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Abstract
This article is about visualization aided handling of individual 3d models, both existing and new ones, for sake
of collecting them in a globally uniform object-oriented model of the Earth. The text describes basic concepts of
geographic referencing and presents a method for formal mapping and encapsulation of 3d objects to a geocentric
coordinate system used by a geo-visualization framework called Geographic Reference Interface For Internet Networks (GRIFIN). The method associates any 3d model with a set of referencing parameters that relate the model with
a global reference coordinate system. The parameters yield direct spatial correspondence between the model and
our real environment, for example through global positioning systems. The presented solution speeds the process of
mapping the 3d model to the Earth surface by automatic detection of vertices, which can be visually recognized by a
user as identical points in the 3d model and on a digital map. The implementation of the method provides a simple
tool that requires at most two interactive steps from the user and thus facilitates manual geographic referencing of a
single 3d model. This tool has been implemented and provided as Java WebStart application.
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Introduction

Associating 3d models with their locations on the Earth is an elementary prerequisite for development of new wave
of information technologies based on spatial representation of entire planet. Goal of theses efforts, which can be
classified under the term digital Earth [3, 4], is to provide a platform for new category of services in which users can
access desired information through interaction with visualizations of our real environment. The visualizations can
represent the real environment itself or merely enhance our natural visual perception of the reality, but either way
they need to be geographically referenced. Geographic referencing or georeferencing is generally divided into two
scopes, informal georeferencing and formal georeferencing. Any means of referring to locations can be called informal
georeferencing, such as using place-names to index and retrieve textural documents written in human language; while
the formal georeferencing only states means that referring to location by resorting to rigorous spatial representations,
such as coordinates, map, etc [5].
This paper’s focus is on georeferencing in the formal scope, used in the development of a digital Earth framework
called geographic reference interface for Internet networks (GRIFIN). The main motivation for the work was to utilize
vast resources of existing 3d models and utilizing traditional 3d modeling tools for construction of object oriented
contents for GRIFIN technology. Therefore, the presented method deals with digital 3d models representing shapes of
an arbitrary feature at various range of sizes from individual decorations, or furniture to buildings or cities.
In the text is described a generally applicable method that associates coordinates of individual 3d models with
a target reference coordinate system, namely with a geocentric reference frame defined by World Geodetic System
1984 (WGS84) [1, 2]. In order to obtain WGS84 referencing several other coordinate systems are utilized throughout
the method. Their definitions are presented in Section 2.1. The georeferencing of a 3d model is formally expressed
in terms of georeferencing parameters, which also constitutes the formal result of the method. The article explains
generally applicable procedure of the method that yields the georeferencing parameters in Section 2.2 and defines
the parameters in Section 2.4. The parameters may facilitate information systems, such as GRIFIN, with enforcing a
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systematic structure for even large data sets. Hence georeferencing indirectly facilitates management of information
related to individual features the planet Earth. Since the method relies on visualization some aspects regarding data
representation of the 3d models is provided in Section 2.3. The technical remarks on implementation are then presented
in Section before conclusions. aspects related to the procedure regarding heights, transformations of geographic data
as well

2

Method

In the context of this article georeferencing is a process of assigning each vertex of the 3d model the corresponding
geocentric coordinates in WGS84, which is a global reference frame implemented in our physical world. The result of
the method is a set of georeferencing parameters that contain information about transformation of the 3d model to its
location in WGS84, and a geographic object, which was the main goal in the context of the project where this method
was developed.
The georeferencing method is partially automated and partially depends on interaction with the user. This relationship is also depicted in Figure1. The interactive part relies on 3d visualization that supports users to determine the
up-direction and to identify geographic coordinates of some individual reference points from the 3d model.
Described georeferencing method assumes that the 3d model has proportionally correct geometry with the same
scale in all of its parts. Additionally, one Cartesian axis of the model must be parallel with natural up-direction of the
feature represented by the 3d model. Conceptually the georeferencing procedure can be divided into the following
steps:
• Normalization of the 3d model geometry.
• Evaluation of reference points.
• Interactive selection of up-direction.
• Interactive georeferencing of identical reference points.
• Export of Georeferencing Parameters
• Spatial indexing, level of resolution, and export of geographic object.
The rest of this section introduces the used coordinate systems and detailed description of the listed steps.

