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Preface

Over the past fifteen years the city of Dresden in Germany has been gain-
ing international reputation in the autostereoscopic depiction of geodata.
Hardcopy and softcopy displays are currently being developed and pro-
duced by the Dresden University of Technology and three other Dresden-
based commercial companies, all spin-offs of the university.

This recent increase in interest and the principally intuitive appeal of
“True-3D” in geodata presentation fuelled our motivation to compile a
textbook about the present technical status and recent innovative develop-
ments.

As a primary step towards attaining this goal a first international sympo-
sium was organized in close cooperation with the Executive Committee of
the International Cartographic Association (ICA), with several of its
Commissions as well as with the support of SPIE Europe and on behalf of
the German Cartographic Society (DGfK). The symposium covered almost
all aspects of autosterecoscopic representations of both topographic and
thematic geodata, be they haptic or not, and took place in Dresden between
24th and 28th August 2009.

Displays for large audiences were under discussion along with special
single-user applications, and well-established technologies contrasted
strongly with cutting-edge developments. This attracted experts from the
international cartographic “true-3D community” who exchanged opinions
and knowledge about the state-of-the-art in various fields.

Most of the information conveyed during this international symposium
has been compiled to form the present volume. Although being far from
all-embracing, it represents a first “anthology” treating the rapidly evolv-
ing complex field of “True-3D in Cartography”.

The contributions contained in this book were reviewed at least twice by
an international group of scientists (in alphabetical order): Manfred F.
Buchroithner (Dresden, Germany), Arzu Coltekin (Zurich, Switzerland),
Harold Moellering (Columbus, Ohio/USA), and Wolf-Dieter Rase (Bonn,
Germany). As editor, I am very thankful for the critical remarks of my col-
leagues with regard to both the articles’ contents and the authors’ phrasing.



vi Preface

The production of this book would not have been possible without the
professional and formidable efforts of Steffi Sharma, Jana Simmert, Ulrike
Schinke and Rebecca Dittmann. I also extend my thanks and gratitude to
them.

Manfred F. Buchroithner
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Perspectives on 3-D Visualization of Spatial
Geodata and Future Prospects

Harold Moellering

Department of Geography, Ohio State University, Columbus, Ohio, U.S.A.

Abstract

For more than a century spatial scientists have sought to mathematically
describe, illuminate, and visualize various forms of spatial surfaces, and
other 3-D and higher dimensional spatial data. In the early years these
were mostly physical terrain surfaces illustrated under the rubric of hill
shading. In the first half of the 20th century rapid developments in 3-D
visualization occurred largely in air photo and analogue photogrammetry.

Beginning in the 1960s it became feasible to implement quantitative
formulations in computing machines. This provided the opportunity to
operationalize the mathematical theory in a digital virtual environment
that was much more flexible than before. At about that time the use of
homogeneous coordinate transformations provided a major breakthrough
for digital 3-D object visualization. The involvement of interactive control
and visualization techniques soon followed. Spatial surfaces, and
especially topographic surfaces, were among the more popular objects.
Since that time the theory of spatial surfaces and objects, spatial data
structure designs, and the technology of display hardware have continued
to develop and enhance the 3-D spatial visualization processes.

This presentation will reflect on these conceptual and technical
developments in spatial 3-D visualization from the perspective of four
decades of involvement in the field. Comments and suggestions will be
offered for suggestions of future developments.

M. Buchroithner (ed.), True-3D in Cartography: Autostereoscopic and Solid Visualisation 1
of Geodata, Lecture Notes in Geoinformation and Cartography,
DOI 10.1007/978-3-642-12272-9 1, © Springer-Verlag Berlin Heidelberg 2012
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Keywords: Analytical Cartography, 3-D Stereoscopic Vision, Lenticular
Vision, Virtual Maps, Perceptual Color Spaces, History of Visualization.

1 Introduction

Today a wide range of individuals — also outside the field of cartography
proper - is working with cartographic and spatial visualization, and with
the hardware technology of 3-D displays. Many of them are using these
concepts and technologies in interesting and effective ways.

