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Abstract
A trade-off between storage volume and performance of a multiple scale database
inevitably exists for spatial database applications, and how to solve such a problem has
absorbed much attention in the concerned fields. In this paper, the authors introduced the
concept of granularity and presented a method for building a multi-granularity database.
This method can forecast the indexing curve of any multi-granularity database based on
that of scale-less databases and their change trend. Then a multi-granularity database with
better performance and less storage can be figured out according to the application
requirements and visualization environment. Compared with the classical generalization
method, an virtual vector-raster-vector conversion was utilized during the process of
generalization in building the multiple granularity database to avoid the overlaps and/or
gaps probably generated between polygons within the object model frameworks, which held
the topological and semantic constrains, and made no damage on viewing and querying. A
case study verified the presented method with building a multi-granularity spatial database
instance.

INTRODUCTION
One of the most important goals of modern computer society is to provide people flexible
access to information anywhere and anytime. To make data management systems
successfully satisfy various requirements for information, the capability of tailoring the
information to the specific needs of targeted users is an absolute necessity. In GIS societies,
so-called automatic cartographical generalization technologies had absorbed much attention
and had been evolving for a long time, but unfortunately that are still at the beginning to
solve the problem. Basically, existing approaches to such versatility rely on the idea that all
possible views of a piece of information can be derived from a single ultimate
representation (Spaccapietra et al., 1999). It was named multi-scale, multi- representation,
or multi-resolution database in GIS.

Generally, there are two approaches to implement the multi-scale databases with
cartographic generalization. One is to store the same map in different scales. Thus a
geometric object will be stored as multiple copies in a database, each with a different level
of detail (Chan and Chow, 2002). Some example can be found in Timpf and Frank (1995),
Jones et al. (1996), Bertolotto and Egenhofer (2001), and Cecconi (2003). The other is to
store geometric objects in their entirety as usual, and apply an off-line simplification
algorithm, such as the Douglas-Peucker algorithm, to obtain the desired scale as needed.
Oosterom and Schenkelaars (1995), Timpf (1998), Buttenfield (1999), Wei et al. (2000),
Zhou and Jones (2001), Chan and Chow (2002) have more detail. The former method is
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easy to implement but introduces high data redundancy and has the potential problem of
update anomaly (Chan and Chow, 2002). The latter method is more efficient as the system
needs to store only one copy of the geometric object, which avoids the problem of update
anomaly, except the on line simplification algorithms will cost some CPU time. However,
this approach maybe still retrieves more data than necessary from database systems, and
couldn’t be seamlessly integrated with spatial database systems for the poor supporting for
multiple representations in the commercial database systems (Spaccapietra et al., 2000).

Cartographic generalization is a core technology for building multi-scale databases, which
can efficiently reduce the amount of data and adjust the information according to the given
scale and theme (Weibel and Dutton, 1999; Wei et al., 2000; Bertolotto and Egenhofer,
2001; Cecconi, 2003). The previous approach mentioned above uses cartographic
generalization to create multiple representations at different detail level. The latter approach
uses it to create some varied tree structures, such as BLG tree (Vijlbrief and Oosterom,
1992), gap tree (Oosterom and Schenkelaars, 1995), Hilbert R-tree (Chan and Chow, 2002),
for efficient storage, retrieval and display of geometric objects. Although automatic
cartographic generalization has been on the research agenda for three decades, most
generalization is still performed manually (Harrie and Sarjakoski, 2002). As a result, its
derivation cannot be fully automated. Hence, most of multi-scale databases have to
explicitly store several representations of the geometry of objects (Spaccapietra et al, 2000).
The solution of storing multiple copies is also adopted in this paper.

How to build a suitable size database is a very important problem when these represents are
stored redundantly, because there is a trade-off between storage and performance.
Currently, many literatures have discussed the implement of cartographic generalization;
see for example (Galanda, 2001; Cecconi et al, 2002; Harrie and Sarjakoski, 2002). But
there are few research focused on how many representations are required for suitable size
multi-scale database. In this paper, we represent an approach for building multi-granularity
spatial databases. It uses a fully automatic generalization procedure to obtain the result of
multi-granularity databases. Multiple representations with suitable size can be derived
according to the requirement of the applications.

The remainder parts of this paper are organized as follows. Firstly, introduces the concept
of granularity, and presents an approach of building multi-granularity spatial databases with
the determination of suitable granularity value as the emphasis. The next section analyses
the advantages and disadvantages of this approach. In order to verify the presented
approach, a case study is carried out in the following section. Finally, summary as well as
forward are made as conclusion.

GRANULARITY AND MULTI-REPRESENTATION OF SPATIAL DATABASE

Granularity and spatial database
For vector data, the universally applicable concept of ‘resolution’ does not exist. To
distinguish and measure two adjacent points, a concept of so-called “granularity” is adopted
to represent the minimal distance between geometric coordinates, i.e., any two points in
datasets obey formula 1.

