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Abstract

With the development of wireless communication, positioning and
photogrametry, people are able to expand the information management
of spatial objects from static to dynamic, and the moving objects in 3D
real world are drawing more and more attentions. Many applications,
such as ITS (Intelligent Transport System ), digital battle field, logis-
tics management, mobile e—commerce, traveler service and other LBS
(Location Based Service) systems, need efficient MOIM ( Moving Ob-
jects Information Management). And MOIM is expanding from 1D or 2D
to 3D with the application of 3D GIS ( Geographical Information Sys-
tem) and VR (Virtual Reality). The information process of moving ob-
jects is complicated as it deals with spatial attributes as well as temporal
attributes. However, conventional DBMS ( Database Management Sys-
tem) can not meet the needs of MOIM. It is designed for static data
management, thus any data change will lead to explicit update in data-
base. This is not fit for continuous spatial state change of moving ob-
jects. And SQL ( Structural Query Language) is not designed and opti-
mized for processing of spatio—temporal data. It is not good enough for
moving objects data query. On the other hand, the current study of tem-
poral database is focused on data which change slowly and to which sta-
tistic process is one of the important processes. It is not effective enough
for real time process and it does not deal with spatial attributes. There-
fore, it is necessary to study novel data organization and management
algorithms to process the spatio—temporal data of moving objects. This
paper is focused on the data organization and management of 3D moving

objects, including representation of moving objects and index technique
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of motion data.

The current study of MOIM is to regard the moving objects as the
points in space, to pay no attention to the shape, size and appearance
of the objects, and to study the objects” spatial states and their changes,
to collect, transfer, store, index, query and process the spatial state
data by different means. In this way, the representation of moving ob-
jects is simplified as the representation of objects” moving or objects”
motion. There are various motion models developed. They can be classi-
fied into four categories, point model, time interval model, polyline
model and function model. Each kind of model has its own advantage
and fits for certain application. But most of the models are for 1D or 2D
moving objects, and need further improvement before they can deal with
3D moving objects. And none of the existing models takes the orienta-
tion of objects into consideration, which is very important in spatial
state of 3D objects. After analyzing the temporal attributes, spatial at-
tributes and motion attributes, this paper improves function model, es-
pecially MOST ( Moving Object Spatio—Temporal ) model, eliminates
the implicit requirement for explicity, increment and separation of ele-
ments to motion function, and proposes GMM ( General Motion Model ).
It also introduces LOD ( Level of Details) to motion data and satisfies
different application requirements by different accuracies and complexi-
ties for motion data and their processing. GMM encapsulates motion data
and their processing according to object oriented method. It allows dif-
ferent processing methods and data with different types existing in same
object, and is suitable for both function method and sampling method of
motion model. In compliance with data collecting and types in most ap-
plication systems, this paper proposes SSM ( State Sequence Model )
based on the position, orientation, moving direction, moving speed,
moving acceleration, rotating speed, rotating acceleration and their rela-
tions of the moving objects. SSM restores objects” motion using discrete

sample data with interpolation and extrapolation, and also encapsulates
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data and their process. It is a concise model for representing moving ob-
jects, which is good for 3D objects as well as 1D and 2D objects. This
paper also discusses the representation for different kinds of object using
SSM, analyzes the information presented by SSM, including basic infor-
mation and derived information.

This paper proposes MEMLI ( Multi — Entry Multi - Level Index )
based on 2" index tree for SSM. The index of motion data is dependent
on motion model. Almost every model has its own index algorithm. By
analyzing the requirement of motion data indexing, we find not only
should the algorithm offer index to objects” current state, but also should
it manage history data and provide motion state prediction based on mo-
tion model. The appending of motion data happens frequently, so the in-
dex algorithm should be used to such updates and avoid frequent data
operation in large range and many levels. There are many kinds of que-
ries, including snapshot query and continuous query. The index estab-
lished should try to work well with all these kinds. In order to satisfy all
these needs, we employ space partitioning, expand quadtree and oc-
tree, and establish 2" index tree in n—dimensional space. This paper in-
troduces the data structure of 2" index tree and the algorithms, such as
the establishing of index tree, motion vector locating, adding and dele-
ting, late updating and index tree expanding. In order to work with dif-
ferent kinds of query, especially continuous query, which incessantly
queries objects” motion states in a period, it is necessary to separate the
sample data from 2" index tree, and establish another index according to
objects and sampling time, thus forms MEMLI. This paper discusses
this hybrid index, and suggests the storage method of sample state data.

This paper discusses various queries by analyzing different kinds of
motion data access. It explains the algorithm of basic state query and
motion query, introduces the procedure of forward query (query based
on object and sampling time) and backward query ( query based on

time interval and state range) , and shows different process for consist-
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ent area and intersection area. Through analyzing the distribution of mo-
tion data in n—dimensional space and the process of motion data access,
it introduces the accuracy of moving objects query, probes into algo-
rithms to figure out all the objects searched, and finds out the difference
of procedure and efficiency between preprocess method and expansion
search area method., analyzes common search and accurate search. It
also studies the relations among objects, proposes the way to process ob-
jects relation query, examines the objects range and the kind of relation
query (absolute or relative) , presents the algorithms of various objects
relation queries, and introduces the way to improve search efficiency by
prefiltering.

In order to improve the index and access efficiency of motion data,
it is necessary to study the maximum number of indexed objects in leaf
node of 2" index tree and the minimum paritition unit of each dimension.
This paper discusses the numbering of 2" index tree node and the organ-
ization of index tree by linear and layered methods. It finds out that lay-
ered representation is better than linear representation with big amount
of motion data. If applied epoch coding in indexed objects storage, the
storage cost will be reduced by 70%. The packed and unpacked storage
of 2" index tree node not only decides the storage cost of the tree, but
also affects the efficiency of data access. Different kinds of nodes should
have different storage methods. The leaf node containing current epoch
should be stored unpacked, all the other nodes should be stored packed.
This paper also shows the space efficiency and time efficiency of 2" in-
dex tree by lots of experiments and analyzing. It compares 2" index tree
with R tree, spatio—temporal grid and quadtree group, and finds out
that 2" index tree works well with SSM.

3D MOIM module is developed based on data organization and
management algorithm disccused above. It works as a group of automa-
tion module, providing information management of 3D moving objects”

motion data and static information including geometry structure of ob-
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jects. Satellite information management system and air plane information
management system are two experiment systems applying 3D MOIM
module. They implement GMM and SSM respectively. These systems are
tested with different data sets, including real data, NORAD Element
Sets, and synthetic data generated by controlled and automatic systems.
The experiments show that GMM, SSM and the algorithms of motion da-
ta organization and management introduced by this paper is suitable to
3D MOIM.

To summarize, this paper tries to expand MOIM form previous 1D
and 2D study to 3D. It adds objects” orientation and motion state man-
agement into MOIM, introduces the concept of LOD of motion data,
proposes GMM and SSM to represent complex and multi —dimensional
motion data together with their process algorithms, discusses MEMLI
based on 2" index tree for SSM, analyzes space efficiency and time effi-
ciency of the index, presents various methods to improve the storage and
index efficiency of motion data, lists the data structure and algorithms of
data processing, and tests the models and algorithms by experiments
with real and synthetic data sets.

Key words: 3D moving objects, data organization and manage-

ment, general motion model, state sequence model, 2" tree indexing
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