The present paper strives to present some historical background coming
initially from the field of cartography and then from Analytical
Cartography, and then later from some of the more scientific and technical
topics that will provide more insight and enrich the discussion. It focuses
on some broader spatial visualization topics, outside of the excellent
visualization research conducted by Prof. Buchroithner and colleagues that
will be discussed in individual papers in this volume.

The article has a North American perspective. Much of the analytical
theory is discussed by Harold Moellering (2000) in a review of the
concepts in Analytical Cartography.

2 A look at some history of analytical visualization

One can begin with the traditional hard copy map used over more than
3,000 years of human history. These 2-D hard copy maps served
civilization well through the centuries for mapping and navigation
purposes. Well known examples are Babylonian clay tablets, Egyptian
maps on papyrus, Chinese imperial maps, down through the ages to
European portolan charts that were used for navigation at the beginning of
the Age of Discovery. One exotic example is the 2 1/2-D wood navigation
models made by the Polynesian Islanders for sailing across the Pacific
Ocean.

Beginning in the 19th Century, one began to see the rise of Analytical
Visualization where one began to use mathematical concepts to understand
spatial surfaces and visualize them. One of the earlier was Cayley (1859)
where he picked up on some of the concepts of continuous surfaces from
mathematics. He also began to look at the critical points and lines on a
surface where the mathematical derivatives change, and explore how those
relate to surface contours and slope lines. Now spatial surfaces could be
conceptualized analytically beyond just description.
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A couple of decades later, Wiechel (1878) began to use the concepts
from what we now call the Cosine Law to calculate the illumination of a
light source at a point on a topographic surface as shown in Fig. 1. This
was a cumbersome effort because the angle between the light ray and the
normal to the slope had to be derived indirectly with equations as shown in
Fig. 2. This calculation using the normal to the slope, vertical of the
topographic datum, azimuth to the light ray and azimuth to the surface
normal is still used today in such computations. The irony is that at the
time one could only make individual illumination calculations for
individual points on a surface. It is only with a computer more half a
century later did such calculations and surface illuminations become
practical in the spatial sciences.

ﬁ{; normal to
light slope

vertical

|
azimith of ~ — %
light ray

azimuth of ,l/
normal to//

Fig. 1. Wiechel Aalytical Point Illumination 1878 (after Webster)

Intensity = cos e =cosacos b +sinasinbcosc

Where e = the angle between the light ray and the normal to the slope
a = the angle between the vertical and the light ray

b = the angle between the normal to the slope and the perpendicular to
the to the horizontal plane (vertical)

¢ = the angle between the azimuth of the light ray and the azimuth of
the normal to the slope (as projected down to the horizontal
plane)

Fig. 2. Wiechel Illumination on a Surface (1878)
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Beginning in the 1950s one began to see the rise of computer
technology in a systematic way that begins to provide digital approaches to
spatial visualization. This provided the beginnings of spatial data base
files, and the development of new hard copy technologies. Later as the
1970s dawned did one see the development of several key conceptual and
technical innovations in computer graphics which greatly benefited spatial
visualization. They were: 1) Homogeneous Coordinate axes, which
provided for more robust calculations of nearly parallel coordinate axes, 2)
Homogeneous Matrix Transformations, which provided 3-D "straight
space" orthogonal axis transformations such as translation, rotation,
scaling, and perspective, 3)More effective and efficient visible surface
algorithms based on the "straight space" coordinate axes. These led to
many new strategies in spatial visualization.

Also in the 1970s one began to see a host of conceptual innovations in
spatial visualization that benefited from the earlier innovations in computer
and computer graphics concepts and technologies. Examples include:

Effective Square Cell Structures

Raster-Vector Conversions

Topological Spatial Data Structures

Invention of the Triangulated Irregular Network - TIN Model
Development of the Warntz Network on a Surface
Development of "Pfaltz" surface networks

Creative uses of reorienting sun angle on a surface
Topological Surface Generalization.

