Creating temporal cartographic animations
from an incomplete input of graphics

Roy Lammers

Master of Science thesis
Utrecht, the Netherlands, May 2007



MSc Thesis

Title:  Creating temporal cartographic animations from annmiete input of graphics

Master of Science in Geographical Information Managemefipglications (GIMA).
Utrecht University, Delft University of Technology, Wagenindéniversity and Research

Centre and the International Institute for Geo-Informatiae®® and Earth Observation
(ITC), Enschede.

Author: Ing. R.G.J. Lammers
Professor: Prof. Dr. M.J. Kraak (ITC)
Supervisor:  Dr. C.A. Blok (ITC)

Reviewer: Dr. S.C.M. Geertman (Utrecht University)



Preface

Animations; | want to do something with cartographic animati®hat is what | thought
when | started looking for an interesting subject for thisishdhey can look very appealing
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television and on the internet is increasing.
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the changes in those animations. During this researchmel@@uite a lot about the topic and
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to use this opportunity to thank my friend Bram Boot for introduanegto this scripting
language.

Furthermore, | would like to thank my supervisor Connie Blolgieing me a lot of useful,
quickly provided feedback. Professor Menno-Jan Kraak and revigaarGeertman also
helped me with their comments; therefore | would like tokithiem as well.

Finally, | am grateful to all persons that took the tbm@erform the tests with the animations.
Without them there would be no result; therefore their nangeadtded in appendix 4. | am
especially grateful to my mother who actively co-operatedioperaging people to do the
tests.

Roy Lammers, May 2007






Abstract

This research investigates how temporal cartographic animationise created from an
insufficient amount of input images.

An animation shows a sequence of static images. Therdwithiusion of continuous change
is established. This illusion, however, does not occur whearttoaint of images shown per
second (frame rate) is too low. Since the number of availatdges is often not high enough
to produce an animation of acceptable length with an appropiate frate, many new
images need to be created in order to make an animatiese images can be created by
performing an interpolation technique and by choosing the total dniraftithe final
animation.

Many different maps exist and the point, line and polygon symbols se thaps can
represent all kinds of phenomena. Besides that, these symballarzge in many different
ways during an animation (e.g. rotate, shrink or move). Fumihrer, when symbols in an
animation change too slow, this change will not be noticed simg®ns are not able to
perceive these changes.

Therefore, the main objective of the research is to tigas what the optimal techniques and
durations are to avoid perceptual problems in all kinds of tempartgraphic animations,
created from an insufficient number of input images.

The thesis contains three main parts. The first desdtieeypes of animations that exist and
the different ways in which objects can change during tiveation. Spatial behaviour (the
behaviour of the objects; e.g. rotation or change in thicknesdireé) and temporal behaviour
(the behaviour of the phenomena in time; e.g. rough change likediverdion or smooth
change like increasing population) are dealt with.

The second part contains the descriptions of interpolation techniyjgiéstinction has been
made between interpolation for relatively simple changks ¢rowth of an object) and
interpolation for deformations (changes in the shape of an hhfeistshown how the results
from the interpolation techniques can be visualized in graphs anthkeaechniques can be
compared. Furthermore; the advantages, disadvantages,itingtahd possibilities of the
techniques are described. An initial suitable technique faditferent phenomena and
behaviours of the maps objects can be chosen based on theg®idesc

However, when the technique chosen is only based on theichatggnomena and its
representation; problems of perception may occur since it isoetn how fast the objects
should change. These perceptual problems are dealt wité thith main part of this thesis.
Here it is described that it is important to pay attentn order to see change. It is shown that
the minimum speed of a changing object that is still capzfldapturing the attention of the
viewer depends on many variables. These variables ase&zweof the changing objects, the
amount of the changing objects, the behaviour of the changingofjescribed in the first
part), the amount and types of surrounding graphics (background majkgand
characteristics of the viewer (e.g. experiences, edugati



Tests animations have been created with different vatwebdse variables which have been
shown to people with different user characteristics. Bypatating and showing the results
of these tests in graphs, it became possible to give aratiati of the minimum rate of
change for many types of animations.

Finally recommendations have been given to indicate theébfaitiechniques and settings for
the duration when someone wants to create a temporal cartagaaphation from an
insufficient amount of input images.
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1 INTRODUCTION

1.1 Context

The world in which we live changes constantly as time gasgeWe build new suburbs,
hospitals and roads, a tsunami reshapes the coastlines andfesidtappear.

Maps are very useful for providing information about spatiahpheena and their coherence
in space but most of the maps show information that is onlg f@lia single moment in time.

Because of the fact that phenomena change in time, mapepghesent these phenomena
need to be changed or redrawn; otherwise the information, driiom the map would not
be relevant for present time anymore. Due to the constant produttiew enaps, many
maps may become available showing differences in time faime spatial area and
phenomena.

These maps can be used to extract information about the chaegesding to Kraak and
Ormeling (2003) it is possible to distinguish three types ofessmtations of changes in time
and space of which the creation of a series of static raapes first. It is also possible to add
the aspect of time to a single map by using a specHighic variable or symbol for this
purpose; this is called a change map. The third distinguishaisesentation is the animated
map or cartographic animation. The following definition of aations in general has been
found on the internet:

“Animation is the optical illusion of motion created by tlmmsecutive display of images of
static elements"urL 1)

In case of cartographic animations these images of statieats are maps. We can
distinguish temporal- and non temporal animations. The latter sheaguence of images
that are not related to time (e.g. an animation showingrihénces of a country one by one
or an animation with blinking objects to get the attentiothefviewer).

In temporal animations the sequence of the displayed imagaatisd to a certain time period
(usually chronologically). Temporal cartographic animations cangediie viewer with
information about many kinds of changing (geographically relatedjguhena. Examples
are: the expansion of the Roman Empire, the ever-increasiognt of traffic jams, the
changing amount of countries with a dictatorial regime or thather forecast. This research
focuses on these kinds of temporal animations.
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In animations, the individual images are played for a shoet fThis means that viewers do
not have much time to see what is shown on these imagesgfdieethe amount of
information that can be visualized on a single imagerigdd in animations compared to
static maps.

However, in many situations animations are potentially beétpable of providing

information about the changes compared to the other typeprafsentation because they can
contain a high amount of time-frames (sequentially displayed&s) representing different
moments in time. Compared to an animation, a seriestaf staps is limited because
humans cannot recognise the differences when the amount of inforrfratips) becomes
high. Moreover, the differences between maps are hardee tohsn they are not overlaying
each other like they do in an animation. In a single stadip it is not possible to add a lot of
information while keeping the map readable at the same Ainaher disadvantage of single
static maps is the fact that they can only show chamgesse direction (e.qg. it is not possible
to visualize a city that shrinks after some time of expansion)

An animation can contain a higher amount of information froneifit moments in time and
can show these at the same physical location; thereforedndye very useful to clarify
trends and processes, as well as to explain or provide imsiglspatial relations (Kraak and
Klomp, 1996). When the trends or patterns are known it will imptiegeuality of the
decisions made based on the information shown in the animatoarding to Peterson
(1995); animations are especially useful for providing insightenchanges between the
timeframes. The following quotation illustrates the valuarofainimation:

“Just as a picture is worth a thousand words, an animation ik woich more than the input
static images” (Acevedo and Masuoka, 1997 pp 424).

1.2 Background of the research questions

There are many potential problems which have to be dealt Wit womeone wants to create
an animation based on static map images. This researshpdeaarily with the problem of
unavailability of input images.

In order to see the illusion of motion it is necessargpidly show the individual images of
which the animation consists.

Frame rate (also known as frame frequency) is a measniré¢onghow how many unique
consecutive images (frames) are displayed in one seocan@}.

According to Foley (1990) it is effective to use a frame adtl5 fps (frames per second).
Others state that a frame rate equal or above 10 wilhdegh to create the optical illusion of
continuous movementRL 2). In the movie/cartoon industry they usually use 24 frames pe
second (RL 2).

14



If there are only a few images available and these ayeglwith an effective frame rate it
might result in a very short animation or there will be sgayes in the animation (timeframes
for which no image is available). In these cases thenpatrecognized by the user will not be
optimal which will probably give a wrong impression of realityis also possible that the
images are irregularly distributed over time which rednlen animation with a non-linear
timeline when all images are added sequentially. In this ttese is no direct link between
world time and the display time in the animation which resuala misleading pattern.

Because an animation shows changes dynamically, some dyhaaniahles can-, and have
been defined by Dibiase et al (1992) and MacEachren (1994 )ffthese relate to single
animations and therewith to the types of animations focumséal this research. These are:

- Moment of display (position of a state or change in the igjage

- Order (structured sequence of states or changes)

- Duration (length or the display time of an image (fraate))

- Frequency (repetition of identical states in a unit spldiy time (e.g. blinking))
- Rate of change (difference in magnitude of changes peofudisplay time)

According to Blok (2005), rate of change should not be seeniasl@mendent dynamical
variable but as an effect of any change in the representatiarthe interaction with the
animation (e.g. changing the speed of the animation).

The changes seen in the animations depend on the dynamldes(end the rates of
change). When these are not optimal, the patterns recognizlkd bger are also not optimal.

1.2.1 Interpolation

In order to deal with the problem of availability of input imsgadditional images might
have to be created by using an interpolation technique on thaldeanages.

Interpolation can be defined as a mathematical methockafiocg missing datagL 3).
In case of a time series of static maps, the interpolatEstes maps in between

(chronologically) the existing, initial maps. The interpolateaps are thus constructed by
using mathematical formulas which use the initial maps@st.i

15



Figure 1 shows an example of an animation created froimt iejgut images. In the figure the
images are shown next to each other while in a true animidey will be shown at the same
location for a chosen duration.

The upper part of the figure shows the problem of the irregud@sdilable initial images.
When put in chronological order and shown sequentially with the saplaylspeed, sudden
‘jumps’ in the patterns will occur because there are ng@amnavailable for all moments in
time (missing images, shown in black in figure 1).

The lower part shows the solution of interpolation. Here thssimg images are created in
some mathematical way based on the available input imagegechniques for interpolation
are described in chapter 3.

Figure 1 Example of interpolation

1.2.2 Perceptual problems

Like a map, an animation can only approximate the real woolckgses since the real world
is very complex and humans are not able to distinguish gigamizints of map information.
Maps and animations are also relatively small compareedlity. Therefore it is important
not to add too much information to the animation and choicestbéxe made about what to
show and what not. When an animation shows many changes it midi& possible for
humans to perceive these changes.

The reason for this is the fact that visual perception ahgé in an object only occurs when
that object is given focused attention (Rensink et al., 1997i &dot possible for humans
to constantly focus on many changes in an animation. Not fogusan lead to unwanted
visual perception phenomena, referred to as change blinanéssattentional blindness.

Change blindness (CB) and inattentional blindness (IB) might atteuto the contents of the
animation and the capabilities of the viewer. CB and IB leen investigated in this
research since the different techniques and the choices fidyrihenic variables (including
rate of change) that can be used to solve the primary pradflenavailability of input

images will result in different animations. By choosing pprapriate technique with
appropriate settings for the dynamic variables, the chanceraégmtual problems can thus be
lowered.
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CB occurs when one fails to detect change in the viseldl fRensink et al., 1997). This can,
for example, happen when one blinks (or moves) the eyes. b@seos when object change
too slow.

IB refers to the inability to detect (even big) unexpecteahges (Mack & Rock, 1999; Blok,
2005). It occurs when the viewer focuses on particular (maprishpecause he or she
expects these objects to change or when the viewer isymmistlested in these objects. Due
to this, other objects can easily be missed. The objeatstuser sees or misses can depend
on the characteristics of that user (e.g. age, experienaelsground).

Perceptual problems are described more in-depth in chapter 4.

1.2.3 Phenomena and representation

The phenomena shown in the input maps for the animation and théesgayare represented
(e.g. by using coloured lines or hatched polygons) determingaji¢he maps change in time
and therefore might have their influence on the solution foutia&ailability of input images
as well.

In the example of figure 1, the images show a polygon of whickhtape changes in time.
This might, for example, be an island that changes dueismg sea level or a part of a
country where a certain animal lives. Other phenomena witidggped differently. A road
network is usually represented by connected lines, land usseslaan be displayed by using
polygons in different colours. Since phenomena are mapped differatlgehaviour of their
representation over time is also different (e.g. coloungbasize change, location change)
which might influence the usefulness of the techniquesctrabe used for interpolation. The
possible behaviours of map objects are described in chapter 2.

1.3 Focus of the research

1.3.1 Problem definition

From paragraph 1.2, it becomes clear that the problem o&ilamlality of input images for
temporal cartographic animations can not be solved well witrowing the perceptual
problems that might occur and the nature and representatibe phenomena shown in the
animation. This leads to the following problem definition:

“The most suitable techniques and animation durations to avoid pelgeqatoi@ms when
creating a temporal cartographic animation based on ingsffigiput maps of any
phenomena are not known”

1.3.2 Main objective

The main objective is to investigate what the optimdinegues and durations are to avoid

perceptual problems in all kinds of temporal cartographic aromstcreated from
insufficient input images.
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1.3.3 Research questions

The following research questions have to be answered in orceadi the main objective

How do phenomena behave over time and how are they represeteatporal
cartographic animations?

When do perceptual problems occur per phenomena/representation?

What are the potentially useful existing interpolation techniquetefoporal
cartographic animations?

What influence do the interpolation techniques have on the penceptchange?
What techniques can be recommended for the creation of amsi&om an
incomplete input?
1.34 Limitations
Phenomena
For some phenomena it is not suitable to create interpolaioos it is necessary that their
behaviour is more or less natural (e.g. changing temperaamiesal habitat or coastlines). If
this is not the case (like in cadastral maps or municipal boesdahere the changes are
based on human decisions) it is impossible to predict intgrponlvalues unless the
“unnatural” (e.g. human decision) influences are negligible dtiest usage of a small map

scale.

This research therefore only focuses on phenomena reprementsdtwhich the change is
(more or less) predictable.

Graphical representation

In geographical information systems (GIS), spatial- andatwi(thematic) information is
stored in databases. When geo-information from a GIS is showme screen, graphical
representations, chosen by a cartographer, are assignedpatiaé database objects and the
attributes that belong to them (e.g. population densitie§I3nit would be possible to
interpolate the data which would then change the graphicakesgedion in a way that
depends on preferences of the cartographer. Thus, the interptdatimigue used on the data
would also influence the final outcome.

Therefore, not the data, but only the graphical (vector) remiasan is used for interpolation

in this research (for example: when interpolating imagesémaesent population densities by
using different shades of grey, these shades are integhatatethe population densities).
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Classification

The objects shown on thematic maps are usually shown in diffeseours, grey values or
sizes. Since it would be impossible to quickly distinguish maagtgcal properties of
objects, the objects are often classified and represegtadimited number of clearly
distinguishable graphical properties (e.g. five different sizesix different colours). This
means that a single property represents a range of attviduiss. This might lead to
problems when these objects are used to create an aninkégiore 2 illustrates this problem.