2.1

Coordinate Systems

The formal georeferencing pipeline of our method involves four different coordinate systems. These are model coordinate system, normalized coordinate system, Earth reference system and indexed system. Their relationship with the
method is depicted in Figure 1 and each of them is going to be described nominally in the following sections.
2.1.1

Model Coordinate Systems

A model coordinate system is Cartesian coordinate system associated with the original 3d model. As depicted in
Figure the model coordinates are the main provider for the normalized coordinates described in Section 2.1.2. Model
coordinates are given at the beginning as the input to the method but are never changed during the method. The
resulting georeferencing parameters, which are described in Section 2.4, are relative to the model coordinates. This
way there no requirements on the model coordinates other than one of the axis of the model coordinate system must be
parallel with the natural up-direction of the feature represented by the 3d model. This means that each result is valid
only for the model coordinates of the corresponding 3d model.
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Figure 1: Relationships between coordinate systems and conceptual components of the georeferencing procedure.
2.1.2

Normalized Coordinate Systems

The normalized coordinate system is 3d Cartesian coordinate system derived from the model coordinates. It is computed internally as an inherent part of the georeferencing method, and is never written as output. Obtaining the
normalized coordinates is based on a rigorous procedure, which is applicable to an arbitrary 3d model. The result
of normalization is the 3d model in a coordinate system with origin coinciding with the center of model’s minimum
bounding sphere. The model is also scaled so that the radius of the sphere is one. The scaling is made primarily for the
visualization part of the method. In normalized coordinates the original orientation of the model is preserved, because
there is no generally applicable mechanism that would automatically ensure the correct orientation of the model for
georeferencing.
2.1.3

Earth Coordinate Systems

Earth referencing, or georeferencing, is closely associated with the target coordinate system we want to use for all
vertices of the 3d model. Unfortunately the Earth referencing may be based on many different coordinate reference
systems that are used in practice [8]. Our georeferencing method deploys two systems with geocentric coordinates
and geographic coordinates, both associated with the implementation of WGS84 [2].
Geocentric coordinate system is a Cartesian coordinate system with origin at earth’s center of masses. As depicted
in Figure 2 the z-axis lies in the earth’s axis of rotation. The x-axis is in the plane of the equator, and passes through
the prime meridian. The y-axis is in the plane of the equator, forming a right handed coordinate system. Geocentric
coordinates provide exact description of three-dimesnional space, which is uniform around the Earth and which has
direct correspondence with spatial referencing in the real world. Geocentric coordinates are used by this method for
georeferencing parameters, which include matrix parameters that transform the 3d model into geocentric coordinates.
Geocentric coordinates are also used in GRIFIN as the main internal coordinate system.
Position in geographic coordinate system is specified by geographic 1 latitude ϕ, longitude λ and ellipsoidal height
H. As depicted in Figure 2 the latitude ϕ is an angle between the equatorial plane and the perpendicular to the
ellipsoid of revolution at a given point. It ranges from −90o at the south pole to +90o at the north pole. The longitude
λ is an angle from the prime meridian plane to the meridian plane of the given point. It ranges from 0o to 360o
degrees and grows eastward. Note that there is no difference between geographic and spherical longitude. Geographic
coordinates are the most common way to reference points on the Earth surface and can be usually obtained from maps
or positioning devices. Geographic coordinates are used in the interactive part, when user specify coordinates of the
selected reference points, and in georeferencing parameters for the reference point.
1 Some

literature also uses term geodetic latitude instead of geographic latitude.
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Figure 2: Coordinate systems for Earth referencing.
Although georeferencing is a relatively simple idea a single best solution for it does NOT exist. Paradoxically
two-dimensional geographic applications need to deal with bigger complexity than is needed for three-dimensioanl
applications [6], because one two-dimensional reference system is insufficient for the entire planet.
2.1.4