There is a rich literature on these and many other conceptual
innovations in spatial visualization during this period. One further example
is that by Horn (1982) which reviews the concepts of computer graphics
and shading, and integrates that with existing concepts of Analytical Hill
Shading from the spatial visualization literature. He managed to bring the
concepts from these different fields together into one publication.

3 Real and virtual maps and their transformations

One can now turn to the rich variety of 2-D and 3-D maps that have
been developed in spatial visualization. They range from the lowly
topographic map to the sophisticated 3-D lenticular displays. Some are
hard copy real maps, and some are various forms of virtual maps. Fig. 3
shows a selected list of such products. The primary question is how can
one understand them on a conceptual basis?
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> Video Animation

> Hologram

> DVD of Spatial Data

> National Map

> Plastic Relief Model

> Relation Geog Info

> Globe - Hyperglobe

> Remote sensing Image
> Maps for the Blind

>Topographic Map

> Lenticular Foil Map
> Spatial Database

> Block Diagram

> CRT Displays

> Anaglyph

> CD ROM - Cart Data
> Cognitive Maps

> Orthophoto

Fig. 3. Many Kinds of Map Products

One approach is to look at the two fundamental conceptual
characteristics of such a display, and then to classify them. The first
characteristic is whether the product is hard copy or not. The second is
whether the product is directly visible as a spatial/cartographic image, or
not. From there on can construct a four class table of Real and Virtual
Maps as shown in Fig. 4. This particular Table of Real and Virtual Maps
contains 3-D examples that are in harmony with the theme of the
conference. Now one can better understand the kind of spatial product and
its characteristics that one is working with. This fourfold classification
helps one to more systematically understand these products and how they
relate to each other.

DIRECTLY VIEWABLE AS A 3-D CARTOGRAPHIC IMAGE

Deep Structure

Deep Structure

YES? NO?
REAL MAP VIRTUAL MAP-TYPE 2
Earth Relief Globe Stereo Pair
Lenticular Foil Ma Anaglyph
YES? . o
Orthophoto Map 3-D Film Animation
HapticMap for the Blind Hologram (stored)
Computer Qutput Microfilm Fourier Transform (stored)
3-D Block Diagram CD-Rom w/ 3-D Information
PERMANENT Plastic Relief Model DVD w/ 3-D Infermation
TANGIBLE 3-D Model Carving
REALITY
VIRTUAL MAP-TYPE 1 VIRTUAL MAP-TYPE 3
Soft | CRT Map Image Display Digital Memory {data) Soft
a) refres|
Copy b} Storage tube Magnetic Storage Media (data) Copy
NO? c) plasma panel 3-D Video Animation
d) LED
&) LCD Spatial Dalabase
f) Stereoscopic vision National Map
CAVEs Cognitive Map (relational geographic
3-D Video Projection infarmation 3-D - n-D)
Hyper Globe
Cognitive Map (2-D - 3-D image)
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Fig. 4. The Scientific Definition of 3-D Real and Virtual Maps

When one is working with such spatial visualization products, one
typically begins with spatial data, a Virtual type 3 product and transform it
into a product that is visible, a Real Map if it is hard copy, and a Type 1
virtual display if it is not hard copy. It turns out that when working with
spatial data and generating spatial displays one typically makes many of
these kinds of Real/Virtual map transformations in the process. Fig. 5
shows the 16 possible Real/Virtual map transformations that are possible.
If one considers these 16 transformations carefully, it becomes clear that
they define all of the processing steps one could make while processing
spatial data.