Figure 2 Example of an interpolation problem due tahe classification of the original images

In the example of figure 2 there were two original imagesh images show the population
of two villages (respectively in 1940 and 1980). By using intettpmi of the size of the
objects, a third image has been created for the year $86f@ the size of the upper object
does not change, it looks as if the number of citizens did not gtowever, it might be that
this amount did grow (from 120 persons in 1940 to 200 in 1980) butat igsible in the
animation because of the classification that had been dgplibe original images. Even
though the lower object represents a village population thatgpely from 200 to 210
inhabitants, it looks like a bigger growth than that of the uppercabj

Thus, classification of the input images can have a negatiluence on the outcome of the

animation. Therefore the values of objects on the input ismageassumed to be unclassified
for this research.
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Map content

Maps can be used to visualize any kind of data that isa#ipatssociated. They do so by
showing objects (points, lines and/or polygons) in, for example, eliffeshapes, sizes,
colours or hatches. All these objects can change in diffei@yg when they are used in an
animation.

Maps usually consist of many of these objects and any compasitibam is possible. In
time, all these objects could also behave differentlyiatelpendently.

Since it is impossible to investigate the perceptual prabfemall possible combinations of
changing objects this research is limited to animatiomspaft maps where there is only one
type of change (e.g. only polygons where the grey value changedy lines of which the
thickness changes). Furthermore, animations in which olijbatgge in the graphical variable
of grain/texture are not dealt with.

Overlapping objects

Since a temporal cartographic animation will often contain ni@e one graphic object and
since these objects can change in time independently fronodeahit is possible that
objects will (partly) overlap each other in the interpalateages.

Figure 3 shows examples of these problems for point symbplsyagons. Every example
exists of two or three objects of which at least one changasé. In figure 3, overlap
problems occur in the middle frame which is created by t@ngalation of the other frames.

Figure 3 Examples of overlap problems for point syiols and/or polygons

Since it would require studying relations between multiple dngnapjects, overlap
problems are not researched in this thesis.
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Simple animations

Animations in which not only the map objects change but wherdledease map changes
(e.g. rotating globes or animations where the map sceaéiable during play (zooming)), are
not investigated.

Interpolation technigues

Many interpolation techniques exist and new ones will probably belajged. Since it is
impossible to describe all of them, the techniques detitiwithis research are limited to
some of the most commonly known.

1.3.5 Implications of the research

Since the 1980s computer based animations have been createdesrdh has been done
about this topic (Kraak & Ormeling, 2003). Creating animations arfdrp@ng

interpolations have also been studied in computer scienced@ggenat Thalmann &
Thalmann (1985) or Foley (1990)). The knowledge gained in thesesisdiften used in the
movie- and gaming industry.

Specific research on temporal cartographic animations haspee®rmed by Blok (2005),
Andrienko et al. (2003) and Ogao & Kraak (2002), amongst others.

However, the outcomes of these studies do not easily provatenation that creators of
animations can use to know what techniques (and what settintpe fdynamical variables)
they should preferably use in case of an insufficient amounpaf maps.

This research can contribute to the existing knowledge bygingva methodology and
results that can be used as recommendation for thearr@ditanimations when the input
images are available.

Other researchers should be able to use the results ofséach for further investigations

about the possibilities of animations, for instance for animabased on more complex
maps.
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1.4 Research methodology

The methodology, used to reach the main objective of this obsisavisualized
schematically in figure 4.

Figure 4 Thesis methodology scheme

The first steps are the investigation of the existing, patgnsuitable techniques for
interpolation and the investigation of the possible behaviours pfaijgcts in time. These
steps are both theoretical and based purely on literature study.

The investigation of the techniques results in descriptionsitomg advantages,
disadvantages, possibilities and limitations.

With the different behaviours of map objects known, it is iptesso investigate the
perceptual problems that may occur for each of these behaBased on literature about
perception, criteria are created that form the basih®ouser tests that are performed with
real animations. These tests result in descriptions andlizations that show when problems
may occur for each of the defined behaviours of map objects.

With the possible behaviours, the techniques and the occurrepeeceptual problems per
behaviour known, it is possible to recommend suitable technigqueduaations to all of the
behaviours of map objects. The relation between the techniduedion and the possible
occurrence of perceptual problems is explained by the exarfidgie 5.

22



In figure 5 the initial images (upper left part of the figushow different grey values that
represent certain population densities (one of the possib&vioeirs of map objects in time).

The bottom four images of figure 5 show the results of twedifft interpolation techniques
(technique A and B) and two different settings for the duratidghefinimation (speed 1 and
2) in a graph where the x-axis represents the time anddRis yepresents the variable (in
this example grey value). The known images are visualizedaseround black dots while the
interpolated values are shown as squares (in reality mamgotated images per second are
needed but only one per second has been visualized herejopls of these graphs show
the rate of change of the animation at the different steps (if the slope becomes steeper,
the rate of change becomes higher).

By performing user tests, the rates of change at whiceptual problems occur for this
situation (e.g. sizes and amounts of the changing objects)e®n investigated. In the
upper-right image of figure 5 the slopes for which thereriskeof a perceptual problem (for
this particular situation) are shown. In this way it is posdibiedicate in the graphs of the
techniques where perceptual problems may occur (indicatedkxixi).

In the example of figure 5 the result of both techniques ntigtst cause perception problems
when the animation plays for 10 seconds (speed 1). When playgdéaonds, technique A

might be preferable since technique B still results in an @immwhere perceptual problems
will occur.

Figure 5 Relation between techniques, display speedtes of change and perceptual problems
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Finally, when the techniques that are suitable are known had wis known when and how
they can be used with a smaller risk of perceptual prahléns possible to write the final
recommendations for the creation of temporal cartographic animsat

1.5 Organization of the thesis

This thesis consists of five chapters and some appendicesoiiteats of the chapters
(except this introduction chapter) are briefly described here:

Chapter 2

This chapter describes the different behaviours of magtstdpased on classifications of
cartographic animations. The distinction is made betwedrabpad temporal behaviour. The
spatial behaviours that can be interpolated are describedaElrof these behaviours, graphs
are constructed that can visualize the temporal behavibareWith tools are provided to
show the rates of change of the objects. Furthermore; #pertalso describes the limitations
in change for the different spatial behaviours.

Chapter 3

The interpolation techniques are described in chapter thrdistiAction between techniques
for relatively simple changes and techniques for complex chdolgasges of shapes) is
made.

Chapter 4

Chapter four is about perceptual problems that may occur wheatémmare being played.
It contains an overview of important aspects. Besidesitlwintains the description of tests
that have been performed in order to measure when percppibms occur for the
different behaviours defined in chapter 2. The main restiltsese tests are also included
here.

Chapter 5

The final chapter contains the answers to the researctiangeand the conclusions and
recommendations for the creation of temporal cartographic anmsdtom an incomplete
input. Additionally, it provides recommendations for testing perception.

A short summary is added to chapters 2, 3 and 4.
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2 BEHAVIOUR OF MAP OBJECTS IN TIME

2.1 Introduction

There are many maps that can be used as input for theonrefti cartographic animation.
These maps can contain all kinds of geographical informatiaredior graphics, the
geographical information is represented by objects (e.g.hreddisie or a coloured polygon).
These objects can change in many ways during the animatiorddnto recommend an
appropriate interpolation technigue (interpolation techniques aceiloles in chapter 3) it is
necessary to describe these different behaviours in which jixgban change in time.
Some techniques for interpolation may not be suitable for certhavizairs.

Paragraph 2.2 contains a description of classes (created byestbarchers) of different
types of cartographic animations. These classes providecausé for paragraph 2.3 and its
subparagraphs which contain the changes that may occurdpétial dimension. The
possibilities of change in the temporal dimension and thetovaigualize these are described
in paragraph 2.4. Apart from the behaviours of objectpate and time, another aspect can
influence the appropriate techniques for interpolation. This agp#u limitation in which

the behaviour can change. It is described in paragraph 2.5

2.2 Classification of cartographic animations

There are different types of cartographic animations in whelntlages might change in
time. There have been some attempts to classify.tkegak & Klomp (1996) mentioned
three different classes based on a classification by Bngi993). These classes are: “time-
series”, “successive build-up” and “changing representati@ifferences in world time are
only visible in time-series animations. Successive build-up dmingashow changing
attributes or locations while time is fixed (e.g. showimg mumber of inhabitants from
different educational backgrounds subsequently). In case of chaegiegentations; time,
attributes and locations are fixed and only differencesgresentation are visible (e.g.
different classifications or different map projections).

Another classification of cartographic animations has beerectégtLobben (2003). In this
classification, there are three different classesdbatiain animations that show changes in
time. Since temporal cartographical animations are the onksaildsain this research, this
classification is better capable to provide a structurenierahapter (although it looks a bit
strange).

Lobben’s classification is based on three characteri@iioe, variable and space) that can be

either dynamic or static. Table 1 shows the relation lEtvileese characteristics and the
different classes.
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Table 1 Characteristics of cartographic animation tasses (Source: Lobben, 2003)

Table 2 Explanations of states of characteristicsybLobben

Time Static Images represent the same moment in world time
Dynamic| Images represent different moments in world time

Variable | Static Objects are of equal value after change (no diffeseimcorder)
Dynamic| Differences in order

Space | Static Base map stays the same during the animation
Dynamic| Base map changes

Table 2 shows the meaning of the states (static or dynaffrtieg characteristics defined by
Lobben (2003).

Time is considered dynamic when the animation contains inveifesbjects that represent
phenomena at different moments of world time, otherwise smseatic. Table 1 shows that
time is always dynamic in time-series and process animatiotisematic animations it can
be either dynamic or static.

It is important to realise that what is referred to agtsaries animation by Kraak and Klomp
(1996) can thus be time-series-, process- or thematic animatioosding to Lobben (2003).

Maps consist of many objects (e.g. roads, houses, administbatindaries) that can be
displayed as point symbols, lines or polygons. Attribute infonatelonging to these
objects (e.g. amount of traffic or temperature within a ceeteea) can be visualized by using
graphic variables (e.qg. different colours). Variable is m@red dynamic when these graphic
variables represent quantitative changes in time. In teis ttee order of the attributes is
variable (e.g. temperature ranging from low to high).

Variable is considered static when the changes do not #ffeorder of the attributes. This is
the case when qualitative changes occur (e.g. the typmalise changes and therewith the
colour of the polygons) and when the geometry of the object changes.

When space is dynamic, objects that do not change in reatitgtill change in the animation

that represents this reality. In these cases, therbapehanges during the animation (e.g.
zooming, panning or rotation of the entire animated map).
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Based on their characteristics, the different classglecanimation methods in table 1) have
been described here:

- Time series animation

In time series animation the total map area stays the saile locations or existence of a
given phenomenon may change. The different images playedsiedlyeepresent different
moments in time. In time-series animations the time ssalet restricted (e.g. change can be
visualized over seconds or centuries). Time-series animatimve only the different objects
on the maps and qualitative information about these objegtd(gldings, roads, different
types of crop fields) but do not show quantitative thematic imédion attached to those
objects by using graphical variables like (grey) values adugted symbols.

- Aerial animation

An aerial animation does not show differences in time but nagving base map (e.g. a
rotating globe or an animation following the coastline). Siimoe toes not change here,
phenomena do not change either. However: it is possible thaggtesentation of the
phenomena does change. For example; the level of detaiher#iase when zooming in on a
certain area. The word fly-through can also be used for thisddianimation (Kraak and
Klomp, 1996)

- Thematic animation

In this type of animation quantitative thematic informati@neipresented by a graphical
variable, used for the objects in the map (e.g. diffgignety) values for population density
within municipalities). In these animations time can be e#katic or dynamic. When time is
static, the animation can show the differences betwkessification methods for the thematic
information. When time is dynamic the animation can show dgagmé changes like the
increasing population density or the changing average tempeiratlifierent provinces.

- Process animation

Process animations follow the movement or trajectory oaitcephenomena. Since movement
is only possible when time passes by, these are tempamatons. In process animations
the base map also changes. An animation showing contineifitéd én example of a process
animation.

When animations have to be created based on an incomplefergmit images and the base
maps of these images are different (e.g. different patteeoiorld when the animation would
follow the flight of an airplane), interpolating the changingeclkg based on their absolute
locations would not be sufficient. The locations should be retatdte base maps and
therefore relative locations are needed. Since it would ne¢rainsformations to calculate the
relative locations for interpolated images, it is not telasio deal with these animations in
this research. These animations are therefore not dellintthis research.

In the next paragraphs, the different behaviours of map obietitee are described for time-
series- and thematic animations.
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2.3 Spatial changes in temporal cartographic animations

231 Time-series cartographic animation changes

Figure 6 shows the basic geometrical changes for polygon,Hahpant objects in a time-
series animation.

In case of deformation, the object can change from any sbapgy other shape. It is also
possible that more objects merge into one object or thadlgeet splits into more objects.
Deformation is therefore more complex compared to the gdmmnetrical changes and is
discussed separately in paragraph 2.3.1.2. Examples oftthechanges are given in
paragraph 2.3.1.1.

Basically, any combination of the changes, mentioned in fi§uig possible (e.g. an object
can simultaneously grow and rotate or disappear while its shégrendg However; since
there would be an enormous amount of possible combinations, itfesaisdile to deal with
all of them in this research.

Apart form the geometrical changes, time-series animat@anslso show qualitatively
changing phenomena (see paragraph 2.2.). These are descriaexhnayph 2.3.1.3.

Figure 6 Object changes in time-series animation (#irce: Claremont & Theriault, 1995)
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2.3.1.1 Simple geometrical changes

Examples of different changing phenomena in time-series aoinsatiat are represented by
the geometrical changes (except deformation), mentioned iref&uare shown in the
following figures (7, 8, 9, 10 and 11) where question marks atelithat an image is missing
and a solution has to be found for this incompleteness by usingegoolation technique, if
possible.

Figure 7 Example of appearance

Figure 8 Example of disappearance

Figure 9 Example of displacement

Figure 10 Example of rotation
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Figure 11 Example of expansion

By turning the sequence of images of figure 11 around, it couldgept a shrinking city
which would be an example of contraction.
2.3.1.2 Deformation

Figure 12 gives an example of a coastline of which thpesbhhanges.

Figure 12 Example of deformation

There are many other examples that can be mentionedhepg sf an animal habitat or city
boundary) that all can change in any possible way.

Point symbols can also change their shapes during an anirf@tiothe symbol for a church
becomes a symbol for a museum or a park becomes a zoo). Thisehoweualitative
information and can therefore not be interpolated (this is exquldmparagraph 2.3.1.3).
Therefore, only the deformation of lines or polygons is ingastid in this research.

Polygons can have (or deform into) more complex shapes containirsgiotsh might make
the interpolation more complicated. Figure 13 contains an exavhpiech a deformation.

Figure 13 Polygon with hole
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Apart from deformations where one objects deforms in anothertpibje@y also occur that
the amount of objects changes due to the deformation. Thepkxafrfigure 14 shows a
polygon that splits in two (at time = 3). This might for exderbe an island which coastline
changes due to the rising water level. It is also pos#iakethe amount of polygons lowers
due to deformation. In that case two or more objects metg®ne.

