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Abstract: 3D terrain data have been used for various systems such as navigation and landscape analysis

systems. Recently, the number of 3D terrain data and databases is increasing rapidly. To handle these data
effective, such systems need the ability to search 3D terrains to find matches based on shape similarity. In this
paper, we propose a pattern matching technique for searching similar terrain segments from databases of 3D
terrain. Since 3D terrain data are composed of three dimensional data, pattern matching computation costs are
extremely high. One of the most important processes for pattern matching is the extraction of shape features
from the target 3D terrain data, which requires a significant number of computations. In our system, we have
applied HLAC (Higher Order Local Autocorrelation) shape features for detecting similar 3D terrain segments.
The use of HLAC shape features enables fast scanning and extraction of 3D shape features by reflecting the shift
invariant properties of the HLAC. Our preliminary search system successfully detects similar 3D terrain
segments from databases of 3D terrains. Our pattern matching technique can be applied to various fields of
research including geographical data classification and landscape visualizations.
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efficient searching algorithm such as a dynamic
programming approach is needed. @ To avoid
enormous computation requirements, the system can
utilize several attributes rather than finding all the
possible combinations of recomposed segments. For

1 Introduction

Intensive research has been conducted for similarity
search methods for 3D models, and various
experimental search systems have been implemented.

However, most similarity search systems do not have
functions that search for similar portions or segments
of the 3D models. In this paper, we propose a pattern
matching technique for searching for similar terrain
segments from databases of 3D terrain.

Two problems occur when searching for similar
portions of 3D models; (1) a segmentation problem
and (2) a computing cost problem. Although humans
can instantly recognize parts or segments of 3D
models, computers require certain segmentation
algorithms. A simple segmentation technique
involves the breaking up of 3D models into tiny parts
and computing all the possible combinations of
segments by merging the parts. For example, 3D
models can be broken up into tiny triangle patches
and the patches are recomposed to form segments.
The system can search for similar segments against
all the recomposed segments. However, this method
requires a considerable amount of time for 3D
models with a large number of triangles, and an

example, segmentation can be done based on several
attributes such as (a) shapes, (b) colors and (c)
textures. Since the algorithms detect parts and
portions of 3D models based on these attributes, the
number of segments required for computation is
reduced.

Although the method reduces the number of
computations for extracting shape features, it is still a
time consuming task if the target 3D terrain is
composed of large data sets. To avoid such
problems, we have applied HLAC (Higher Order
Local Autocorrelation) shape features to extract
segmented 3D terrains. Since the HLAC shape
features have shift-invariant properties, the system
can reduce the number of shape feature extraction
computations for scanning 3D terrain segments.



2 Finding similar 3D Terrain segments

In this section, (1) 3D terrain, (2) shape features, and
(3) HLAC shape features are discussed.

2.1 3D Terrain

3D terrain data have been used for various systems,
such as navigation, electrical map, and geographical
analysis systems. There are many 3D terrain data
samples available freely and commercially on the
Internet. 3D terrain data are useful for visualizing
terrain information from various viewpoints by using
computer graphics techniques. There are several
ways to describe 3D terrain information. For
example, file formats such as USGS DEM, DTED,
and BT are used. Generally, the terrains are described
in forms that represent the grids of elevation points.
Most of the file formats can be translated into popular
3D files by using certain file converter software
programs and can be visualized by using computer
graphics rendering engines. Figure 1 shows a screen
shot of the 3D terrain which was translated from the
USGS DEM format file for visualization.

In our experiment, 3D terrain data from the GSI [20]
is used. The data are represented in DEM (Digital
Elevation Model) which is a popular elevation file
formats for describing terrain data. The data set used
for our experiments contains terrain data of Japan.
The terrain information is divided into grids and
elevation information for each grid, which is
described in individual files. There are several
hundreds files for the entire data sets.