» .| vIRTUAL
RESLIES 14 > MAP TYPE 2
A A
y A 4
VIRTUAL < » VIRTUAL
MAP TYPE 1 MAP TYPE 3

Fig. 5. 16 Transformations Between Real and Virtual Maps Defines all Operations
in Spatial Data Sciences

One straightforward example shown in Fig. 6 is a Real Time Interactive
Spatial Analysis System at a very general level. Most spatial data display
systems are configured like this at this level of generality. One could then
go in and define these processes at a much greater level of detail in terms
of the Real/Virtual transformations taking place in such a system. This
means that any kind of spatial data processing or display system can be
conceptually understood as working with a host of sequential Real/Virtual
map transformations as it operates. One can also use such transformations
to help design such a system and the functionalities it contains.
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REAL TIME INTERACTIVE SPATIAL ANALYSIS SYSTEM
Ll TV IRTUAL L T VIRTUAI
E‘:&,\ T(Vs=Vil | CARTOGRAPHIC CRT MAP MAP IMAGE
: T(Vi=Vy) DATABASE V, Vv,
v, TOVEV) O\ TV
7 ~ \‘
T(VR)  T(VyeVy)  T(VV) T(VAR)
/ } N \
REAL REAL FINISHED TABULAR REAL
WORLD MAP SPATIAL OUTPUT MAP
DATABASE
— INPUT — OUTPUT

Fig. 6. Real Time Spatial Analysis and Display System Conceptualized With Real
and Virtual Map Transformations

4 Deep and Surface Spatial Structure

While examining the spatial characteristics of spatial data, one can also
consider the concept of Deep Structure. Nyerges (1980) adapted the
concept of deep structure over from the discipline of structural linguistics

to serve this purpose with spatial data. Fig. 7 illustrates the concept of

Deep and Surface spatial structure in the spatial sciences. Here Surface
Structure is spatial data that is in spatial products that are visible to the
observer. These are Real Maps and Virtual Map Type 1.
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Fig. 7. Representation of Deep and Surface Spatial Structure

Then Deep Structure is the characteristic of spatial data that is not
directly visible, say data deeper in a spatial data structure in a system.
Virtual Maps Type 3 fall into this category. Please also refer to Fig. 4. In
an interactive spatial data processing system, the computational processing
of the data takes place in the deep structure level, and then when it is
visualized, it emerges into the surface structure. Spatial metadata is a good
example of Deep Structure information about a spatial feature.

The concept of Deep and Surface Spatial structure helps the researcher
to more fully understand the characteristics of the spatial data with which
one is dealing. The concepts of Deep and Surface Structure and
Real/Virtual Maps complement each other conceptually and scientifically
to yield a better understanding of the spatial data one is processing and
visualizing.

5 Nyerges Spatial Data Levels

A third major concept that helps us understand the concepts of spatial data
more completely is that of Nyerges Data Levels (1980). One begins with:
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e Real World Entities
1. Data Reality - Geographic entities in the Real World;
2. Information Structure - A formal model of geographic entities and
their relationship in the Real World.
Real World Entities are things that exist in the real world such as
buildings, roads and lakes. The Information Structure contains the spatial
relationships between these various Real World Entities.

e Spatial Object Model
3. Canonical Model - A formal model of the spatial data objects in the
deep structure;
4. Spatial Data Structure - An operational spatial data model used for
spatial analysis and visualization.
The Canonical Model takes the same relationships from the Information
Structure and now relates those relationships to the defined spatial data
objects. These are then organized into the Spatial Data Structure to
produce a working spatial database.

e System Hardware & Architecture
5. Storage Structure - The file structures of how the spatial data
structures are stored in the computer system.
6. Machine Encoding - A machine representation of the file structures in
the computer system hardware, e.g. bits and bytes.

Most spatial scientists work with the first four levels of data, while only
computer specialists would deal with levels 5 and 6. This conceptual
organization of data levels is distinctive in that it separates the spatial
relationships into two levels: the Information Structure which points up to
the Real World entities, and the Canonical Model which deals with the
spatial objects such as nodes, links and polygons. Many approaches lump
those two levels together, but in the spatial sciences it is very helpful to
specify them separately as Nyerges has done. This improves the
conceptual understanding of how one is treating the spatial data involved
in the system.

6 Early 3-D digital stereoscopic visualization

Stereoscopic visualization has been a part of civilization for millennia as
ordinary human 3-D analogue vision. In the last few decades mechanical
analogue approaches to stereoscopic vision has been developed with the
use of analogue stereo pairs in air photo analysis. This was enhanced with
the later development of analogue photogrammetric instruments. However,