Figure 14 Splitting of a polygon

2.3.1.3 Qualitative changes

As discussed in paragraph 2.2, animations in which qualitatiaeges occur are also
considered as time-series animations (Lobben, 2003). Qualithareges are variations in
thematic information where the value or order at time x idhigher or lower than at time y
(as it would be in case of quantitative changes like higlevotemperature or population
density).

In case of qualitative changes it is not useful to interpdfatiene since there is no value to
predict. This is illustrated by the following example: Coasighaps of a city showing the
changing land-use. In these maps, commercial areas arezeslialired and residential areas
are shown in yellow. If the land use changed from commeri@sidential and some images
in between are missing, they can be visualized as orangiedatis no meaning assigned to
that colour. Since any value can be the outcome of the indtigrglthe amount of potential
unknown meanings (and in this case: colours) will be infiniter&fbee; although graphics
software might be capable to interpolate graphic represemsadi qualitative information
(different shapes, colours or orientations, which are the gralprariables applicable to
qualitative change according to Bertin (1983), see paragraph)2t®&e interpolations are
not useful.

2.3.2 Thematic cartographic animation changes

Thematic information is displayed on a map by using grapharébles to represent an
attribute value of the individual map objects. Bertin (198Bassted variables into two
types; the planar dimensions and the graphical variables.flhedi¢he following graphical
variables: size, (grey) value, grain/texture, colour hue, otientand shape. The
measurement scales for which the different graphical vasatan be used properly
according to Bertin are shown in table 3. Nominal refers ttitgtiée information (e.g.
different land-use types or habitats of different animal gg¢evhile ordinal, interval and
ratio refers to quantitative information. In case obaginal measurement scale, the order is
known but the differences are not quantitatively expresseds{ees. of buildings in a city
that are small, big or large). In case of interval aibythe differences are quantitatively
expressed.
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The difference between the two is that in case ob @ddia the zero is the absolute lowest
possible value (e.g. a temperature of 0 Kelvin). An intangasurement scale has a relative
zero point (e.g. 0 degrees temperature in Celsius isasbget at the point at which water
changes from a solid into a fluid).

Table 3 Relations of graphical variables to perceptal characteristics (Source: Bertin, 1983)

In the classification by Lobben (2003), thematic cartographmations show quantitative
changes. The applicable graphical variables for these animateiisus: size, (grey) value
and grain/texture. In case of grain/texture differencesnaide visible by using different
hatches with an equal black/white ratio.

Examples of animations that use these graphical variables ara shtve following figures
(15, 16 and 17).

Note that the size of the road, shown in figure 15, has not ctha@géy the amount of traffic
on this road (and the graphic representation) has changed (sthérme/scale had changed
and it would be a time-series animation (according to Lol2@08)).

Figure 15 Example of size change

Figure 16 Example of (grey) value change

32



Figure 17 Example of grain/texture change

Grain/texture is rarely used in cartography practice.dtse difficult to produce animations
with variable grain/texture and the risk of perceptual problefmen animating grain/texture
is assumed to be very high. Therefore, it has not beestigated further in this research.

The graphical variable of size is different for point, lomgolygon objects. In case of point
symbols it is equal to expansion/contraction. The symbol simpéytigger or smaller. In

case of lines, the line itself does not grow (its stad endpoint stay at the same location) but
the thickness of the line changes (see figure 15). For polygon obfectecation of the
polygon also stays the same. Size change for polygons meang dhatjects within the
boundary of the polygon (an example of polygons with differences igrépical variable

size is shown in figure 18).

Figure 18 Polygons of which the graphical variableize is different
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24 Differences in the temporal dimension

24.1 Introduction

The speed with which map objects change in time may difaveen animations, between
objects within those animations and also for every object waihigle animations while

playing.

Objects can change fast or slow, smoothly or roughly. Theirafathange (difference in
magnitude of changes per unit of display time (DiBiasé, 19892, MacEachren, 1994) can
increase, decrease or do both within a single animatioicdiggthe speed of a changing
map object can be constantly variable. Figure 19 visualesetdifferences; here the
changing phenomena (might be represented by any variable) is shiherysaxis while the
different moments in time are shown at the x-axis. The phenowsuredized with the filled
dots change smoother than the one that is represented bygphedots. The latter might for
instance be the changing temperature during the year whiclyushenges roughly while,
for instance, the amount of citizens in city usually insesamore regular during the year.

Figure 19 Different regularities of change in the émporal dimension

The most appropriate technique for interpolation partly depends dluc¢hgation of the rate
of change (e.g. rough change or repeating change). Therefonedassary to not only
consider the different types of spatial representation abltfexts but also the different
behaviours in the temporal dimension.
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Different interpolation techniques and different settings fodtiration of the animation
result in different graphs. By comparing these graphs, a suidtiinique and duration can
be chosen based on the behaviour of the phenomena and itsmegi@seand the risk of
perceptual problems (see chapter 4). It is, however, not ajvesgible to calculate/draw the
fluctuation of the rate of change, including quantifiable vafaethe y-axis, in the same way
as in figure 19. This depends on the geometrical or theimatiaviour of the objects. These
behaviours have been described in paragraph 2.3 and its sylapasa The graphs to
visualize their temporal change are shown in the followinggpapds.

24.2 Visualizing rate of change

2.4.2.1 Expansion, contraction, size change and value change
For expansion/contraction, size change and (grey) value ciiaag®ssible to show rate of

change in a graph like the one of figure 19. Examples dattex two are given in figures 20
and 21. The example for size can also represent expansion/gontrac

Figure 20 Graph for (grey) value change Figure 21 Graph for size change

For (grey) value, the values are between 0 (black) and 25%jwien an 8-bit greyscale is
used. For size (and expansion/contraction), the maximum deperius actaal object in the
animation, therefore a question mark is used in figure 21.

Since the size of an object changes in x- and y diredtiersquare root of the sizes have to
be used as value on the y-axis of the graph for expansion/contracti®ize change. The
reason for this is illustrated in figure 22.

Figure 22 Linear size change of an object
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In figure 22, an object changes in size linearly (at tiama#s t1...t4). When the sizes of the
object would have been used in a graph (like the example of #dgrhis linear change
would not be represented by a linear line (since the valee$, 4, 9 and 16 square
centimetre). Therefore the square root of these sizes istheddear change will then be
displayed as a linear line (values 1, 2, 3 and 4 centslet

2.4.2.2 Deformation

In case of deformation it is more difficult to draw such apyrbecause it is not easy to
calculate values for the y-axis.

For polygon objects these values can be approximated by an owpela@tion. The objects
from two subsequent time frames are then overlaid and thefsikhe area that is part of only
one of the two objects is calculated (by using GIS softw&igiire 23 illustrates this. Here,
one object (a) deforms into another (b). By overlaying theseobjects (c) and erasing the
part that belongs to both objects, only those parts that have chiagedhat belong to
object a or object b but not to both) will remain (d). By gkiting the size of this remaining
object an indication of rate of change can be given. Sirfoerdation is a two dimensional
change, the square root of the resulting sizes has to beangbd fate of change (like in
expansion/contraction and size change, see paragraph 2.4.2.1.)

This could then be drawn in a graph similar to the graph fercsiange (figure 21). In this
case, there is also no maximum rate of change.

Figure 23 Approximation of rate of change for defomation by overlaying objects

For deformation of lines it is not easily possible to approxentia calculation of the rate of
change.
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2.4.2.3 Appearance and disappearance

In case of appearance or disappearance, the object isvésibée or not visible (figure 24, 1
is visible, 0 is not visible). The rate of change betwaensubsequent frames is therefore
either zero or infinite.

Figure 24 Graph for (dis)appearance change

2.4.2.4 Rotation

In case of rotation, the shapes of the object may infludreceate of change perceived. This is
illustrated by the images in figure 25.

Figure 25 Relations between shapes and perceivedation

When the object is a square, like shape 1 in figure 28 theno difference visible between an
object and the same object after rotating 90 degreesdé tlwo objects would be played
subsequently in an animation, the rate of change would thetedqrerceived as zero.
However; if another shape would rotate by 90 degrees diffesen@ht be visible and there
will be a higher rate of change. After (any multiply of) 3B@rees of rotation, every object
looks the same as the original but for other rotation anglepéndis on the shape whether an
object is identical to the original or not. For example; tliere difference between an
original equilateral triangle and one that rotated 60 degfemr straight lines or rectangles
(figure 25, shape 2) an object rotated by 180 degrees isstioigdishable from the original.
Furthermore, the direction of the rotation does not influégineeate of change. For example;
a rotation of 90 degrees has the same impact on the rehharmde as a rotation of 270 degrees
(which can be seen as 90 degrees in the opposite directoshaee 3 in figure 25).
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This means that visualizing change in rotation like in #g26 does not provide a good way
to show the variability in the speed with which the objetates. It is, however, useful in the
process of finding a suitable technique for interpolation (see al@jpte

Figure 26 Graph for rotation (not useful for rate of change visualization)

Figure 27 shows a graph in which it is possible to comparathe of change for a rotating
object. Therewith a tool is provided to check the trend wiifch the object changes. Since
the maximum rotation angle depends on the shape of the olgedigsre 25), there is no
maximum value added to figure 27.

Figure 27 Graph for rotation (useful for rate of change visualization)

In figure 27, the starting point of the lines is set t@aarery time a new frame is reached.
Since it only looks at the difference between two subsequentdraheedirection of the
rotation is not important.
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2.4.2.5 Displacement

In figure 28 a displacement is visualized. A point moves frbio t4, via t2 and t3 (at times
t1-t4). The image shows distances (d1, d2, d3) betweenhkeauient locations of the point.

Figure 28 Displacement distances between timeframes

The rate of change for deformation is the distance travell¢ldebgbject. In the example of
figure 28, the rate of change between time t1 and the (d1/(t2-t1)).

The temporal behaviour of a displacing object can be visualzadjraph with the changing
value (distance) on the y-axis and the time on the x-akistfie one for size change in figure
21) but this is not preferable. This is due to the fact tletlistance travelled can never
become lower when time goes by. This would therefore resalgraph with an ever-
increasing value on the y-axis. When there are many @mefg in the animation this graph
would become very large and not easy to produce and/or use.drbdbed graph for
displacement (shown in figure 29) should look similar to the giaptotation.

Figure 29 Graph for displacement change
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2.5 Limitations of change

The different behaviours have different ranges in which thetsbgmn change. These might
limit the number of techniques that can be used for inteipolaNVe can distinguish absolute,
readability and location limitations. Absolute limitations dze the impossibility of negative
amounts and the impossibility to have a grey value darkerlifack. A readability limitation
occurs when the map objects become too small to seeit & absolute limitation since it
is still possible to calculate these sizes). A third probiebased on the limitation of the
spatial size of the monitor or the animation. In the interjgol image, some objects might be
located outside of the screen because of the technique ubézl4Tdnows the situations in
which absolute-, readability- and location limitation proldemight occur.

Table 4 Possibility of absolute-, readability- andocation limitations

Absolute Readability Location
Appearance No No No
Disappearance Yes No No
Expansion No No No
Contraction Yes Yes No
Deformation No No No
Displacement No No Yes
Rotation No No No
Size Yes Yes No
(grey) value Yes No No

In case of the graphical variable size there is only a mmimbisolute limitation because
negative sizes are not possible. For (grey) value thelg#ieanaximum and minimum
absolute limitations (black and white). In case of expansion, datan, rotation and line
size change there is a small chance of objects thauduly outside of the location range but
since large parts will still be visible this is not conseka major problem. In case of
polygons, changes in the graphical variable size are limiteldebsize of the polygon.
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2.6 Summary

This chapter describes the existing types of cartograpimtagions, how these animations
can be classified and the possible behaviours of individuplabgects in temporal
cartographic animations. It explains that interpolation of changijegisithat represent
qualitative information is not useful.

In table 5 the spatial behaviours in temporal cartographinatmns (time-series and

thematic animations) that can be interpolated are showrawithdication of their possible
occurrence for point-, line-, or polygon objects.

Table 5 Summary of spatial behaviours of map objestin time

Behaviours Type of animation| Point  Line Polygon
Appearance Time-series X X X
Disappearance Time-series X X X
Expansion Time-series X X X
Contraction Time-series X X X
Deformation Time-series X X
Displacement Time-series X X X
Rotation Time-series X X X

Size change Thematic X X X

Value change Thematic X X X

Change in the graphical variable size (in thematic capigc animations) is different for
points, lines or polygons. In case of points it is equal to expaiesntraction while for lines
it is change in the thickness of the line and for polygonsciiasge in the sizes of objects
(e.g. points) within the polygons rather than the sizé@fblygons themselves.

The chapter separates the spatial behaviour and the behaver time (temporal behaviour)
and showed that the latter can be visualized in graphs whaithe used as a guideline for
choosing an appropriate interpolation technique and/or settingsftartgth of the animation
since it can show the rate of change of the objects. Hawior rotation, this graph does not
provide an immediate indication of the rate of change baitdvae converted first. The
needed conversion step is also described. For displacéngeabnvenient to use the same
conversion step since the change in distance is ever-iimgemisich would result in a very
large graph when the conversion would not be used.

This chapter also discusses the limitations in which obgesthange.
Disappearance, contraction, size change and (grey) valuahswkite limitations.
Contraction and size change have readability limitations.

Displacement has location limitations.
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3 INTERPOLATION TECHNIQUES

3.1 Introduction

In order to be able to recommend a certain interpolation tgeérhat can be used to deal
with the problem of unavailability of input images in tempaaaitographic animations, it is
necessary to investigate and describe the available temiFor all behaviours that are
defined in chapter 2, the interpolation techniques are testcim paragraphs 3.2 (simple
changes) or 3.3 (deformation). At the end of both these @antagian overview is added to
make comparison between the discussed techniques (and theitaadsand disadvantages)
possible.

Not all existing techniques are described here and new ahgsakably be developed in the
future. A well known technique that is not dealt with in thieegch is Kriging. This is a
geostatistical interpolation method that uses statisti@yais which provides a minimum
error-variance estimate of any unsampled value (Li and Re2@64). In Kriging, a

variogram that is specific to the attribute and field urstledy is used as a measure of spatial
(or in time: temporal) variability (Deutch and Journel, 1998)c&ithe geostatistical methods
require knowledge of the attributes and fields (or phenomena) undgrasid since there are
many different phenomena that might be visualized in animatibissmpossible to
investigate these methods. Therefore geostatisticapoitdion is not described in this thesis.

Furthermore, the creator of animations can also manuallpoitde images based on his own
expertise and knowledge about the phenomena represented imtlasi@mi

It is therefore of importance to realize that the techniglessribed in this chapter should not
be seen as absolute recommendations for dealing with themroblenavailability of input
images. They are described to provide suggestions and tatlseinvadvantages and
disadvantages. Furthermore it is of importance to explain thaitpies to emphasize on the
fact that the choice of a technique can influence thé diat@ome largely.