Abs(Point1.x-Point2.x)=k* granularity value and Abs(Poin1.y-Poinx2.y)=k* granularity value
 Where k=0,1,2,3……n (1)
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Granularity makes the vector data and raster data have some commonness. We can generate
pyramid models by reducing the resolution (ref. Figure 1(a)), and also can generate multi-
granularity databases by increasing the value of granularity.

In a multi-granularity database, every representation is derived from original data according
to a given granularity value. The representation with bigger granularity value has fewer
points, as shown in Figure 1(b). It just likes the pyramid model of raster data. The original
layer is on the bottom of pyramid, and the more abstract representation is located on the
higher level in the pyramid. In fact, the pyramid model is just like the procedure of
accessing geographical information, i.e. information will be exposed gradually for the area
of interests.
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Figure 1: Pyramid and multi-granularity representation.

Deriving multi-granularity based representations
A virtual vector-raster-vector conversion can be used to derive the multi-granularity
representation. Given a vector dataset, we firstly convert it to a raster dataset using
granularity value as cell size. If the granularity value is big enough, the vector data
converted from the raster data would have fewer vertices than the original vector data.
Different granularity value will derive different representations with different detail. The
value of granularity figures out the Level of Detail (LoD) of spatial data.

The algorithm of generating the multi-representations can be described as follows.
1. Map raw coordinates to a new reference frame whose minimal value of graduation is

the granularity value. Then any mapped points in a same cell will be shifted to the
center of cell.
X=int((X-MapExtent.XMin)/ granularity value)* granularity value + granularity value/2
Y=int((Y-MapExtent.YMin)/ granularity value)* granularity value + granularity value/2 ( 2)

2. Remove redundant points. There are two kinds of redundant point existing in the
generated vector dataset, i.e., points in same location and points in same line. After
removing these points, the generated dataset will have fewer vertices.

What is noticeable is the above procedure is not a reasonable cartographic generalization,
for it has shifted most coordinates in the cell, and the derived coordinates are not subsets of
original coordinates. But it can efficiently reduce the abundant points and possible gap
polygons.
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Associate granularity with display
One of the most important capabilities in multi-granularity databases is to provide the
tailored information to users. The current granularity value is defined as true length on the
earth’s surface that 1 pixel corresponds. As the screen size is fixed, this value will be
changed as the user zooms in and out of the view. If the granularity value of the displayable
representation is less than the current granularity value, it will not be visualized since the
representation is more detailed than that of the screen can express. The granularity value
corresponding 1 pixel can be calculated with formula 3.

Granularity Value = Max (ViewHeightM/ViewHeightPix,ViewWidethM/ViewWidethPix) (3)
Where  ViewHeightM is the height of map view using meter as unit

ViewHeightPix is the height of map view using pixel as unit
ViewWidthM is the width of map view using meter as unit
ViewWidthPix is the width of map view using pixel as unit

ANALYSES THE MULTI-GRANULARITY DATABASE

Advantages
It is easy to make sure how many representations and what representation is required in
multi-granularity database. Because the generalization method in last section is simple and
fully automatic, it is easy to simulate the result of scale-less database by high-density
representations and dope out multi-granularity databases. The multi-granularity database
with better performance can be figured out according to some indices of the application
requirement and computer environment. The case study in next section shows the details.

The method of generalization applies to not only topological models but also object models.
Classical generalization technologies were based on topological models. Currently,
geographical data is commonly stored with object models in RDBMS. There is little
difference between two models for line generalization. However, there is some difference
for polygon generalization. Because common arcs are merely stored once in topological
models, but stored repeatedly in adjacent entities in object models. The classical
generalization technology will bring out some overlaps and/or gaps, while generating
polygons in object models.

The presented method of generalization can hold the topological constraints (Egenhofer et
al., 1994; Zhou et al., 2002) and semantic constraints (Zhou et al., 2002) of representations.
Because there are only zooming transformation between the derived representations and
original data, topological constrains are maintained. For example, neighboring spatial
objects should also be adjacent after generalization. The semantic information is still held,
because no any semantic information was omitted or changed in the process of
generalization. For example, a river flowing parallel to a road should not be named the road
after generalization.

The viewing and querying of representations will be the same as original data. The
granularity values of any displayable representations are always less than the geographical
length corresponding to 1 pixel, which makes the current representation always more
detailed than that one the screen can express; so the display of representation will not be
damaged. In addition, the semantic constraints are kept, so the querying results of every
representation will also be same as the original data. Therefore, the multi-granularity
database is especially suitable for the applications with viewing and querying purposes.
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Disadvantages
Data redundancy and update anomaly are inevitable. In order to minimize this
disadvantage, the number of representations should be as few as possible. The trade-off
between the storage and performance is discussed in the next section. Spatial data used for
spatial analysis or statistic operations should be fetched from the original data instead of
derived representations.

A CASE STUDY
Transmitting the mass vector data in intranet has wide application requirements and is
taken to carry out an experiment of building a multi-granularity database. The pilot data is a
thematic dataset containing 873,097 polygons composed with 14,242,044 vertices in oracle
spatial database, and has an extent about 5000*4000km. The map view is 600*400 pixels.