Index Coordinate System

Index coordinate system is used in GRIFIN for spatial indexing of individual geographic features. It is a set of of
coordinate systems following spatial subdivision of the original depth-smart octree (DSO) depicted in Figure 3. There
is a Cartesian coordinate system for each cell, with origin at the geometric centers of cells and the orientations of
their axes parallel between the cells. Different levels of DSO corresponds to a set of index coordinate systems with
different levels of resolution. The root cell delimits the maximum spatial range of the index and its coordinate system
is identical with the geocentric coordinate system of WGS84.
GRIFIN indexing mechanism selects automatically what DSO cell has the appropriate index coordinate system for
each 3d model. The selection is based on the geocentric coordinates of the reference (Section 2.2.1) point and from the
level of detail of the model. Yields the coordinates in the index coordinate system, there are some algorithms which
can approximately figure out the level of index coordinate system automatically.
Georeferencing facilitates spatial indexing, which is closely related to the fast access to data. Hence georeferencing
can indirectly support fast access to the 3d model and associated information, which is utilized in GRIFIN and which
was a motivation for the index coordinate system.
In general there are three major reasons for DSO mechanism in GRIFIN; fast access, divide and conquer management approach, and handling numerical precision and level of resolution. The last one will be shortly explained.
2.1.4.1 Single Precision Coordinates in Geo-visualization Single-precision float numbers are insufficient for
spatial modeling of the Earth at accurate ground resolutions. A typical single-precision floating point formats have
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Figure 3: Oct-tree spatial subdivision.
only 23 bits of mantissa, hence a single-precision coordinate can be accurate to only one part in 223 = 8 388 608
(cca. 8 millionth); or about 6 or 7 decimal digits of precision, depending upon the actual value. Since the equatorial
radius of the Earth is 6 378 137 m under the WGS84 ellipsoid, it is impossible to achieve resolutions better than
6378137/8388607 = 0.76 meters using single-precision floating point numbers, which for example is insufficient for
3d models of man-made structures. Any visualization of geographic features with detail below this threshold will
cause various floating point rounding artifacts, such as vertices coalescing and camera jitter, which negatively affects
the image of the 3d scene.
This georeferencing problem is treated by establishing the indexed georeferenced float local coordinate system
(FLCS). Absolute geocentric coordinates are determined at the center of each indexing volume as its origin. These
centroids serve as reference points known in double precision and correlate to the WGS84 global origin. Any subsequent geospatial locations are then reduced by the centroid coordinates into the corresponding FLCS using single
precision.

2.2

The Georeferencing Procedure

For map makers, civil engineers and many 3D model creators is quite intuitive that the third spatial dimension is
natural up-direction relatively to a horizontal plane defined by X- and Y-axis. The interactive part of the georeferencing
method utilizes this intuition, but it is important to be aware of the accuracy level associated with this simplified notion
when georeferencing
to the Earth surface. The main error contribution in this approximation is the curvature of the
√
Earth e = R2 + s2 − R, where e is the error, R distance from the Earth origin and s is the distance on the planar
approximation of the Earth. For reader’s reference some error values are in Table 1.
error e [m]
range s [m]

7.8 10−8
1.0

0.001
113

0.01
357

0.1
1129

1.0
3572

Table 1: Error in planar representation of Earth surface
This means, for example, that if a ground-plan of the 3d model fits within the range of 113 meters from the reference point the error will be less than a millimeter. The whole problem of accuracy is more complex when evaluating
vertical2 and horizontal components of the error and when precise shape of the Earth is taken into account. However
the values in Table 1 give a good estimate of the overall magnitude of the error introduced by our georeferencing
method. Also note that this error is totally independent of the accuracy of the 3d model itself.
2 For

the values up to few thousand meters the horizontal component of the error is negligible compare to the vertical error component.
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There are up to two interactive steps that user can do, which rely on the visualization of the 3d model. The
first interactive step after model normalization (see Section 2.1.2) is to make sure that X/Y plane represents local the
horizontal plane and Z-axis represents up-direction.
The second step is to determine scale and orientation by associating geographic coordinates with (at least) two
DRPs (see Section 2.2.1).
2.2.1