3.1.1 Techniques for continuous spatial data used for cartographianimations

Interpolation is the process of determining the values of difumat positions lying between
its samples (Miklos, 2004).

It is often used in geographical information systems (@i there are many techniques
available. These technigues are usually developed to cadteunus (raster) surfaces from
point input data. They estimate the values for unsampled locaimamples of this are: the
creation of a DEM (digital elevation model) from measureht points or a map showing
groundwater quality based on some samples taken from random locations
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Interpolation for these purposes has been researched anitbeldsn many scientific articles
and books (e.g. Burrough and McDonnell, 1998). Common GIS softwareriik&l & has
specific tools to perform these types of interpolation.

In temporal cartographic animations the interpolations are ndededculate values for the
objects on the newly created time-frames by using the vafubge objects in available time-
frames. Figure 30 illustrates the difference betwesteraell interpolation, used for the
creation of continuous fields and temporal interpolation needezhftographic animations.
The question marks indicate the location or time frame (taned t3 in the example) for
which the values have to be calculated by using an inteipokeichnique based on the
surrounding values (indicated by the word “value”).

Figure 30 Difference between spatial point interp@tion and temporal interpolation

According to Li and Revesz (2004) the amount of (scientifickmathat consider the topic of
spatio-temporal interpolation is surprisingly low. Searching fticlas on this topic confirms
this conclusion. Only literature for the interpolation of defations has been found.

For continuous raster data, the n-dimensional interpolation imcéin be described as the
product of n one-dimensional interpolation functions (Mikl6s, 2004). falaits together with
the lack of literature, is the basis for the chosen methoddtwdhe interpolation part of this
research (except for paragraph 3.3 which deals with inegrpolfor deformation). The
different interpolation methods that are described for the sictpnges in temporal
cartographic animations are based on literature for thé@mezt continuous surfaces from
point data.

Although the described techniques are initially meant for continsipaisal data there is a
possibility to use them in spatio-temporal vector grapfiibs. reason for this is that the time
dimension is also continuous (we can theoretically calculaietarpolation for all moments
in time). The main difference is the fact that time @batinuous aspect in discrete spatio-
temporal data) is one dimensional, unlike space, which igdwnihiree) dimensional. Table 6
shows the differences between interpolation for continuous (ngmetaih spatial data and
discrete (vector) spatio-temporal graphics (cartographic aminsti

44



Table 6 Difference in interpolation: Continuous nontemporal data vs. discrete spatio-temporal graphie

Continuous non- Discrete spatio-temporal graphics
temporal spatial data
What is available Sample points Sample maps (vector objects)
What is interpolated| Space (2D) Time (1D)
What is estimated Attribute value (1D) Attribute value(1Dppace (2D)

In temporal cartographic animations, time is interpolated idstéapace. The value,
predicted by the interpolation can be an attribute value deeg.value) or a value
representing geometry change (changes in 2D space lik@nstati displacements).

This is different from the spatial interpolation of continuousiapdata where the location is
interpolated and only (one dimensional) attribute values careliéciad. In animations,
changes with multiple variables can occur in case of modisglacement) and deformation
(all other changes, described in chapter 2, consist of onlyameble). The former consists
of a single shift in the x- and/or the y direction which ba considered as being one or two
one-dimensional displacements (visualized in figure 31). Intefpoléor displacement
therefore requires more calculation steps but the basic teelsriousimple (one
dimensional) interpolation can theoretically be used. In chdeformation many x- and y-
transformations are necessary since a vector shape cafsisgay vertices (points of which
the x- and y values are stored, that are connected withodaahby lines) that might move
independently from each other. Interpolation techniques for defiomete thus more
complex and are dealt with separately in paragraph 8ragRaph 3.2 contains the techniques
that can be used for the other, simpler changes (as dé&ficadpter 2).

Figure 31 Displacement in time divided in displace®nt in x- and y- direction
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3.2 Interpolation for simple changes

Burrough and McDonnell (1998) describe the different interpolation metbodsifitinuous
spatial data. These can be divided into global and loaabiolators. Global interpolators use
all available data to provide predictions for the whole afeaterest while local interpolators
operate within a small zone around the point being interpolateisiare that estimates are
made only by data from locations in the immediate neighbourhood.

For interpolation of temporal cartographic animations the gliobeipolation techniques
would not provide results for the whole area of interest (2D){douhe whole time domain.
The local interpolators can be used for estimating valuexatibns within a certain time
interval. The distinction of global and local interpolations isdlis the next paragraphs.
Since the terms global and local refer to space thresiaaslated into respectively time
domain- and time interval interpolations.

3.2.1 Time domain interpolations, using regression methods

Regression methods explore a possible functional relation bebiteiutes at known
moments and the attributes to be predicted (Burrough and McDat98).

Regression methods try to model the variation by using a smuattiematical function.
Therefore they can use polynomials that approximate the eariasi much as possible. Least
squares adjustment is used in order to find the best fittingmpulial (minimizing the sum of
the squares of the difference between real values anthésd values). In figure 32 this is
illustrated. The vertical axis represents the changing phemohere (for example: changing
size or changing rotation angle). The different timeframeshown at the horizontal axis.
The value for the variable of the map object for the diffeasailable images is represented
by the black dots. The values for the time frames for whicmage exists (the dots with a
hole) are calculated by fitting a polynomial by using leastares adjustment. In figure 32, d
is the difference between the polynomial and the real valuapBlying least squares
adjustment, the sum of all d values is as low as possible

Figure 32 Regression method (linear)
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When the variable does not change approximately linearly & tumadratic or higher order
polynomials can be used. Figure 33 shows some of those curvdsedondnulas used to
produce them. As can be seen in figure 33, the estimatedsvin between the known values
might be higher or lower than the maximum/minimum initial valdreen polynomials of a
degree higher than one are used (since the direction ah¢heain change).

Figure 33 Polynomials of higher degrees (sourcerL 4)

There are basically two different types of change over tivaecan be modelled by using
regression methods. These types were mentioned by Muehrckéuahacke in 1992. They
defined a trend as being a structured but non-cyclical patteta cycle which refers to a
periodical return to a previous state/condition. Both termalacementioned by Blok (2005).

The polynomials mentioned before can be used to model a #gndhe movement of an
airplane or an increasing population. For cycles, it is p@sgsiblise Fourier series. These
functions approximate by overlaying a series of sine and cosimesgRL 5). Due to the
characteristics of those waves these functions are only applimaanimations when the
phenomenon is cyclic (e.g. when the animation shows thessaitng and lowering during
some days). Figure 34 shows an example of a Fourier series.
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Figure 34 Example of a Fourier series (sourceJrRL 6)

3.2.2 Time interval interpolations

Time interval interpolation techniques do not use all the adaiimages like regression
methods do; they use those images that are close in time.

Based on the descriptions by Burrough and McDonnell (1998), the fotjochniques are
dealt with in the next paragraphs: nearest neighbour inteiquolétte pycnophylatic method,
linear interpolation, splines and b-splines.

3.2.2.1 Nearest neighbours

This type of interpolation simply assigns the value of theabbj@ the nearest (in time)
available image to the object for the unknown timeframis.dtso the simplest interpolation
from a computational standpoint (Miklés, 2004). When the amount gfasntat need to be
interpolated between two known images is uneven, a choide basmade for the middle
frame since there are two nearest available images.chbice can be made manually or
automatically (e.g. always assign the value of the stdsgage that is ahead in time) .In a
sense this type of interpolation can be seen as an aggregiaice it does not increase the
amount of change in the animation. By using the nearest neighbobrsgue the rate of
change of the static images within the animation wilrelase (since nothing happens
between at least two sequentially displayed image#)ete are relatively many unavailable
images within a single animation the perceived duratiarhahges will be variable which
will probably cause perceptual problems (see chapter 4). Dherttiis technique is not
suitable for most temporal cartographic animations.
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3.2.2.2 Pycnophylatic method

An extension of the nearest neighbour method is the pycnophyletimdchwhich smoothes
the abrupt changes at the boundary of the intervals betweehahging images. This is done
by keeping the average value equal to that of the newiggtbour method. This implies that
usually the original available objects have to changeedis he pycnophylatic method was
developed by Tobler (1979) who designed this method (for spatapatation of continuous
fields) for counts of population within administrative areaddal with the problem that
people are not uniformly spread over an administrative areartilitdecongregate in certain
parts (Burrough and McDonnell, 1998). In the case of population ine@essary that the
total amount of population would stay equal while the population dpreald change. In
temporal interpolation of spatial objects this method canksagsed if it is necessary that the
average value within the time neighbourhood of an original irhagdo stay equal to the
known value of that image. Compared with the neareshbheig method it has the advantage
that the perceived duration of static images during the aioimaill not be variable since
there will never be sequentially played images whicteaaetly the same. The major
disadvantage is the fact that the values of the origmadjes will very likely change as well.
This method is only applicable when a single original image septe a time period (e.g.
average population in different provinces during the year 2006) thefeaunique moment in
time. This technique can than be used to create many irfagéss time period while
keeping the average equal. For the population example, thagesman than show the
population for all provinces per month in 2006 (and therewith creafirijmages in stead of
one).

3.2.2.3 Linear interpolation

A linear interpolation is easy to compute, it simply aidtes the new values by assuming that
the process between the known values, is changing at a caas¢aM/hen one interpolated
image is created, the changing objects on that imagé¢hwslget the average value of the
corresponding objects in the images before and after the nesdted image. This means that
changes can be very abruptly in linear interpolation, al sfidden the direction of the
function can change.

Therefore, in computer animations, linear interpolations gitemide an unrealistic outcome
(Foley, 1990).

3.2.2.4  Splines and B-splines

Splines

Spline functions are piece-wise functions that are fittegmall number of known values
exactly while at the same time ensuring that the joihsd®n one part of the curve and
another are continuous (Burrough and McDonnell, 1998). The pieces of tie i
polynomials of variable order (see paragraph 3.2.1.). Figush®&s an example of a spline
created from polynomial pieces (connecting the dots). Notalteaiope of the end of a
polynomial line is equal to that of the beginning of the nelxer&fore motion looks smooth
when using splines. The smoothest motion is created when thenaof control points is low
(Foley, 1990).
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Figure 35 Line constructed by splines (sourceJrL 7)

Note that with splines the maxima and minima do not nedissecur at the data points
(Burrough and McDonnell, 1998). Creating splines requires extemstleematical
knowledge and is often not feasible in practice.

B-splines

B-splines (letter B stands for basic or basis) can betos@dke it easier to use the theory of
splines in practice (Miklos, 2004).

A fundamental theorem states that every spline functiengbfen degree, smoothness and
domain partition can be represented as a linear combinati®+splines of that same degree
and smoothness, and over that same partitian 8).

B-splines allow local fitting from low-order polynomials (Burrougid McDonnell, 1998)
Because (in practice) it is only feasible to fit low-ordelypommials, the lines constructed by
B-splines will approximate the real values but they will noessarily pass through them

(Miklos, 2004). Another disadvantage of B-splines is that thaeyoody deal with positive
values. Figure 36 shows an example of a line constructed fjnkss

Figure 36 Line constructed by B-splines (sourceJrL 9)
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3.2.3 Overview of interpolation techniques for simple changes ith (dis)advantages

For the techniques for simple changes, possible resulting gregobsawn in figures 37 — 42
in order to make comparison possible. The dots in these igepeesent the time frames for
which the value is known (thus contains an image). Note thse thats are equal in each of
the figures (37-42). Some techniques can not produce functions thaassi exactly through
those known points (regression, pycnophylatic and b-splines). Téwsgdues thus change
some of the original images.

Figure 37 Example regression (trend) Figure 38 Eample regression (cycle)
Figure 39 Example nearest neighbour Figure 40 Exaple pycnophylatic
Figure 41 Example Linear Figure 42 Example spling/ b-splines
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In table 7, the advantages and disadvantages of each of thejteshaie summarized.

Table 7 Advantages and disadvantages of interpolatn techniques for simple changes

Technique

Advantages

Disadvantages

Regression

-One computational operatic

nrSmoother than reality
-Difficult if higher order
polynomial or complex Bezier
curve.

-Minimum and maximum
values might by different from
those of the original images
(except first order polynomial)

Nearest neighbor

-Very easy to compute
-Maximum and minimum stay
equal

-Unrealistic results

-Variable duration

-Problem when two images ar
equally close

Pycnophylatic

-Average values within time
zone stay equal

-Original values very likely to
change

-Only useful when original
images represent a time perio
-Maximum and minimum
change

o

Linear

-Easy to compute
-Maximum and minimum stay
equal

-Unrealistic sudden changes

Splines

-Realistic result

-Difficult to compute,
especially when higher order
polynomials are needed
-Maximum and minimum
might change
- Choice of break points
necessary
-Overlapping objects possible

B-Splines

-Realistic result
-Relatively easy to compute,
compared with splines

-Do not always pass through
original values

-Only positive values possible
-Overlapping objects possible
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3.3 Interpolation for deformation

3.3.1 Introduction

In this paragraph, the term shape interpolation is useddantérpolation of deforming
objects.

Shape interpolation, also known as shape blending or morphing, hasidenapplied to
various aspects of the computer graphics industry (Xu et al, 2806&pe interpolation is also
sometimes referred to as in-betweening (Magnenat-Thalmarm&nann, 1985) or
tweening (Macromedia Flash manual).

Interpolation of shapes between key-frames is a difficobblem (Foley, 1990).
Any shape can change into any other shape and as shown irr @atpealso possible that
shapes contain holes or split/merge during the deformation process.

Figure 43 gives some examples of deforming objects

Figure 43 Possible shape transformations of a sirggbbject

Researchers in computer graphics usually propose interpolatiomdgees for a small number
of objects with particular shapes that they have testetktthnique on (e.g. Yan et al, 2004,
Xu et al, 2005 or Reilly and Inkpen, 2004). These techniques arenaytsgbroducing useful
interpolation results for other shapes. However, some teadmltave been described here to
give an indication of the possibilities and difficulties bape interpolation.

Both polygons and lines are stored in computers as smallaesegof straight lines. These
straight lines consist of a start- and endpoint of whiclxttend y coordinates are stored.

The traditional techniques for interpolation of shapes are lmas#tese points (which are
referred to as vertices, visualized as small squaregure 43). These techniques are
described in paragraph 3.3.2.

More recently, other (more advanced) techniques have bedtigstd. In paragraph 3.3.3,
two of them are described.
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3.3.2 Shape interpolation by using vertices

The transformation of shapes can be seen as displacenisniartices. Interpolations can be
calculated based on these vertices. Basically, thetimele® technique works as follows: the
animator specifies two key drawings and the computer calcadtisonal drawings between
them by computing distances between corresponding points (Magnemhaanha&
Thalmann, 1985).

However, the process cannot work properly if the correspondencedreboth key-drawings
is not well defined (Magnenat-Thalmann & Thalmann, 1985).

Morphing is thus composed of two steps: correspondences and pgtblatten (Lee et al,
2003).