Figure 1: 3D Terrain data

2.2 Shape Features

Several processes are needed for extracting shape
features of 3D terrains as shown in Figure 2. As a
first step, 3D terrain data are converted to polygonal

models. The models are then converted to voxel
models for normalization purposes so that the system
can support not only a DEM file format but also other
terrain file formats. In our experiment, MEM file
format terrains are converted to 3D polygonal model
format (VRML) terrains composed of vertices and
triangular faces. The polygonized terrain data are
interpolated during the rendering to smooth out
terrain surfaces to avoid jaggy surfaces. Once 3D
terrains are polygonized, they are voxelized to fill
empty volume areas. For the voxelization, the
modified technique described in papers [10][11] are
used to handle 3D terrain data

Once the 3D terrain data are voxelized, the system
can extract HLAC shape features. HLAC shape
features have been used in a wide range of software
applications, including texture analysis, face
recognition, and character recognition. HLAC shape
features are known as shift invariant shape features
and have been used for research in the field of pattern
recognition and classification. The details of HLAC
shape features can be found in papers [1][2][3] and
[5]. Although HLAC shape features are suitable for
handling 2D images, there are some limitations in
using them as typical 2D HLAC mask patterns for
extracting shape features of 3D voxel data.
Therefore, 2D HLAC mask patterns have been
extended to 3D HLAC mask patterns in order to
handle 3D data more efficiently. The 3D HLAC
mask patterns used in this research are shown in
Figure 3. The 3D mask is represented in three
dimensional boxes as shown in the Figure 3.
Autocorrelation functions with an order n=0 and n=1
are used in this case. More details of 3D HLAC mask
patterns can be found papers [18] and [19]. Also,
electrical HLAC mask pattern files can be
downloaded from the following web site
(http://open.nime.ac.jp/). Intuitively, the use of 3D
HLAC mask patterns is similar to the use of 2D
HLAC mask patterns applied in pattern recognition
research for 2D images. 2D HLAC mask patterns are
often applied to 2D pixel data. However, the
extensions of dimensions for the mask enable 3D
HLAC masks to analyze 3D voxel data. The
extracted HLAC shape features represent the
characteristics of the 3D terrains. The shape features
have very small file sizes, but they still describe well
the characteristics of 3D terrain. Therefore, shape
features are suitable for indices to search for 3D
terrain data, because the system needs to analyze
small files for fast computations.
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Figure 3: 3D HLAC mask patterns (n=0 and n=1)

2.3 Scanning of HLAC Shape Features

In this research, the system needs to recognize
particular segments of 3D terrain. The system scans
the entire 3D terrain volume to find segments of
interest which are similar to a search key segment.
Since the terrain data are described as three
dimensional voxel data, the scanning computing
costs are exponentially high. However, the use of
HLAC shape features successfully reduces the
number of computations by reflecting the
sift-invariant properties of HLAC functions.

Figure 4 shows (a) a 3D terrain, (b) a window for
scanning and (c) a HLAC mask. The window moves
inside of the 3D terrain and extracts voxel data. When

the voxel data are extracted, a HLAC mask is applied
to compute HLAC shape features. These processes
seem to require extremely high computation costs.
However, if the window moves inside of the 3D
terrain sequentially, the system needs to compute the
HLAC shape features where the portion of the
window moved. For instance, as shown in Figure 5,
the system needs to compute only HLAC shape
features of volume V3. The system subtracts the
HLAC shape feature values of volume V1 from
volume V, and the shape feature values are updated
by adding the HLAC shape feature values of volume
V2 and V3. This means that the system does not have
to recalculate the entire volume V, which saves
computing costs.

It is important that the movement of the scanning
window is sequential so that the HLAC values of the
entire volume are not cleared. This can be easily
implemented to the system by using typical computer
programming languages. For instance, in computer
programming language, switching the starting value
and ending value of "for-loops" makes possible the
locations of volume move continuous. Also, it is
convenient if HLAC feature values of each voxel are
pre-computed and stored as a database. This enables
the system to speed up the scanning processes,
because the system needs only to perform one add
and one subtract operation

The HLAC shape features are extracted when the
scanning window moves to new positions and the
shape features are stored. The stored shape features
are compared to the search key shape features by
using histograms. Since the similar terrain segments
tend to show similar histogram values, the system can
sort the terrain segments by similarity orders.