Default Reference Points

One specific concept of this georeferencing method is finding a set of points that can be determined automatically and
which through visualization can aid the georeferencing procedure. We call these points here as default reference points
(DRP). There are several challenges about DRP. One of them is to devise an algorithm than works with geometry of
any 3d model and yields always the same number of points, which can be referred through their index. Another issue
is so that the points are convenient for a person to identify them visually on a digital map during the interactive part of
the georeferencing method.
Such convenient set of DRP together with visualization then can alleviate the fact that orientation cannot be determined fully automatically, as mentioned in Section 2.1.2. There is set of nine DRP. The first DRP is the origin of the
normalized model coordinates (Section 2.1.2). Eight DRPs are given by one point for each octant of the normalized
model coordinates each point being the most distant vertex in the octant from the origin. If there is no point in the
octant the origin is used instead repetitively.
DRPs tend to be outer corners of the model geometry and are invariable when change of up-direction axis occurs.
2.2.2

Scale and Horizontal Orientation

The scale and the horizontal orientation can be acquired when XY-plane represents the horizontal plane and Z-axis
is aligned with the natural up-direction. The horizontal orientation is important part of the georeferencing in which
angle between south direction and model’s X-axis is determined. The value of this angle together with the geographic
coordinates of the selected DRPs constitute all information necessary for the location and orientation of the model on
the Earth surface.
First the south direction is determined from the geographic coordinates Agg [ϕA , λA ] of the first selected DRP by
subtracting an angular element m̂ from the latitude ϕA . The angular element m̂ corresponds approximately to one
meter on the Earth surface. This yields a new point Sgg [ϕA − m̂, λA ] south of the reference point Agg .
If B is the second selected DRP then angle β stressed by AS and AB is the bearing from the south at the reference
~ gc and AB
~ gc
point A to the reference point B. The value of β can be derived from the dot product between vectors AS
in geocentric coordinates. In a similar manner, a new point Xn can be obtained in the normalized coordinates by
increasing the X-coordinate of An [XA ,YA ] by one. And angle γ stressed by AXn and ABn can be computed.
The demanded angle σ between the south direction and model’s X-axis is obtained from the difference σ = β − γ.
It should be stressed that β must be determined from projection of SAB onto the tangent plane at the reference point
Agg . Analogously the angle γ is calculated using only XY coordinates in the model’s normalized system. Note also
that this method cannot be applied when Agg is at a distance from the south pole, which is smaller than m̂.
The scale ratio between the normalized coordinates and the real size in meters is given by ratio between the distance
ABn calculated on XY plane and the distance ABgc projected onto the tangent plane at the reference point Agg .
2.2.3

Transformations to Earth Surface

After all the georeferencing steps have been performed the last thing missing is to apply the rotations and translation
to the normalized model. That will locate the model in correspondence with the geographic coordinates of the first
reference point A.
• rotate model’s coordinates around Z-axis by angle β, which takes into account the angle between south direction
and x-axis.
• rotate model’s coordinates around Z-axis by angle λA , which takes into account longitude of the reference point.
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• rotate model’s coordinates around Y-axis by angle ϕA , which takes into account latitude of the reference point.
• translate model’s coordinates by the value of the geocentric xyz-coordinates Agc [xA , yA , zA ].
This result in the original 3d model being properly placed in the 3d model of the Earth. This method can be applied
to a 3d model of any feature related to the planet Earth. Collection of models of all the real features would result in a
uniform 3d model of the Earth using a single coordinate system.