A figure drawn as a polyline can be interpolated betweerirkeyes by interpolating each
vertex of the polyline from its start- to end position. 8isd as the key frames do not differ
too much, this is adequate (Foley, 1990). Change b in figuiseatBexample of such a
deformation. In these cases the amount of vertices inifeihes is equal.

Pre-processing

If the number of strokes (polylines) of both images is the samdeghe numbers of points
(vertices) of the corresponding strokes also match, in-legtsvean be calculated (Magnenat-
Thalmann & Thalmann, 1985). However, often the amount of esracid/or strokes is not
equal for the different timeframes (e.g. figure 43 a,anef).

In these cases a pre-processing step is required: pre-pngoafsstrokes and points on those
strokes. (Magnenat-Thalmann & Thalmann, 1985).

Figure 44 shows an example of a pre-processing step forrmasylthe upper and lower
polylines are the available images. In order to interpptae number of vertices must be
equal. Therefore additional vertices are added to the polyithethe lowest amount of
vertices. The result of this pre-processing step hasdmubad in the middle of figure 44. The
shape of the polyline in the middle is equal to the shapeedbtter polyline but the amount
of vertices (points in figure 44) is equal to the amount afiggan the upper polyline. By
using the upper- and middle polyline, it is possible to creabetween images. For polygons,
similar pre-processing techniques exist. Therewith it is (tlieatly) possible to deal with
polygons with holes and splitting/merging polygons. Magnenat-Thal&armalmann

(1985) describe such a pre-processing step.

Figure 44 Example of pre-processing for a polylinéSource: Magnenat and Magnenat-Thalmann, 1985)
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3.3.2.1  Linear shape interpolation

Once the number of polylines and vertices are equal andspomdences have been
established, linear interpolation between the corresponditigagcan be performed. This is
equal to the linear interpolation for other types of change.

However, in morphing, linear interpolation fails when the twapsls have different
orientations. (Johan et al, 2000). Even though the correspondence siimehaorrectly
established, shape interpolation may suffer a shrinkage prgKlemt al, 2005). In those
cases the size of the interpolated shapes is too drhalkeason is that the large scale
rotations, as non-linear factors, cannot be correctly expresdawhyinterpolation (Xu et al,
2005). This is shown in figure 45 were a triangle rotates.imbhges att =1 and att = 3 were
available. The middle image was created by linear simpgoolation based on the vertices
(with Macromedia Flash 8). It can be clearly seen thasizeeof the middle image is smaller.
Normally rotating objects will not be created by performingar shape interpolation but by
specifying a rotation angle. However, by using a rotating ofpec¢his example, the
shrinkage problem is better visible since the object siaase compared more easily when
the shapes of the objects are equal.

Figure 45 Shrinkage problem in linear shape interptation

Apart from the shrinkage problem, other problems exist with diskape interpolation.
Undesired local wrinkles may appear due to the inconsigdigppiacement of neighbouring
vertices. (Xu et al, 2005).

Besides that, linear interpolation is not suitable for pradyclassical movements involving a
modification of location (Magnenat-Thalmann & Thalmann, 1985);gheblem can be

solved by programming all physical laws that drive this movenkémwever, this approach
requires thorough knowledge of both physics and computer science. Morpbysical
equations for many motions are difficult to express.

55



3.3.2.2  Skeleton techniques

It is clear that there are problems with the techniqueaseic linear in-betweening based on
the vertices (described in paragraph 3.3.2.1).

There are two reasons for these problems. The first ishtamotion of each point in the
image is along a straight line and the same law is apigiedch point. The second is that
motion design requires several key frames and there is discitytat these frames
(Magnenat-Thalmann & Thalmann, 1985).

A skeleton, or stick figure, is a simple image composed of @i points, describing only
the form of movement required. The idea behind the skeletbnitee is that skeletons of
the figures, rather than the figures themselves candzkassa basis for in-betweening
(Burtnyk and Wein, 1976). The figures (objects) are represemtedaordinate system based
on the skeleton. After the interpolation of the skeleton, tieloeations of the figures can be
recalculated in the original coordinate system.

With skeletons, the computer can create much bettertinelas because the key-frames are
much more similar. (Magnenat-Thalmann & Thalmann, 1985). &hapd Rappoport
performed an interpolation with a skeleton. The result is shovigure 46 (The upper part
shows the result of in-betweening with a skeleton and ther lparé shows the result of the
same input (first and last object) with simple linear ddation, the shrinkage problem can
easily be seen here).

Figure 46 Result skeleton- versus linear shape imgolation (Source: Shapira & Rappoport, 1995)

56



3.3.3 Advanced shape interpolation techniques

3.3.3.1 Meshes

When shapes are more complex, it is convenient to divide tilarta a finite number of
smaller parts which have triangular or quadrilateral shélpesd Revesz, 2004). These
shapes are referred to as triangular (or quadrilaterahese Figure 47 shows an example of
animals represented by meshes. When some features iae€el dgsecial rules or parameters
should often be applied (Yang, 2004). Topological rules are used intonshake sure that
lines (from the triangles of quadrangles) do not cross in teepimiated images. Therewith
the total structure of the shape becomes more stable andmgolite shrinking are less
likely to occur.

Figure 47 Animals represented by triangular meshegsource: Yan et al, 2004)

There are different techniques to create meshes. A poputaidee is the Delauney
triangulation (Li and Revesz, 2004) but also mesh represamgaising the mathematical
equations of Laplace or Poisson have been established (X2808),

Yan et al. (2004) developed a method using strain fields whibhsed on physics. Since real
world deformation often takes place in accordance with physiteiples, it seems sensible
to try to apply these to computer generated morphing. By péiysjcs as a tool it is possible
to analyze deformation of objects in a measurable way. Siéng and squeezing, which
often happen when using linear interpolation for morphing, do net iarihis approach (Yan
et al., 2004). Meshes generated by this method have muchtfemgies than other methods,
which decreases calculation loads. (Yan et al., 2004).
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3.3.3.2 Interpolation by direction map (LIDM)

Deformation methods have been created that use the edgedadgihgles between adjacent
edges rather than vertices in order to deal with tbblpms of trajectory (path interpolation)
(Xu et al. 2005)

Xu et al (2005) describe Linear Interpolation by Direction Mapi). In LIDM, a polygon
(upper parts of figure 48) is represented by a circulaoflidirection vectors (lower parts of
figure 48), which is referred to as a direction map.

Figure 48 Polygons and their direction maps (SourceXu et al, 2005)

In-between polygons can be calculated by the average of tectidn maps, each of which
represents different shapes. Figure 49 shows an example. dftteifower part shows the
direction map (arrows) where the lengths of the directicowss are the average of the lengths
of the same arrows at the surrounding images. When theidlirecaps have been created,
the in-between images can be drawn based on the newaliraatows.

Figure 49 Interpolation by using LIDM (Source: Xu & al, 2005)

An advantage of LIDM is the possibility that the degredahinating feature can be changed
by changing the length of direction vectors using group scalingtapetmased on all kinds of

mathematical functions (Xu et al, 2005). Therewith the peecespeed of the change can be

variable.
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3.34 Overview of shape interpolation techniques with (dis)advaiages

In table 8 techniques for shape interpolation and their advaraagefisadvantages are
summarized.

Table 8 Advantages and disadvantages of special keiques for shape interpolation

Technique Advantages Disadvantages

Linear shape| -Relatively easy to compute -Problems when shapes have
interpolation | -Good results with simple shapes | different orientations (shrinkage,
undesired wrinkles)

Skeletons -Skeleton is a simple shape and ¢akeletons need to be defined,
be easy interpolated different skeletons give different
- Shrinkage problem and wrinkles | results.
less likely to occur -Compute images in skeleton
coordinate system necessary
Meshes - Shrinkage problem and wrinkles -Technique for the creation of
less likely to occur meshes has to be chosen
-Difficult to perform
LIDM - Based on lengths and directions, | -Direction maps need to be created

not on vertices

-Variable degree of dominating
feature

- Shrinkage problem and wrinkles
less likely to occur

3.4 Summary

This chapter described different techniques that can loetosgeate temporal cartographic
animations from an incomplete input. Deformation is more contpi@x the other possible
behaviours of map objects and is dealt with separately.

For the other (simpler) behaviours of map objects, the &timislis made from the techniques
that are often used for the creation of continuous field (fiata point samples) to techniques
that can be used for time interpolation. These techniques adivitéed in time domain
interpolations (regression methods, dealing with an overall wenycle) and time interval
interpolations (nearest neighbour, pycnophylatic, linear, and sfiispBhes). Possible
results of the techniques for simple behaviours of map olgeetshown in two dimensional
coordinate systems (with the variable at the y-axis antirtteeframes at the x-axis) to give
an indication of the possible outcomes.

An interpolation of shapes (deformation) is more difficult sisltgpes consist of many parts
(lines and vertices, connected to each other). Some tdd¢heiques that can be used for
deformation have been described (linear shape interpojatkeleton techniques, meshes and
LIDM).
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4 PERCEPTION OF CHANGE

4.1 Introduction

When someone wants to create a temporal cartographic anirfratioan incomplete series
of input images, he or she can be helped in finding the mpsb@riate technique based on
the characteristics of the phenomena and its represenfhtiemossible changes in these
representations have been described in chapter 2. Chapteidegra summary of available
techniques. The most suitable technique for creating integgbilsitages would be the one
that creates images that most likely represent rdadisgd on the natural behaviour of the
phenomenon mapped. However, since these images are shown irapitipations,
problems of perception may occur even if the individual imagrdd be equal to reality.
Due to the content and speed of the animation and the human parcapbilities, viewers
might miss certain objects or changes.

This chapter describes the perceptual problems that may. @ycknowing these for all
possible representations of changing map objects, animatioh® caeated by using a
technique in such a way that these problems are less tikebycur.

According to Peterson (1995); the processing of visual infoomagarticularly the
recognition of patterns is not completely understood. Howeverdar ¢o understand when
perceptual problems may occur, it is important to know how graphicaimation is
processed by the human mind. Therefore the aspects that ane &re@described briefly in
paragraph 4.2.

As mentioned in chapter one, two general visual perceptiamopiena are responsible for
changes to go unnoticed (Rensink, 2002; Blok, 2005). These are change blenthes
inattentional blindness. They are described in paragraph 4. 8aRbsg these phenomena
has demonstrated convincingly that human perception of changdrsniacomplete (Blok,
2005).

Paragraph 4.4 provides an overview of the important aspectscefgen for the creation of
temporal cartographic animations.

Based on these aspects, tests with real animations havedié@amed in order to measure
when perceptual problems are likely to occur. These (i@stading design choices made,
methodology and results) have been described in paragraph 4.5

Some screenshots of the test animations are added to thisagpppendix 1 and the
animations themselves are stored on the accompanyirgrcdappendix 8).
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4.2 Human visual information processing

Compared to the computer, humans are particularly adept &sgiog visual or spatial
information (Peterson, 1995).

In order to describe how this information is processed, KIgt@y5) defined the stage model.
This model serves in identifying three distinct and largerifiable memory stores in
information processing (visualized in figure 50). For visuabrimfation processing these three
are referred to as iconic memory, the short-term visoat $5TVS) and long-term visual
memory (LTVM).

Figure 50 Memory systems of information processin@Source: URL 10)

Information processing begins in the iconic memory (cakexary register in figure 50) that
is thought to hold information in sensory form for about 500 milises (Humphreys and
Bruce, 1989). Iconic memory is a type of physical image witierrétina that is of relatively
unlimited capacity and is unaffected by pattern complefgtgrson, 1995). STVS is of much
longer duration but is of limited capacity. If information iR\& is rehearsed often it will be
stored in LTVM. Therefore learning requires rehearsal.

Moving information from iconic memory to the short-term visstare requires attention
(Peterson, 1995). Without attention, the contents of memory wil/benritten or displaced,
but when attention is focussed on it, the object can be fuystbeessed (Blok, 2005).

Attention is the process that brings a stimulus into conscioudhéssn other words, the
process that permits us to notice something (Mack and Rock,. 188fkes it possible to
mentally focus on information in LTVM.

Visual pattern recognition converts the contents of iconic onginto something more
meaningful through a matching process with previously acquired knosvidged in LTVM
(Peterson, 1995).

Since knowledge stored in long-term memory depends on experiertbesusir, the

information extracted from animations might depend on aspketade, education and
culture.
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4.3 Perceptual problems

43.1 Inattentional blindness

Rensink et al. (1997) indicated that the key factor of sediagge is attention. Without it,
observers are blind to change even if the changing objeats ther field of view.

Inattentional blindness (IB) refers to the inability to deteexpected changes. When
observers are actively engaged in a task they are focussiparticular objects and changes
to other objects or parts of a scene go unnoticed. Howeateiftion is not diverted, these
changes are easily seen (Blok, 2005; Rensink et al. 1997).

Simons and Rensink (2005) mentioned that attention can be distributeslitems at a time.
IB can thus be explained by the fact that only a few chacayebe given focussed attention
at any one time (Simons & Chabiris, 1999).

Mack and Rock (1999) performed research about the relatiobstwgen visual perception
and attention. Their research is incomplete and raisesquesgions than it answers.
Nevertheless they described their results because the tsofbjeattentional blindness seems
important and full understanding may not be achieved, at leasst thet near future.

Conclusions by Mack and Rock are:

- When the inattention stimulus falls outside the areahiciwattention is paid, it is much
less likely to be seen.

- The perception of location might be perceived without atieritecause it seems to be the
basis for the deployment of attention and so ought to be indepeodent t

- Size would appear to be the critical difference, whicplies that large size is an attribute
that can capture attention.

Another important aspect, mentioned by Simons & Chabris (1998gtishe likelihood of

noticing unexpected changes of objects seems to be redateal gimilarity to the objects that
viewers are expecting to change.
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4.3.2 Change blindness

Change blindness has been defined by Simons and Rensink (2005 ytaiiig failure to
see large changes that normally would be noticed easily.

It occurs when one fails to detect change in the visall {Rensink et al, 1997). This may
happen when the changes are extremely slow or when the vieterisipted (Blok, 2005).
According to Simons and Rensink (2005) observers often fail to radispacement or the
change in shape if the change occurs during an eye movement.

Identification of changes becomes extremely difficult wheeflioiank fields are placed
between alternating displays, even when changes aredadgmade repeatedly (Rensink et
al., 1997).

Rensink et al. (1997) found that observers were poor at deteb@mge if old and new
displays were separated by an interstimulus interval @fSt)ore than 60 to 70 milliseconds.
In their research experiments, they displayed photo images fan24@th ISI's of 80 ms.
They checked how many alternations where needed for obseragtett the change for
objects changing in presence, colour and location. A distinctiovelke objects of marginal
interest (MI) and objects of central interest (Cl) waslea@®bjects mentioned by three or
more observers where considered of Cl, objects mentioned byni@mne considered of MI.
The results are visualized in figure 51.

Figure 51 Results change blindness experiment (Sa&: Rensink, 1997)

Figure 51 shows that changes of central interest arenseeneasily in case of flicker
conditions while especially location change of marginal intésesdt easily seen.

