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Abstract

A kernel system which can support 3-dimensional ap-
plications of GIS is proposed. Internally, spatial data
are managed by a 2-dimensional data structure, since
most of the practical GIS data are 2-dimensional. In-
formation about the Z-uxis, 1.e. direction of height,
is separated from coordinates describing obyects, and
treated as one of the attributes attached to objects. This
is just the same as the so called 2.5D description which
is applied cxtensively to deseribe S3-dimensional objects
i GIS, vacept that we cotended the 2.5D deseription
to be able to hold multiple hewght imformation. We call
the extended 2.50 description the 2D-h description to
distinguish it from the traditional 2.5D one.

The proposed kernel contains a set of C++ class
libraries defining some basic spatial objects. For dif-
ferent applications, special objects can be derived ecas-
ily from the basic hibraries by using the object-oriented
We show the effectiveness of 5-dimensional
supporting ability of the proposed kernel system by ap-

technic.

plying it to implement a new expression technic for
walkthrough, which display objects i different details

according to their distances from the view point.

1 Introduction

There are two approachs for development of 3-
dimensional GIS (Geographic Information System),
one from the data managers' view and the other from
the application developers’ view. The former asserts
that GIS consists of 3-dimensional data, data model
and data structure is 3-dimensional. Whereas the lat-
ter asserts that regardless of the internal management,
GIS providing 3-dimensional interface for applications
is 3-dimensional. In fact, the first approach is still at
experimental stage, and there exist very few such 3D
GIS in practice[3][6][1]. The main problem of this ap-
proach is that at present time it is hardly to obtain the
fully 3-dimensional GIS data for economic and tech-
nical reasons [2]. Thus, the second approach can be
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thought as the transitional approach for 3D GIS devel-
opment in the near future, Before the 3D data hecom-
ing practical, existing 2D data and height information
can be used instead of complete 3-dimensional data,

In this paper we describe a kernel system for 3D GIS
applications, which is developed in an object-oriented
fashion by following the second approach stated above,
For spatial objects i GIS applications, geometric prop-
erties and related operations are encapsulated to define
the abstract data types[]. Internally. spatial data are
represented by the 2D-0 (2-dimensional and height in-
formation) vepresentation which will he deserilied De-
low, and managed implicitly by a 2-dimensional spa-
tial data structure, the GBD tree[3]. Moreover, in or-
der to support 3-dimensional processes, we extend the
2D GBD tree by attaching height information to it.
And the effectiveness of such 3D supporting abilities
is examined by a walkthrough example. This example
also proposes an expression technigne for 3D anima-
tion which can be applied to simulate the real view in
the 3-dimensional space.

2 System Overview

The kernel system is composed of the main body and
the interface parts. The main body cousists of a sets
of C++ class libraries and the spatial data manage-
ment structure.  And the interface part consists of

environment-dependent operations (Fignre 1).

2.1 Class Libraries

There are two C++ class libraries in our kernel sys-
tem. The basic one is a group of general-purpose class
definitions for 2D geometric objects like points, lines,
polygons, circles, arcs ete.. A special grouping class is
used to represent irregular shapes which are composed
of simple geometric pieces. In addition, containers like
lists, sets, tables of these basic classes are also sup-
ported. These classes can be applied by not only GIS
but also other graphic applications.



IRIS Inventor

/

3D display IF

GIS class library

(building, road, river,
rllin:ual;;.ﬂ boundam..‘)

containers
(list, set,
table,...)

250
GBD
tree

fundamental spatial obj.
point, node, polyline,
chain, cycle, polygon,
arc, circle, network

geometric class library

Input file VF
§ 4

Fignre 1: Block diagram of the proposed kernel system

From basic classes we derived a set of GIS-oriented
classes, such as roads, buildings. contours, subways
ete.. To each class definition, a special multi-valued at-
tribute called height is attached. The height attribute
provides information of object's shape description in Z-
axis. By using this information, the proposed systemn
thus can support 3D operations. This will be described
in detail in the next section. Instances of the same class
are grouped in one layer, for example laver of roads is
the collection of all roads in a map. And a map may

contain multiple layers, one for each category[7].

2.2 External Interfaces

For portable consideration, we separate the environ-
ment dependent operations from the system. Mainly,
the interface part is composed of operations between
I/0 devices and the main body of the system. The
display interface is implemented with the IRIS 3D in-
ventor librarv. However, this can be replaced by any
other graphic library, e.g. the X-window system, offi-
ciently by only redefining a new interface for it. Sim-
ilarly, /0O for files or database with different formats
can be carried out by simply building corresponding
interfaces.
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3 Spatial Data Management

When Considering the data space of GIS, althongh it
is 3-dimensional, its extent of the XY-plane is far he-
voud that of the Z-axis (the height direetion). And in
most of the cases, we are more interested in informa-
tion of the X and Y axes than that of the Z-axis. In
other words, unlike the 3D CAD systems which deal
with the information of the 3 axes equally, in GIS, iu-
formation abont the Z-axis is nusually ignored or simpli-
fied. As a matter of fact, as we can find in the existing
GIS data, the information of Z-axis is not coutained as
part of coordinates in object descriptions. Instead, it
is treated as one of aspatial attributes of objects. For
example, buildings and contour lines are usually de-
scribed by the 2.5D representations which consist of a
set of XY-coordinates and a single height information
describing shapes in the XY-plane and the height in
Z-axis direction respectively.