2.3

Data Representation of 3d Models

An individual 3D model may consist of several separate parts. These parts of a model are represented in a hierarchical
graph structure called scene graph, which is a common way to represent 3d models with many constituent parts as
well as entire 3d scenes. Scene graph is a tree-like structure consisting in general of two kinds of elements - group
nodes and shape nodes.
Group nodes group one or more elements together and represents the next level of the hierarchy when nested into
another group node. There is also a special case of group nodes associated with a transformation matrix that apply a
geometric transformation to all its child elements. This also means that many transformations can be combined when
there are placed along one brach of the hierarchy.
Shape nodes represent single part of the 3d model having the same appearance, such as color or texture or lighting
properties, and having the same geometric data type. We use surface representation data types such as triangles and
quads in addition to lines and points. It should be stressed that the geometries are determined by coordinates of shape
nodes but also by the transformation groups from higher levels of the same branch. which can position, orient, and
scale all of its children, also take effects.

2.4

Georeferencing Parameters

Georeferencing parameters is one of the main results of the georeferencing method. The parameters associate a given
3d model with fundamental data necessary for placement, orientation and scaling of the 3d model in the geocentric
reference system WGS84. As such it is a general purpose result that can be associated with an arbitrary 3d model and
which can be utilized in other geographic applications.
1) The reference point in the model coordinates, represented as three-tuple:
Xm = {xm , ym , zm }.
2) Geographic coordinates of the reference point, represented as three-tuple:
Xgg = {ϕgg , λgg , Hgg }.
3) Homogeneous coordinates enable expressing all affine transformations in terms of matrix multiplications in
both 2d and 3d space [7] Therefore information about scale scale ratio between the model coordinates in metric units,
as well as information about translation and orientation in geocentric coordinates is represented in the form of 4x4
transformation matrix parameters.


a b c d
e f g h

T =
i j k l 
0 0 0 1
This representation has advantage of ability to capture an arbitrary rotation (yaw,pitch,roll), which are currently
unsupported by the method (see Section 2).
4) If transformation of XY from cartographic projected coordinates is necessary prior to the georeferencing then
European Petroleum Survey Group (EPSG) Coordinate Reference ID should be included. This is represented by an
integer SID ∈ {EPSG} or by default, when de-projection is unnecessary SID = −1.
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3

Implementation of Georeferencing Viewer

In this paper, a georeferencing application is developed as a demo; you can access it through the Java WebStart at
http://www.3dgi.dk/Georeferencing.
Current implementation supports 3DS format as the excahnge data format for 3d models, because 3DS is one of
the most popular 3D geometry formats supported by most editing software and with many 3d models available on the
Internet. In this demo, the source for users is to provide geographic coordinates latitude and longitude is Google Maps,
because of its extensive accessibility free of charge.
To parse the 3d models as Java3D scene graph objects and render them via OpenGL, we utilized intensively the
Aviatrix3D scene graph APIs. Aviatrix3D is a 3D visualization toolkit for the Java programming language. It is scene
graph-based and operates in retained mode on top of JOGL; thus it works well with other Java3D-specific packages.
It is also completely pluggable and extensible. What is more, Aviatrix3D is totally free to use, under the GNU Lesser
General Public License.
The human computer interactions (HCI) for collecting georeferencing information is implemented through standard command line inputting tool and hot key-controlling tool. This is the critical part of the interactive part of the
method aided by a visualization tool that shows the model and visual clues. Screenshots of this visualization tool are
in Figure 4. The hot key controlling tool can also be mentioned as the keyboard shortcut control, which is a finite set
of one or more keyboard keys that invoke the computer to do a certain operation by the users.