Although the animations created by interpolation will usually notain an artificial
interstimulus interval like in the research by Rensinkl et1997), their results are of
importance for these animations. This is due to the fachtimatins blink their eyes and
therewith automatically create a natural interstimuluesriratl.
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Eyes normally blink spontaneously about 15 times per minute ariddulration is about 0.3-
0.4 secondsuRL 11). This duration is even longer than the interstimulusviateised by
Rensink et al. (1997).

For cartographic animations it is important to realise thaing) change depends partly on the
behaviour of the map objects.

Other conclusions from research performed by Rensink et al. {1997)

- Changes to moving objects seem easier to detect thanesh@nstationary objects
- Changes to semantically central items are deteastdrfthan changes elsewhere
Change blindness is often considered surprising because many ip@oplie intuition that
changes in visual scenes should be easy to detect (LeVjr2603). In other words: many
people are blind to change blindness. Therefore the term “clidingaess blindness” was

introduced by Levin et al (2002). It is of importance to be awhtke fact that people will
usually overestimate the amount of change one can see wh#éingin animation.

4.4 Overview of important perception aspects
The important aspects of visual perception for the creafitengporal cartographic
animations are listed here:

- The information extracted from animations might depend on clesistzis and
background of the user.

- Attention is required to see change; it can be distribistexd more than 4 or 5 items
at a time.

- Large size is an attribute that can capture attention.

- The likelihood of noticing unexpected changes of objects seebesrelated to the
similarity of the objects that viewers are expectinghange.

- When changes are too slow change blindness may occur.

- A distinction can be made of objects of marginal- andraéinterest. Changes in the
latter are seen more easily.

- The risk of change blindness depends on the behaviour of thehjess in the
animation.

- Changes to moving objects seem easier to detect thanesh@nstationary objects.
- Changes to semantically central items are deteastdrfthan changes elsewhere.

- People will usually overestimate the amount of changedarysee

65



From these aspects we can conclude that in creating matadi map, from an incomplete
input, it is important to capture the attention of the vielwechanges that are considered to
be important. This can best be done by using not more than Smfahgects that are
preferably large. Making these objects change with an acceptblof change and in a
location that is central to attention will also increttsechance of capturing attention.

It is of importance not to put too much non-moving objects in timaation since these might
be expected to change.

What people see differs per person and their charaatsriénimations should therefore be
designed for specific persons or groups. Furthermore, the deshymdd be aware of the fact
that humans (including the designer himself) overestimate tbargrof change they can see.

4.5 Testing perception

45.1 Questions to be answered

Questions rise from the overview in paragraph 4.4.ithpgossible to answer all of them since
human perception of change is not fully understood. However, somgogsesan be
answered by performing tests. These tests are desaniieid paragraph and deal with the
following questions:

- What is the minimum rate of change that is still capalblattracting the user’s
attention?

- What is the minimum size of changing objects when they he capture attention?

- What is minimum difference in rate of change, needed irr dodee able to compare
changing objects?

- How well are the different behaviours of map-objectsnmet(as defined in chapter 2)
in capturing attention?

- How big is the influence of surrounding static objects tretdded to the animation

in seeing the changing objects?

How big is the influence of the characteristics ofuber?

When the answers to these questions are known, it becomes @t gjivie
recommendations for the creation of temporal cartographic anmsdtom an incomplete
input of graphics.
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45,2 Wanted results

Since the research is limited due to (mainly) timerie&ins, it is not possible to find
accurate answers to all the questions mentioned in paragé&afh®herefore a distinction is
made between an ideal- and a feasible, simplified situaiihe description of the ideal
situation can be used for further testing, when more tiragagable.

4521 Ideal situation

The aspects concerning capturing attention are correlateshsemFor example, when the
size of a changing object becomes bigger, the surrounding stgeitsoWill be relatively
smaller and will thus have a smaller impact on distraafaattention. The relations between
the different aspects are visualized in figure 52.

Figure 52 Ideal result: 3D space of perception

In the 3D space of figure 52, the three axes representfrelt@mmge, object size and the
amount of other (static) objects. Note that the axes foofatkange and size are reverse.
This is done because in this way the optimal situation fagpéon (big-, relatively fast
changing objects without surrounding static objects) is visuhlizéhe origin of the three
dimensional coordinate system.
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As shown in figure 52 it is possible to draw polygons (sirgaifis triangles in figure 52) in
this 3D space that represents the behaviours of map ofgegtéocation change). The
polygons are drawn at borders that show where perceptual proldaenisbove/right of the
polygon) and can not (below/left of the polygon) occur. To indicatethiearate of change can
also be too high too see clearly what happens with thetobje x-axis (rate of change) does
not start at the origin but further to the left (where adtehange becomes too high).

By performing tests it becomes possible to find the locatidhe polygons for each of the
object behaviours (as defined in chapter 2). The influentigeaiser’s characteristics results
in multiple polygons for all object behaviours. When the locatidriseopolygons are known,
the creator of an animation can check what will be a suitabdeof change for the animation
(since he/she already knows the object’s behaviour indaimdethe size, target audience, and
types and amount of surrounding objects). This can be done by drawiegathe correct
location for size and amount of surrounding objects and by viemirag rates of change on
this line are at the left side of the polygon that correspoiitisthe user’s characteristics and
the behaviour of the objects.

With this knowledge he/she can be helped in choosing an appeoiptetpolation technique
and/or an appropriate setting for the length of the animation.

In order to find the locations of the boundary polygons (betweerigimevand invisible
parts) an enormous amount of tests would need to be perfoorfiad but what is visible for
many different sizes, rates of change, amounts of stigjgcts and user characteristics.

Furthermore, when polygons like the ones in figure 52 areettdais still not known how
big the differences between the changing objects in an animatbaidsbe in order to let
people notice these differences. That would require even estied. This could result in an
extension of figure 52 where additional polygons will be addedsatall distance from the
original ones. This distance can represent the needecedifs in rate of change.

Since it is impossible to perform such an enormous amouestsf within the limitations of
this thesis, the situation has been simplified and destin the following paragraph.

4.5.2.2 Simplified situation

In the simplified version, the border between the visibleiavidible changes is
approximated by performing a feasible amount of tests. Unlikeeindeal situation, the
results are not shown in a three dimensional space but initvemsions. The effects of the
amount of static, surrounding objects are not shown in the sauome bgt there are two
versions of the simplified figure. One of them shows tlsalts when the total amount of
objects in the animation is five (the maximum amount to whitention can be distributed,
see paragraph 4.4) and the other shows results when the ambigierr (approximately ten,
depending on the sizes of the objects). Furthermore, the maxiatesnof change are not
investigated and there are no different results for all kimdser characteristics for all kinds
of map object behaviours (only for some easily measurablacteastics, see paragraph
4.5.3)).
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Figure 53 shows an example of the simplified version ofélalts wanted (for one of the
behaviours of map objects).

Figure 53 Feasible result: two 2D spaces of perceph

Additional graphs can be produced to show when differences betivarging objects are
visible. The needed differences are assumed to depend otflg cates of change and the
behaviour of the map objects. Figure 54 shows an examplel&sgraph. On the y-axis, the
people that performed the test are represented (in peresht@&m the x-axis the difference
between the rates of change (ROC) of the changing oligesit®wn (e.g. object A changed
10mm in size per second and object B changed 25mm in sisegend, this makes the
difference 15mm/sec). For each of the differences thatiexise test animations, it is
possible to count the percentage of people that saw thatettitfe. Therewith an indication
can be given that shows which differences can be seen.

Figure 54 Graph showing when differences between t@s of change are visible
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4.5.3 Test methodology and design

4.5.3.1 Amount of animations

In order to construct graphs that show where change is ypedder all behaviours of map
objects in animations, it is necessary to test many aminsatvith differences in rates of
change and sizes. A minimum amount of 144 animations has beédetedso be necessary.
This amount is based on the following:

- There are eight behaviours of map objects (appearanqaidaance,
expansion/contraction, deformation, displacement, rotationtyimes of size change
(for polygons and lines) and (grey) value change, see chapter 2)

- At least three different rates of change need te$ted (in order to construct lines)

- At least three different sizes of objects need ttebted (in order to construct lines)

- All tests should be performed for a small amount and a hagheunt of objects

Multiplying these amounts results in 8*3*3*2 = 144 animations

4.5.3.2 Methodology

For testing the perceptual capabilities of many differerggres within a relative short period
of time, sending the test environment over the internet imtis efficient method. Therefore
a website has been created and a test environment (tHa¢ damvnloaded from the website)
has been developed in Macromedia Flash. Screenshots esthdave been added in
appendix 1.

Figure 55 shows the methodology scheme for the test environment.
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Figure 55 Methodology for the test environment

As shown in figure 55; first some characteristics ofuber are asked for (see first image in
appendix 1) and stored (he/she has to click on a button thesponds with age (0-15, 16-
30, 31-50, 51-70, 71+), gender (male, female) and educational backgnaund
education/primary school, secondary school, bachelor’s degretrimaegree/higher).
Furthermore, the user is asked to indicate the size ohtmitor on which the animations are
played. This is important since the size of the monitou@rftes the size of the changing
objects (since the animations are played full-screen, théuties does not influence the size
of the objects). It is, however, not possible to detecpliysical size of a monitor
automatically and the distance between the monitor and thésusso unknown. Therefore,
the monitor sizes indicated by the user do not provide a very gtowtsn of the sizes of
the objects seen. The indicated monitor sizes are only asee tif there are any differences
in the results for users with bigger screens comparecets usth smaller monitors.
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Once the information about the user and the monitor is stihre@nimations can start. In
order to make the user familiar with the test methodologyetxeanple animations are shown.
Two multiple choice questions are shown after both of them. if$tebncerns the amount of
changing objects the user saw and in the second questinsethbas to indicate the slowest
changing object that has been seen by clicking on that partadject (or on a additional
button if the user does not know what the slowest changing objecrifdse/she thinks

there were no changing objects). Since the first two aromatre examples, the answers
given by the user are not stored here.

After the examples, the real test animations are shawa random order of behaviour) and
the same questions are being asked after every animati@xémple of an animation and the
guestions is given in appendix 1). The only exception is the tedtiagpearing and
disappearing objects since the rate of change for appeariqypéaig is always zero or
infinite. Therefore the slowest changing object does not existtee second question is used
for different purposes. Sometimes it is used to see if peapleemember the order and
shapes of appearing and/or disappearing objects. In three otbeitdasised to see if the
user still sees the changes when some unexpected objeatsaagpeng the animation (image
of an elephant, a fork-lift truck and a map of Australiajs kIso possible that (for
appearance/disappearance) the second question is used td tineciser is paying attention
to the tests by asking something everybody knows (e.g. wtteg sum of 2 and 27?). This
makes it possible to delete all (unreliable) results froopjgewho did not pay attention
(people that gave the wrong answer to the simple questiorgrandst clicking somewhere to
finish the test.

Finally, when all animations have been shown, the charsiitsrof the user and the answers
he or she gave are shown on a final page (see appendikiihdge) and the user is asked to
send these results by e-mail for further processing.

4.5.3.3 Animation environment design

The animations and the environment in which they are playetdteated with Macromedia
Flash 8 and ActionScript 2.0.

All animations contain some changing objects. The amount of aiganbjects can be
anything between 1 and 5 (maximum amount of changing objects towlaiets attention can
be distributed, see paragraph 4.4). During the creatioredé#t animations, the sizes and
rates of change of the changing objects have been chosents@hgare obviously too
small or that change extremely slow have not been added testse The objects change
linearly during the animation (rate of change of single objsdtsus not variable).

Since there are many animations to be tested (144), thesébben divided into six parts of
24 animations. These parts are available in both Dutch agitskE. The animations are
played for a short time (3,75 seconds). This makes it possifitesio one part within
approximately 5 minutes which is considered to be an acce@atunt of time for the test
persons. Furthermore, during the animation testing, thesisenstantly informed about the
amount of animations that will appear after the current atidm. The accompanying cd-rom
(appendix 8) contains the animation test environment.
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45.3.4 \Website

The website from which the animations can be downloaded prosates basic background
information about the research and the purpose of the testd.figpa that information, it is
stated here that there are six parts of animations andehearschoose to download any
amount of these in any order. For the convenience of the test pdreamsbsite is available
in both Dutch and English.

The website can be found@L12 and is also stored on the accompanying cd-rom (appendix
8).

45.4 Measuring size and rate of change

Before being able to process the test results it isssacg that the sizes and rates of change of
all changing objects in the animations are known. Therefore tiege to be measured and/or
calculated.

The size of the objects is the area (square centimeireapied by the object on the computer
screen. Polygons in which the graphical variable of sizariable are exceptions where not
the size of the polygon is measured but the sum of theafizes objects (circles) within the
polygons (which is what changes, see paragraph 2.3.2).

Since the size of objects change in both expansion/contractibsize change, the average
sizes of these objects during the animation are used (cattblafest measuring the size of
the object in the first frame of the animation and measthiaegize in the last frame of the
animation and taking the average of these two values).

The sizes are calculated by using ArcGIS. This is necebsaguse it is not easily possible to
calculate sizes of objects in Flash and it is also radilide to measure and calculate objects
manually due to the amount and complexity of the shapes. Bsa@S for size
measurement of Flash objects is explained in the followinagpaph.

4.5.4.1 Using ArcGIS for size measurements

By exporting the objects from Flash as *.dxf file, they banmported in ArcGIS. After that
they need to be converted again to shapefile format to ethebpossibility of area size
calculation.

In the next figures the objects from one of the animations@reerted. The left side of

figure 56 shows the objects in Flash while the right sidevs them as shapefile in ArcGIS. It
can be clearly seen that some of the objects might defomewhat in the conversion process
(in this example the circle becomes an octagon in the coongrebcess).
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Figure 56 Unwanted deformation during conversionfom Flash to ArcGIS

This obviously makes the size calculation less accurate isutonsidered to be unavoidable.

The sizes calculated by ArcGIS are not necessarily equlabse in the animation since the
calculated size depends on the scale- and coordinate systamssin ArcGIS. Without any
coordinate system settings (which is the case with impottihg files), the coordinate
system is assumed (by ArcGIS) to be planar. Thereforealbalated sizes only need to be
multiplied by a certain scale-factor in order to find tloerect sizes. This factor has been
calculated by measuring a square object on a 17" computer scagerally and dividing the
size calculated for the same object in ArcGIS by the onredssize.

4.5.4.2 Calculating rate of change

The rate of change is the amount of change in time. Therigftifeers per behaviour of
change of the map objects. It is listed here for therdifficbehaviours:

Appearance/Disappearance

For appearing or disappearing objects the rate of changbes eeéro or infinite (see
paragraph 2.4.2.3). However, the amount of objects appearirgy aiglppearing within the
duration of the test animations are used here in order tooseenany distinguishable
appearing/disappearing objects can be noticed in a short tmoé e duration of the
animations: 3,75 seconds).