3D HLAC Mask
A window for scanning

3D terrain

Figure 4: (a) a 3D terrain, (b) a window for scanning
and (c) a HLAC mask.
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Figure 5: A window for scanning

3 Experiments and Results

In this section, (1) a search system, (2) computation
efficiencies, and (3) examples of a similarity search
are discussed.

3.1 A Search System

The experimental system is implemented by C
language. A GNU gcc compiler running on a Linux
operating system (Fedora Core 2) is used. A Pentium
4 - 2.66 GHz CPU with 1024 Mbytes of memory is
used to compute HLAC features. Figure 6 shows the
interface of the system. In this system, users can
choose a 3D terrain segment as a search key, and the
system looks for similar 3D terrain segments based
on similarity orders by scanning the shape features of
3D terrains. The retrieved 3D terrain segments can
be visualized from various viewpoints by using
buttons and a mouse as shown in Figure 6.
Similarities of the retrieved 3D terrain segments are
marked by using colored spheres. The color of the
spheres shows similarity values in which dark
spheres indicate extremely similar, while light
spheres indicate less similar against the search key.

Figure 6: A search system for 3D terrain data

3.2 Computation Efficiencies

Since the HLAC shape feature scanning processes
are conducted sequentially and a small portion of
voxels are computed, computation costs remain low
compared to computing the entire volume of voxels.
As shown in Figure 7, in the case for the window size
of 15x15x15, HLAC shape feature computation for
the entire volume requires 70488 steps of
multiplication. However, if the portion of volume is
computed, only 23495 steps of multiplication, one
addition and one subtraction are needed.

We have compared time efficiencies of (a) simple
sequential scanning and (b) sequential scanning
described in the previous sub-section as shown in
Figure 8. For the (a) simple sequential scanning,
HLAC shape feature values of the scanning windows
are refreshed, and HLAC shape feature values are
recomputed whenever the scanning window moves
to new positions. In contrast, the (b) sequential
scanning described in the previous sub-section
computes HLAC shape features for portions of the
scanning window which moves. In this case extra add
and subtract operations are needed. However, these
extra operation computing costs are insignificant in
comparison to computing the entire HLAC shape
feature of the scanning window. As shown in Figure
8, the terrain scanning method (a) requires more
computation time compared to the (b) method when
the size of scanning windows is large.
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Figure 7: HLAC computations with various window
sizes.
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3.3 Examples of a Similarity Search

Figures 9a, 9b, and 9¢ show examples of a similarity
search for 3D terrain segments. In the figures, 3D
terrain segments similar to a search key are indicated
by sphere markers. The colors of the spheres indicate
similarity, and the black spheres indicate extremely
similar, while the white spheres indicate less similar.
The search keys are indicated by the label 'k’ in the
figures. In the examples, a terrain data size of
64x64x64, and a scanning windows size of 16x16x16
are used for the system evaluation. The system
successfully searches for similar 3D terrain segments
regardless of the shape of the search key terrain
segments.

Figure 9a: Similarity search 1
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Figure 9b: Similarity search 2

Figure 9c: Similarity search 3

4 Conclusion

3D terrain data are becoming more commonly used
in various fields reflecting recent developments of
high speed computers. Pattern matching and
similarity retrieval techniques are essential for 3D
terrain databases and systems. One of the most
important processes for pattern matching is the
extraction of shape features from 3D terrain data.
However, the pattern matching computation costs are
extremely large for 3D data, and huge computations
are required. In our system, we have applied HLAC
(Higher Order Local Autocorrelation) shape features
for finding similar 3D terrain segments. By using
HLAC shape features, our preliminary system
enables fast scanning and extraction of 3D shape
features by reflecting the shift invariant properties of
the HLAC. Our preliminary experiment showed that
the system successfully detects similar 3D terrain



segments from the databases of 3D terrain. Also, the
system searches for similar 3D terrain fairly fast by
using our sequential scanning techniques.

In this research, the system was implemented to run
HLAC shape feature computation for a single CPU.
As a future work, we plan to extend the system to
support multiple CPUs for high speed computations
because HLAC shape feature computations are easily
parallelized.
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