Calculation of vertex number in every representation
The number of vertices is an index to information volume in spatial data. Usually spatial
data with more vertices have more information. The number of vertices of representations
in high density multi-granularity database can be automatically calculated according to the
following steps:

Step1: Calculate the granularity value when the map is over viewed. The granularity value
is 10,115m calculated by formula 3.

Step2: Interpolate 19 granularity values between 1 and 10,115 by arithmetical progression.
The serials of 21 granularity values are shown in Table 1.

Step3: Use the algorithm mentioned in section “Deriving multi-granularity based
representations” to calculate and write down the vertex number of representations
without storing them.

It takes almost 50 minutes to get these vertex numbers on a PC (1.9G Hz Pentium 4 CPU
and 256 M Memory). Table 1 records the vertex numbers of these representations. The
number of vertices rapidly increases along with the decreasing of granularity values.

Table 1: The number of vertices of every representation in the high density multi-granularity database.
Feature column Granularity value Number of vertices for representations
1 1 14,242,044
2 506 11,439,198
3 1012 8,390,174
4 1517 6,340,216
5 2023 4,955,001
6 2529 3,999,167
7 3035 3,331,245
8 3540 2,852,761
9 4046 2,500,443
10 4552 2,232,653
11 5058 2,026,941
12 5564 1,867,289
13 6069 1,736,433
14 6575 1,629,482
15 7081 1,541,517
16 7587 1,469,370
17 8092 1,408,701
18 8598 1,356,208
19 9104 1,310,899
20 9610 1,273,141
21 10115 1,239,250
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Simulation of the ADVN curve of scale-less database
In fact, the number of vertices is not the index to how much spatial data transmitted to the
clients. As a user zooms in a map, the current granularity value decreases, but fewer
geometric objects fall into the area of interests. Thus, to display a map with a very small
granularity, a spot of the geometric objects in a thematic map is retrieved and displayed.
Therefore, we use the average displayable vertex number (ADVN) as the index to how
much spatial data transmitted to the clients. The ADVN is calculated as in formula 4.
Considering the relationship between the “view area” and the “granularity value” (as shown
in formula 5), formula 4 transfers to formula 6. The smooth line which links these discrete
ADVN points, as shown in Figure 2 can simulate ADVN curve of scale-less database.

ADVN =Number of vertex in representation*(Current view area/Overview area) (4)
Current view area/Overview area =

 (The current granularity value /The granularity value of overview) 2 (5)
ADVN = Number of vertex in representation*

(The granularity value of the representation/The granularity value of overview) 2 (6)
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Figure 2: ADVN curve in scale less database.

How to build a multi-granularity database with right size
Some valuable indices can be got from the experiments including acceptable ADVN, the
maximum endurable ADVN, and the minimum sightworthy ADVN. If the ADVN is below
the acceptable ADVN, the display is deemed acceptable. If the ADVN is above the
maximum endurable ADVN, the display is insufferable. If the ADVN is below the
minimum sightworthy ADVN, the display is valueless. Therefore, when the ADVN is
above the maximum endurable ADVN or below the minimum sightworthy ADVN, it is
unnecessary to transmit these data to clients. In the case study, the acceptable ADVN, the
max endurable ADVN and the min sightworthy ADVN is set as 700,000, 1,000,000 and 10.

According the measurable requirements mentioned above, the multi-granularity database
with suitable size could be built rationally. When the data is just sightworthy, it should be
from the original data whose granularity value is 1. During the gradual zooming in, the data
is still from the original data until another representation is available. The ADVN still can
be calculated by formula 6. It is obvious that the ADVN curve will rapidly ascend like a
kind of parabola. Once the curve achieves the red line of acceptable ADVN, its
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representation at this granularity value should be available to keep its display relatively
smooth. If the client obtains vector data from this representation, the ADVN curve will fall
precipitately. After this, the ADVN will still increase according to its trend, and the next
representation should be set when the curve achieves the acceptable ADVN line. If this
curve stretches out the red line of the maximum endurable ADVN, the client will not fetch
these data, and its representation is unnecessary. The curve between the maximum
endurable ADVN and the acceptable ADVN can be set according to different consideration.
Figure 3 shows this procedure, where five representations whose granularity values are
2229, 3979, 5302, 5302, 6066 and 7081 are required in this multi-granularity database.

Figure 3: ADVN curve of the multi-granularity database with suitable size.

CONCLUSION
This paper has explored an efficient approach for building multi-granularity based spatial
databases with suitable size. This method can doped out the index curve of any multi-
granularity database according to the index curve of scale-less database and its change trend
without others representations. Hence we can acquire a better solution that can make a good
trade-off between the storage and performance.

The method of generalization applies to not only the topological models but also the object
models. It can avoid the overlaps and/or gaps between any two polygons while generating
polygon in object model by classical engraftation method.

Multi-granularity databases are useful for the applications with viewing and querying
purpose. The method of generalization keeps the same viewing between the original data
and derived representations. And it holds the topological constrains and semantic
constrains. So the querying of derived representations will be same as the original data.

The acceptable ADVN

The max endurable ADVN

The min sightworthy ADVN
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