Expansion/Contraction

The rate of change for expansion/contraction has been found byatialguhe difference
between the square root of the sizes (see paragraph 3.4f2le objects in the first- and the
last frame of the animation and dividing this value by thd thteation of the animations
(3,75 seconds).
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Deformation

For deformation of polygons, the rate of change was approxirbgtederlaying the

polygons from the first and last frame of the animation antutaing the square root of the
total area size (in millimetres) of the parts thabhglto only one of the two input polygons
(see paragraph 2.4.2.2). By dividing the outcome by 3,75 (duratiie ahimations), the rate
of change per second was found.

Rotation
The rate of change for rotation is calculated by measurindiffieeence in angle (in degrees)
between the object at the first and the same object d&ashframe of the animation and by

dividing this angle by the duration of the animation.

Size change for lines

The difference in (square root of) the area size of tiee(In the first and last frame), divided
by 3,75 is used as rate of change. The area size is ¢tattblamultiplying the length of the
line (measured automatically by ArcGIS) by the thicknesbefine.

Size change for polygons

The difference in the sum of the square root of the area §in millimetres) of the objects
within the polygons is used (first frame versus last frantedividing by 3,75) to calculate
the rate of change.

(Grey) value change

Rate of change for values is the difference between thevghegs (ranging from 0 to 255,
black to white) at the first and last frame of the aniomtdivided by 3,75 seconds (duration
of the animation).

455 Processing the test results

With the rates of change and the sizes of all changirectsbaind the results from the test
animations known it is possible to create graphs in which thdedeates of change for all
kinds of temporal cartographic animations can be seen.

The test results for the first question consists of ansamrat the amount of changing objects
that a user saw. The assumption is made that these ob@retshe fastest changing objects in
the animation. If, for example, a user indicated he sawctvanging objects in an animation
while in reality four objects changed in that animation,asgumption is made that the user
saw the two fastest changing objects and did not see thedwersthanging objects.
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The answer to the second question the user gave (about thetstbamrging object he/she
saw) is compared with the first answer. If these arswrtch (which means that the slowest
object indicated in the second question was the slowest of thet®bpen by the user as
indicated in the first question), the difference betweersliwwest object seen by the user and
the faster changing object is considered to be enough for slifergnces between rates of
change.

Figure 58 shows these processing steps for an exampls #fhatwn in figure 57 where three
out of five objects change in size (objects B, C and I wétes of change of 10mm/sec,
20mm/sec and 40mm/sec).

Figure 57 Example for explanation of result procesag steps in figure 58

Figure 58 Result processing steps for the exampleofn figure 57
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When the user indicates that the amount of objects he trasheeen is zero, the conclusion is
made that the fastest rate of change in the animatiohigiexample this is 40 millimetres per
second) is too slow to see (for this person). If the user itedichat he/she saw more
changing objects than the amount of objects that changedity (aathis example 4 or 5
object), the answers for this animation are considered unrefiablare not further processed.

When the amount of objects seen is between one and the nmaxiossible for this
animation (three in the example), the assumption is matiéhthéastest changing objects
have been seen (object D changed fastest, therefomsgumed that the person saw this
object when he/she indicated that only one object changed;atvedstastest was object C,
thus C & D have been seen when the user indicated thattjeot changed). Therewith it is
known what the slowest changing object is that the user sawvaatdahe rate of change of
this object is).

The next step is to check if the answer that the userfgatiee second question corresponds
to the number of objects that this user saw (see figurd &t user saw two changing
objects, object C should be the slowest but if the user saev¢heanging objects, object B
should be the slowest).

When the answer of question two does not correspond to the asfaWerprevious question,
the differences between the rates of change (of the asswoeatbwest changing objects
seen) are not big enough to be seen. When there is only onenchabgict that has been
seen, this object is also the slowest changing object $aerefore the results are considered
unreliable when the answer given to question two does not ponesvith the changing
object seen.

45.5.1 Interpolation of the results

The results are available for a limited amount of ratehahge and object sizes since it is not
feasible to perform an enormous amount of tests. Furthertherdifferent test persons have
not all given the same answers. Therefore the testhgese expressed in percentages of
people that indicated that they saw the changes of cerfgict®b/Vhen these percentages are
mapped in a 2D graph with rate of change on the x-axis arabjéet sizes on the y-axis it
looks like figure 59.

Figure 59 Example: Graph with percentages of changeseen for many rates of change and object sizes
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In order to create a line that can indicate the needeslshthange for all object sizes, an
interpolation technique can be used. Since the graph show tleaiagres in a two
dimensional space, an interpolation technique for continuous sgati#zatan be used. The
linear regression technique is considered the most appropriagetee amount of dots that
can be interpolated is relatively low and the resultingg@eges may contain outliers due to
a relatively low amount of test persons. The interpolatisaltgin percentages for every
position in the 2D coordinate system.

These percentages have been reclassified in such thatdie all the points where the values
are approximately 100%, 90%, 80%, 70% or 60% are shown in blackhaH calculated
values are shown in white (not visible). This creates limethose percentages. The higher
the percentage, the more people will be able to see theashaltte designer of animations
has to decide what percentage is acceptable for the spatifination he/she is designing.

Since a regression method is used, the interpolated resuttseated by applying least
squares adjustment. This results in lines for the percerttaafegpproximate the original
values as much as possible but do not match exactly. By at@hguthe root mean square
error (RMSE) for the interpolated results, an indicationmagiven that shows how well the
calculated percentages (from the interpolation) correspond hétpercentages of the input
points (results from the tests).

The root mean square error is determined by calculatindaiations of points from their
true position, summing up the measurements, and then takirsgalare root of the sum
(URL13).

The formula for RMSE is:

2
RMSE = |55 /
%2 (URL13)

SSE is the sum of errors (measured percentages fromstisariinus estimated percentages by
the interpolation technique) and n is the number of pairs §rror

45.6 Final test results

45.6.1 Response

The 144 test animations have been divided into six parts @s#l The response per part
(and user characteristics/monitor sizes) is shown in appendix 2.

The number of female test persons is slightly higher thanuheber of male test persons

(approx. 10 males and 14 females per part). This makes iblgogscompare test results per
gender.
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No test person indicated he/she was younger than 16 or oldefGh#@herefore only the age
categories of 16-30, 31-50 and 51-70 can be seen in the graplemdapp. Since the group

of responding people between 51 and 70 years old is rather(8malB persons), the test
results for this group are probably not very reliable. Therdf@aesults have been calculated
for two age categories: people younger or older than 31 years.

The results mainly came from people that indicated theyhiigducation at bachelor’s
degree (see graph in appendix 2). The amount of people with a bigbarer education than
this degree is small and therefore their results are @nesidhot reliable enough to compare.
Since there is only one category with enough response, thevaesson to calculate results
per education level.

Appendix 2 also shows the monitor sizes with which the animatians been viewed. 46%
indicated they used a 17” monitor. The amounts of tests perdoomether monitor sizes
(14-, 15- or 19 inch) are quite low. Since nobody used a monitor lgn@erl9”, the sizes of
the test objects are not recalculated for the different wrosizes but their differences are
assumed to be negligible.

4.5.6.2 Results for the changes that can be seen per map object behaviour

Appendix 3 shows the results of the changes that can be sedhdefined behaviours of
map objects (see chapter 2). For appearance/disappedramagetof change is not variable,
therefore it is only shown how many persons (in percentage)akéreo indicate the correct
amount of (dis)appearing objects during the animations (thadl l&st8,75 seconds). The
results for animations with- and without background images canreared.

For all other behaviours, the resulting interpolated graphdlfarsalts and the resulting
graphs for the different user characteristics (male/flenyaunger/older than 31) are shown in
such an order that they can be easily compared. On trsidefof the page the result for
animations with 5 objects (either changing or static) careée. sThe results for the same
animations but with more static objects (total amount of ¢dgeprox. 10) are shown on the
right side of the page. By combining and/or comparing therdiitegraphs it becomes
possible to see the influence of amount of objects or useroctéiaséics. The root mean
square values of the interpolations have been added to all gifaibles in appendix 3. In order
to be able to compare RMSE values for the different grapbése values are also added in
separate column charts in appendix 4.

As an example, figure 60 shows the results for rotation ¢f Batbjects and approximately
10 objects. It shows the interpolated lines where 80% of thpdestns indicated they saw
the change. It also shows the points on which the lines ae&l lfthe percentages are not
shown here but are shown in the appendices). It can be sedortbagmple, a rotation of 10
degrees per second by an object of 500 square millimetdgsrabiably be fast enough to be
seen by 80 percent of the people when the amount of slgdict is low. The same object
however, will probably not be noticed when there are motie sthstracting objects.
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Figure 60 Interpolated test results for rotation (br animations with few and many objects)

The resulting graphs (shown in appendix 3) are briefly discusseddr each of the object
behaviours:

- Deformation

The graphs for deformation look strange because the size olbjge seems to have a
negative influence on the perception of change. When fleetab large, the rate of change
necessary to see the objects is higher than when the sbgacall.

The reason for this is the fact that the rate of changaeflmrmation has been calculated
based on the sizes of the non-overlapping parts when the betbadter objects are overlaid
(see paragraph 2.4.2.2.). The rates of change are thuflmenced by the size of the
overlaying parts. Big objects have bigger overlaying partswdeéorming than smaller
objects (also when their rate of change is equal). Thereiormation for a certain rate of
change is more difficult to see for a big object.

It can be clearly seen that people can see deformatiter laden the amount of objects is
low. A remarkable result for deformations is the fact fhatales seem to be better in seeing
deforming objects when many (approximately 10 of which at Easidtic objects) objects are
shown. The RMSE values for deformation are relatively Iqypi@ximately 10%). This
means that the approximation by linear interpolation of thedsstts is quite good,
especially when compared to the resulting RMSE valuethéointerpolation of the results for
the other behaviours of map objects (which are usually arounyl.20%
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- Displacement

The amount of objects in the animation is also importarddemg displacement (for every
class of users). Size seems not important in seeing disgactétine resulting lines are almost
vertical). The graphs for the different user charactesistacnot show big differences.
According to the graphs, 90% of the people (regardless ofdhaiacteristics) will see a
change of 3,5 mm/sec when the amount of objects is low. Wieea are approximately 10
objects, still 80% of the people can see this change. RM&iesare quite high for
displacement (average approximately 25%), indicating that linesapolation of the test
results does not provide a very good approximation.

- Expansion/Contraction

For expanding/contracting objects the resulting lines also hatrarage direction (like the
lines for deformation) due to the fact that the rate ohghaas only been calculated based on
the differences in size (which is relatively smalléren the object is big).

For rate of change for expansion/contraction, the square rdw ochainge in sizes has been
used in order to be able to use a linear scale on the Xxsaeparagraph 4.5.4.2.). A change
of 3,5mm/sec will be seen by everybody (right side from the 1089 this corresponds
with 12,25 mm2/sec.

A remarkable result for expansion/contraction is the factligae is no big difference visible
between the positions of the lines for a few objects anddkitions of the lines for many
objects. This indicates that changes in expansion/contracéasean, even if there are many
static, distracting objects.

- Grey value

The percentages indicating that change has been seen for greyaralery low compared to
the results for the other behaviours. Females seem tette in seeing this change.

Lines for 80%, 90% and 100% can often not be constructed (sircfeanges where seen by
these percentages of people), especially when there arestaticeobjects.

A rate of change of 30 (grey value change per second)is oiit noticed. Grey value has
absolute limitations from 0 to 255 (see paragraph 2.5).For rhdst graphs for grey value,
the RMSE is below 20%.

- Line size change

For changing line sizes, the influence of the amount dtsibjects seems large.
Females and people above 30 seem to be better in sesitchdhge.
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- Polygon size change

For polygon size changes the results for a few objects araliffarent from the results for
many objects. It seems that the size of the changingtshgof big importance when there
are only a few changing objects while it does not seem impavtzen there are many
changing objects. Females and older people seem to be shglttdy in seeing this change.
RMSE values are around 20%.

- Rotation

The graphs for rotations show a clear difference betweemshidts for animations with a few
(5) or many (approx. 10) objects. Furthermore, women seem leseeing rotation than
men and older people seem better than younger people.

- Appearance/disappearance

The results for appearance/disappearance show that backgroundavepsiegative effect

in seeing the amount of objects that appear and/or disappseenis easier to see
disappearing objects than appearing object. Usually people dlwaitsaremember the
amount of objects when more than 5 objects appear or disapipieiar3,75 seconds. Since
there is no slowest changing object in appearance/disappedtansecond test question was
use to check if people can remember the shapes of the rbarigects and/or if unexpected
objects where seen. The amount of people that could remerelsrape of the objects
depended on the object that was asked for. When the shtpefo$t appearing object was
asked, 55% indicated they saw this shape. For the second 8bfctemembered the shape.
The shape of the third appearing object was seen by 31%. €hissrthat shapes are
remembered better if the object (dis)appears in thenbigj of the animation (before other
objects are (dis)appearing). The unexpected objects that agphamg some animations
were seen by most of the test persons (appearing map wakauby 91%, appearing fork-lift
truck by 93% and the appearing image of an elephant by 100%})olhuese unexpected
objects, the results of the amount of (dis)appearing (sqobjejts seen in these animations
was lower than the results for the animations without thegetsbOn average, the number of
people indicated the correct amount of (dis)appearing objeatgnmations was 10% lower
when unexpected images appeared during the animation.

For all the behaviours it seems that it is more difficué¢e changes when the amount of
static objects becomes higher, except for expansion/contragtichermore, user
characteristics might be of importance; women tend to berleteeing change than men
and people older than 30 sometimes see more than younger people.

4.5.6.3 Results for the differences that can be seen per map objetibar
Appendix 5 shows the differences in rate of change thatlhese seen for each of the
behaviours of map objects in time (except appearance/disappeparéhe y-axis of the

graphs shows the percentages of users that indicated thélyesalange. The x-axis shows
the difference in rate of change for the changing objecthibaiger saw.
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These results are based on the outcomes of the second qoégtetest environment (see
paragraph 4.5.5.). The number of people that indicated thethsatifference in speed of
change between two objects depended on the answer forsthguistion (amount of
changing objects seen) as can be seen in figure 58, garagfas. Since sometimes not more
than 19 persons performed the tests (for parts 4, 5 andé td#st environment) and since
these people gave different answers to the first questionutinber of people indicated that
they did (or did not) see a certain difference was somstimey low. Therefore the results
shown in appendix 5 do not show very clear patterns and do notsédenvery useful.

4.6 Summary

This chapter consists of two main parts. The first pactrdess problems of perception that
may occur when animations are being viewed. It shows tisainifportant to pay attention in
order to see changes and that seeing change depends orecisicacof the viewer.
Furthermore it lists the important aspects that have takemtinto account when someone
wants to create an animation for which it is necessaryibaers stay focussed.

The second part describes tests that have been performetkirto measure when perceptual
problems occur for each of the behaviours of map objects thableawedefined in chapter 2.
The methodology, animation/website design and the processingrestlits are described.
The final results of the test are also briefly mentibrighe complete results are added to the
report in the appendices.
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5 CONCLUSIONS AND RECOMMENDATIONS

51 Conclusions

This research was focussed on the creation of tempotabcagphic animations from an
incomplete amount of input graphics. The conclusions of the msas listed here based on
the research questions as earlier mentioned in chapter 1:

How do phenomena behave over time and how are they represetaatporal
cartographic animations?

