdls an optimisation method for computing a
better labelli ng solution.

Label Hints [AUSTRALIA IbI]
File Edit Miew Lasheling About

Lo %[ +] Slo[s[s
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Highlight
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Picture5: interactive map labelling system.
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We have @ded two opimisation methods — a hill-
climbing algorithm and a ssmulated anneding agorithm;
ead produces good quality labelli ng.

The dgorithms were implemented as independent threads
that can be run at any time and are cntrolled by the user.
Severa instances of the dgorithms can be exeauted
simultaneously, working on the same region or on
different arees of the labelling. A small conflict graph is
creged for eath thread and the partial solutions are
integrated into the complete labelli ng solution. However,



there is no automatic lock mechanism of the global
solution. This means that the user is responsible for
deciding what algorithms to run and what labelling region
to focus on. On the other hand, the system automatically
computes the quality of every new solution updated by
the threads and retains the best global solution.
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Picture 6: configuration window.

The quality of the labelling solution is diown as textual
infformation in a status bar (see Picture 5) or by
highlighting label overlaps and unlabelled fedures in the
visualization. Picture 7 illustrates a region of a map
labelling where two labels (“Boledaw” and “Viguerie”)
overlap. Other details of the labelling can be displayed,
such as the candidate positions for ead feaure, in order
to help the user to understand the combinatorial nature of
the problem.
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Picture 7: label overlap highlighted in the visualisation.

4.2 Labeling improvement the

interactive appr oach

using

Next, we explain how the interadive fadliti es presented
in Sedion 3 can be used for solving overlaps and
ambiguity, and for converging to better locd minima.

421 Overlaps

In genera, the optimisation methods provide an initia
labelling solution without overlaps, but with some
unlabell ed feaures. Overlaps are then creaed by the user
when moving a label to a different candidate position,
changing the size of the font of the label, or changing the
label text. Such changes may refled the user’s subjedive
asesanent of the aurrent label placement.

Overlaps can be solved by seleding a group of the
fedures, including the nflicting ones, and re-exeauting
one of the optimisation methods for reorganising the

labels. In case there is no complete labelling without
overlaps, then one or more feaures may be put in an
unlabell ed state.

422 Ambiguity

Ambiguity  involves  uncetainty in  uriquely
distinguishing to which fedure alabel isrelated. Picture 8
shows a aowded labelling region with ambiguous
stuations. For instance, it is difficult to identify the
fedures for “Kotto” and “Osyth”. The observer may also
be unsure, at afirst glance about the feaures with labels
“Slotnick” and “Tallbot”.

The interadive framework offers the user three ways of
reducing ambiguity:

1) deadivating one of the cadidate label

positionsin use that is causing ambiguity;
2) increasing the ost for a pair of ambiguous
candidate positions; or

3) inserting an edge in the @nflict graph
conneding a pair of vertices in ambiguous
candidate positions.
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Picture 8: ambiguous labelling.

All these operations can be eaily performed in the
graphicd interface by afew simple dicks. Then the user
cdls an optimisation agorithm for computing a new
solution.

Among the three dternatives for solving ambiguity, the
third one seems to be most attradive. It creaes a “non-
visual” overlap condition between candidate positions,
that can be solved as anormal overlap (Sedion 4.2.1).

Note that the same gproach can be agplied to the
ambiguous case in Picture 2: the user can crede a onflict
edge between labels “ St. George” and “Washington”, and
between “Washington” and “Happy Bay”.

4.2.3 Unlabelled features

If an optimisation method tends to leave a particular
feaure unlabell ed, then the user may forceit to be dways
labelled. This is visualy performed by attaching a pin to
the fedure (or a label position). See Picture 9. Before
runnng the method, such a onstraint is automaticdly
transferred to the anflict graph, as explained in Sedion
3.2
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Picture 9: Pinned (constrained) features.

4.3 Other resources

In pradicd |abelli ng tasks, the user commonly adjusts the
labels by moving them on the map. We dso alow the
same type of interadion, but we integrate it with the
combinatorial framework. Basicdly, a manual adjustment
of a label causes a austomised label position with zero
cost to be aeaed and inserted into the aonflict graph. The
solution S is then updated to have this position as the
choicefor the placement of the label. In future exeautions
of a labelling agorithm, the austomised pasition is also
taken into consideration.

Another paint to be noted is that the user can increase or
deaease the font size of asinge label or of several labels
simultaneously. This allows an interadive seach for the
gredest label size with maximum the number of labelled
fedures. The Maximum Label-Size Optimisation
Problem is NP-Hard (see Neyer 2001 for a generd
description of this problem).

4.4 Limitations

The anflict graph hes its limitations, which are related to
the fad that it describes a simple binary relation between
label positions. Therefore the @nflict graph cannot be
used to exclude aparticular placement involving three or
more label positions without aso excluding partial
configurations of these positions.

5 Conclusion

In this paper, we showed a list of interadion fadliti es for
Map Labelling. The labelling approach is embedded into
an interadive framework based on user hints. The user
can refine the labelling problem by inserting domain
knowledge, control the labelling agorithms and perform
manual adjustments of an existing solution. A conflict
graph of overlaps is used for representing the user’s
domain knowledge.

We presented the goproach for the problem of labelling
point-feaures with redanguar labels. However, the
combinatorial model applied here can be extended to
handle any type of feaure and label shapes.

We ae arrently enlisting experts in Map Labelling for
an extensive evaluation of the gproach. The am is to
investigate how helpful ead type of interadion is for
solving many map labelli ng problems.
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