3.1 The 2D-h Representation

Obviously, the 2.5D representation is too restricted,
since only one height information is allowed for each
object. For example, a sloping road way need wmlti-
ple height information to describe its slops.  Clearly,
deseription and management of such objects cause no
problem if we use the 3D data model and data strue-
ture.  However as we stated above, this approach
is inefficient, since most of the practical data are 2-
dimensional at this stage. To fill the gap between 3D
data and 2D data model, we propose the 2D-1 repre-
sentation (2D data plus multiple height information)
by simply extending the height attribute to become
multi-valued. And let information abont Z-axis (i.e.
Z-coordinate, from the 3D’s view) be components of
the height attribute. Since the 2D-l representation
can hold 0 to multiple height information, all 2D, 2.5D
and 3D description can be represented in a nnified
way. Indeed, this is coneeptually the same as the 3D
representation, with components of height equal to Z-
coordinate. But physically, they are quite different.
The Z-coordinate is part of the 3D coordinates, while
the height is a attribute of objects. This difference will
become much clearer, when we considering the data
structure, as shown in the following.

3.2 The Extended GBD Tree

The GBD tree is a point-oriented spatial data strue-
ture. Point data are arranged in the B tree-like tree
structure by their Z-order which are generated by in-
terleaving coordinates of axes in binary expression. In
every node of the tree structure, a 2D MBR (Mininn
Bounding Rectangle)is attached, which indicates the



region enclosing all its descends (subtrees for non-leaf
nodes, objects for leaf nodes). Sinee no any information
abont the Z-axis are kept in the tree structure, it can
not support queries abont the the height, the Z-axis di-
rection. Therefore, we extend the original 2D MBR to
become 3D MBR by attaching the extremes of height
informations, ie. the Z,,;, and the Z,,,.., of descends to
every node. Althongh the extended GBD tree is simi-
lar to a 3D R tree, it differs from any 3D data structure
by the fact that overflow splits and underflow merges
never oceur in the Z-axis, because there is no Z-axis
in the 2D GBD tree. And this distingnishes the differ-
ence between the 3D and the 2D-h representations, By
using the 3D MBR's information, the extended GBD
tree can thus supports 3D applications as efficiently as
the 3D R tree can. In our kernel system, all spatial
data represented by the 2D-h representation are man-
aged implicitly by the extended GBD tree. However,
data management is not restricted to GBD tree, any
spatial data structure providing MBR's information for
its nodes works as well.

4 The Walkthrough Example

The walkthrongh is a typical 3-dimensional applica-
tion of GIS, which gives nsers a simulated 3D view of
an urban arvea. In order to get the animation effect.
response thme to user's operation is required strictly,
typically about 1/6 second for one frame. This lim-
its the number of objects being processed to be about
500 simple ones[2]. But in practice, it is quite common
that the number of objects being handled exceeds ten
thousands. And the time to generate one single frame
may take a few seconds. As a result, the walkthrough
then becomes meaningless; it just looks like a series of
static pictures but not an animation.

Even though we can improve the efficiency of the ren-
dering processes, there still exists an upper bound for
the quantity of objects which can be processed during
the vequired time, i.e. in 1/6 second. Hence the only
way is to rednee the amount of objects heing displaied.
Here we propose an expressing technology based on
the idea that for distant objects it is ununecessary to
display them in detail. Consider human viewing, when
objects are far from our eyes, we can not see their detail
and can only distinguish roughly their outlines. This
suggests that for distant objects we may display their
representing objects, the 3D MBR enclosing them, in-
stead of their details. That is, for distant objects, they
are grouped into one single hox to be displayed. The
objects being displayed thus can be suppressed greatly.
And for the grouping policy. information of 3D MBR
in the extended GBD tree can be applied immediately,

Figure 3 is an example of continuons snapshots of
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Figure 2: Selecting objects and MBRs to be displayed
in the walkthrongh implementation

the proposed walkthrongh expression which is carried
out by applying the foregoing kernel system as follows
(Figure 2).

Let the the view volume be 17,

Step.1

Step.2

V' from the root to leaves.

In GBD tree, traverse nodes overlapping with
Step.3 Calculate the distance d hetween the view
point and the MBR of the node enconntered,

Step.4
scend to a son node and goto to step 3. Stop

If d is less than a predefined distance D, de-
when all sons had been traversed.

Step.5 If d > D or a leaf node is encountered, send
the MBR of node or objects i the leaf to the
window system to display.

The value of D can be defined dynamically accord-
g to the number of objects being displayed. Large
values of D reduce objects being displayed, and thus
decrease rendering time. Whereas the smaller D can
get a much precise expression for objects. And resolu-
tions of ohjects are adjusted automaticly. Objects look
clearer and clearer as we get closer to them. That is
MBRs’" of nodes are presented level by level from the
root to leaf as we move toward them.



g 9 Conclusion

A kernel system for 3D GIS applications is presented.
A unified representation for 2D, 2.5D aund 3D descrip-
tions is proposed.  The 2D-L vepresentation and its
implementation can be used as a transitional approach
for the development of 3D GIS in the near future. By
using the proposed approach, existing 2D GISs can he
extended easily to be able to support 3D applications.

Besides, this paper also proposes a new expression tech-
nology of 3D animation for view simulation in GIS

space, and shows the effectiveness of the 3D supporting

ability of the kernel system proposed.
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