Phenomena can behave in many different ways, based on ntyssadal laws or based on
human decisions (or combinations). The different representatiaimo§ing phenomena are
described in chapter 2. A distinction has been made bewesitative- and qualitative
thematic information. It has been shown that interpolatidheofatter is not useful; the
representations for these changes are therefore not dedwihhis research.

The behaviours of map objects that can be interpolated aedean dealt with in this
research are: disappearance/appearance, expansion/contdisp@ctement, rotation,
deformation, size change (for polygons and polylines) and gtag ehange.

When do perceptual problems occur per phenomena/representation?

This has been described in chapter 4. Some answers tu#sson have been found based on
literature. The most important are: perceptual problemsraghen the viewer is not able to
pay attention to the changing objects, no more than 4-5 chaolgiects can be seen at the
same time, larger objects are better in capturing &itetttan smaller objects, slow changing
objects may result in perceptual problems and the factitbaisk of perceptual problems
depends on the behaviour of the objects. Furthermore, seeingateppends on the
experiences of the viewer (stored in his/her long term mémbgrefore, seeing change
depends on the characteristics of the viewer. The followingqueestions where created
based on these answers.

- What is the minimum rate of change to attract attention?

- What is the minimum size of objects to capture attention?

- What is minimum difference in rate of change, needed in order &ble to
compare changing objects?

- How well are the different behaviours of map objects inwrapy attention?

- How big is the influence of surrounding static objects?

- How big is the influence of user characteristics?
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By performing tests with real animations and test persotisdifferent characteristics
answers have been given to these questions. This resultepisgGraphs for the different
behaviours that show what minimum rates of change can bémedifierent object sizes are
shown in appendix 3. These graphs have been created for soenenditfser characteristics
and for animations with a few (max 5) objects and animatidgtismany objects
(approximately 10). Other graphs (appendix 5) have been creatkdwohow much
difference is needed in the rate of change of objectdardhe see this difference. These
graphs do not show usable results since the amount of test pensbtie duration of these
tests was too low.

From the graphs for changes that can be seen (appendoaB)be concluded that it seems
that women and people above 30 years of age are better in skaimge than men and
younger people. This means that animations, created for wonwder people, may contain
smaller objects or objects that change with a lower speed.

Furthermore, it can be concluded that it seems that, espegi@h compared to the other
changes, changes in (grey) value are not very well seen.

The results of this research show that testing perceptig@ryscomplex. Many variables and
uncertainties are involved .Therefore these results carbenlged as an indication and
further research is necessary to be able to describe nemiegly when problems of
perception can occur (see recommendations).

What are the potentially useful existing interpolation techniqueteifoporal
cartographic animations?

The techniques for interpolation that have been found ilitémature are described in chapter
3. A distinction is made between techniques for deformationgsins more complex) and
techniques for all other (simpler) behaviours described ipteha.

Techniques for the simpler changes can be divided in regressitiods (approximating the
change of the object by a certain trend or cycle for thieeeamimation) and interval
interpolations (calculation of the interpolated values basdteomalues of the closest (in
time) available objects). The interval interpolation technighashave been described are
nearest neighbours, pycnophylatic, linear interpolation, splmg®aplines. All techniques
for simple changes can be visualized in graphs where tkis yepresents the changing value
and the x-axis represents the time-frames. With thegdhgiiabecomes easily possible to
compare the different results for the techniques (exampleshaven in paragraph 3.2.3.). The
pycnophylatic interpolation method can only be used when theablaimages represent an
average value for a certain time period (e.g. avepagelation in a year). It can create
additional images for shorter time periods (months, dayk etc.

Techniques for deformation are more complex since many defomaatre possible.
Deformations of simple objects can be calculated by limearpolation of the vertices (might
require pre-processing when the amount of vertices or limest isqual between the
corresponding objects on the available images). When objexismbanore complex, linear
interpolation will result in unrealistic deformations. Therefother techniques are available
using skeletons, meshes or LIDM. The usability of theslenigques depends on the shape of
the deforming objects. It is not easily possible to say whape can be interpolated by what
technique.
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What influence do the interpolation techniques have on the pencebichange?

The chosen interpolation technique and the choices made for thi®wfathe animation
defines the rate of change of the objects at any tinfeeianimation. Since perception
depends partly on the rate of change of the object, thaitpe and settings chosen will
influence the changes seen. As can be seen in the gnaplesoverview of techniques for all
behaviours except deformation (paragraph 3.2.3), the diffedmitpies may result in very
different rates of change (slope of the graphs).

For deformation, the results of the techniques will also therent but it is not possible to
show these in graphs before the interpolated images arecteeat the rate of change
between those images is calculated (approximated by overjayimg is due to the fact that
the rate of change in deformation depends on many changingesgeatid not on one variable
value that can be shown on the y-axis of the graphs.

What techniques can be recommended for the creation of ams&om an
incomplete input?

The answer to this research question is added in the recomimesdsgction (paragraph
5.2.1).

52 Recommendations

521 Recommendations for the creation of animations

Animations should not be created when the number of changingobjethe input images is
more than 5 since that is the maximum amount of changing objestsch attention can be
distributed (see paragraph 4.4).

For other input images the technique that results in theappsbximation of the natural
behaviour of the changing phenomena should initially be recommesaiaé (©f the well
known techniques are described in chapter 2). The duration ahtfmation should be chosen
in such a way that the rate of change will be high enoughidiml perceptual problems. This
depends on many variables (behaviour, users, amount of olgjedtsan be checked by using
the graphs created during this research (shown in appendix 3).

Figure 61 visualizes the necessary steps. In the exarhfigire 61, images are available
with objects that represent a certain phenomena in world(tmfigure 61, an object
representing a phenomenon by using differences in size for tre}@20, 1950 and 2000).
In the first step (upper left part of figure 61), the valokthis object are represented by dots
in a graph with the values (sizes) of the objects oy4wdas and the (world) time on the x-
axis. In step 2, the curve that is the result of the motsttde interpolation technique for this
phenomenon is shown. At that moment it is not known how fast teetalfjould change to
avoid perceptual problems (display time is unknown, see figurél G&jefore, at step 3, the
suitable rates of change are checked from the testgeduliis research (corresponding with
the user’s characteristics, amount of objects and behaviohaofmg map objects). When
this is known, the final animation can be created (step 4).
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Figure 61 Steps in choosing a suitable technique @mluration

The slopes of the graphs that show the changing values on tieand the timeframes on
the x-axis show the rates of change that result from therelift interpolation techniques.

An exception is rotation, for which the graph needs to beertew first (as described in
paragraph 2.4.2.4.). This is because the rate of changatdtion depends on the shape of the
rotating object (e.g. a rotation of 90 degrees resultpereeived rate of change of zero when
the object is a square but it results in a high perceatedaf change when the object is a
line).

For deformations such a graph can only be created once theiats@olation has been
performed and the rates of change have been calculatéidefroore, the different techniques
for deformation do not clearly show differences in resultatgs of change. Therefore for
deformation the recommended technique is only based on thedfttapadeforming object.

If this is a simple change, linear shape interpolationbsansed. Otherwise more advanced
techniques should be used (skeletons, meshes or LIDM), dependimg simapes of the
objects. For deformation it can be recommended to createimation with many images so
that the duration of the animation can be changed aftentdmpolation has been performed
(when only a few images are created, a longer duration caeamoéated anymore since the
frame rate will than become too low).

Due to the limitations of the changes for the different behawi@escribed in paragraph 2.5)
it is not always possible to use all techniques (e.g. spltegomiations may result in values
that are higher or lower than the initial values; when theaton contains grey value change
and the initial objects are almost black, the in-betwe®ges can not be created since it is
impossible to make a grey value darker than black).
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Furthermore; sometimes there is not a single best suitabtpolation technique purely
based on the natural behaviour of the phenomenon or this techninet bea used without a
high risk of perceptual problems (e.g. a very smooth trebhdssaccording to the natural
behaviour but due to this smoothness the rate of change is toeMewif the duration of the
animation is short). In those cases it might be betteotigpare resulting graphs for different
interpolation techniques and choose the best suitable techniquaedetse possible
occurrence of perceptual problems.

5.2.2 Recommendations for testing perception

Improvements can be made for testing perception. First;aohate tests need to be
performed with a high amount of test persons and animationden tar find more reliable
results for many possible rates of change, object sizesjramof changing and static objects,
background maps and user characteristics. Ideally, theésetesd result in a figure that can
show what rates of change can be used for any situation (@esariparagraph 4.5.2.1.).

When many more test results become available, these resnlobably be interpolated by
using a better technique than the technique used in this regi@a@ah regression, which
results in relatively high RMSE (error) values).

The tests will be improved when they are performed ibar&tory setting where only one
size of monitor is used and where the distance between \égdenonitor is always the
same. This would also make it possible to check if peoplsaareusly paying attention to the
tests (which is impossible over the internet).

In order to make it possible for viewers to really recogdifferences in the speed of
changing objects, the animations should be played for a longeradutiadin the 3,75 seconds
used in this research. Furthermore; it would be bett@ngfesanimations could be played
many times (in the tests it was not possible to replaanamation).

By making it possible to click on the changing objects a wseriisstead of indicating the
amount of objects the user saw (and assuming that these Wwhéastest of the changing
objects), the test results will be more reliable.

523 Recommendations for further research

Apart from the improvement that can be made in testingepéion that are mentioned in
paragraph 5.2.2. There are other recommendations that civebe

First of all, the changes in temporal cartographic animatiamgeanore complex than the
changes dealt with in this research. Objects can ftarioe grow and deform at the same time
and in the same animation there might be a rotating cdigawell. These kinds of
combinations of behaviours of map object in animations have eatibeestigated in this
research and can be interesting for further research.

From this research it is only approximately known when perceptahlems occur due to a
low rate of change. It is not known when objects change tbotofase.
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In order to give good advice for the creation of animations eformations, it is necessary
that the rate of change for deformation can be calcutatee precisely and that rate of
change calculation for line deformation becomes possible.

Objects in animations will usually appear/disappear accotdiagspatial pattern. From this
research it is only known how many appearing/disappearing objecéppeoximately be
seen during an animation but it is not know where these objemtitdsappear/disappear.
Therefore further research should be performed.
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Appendix 1 Screenshots test environment

Start page

Start button for next animation
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Playing one of the animations

First question for animation above

97



Second question for animation above

Final page
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Appendix 2 Test response

Response per gender
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Appendix 3 Test results: Changes seen

RMSE = 13%
RMSE = 9%
RMSE = 18%
RMSE = 9%
RMSE = 11%
RMSE = 12%
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RMSE = 16%

RMSE = 9%

RMSE = 15%
RMSE = 10%

RMSE = 13% RMSE = 26%
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RMSE = 29%

RMSE = 23%
RMSE = 24% RMSE = 33%
RMSE = 27%
RMSE = 22%
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RMSE = 24%

RMSE = 33%
RMSE = 18% RMSE = 21%
RMSE = 19% RMSE = 22%
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RMSE = 19% RMSE = 23%

RMSE = 21% RMSE = 21%

RMSE = 16% RMSE = 23%
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RMSE = 15% RMSE = 19%

RMSE = 14% RMSE = 17%

RMSE = 20% RMSE = 23%
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RMSE = 19% RMSE = 18%

RMSE = 14% RMSE = 21%

RMSE = 18%
RMSE = 19%
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RMSE = 20% RMSE = 17%

RMSE = 21%
RMSE = 19%

RMSE = 19%
RMSE = 20%

107



RMSE =21% RMSE = 18%

RMSE = 19% RMSE = 20%

RMSE = 20%
RMSE = 18%
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RMSE = 22% RMSE = 21%

RMSE = 19% RMSE = 21%

RMSE = 21%
RMSE = 21%
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RMSE = 21% RMSE = 25%

RMSE = 22% RMSE = 23%

RMSE = 22% RMSE = 31%
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RMSE = 23%

RMSE = 22%

RMSE = 21%

RMSE = 21%

dissappearing objects seen

appearing objects seen
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Appendix 4 Test results: RMSE values for interpolaibns of percentages of changes seen

Meaning of the abbreviations on the x-axis:

FA = Few objects, All test persons

MA = Many objects, All test persons

FM = Few objects, Male test persons

MM = Many objects, Male test persons

FF = Few objects, Female test persons

MF = Many objects, Female test persons

FO = Few objects, Older test persons (31 and older)

MO = Many objects, Older test persons (31 and older)

FY = Few objects, Younger test persons (30 and younger)
MY = Many objects, Younger test persons (30 and younger)
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Appendix 5

Test results: Differences seen

Expansion/contraction differences seen

Rotation differences seen

ROC difference (greyvalue/sec)

ROC difference (mm/s)
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Appendix 6 List of test persons

Li Xia

Ellen-Wien Augustijn
Mahnaz Narooie
Ronald Bausch

Roel Koot

Odin Banning

Derek Karssenberg
Peter van de Koppel
Odawe Muzan
Matija Vidicek
Hermien Lammers
Karin Simon

David Simon

Steven Keijzer

Milan Djordjevic
Laurent de Borman
Robert Haarbosch
Rob De Wolff
Jolanda Oonk

Henk Assinck
Marleen van der Heijden
Liza Groenendijk
Johan Buitenkamp
Eddie Poppe

Wim Toebes

Abe Klaas de Jong
Annelies Klanderman
Daniélle de Winter
Henk Roerdinkholder
Maarten Klanderman
Bram Boot

Erik Morrema

Anita Roerdinkholder
Luciel Buil

Frans te Brake
Frank Capis

Rob Breukers
Hendrik Lammers
Jonas van Schrojenstein Lantman
Christiane Sirken
Sijmen Wesselingh
Ellen Toebes
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Appendix 7 Software used

Microsoft Word 2002
Used for writing this thesis.

Microsoft Excel 2002
Used for processing of the test results and creating graphs.

ESRI ArcGIS 9 (spatial analyst)
Used for calculation of test object sizes and rates arfigd for deformation.
Used for interpolation of test results.

Marcomedia Flash 8 and ActionScript 2.0

Used for creation (drawing and programming) of test environmemizdions.

Macromedia Dreamweaver 8
Used for website creation.

Adobe lllustrator 9.0
Used for the creation of the illustrations in this thesis.
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Appendix 8 Accompanying: CD-ROM with website, tesenvironment and digital version of the thesis

The CD-ROM contains four directories containing the followingsfile
The website is stored in the directory “website” and conefdtisree files.

index.html contains links to english.html and nederlands.htmldotisply the English and
Dutch version of the download page for the tests).

The tests for Windows pc’s are stored in the directory “atims’
The tests for Apple Macintosh are stored in “animations_mac”

The test files can be simply opened by double-clicking. Filesaha start with “part” refer
to the tests in English. Filenames starting with “deetér to the Dutch versions.

The digital version of this thesis is stored in the dosctthesis”
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