Figure 4: Implementation of the visualization tool displaying a CAD model of a building and points for georeferencing.
For example, when selecting reference point(s) among default reference points users can press the hot-key ”A”
to trigger the visual clues on and off, in order to view the current reference point (Figure 4, left). Users can also
cycle through the reference points by pressing hot-key ”R”. This will automatically turn on the visual clues at the
new reference point (Figure 4, middle). With the visualization tool with the visual clues for the current reference
point helps the user to identify the geographic coordinates of the corresponding reference point on a digital map
depicted in Figure 4. We can continually use the inputting of georeferencing parameters as another example. When
the hot-key representing the function of collecting the orientation information is triggered, the showing of model will
be automatically turned to be a top view, which aids the users to measure and then input the orientation value via
command line Figure 4 (right screenshot).
The georeferencing parameters can be exported into a homonymous XML file with ”gref.xml” suffix. The
homonymy mechanism enables the computer to recognize the stored georeferencing metadata, so that georeferencing parameters from users are reusable. This is an example ”gref.xml” file.
<GeoRefInfo>
<wgs>
<latitude>57.012577</latitude>
<longitude>9.98090</longitude>
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<ellipsoidalHeight>10.0</ellipsoidalHeight>
</wgs>
<model>
<x>0.0</x>
<y>375.81693</y>
<z>120.03625</z>
</model>
<Tx>
-0.005338329972742168, -0.027942619319369984, 0.018847534713800785, 3530843.997661042
0.03370488895123606, -0.004425676122099989, 0.0029851562371426064, 559230.7504427925
-1.1684643885320551E-18, 0.019082471604802063, 0.028290927584032212, 5264439.959095458
0.0, 0.0, 0.0, 1.0
</Tx>
<SID>-1</SID>
</GeoRefInfo>

Figure 5: Georeferencing points using Minimap plug-in for Firefox with Google Maps data.
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Conclusions and Future Work

The article presents a method for georeferencing of individual 3d models to geocentric coordinates of WGS84. The
method is partially automated and partially depends on users interaction with visualizations of the model.
Georeferencing, is considered by some people as a simple solved issue, but even in the formal scope there are many
diverse contexts in practice. Although georeferencing is a relatively simple idea there is no single, best, generally
applicable solution for it. Nevertheless, design of geographic applications has to address a concrete mechanism(s) for
georeferencing, which often causes problems. Our solution aimed at maximally general yet simple method in which
the input 3d model coordinate system is arbitrary and a single target coordinate system is WGS84 reference system,
which is applied uniformly for any 3d model. This has been achieved through at most two interactive steps for any 3d
model.
The elaborated method and its implementation is relatively elementary and therefore its value is also theoretical
or even educational. The concepts and implementation of the georeferencing tool can be used as a quintessential
excercise for students in the domain of geoinformatics, because it comprises several major concepts such as geographic
referencing, data representation and spatial indexing in a single meaningful procedure.
The method leans both conceptually and technically upon GRIFIN framework, which is a software technology
with source code available to everyone. The demonstration was implemented in the Centre for 3D GeoInformation at
9

Aalborg University, who is the primary contributor to the initiative. Because of that it should be easier for others to
reproduce or re-use the results. Although the main motivation behind the work was construction of object-oriented
contents for GRIFIN technology the georeferencing parameters are generally applicably result that can be beneficial
for other global geographic applications. Since the method is relatively elementary it is suitable for being extended
into more specific GRIFIN components for construction of georeferenced content.
The method has some limitations. Accuracy of the method may become a limiting factor for very large models such
as entire city. This can be addressed by subdivision of the large model into smaller parts. On the level of individual
man-made structures the error introduced by the method is considered as negligible. Other possible limitation is
assumption that the 3d model has proportionally correct geometry with the same scale in all of its parts and that one
of the Cartesian axes is aligned with up direction of the 3d model. These requirements hold for most 3d models we
were dealing with in practice. The limitation is caused by the visual interactive part of the method that generates
the georeferencing transformation matrix for the 3d model. If the matrix is known explicitly this limitation can be
eliminated for the final export into geographic object. The georeferencing parameters do not have this limitation
therefore an opportunity for improvement is open. The challenge is the user interaction that would provide mechanism
for entering rotations in three levels of freedom in an intuitive manner for the user.
There are several other directions for future improvements. Option for direct metric scale specification by the
user is one of them. Especially for small or known models it would be practical to have possibility to override
the scale derived from the geographic coordinates of the reference point. Then the geographic coordinates of the
second reference point will be used for horizontal orientation only. There are also some technical challenges regarding
appearance of the models in the visualization tool. One thing we will deal with will be getting correct normals, which
yields correct shading, and later on perhaps also textures and shaders.
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