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Abstract: The variance of the spatial topological relationships and how to restore these relationships by

the geometric relationships between points are researched. A kind of approaching algorithm of outline

curves based on messy data is presented. The test resultsin virtual navigating environment are also given.
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1.0 Introduction

It plays an important role using curves to
interpolate and approach based on messy
geometric data in the field of shape
designing, data processing and data mining.
In every project of engineering, the initial
condition to be faced with is discrete data
when designing curves. Towards
approaching curves, the given information is
usually a number of points array. The order
feature as well as the approach degree and
lubricity should be considered. The senses
of order have three aspects of meaning: the
first is sufficient lubricity, commonly, with
two order lubricity, which means the
function has two order continuous
derivatives and partial derivatives; the
second is that the number of inflexions
should be as less as possible; the third is that
the variance of curvature should be rather
uniform. Towards the spatial curves, the

order feature is the order feature of a spatial
curve’s planar projection on every direction.
In the recent years, the automatic synthesis
technique of information has come into
being, which mainly researches the
variances of the spatial points’ topological
and geometric relationship.

We use the related technique to simulate the
target ship and the intruding scenes while
the ownship is navigating in the virtual
navigating environment.

2.0 The variance of information
in the cour se of approaching
shape curves
As we all known the following factors will

affect the geometric relationship of
simulating outline curves:



1. The choice of characteristic objects
2. Displacement

3. Distortion

4. Amalgamation

Hence, several special transformations in
this course can be obtained:

1  The transformation of single polygon
2 The transformation of two polygons
3 The displacement of polygons

4  The identification and classification of
points

3.0 The automatic synthesis

technique of information

We must clarify some basic definitions used
throughout the work at first. In the
topological data architecture, the points are
independent; they are connected with each
other to compose a line. A line is formed by
joining a series of points, begins with the
first node, and ends with the last node. A
chain is a path on one or more polygons, is
also called an arc or a side. Node is the
intersection or the end point of lines or
chains. A polygon is constituted by an outer
ring and null or more inner rings; a ring is
composed of one or more chains. Thus it can
be seen that the essential geometric
architecture of topological data is line, so
lines should be synthesized at first.
Polishing lines is  processed  after
synthesizing the lines, and then checked the
consistency. We will discuss the variance of
topological data in the case of several
special changes in protraction synthesis.

3.1 Thetransformation of single
polygon

Transform the correlative lines of this
polygon. Given a SHAPE

polygon Ci(9 =)V (S)), obtain a

polygon S*(s,t) via these lines, t is the
parameter of the SHAPE polygon, then we

have S * (Sa t) = (U(S: t)’ V(Sa t))
Where,

U(st) =u(s)V(st) =Vv(s) vt [0,]]
Let S(s,t)=(x(s,t),y(s,t),z(s,t)), thereby
S(s,t) = P(t) + a(s,t)X(t) + b(s,1) y(t)

a(s,t) and b(s,t) are defined as follows:
Let

m = msiIlU(S,'(),m2 =maxU (s,t)
m, = minV(s,t),m, = maxV(s,1)
LT = m, —m,
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Figure 1 SHAPE curve

3.2 Thetransfor mation of two
polygons

Transform the inclusive lines of the two
polygons.



3.3 Thedisplacement of polygons

process the displacement of involved points
in the correlative lines of the polygon, the
concrete implement of 3.2 3.3 is the same
as 3.1.

3.4 Theidentification and
classification of points

Filtrate the dot information through
choosing the algorithm. For example,
consider the geometric feature of the two
classifications. Firstly, compute the

M, = mlj
expectation '/ of sample @1 and

m
M2 :( X2

the expectation msz of sample 2 .
Then, calculate the perpendicular bisector
between the two points, and use the
perpendicular bisector as the criterion
function g(X).

The equation of the line is:

with each other (the correlation function is

p=0 ).That is:

v

Figure2 The classification of points
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on account of Bayes classification being the
best classification among these situations

so it is reasonable to choose this
classification.

Despite the former methods, regarding to the
special applications, there are also many
other effective methods used in this research
work. Fractal theory is an active branch of
non-linear Mathematics; it mainly

2X(M, =My, ) +2y(My, =M, )+ M, =M + M, =M, =0 researches the irregular object in the nature

When we suppose
P(@)=P(@,)=0.5pX/@) . 4o
two-dimensional probability density

. . N(z

function which obeys (& "Z) , the
previous equation is the exact criterion
function of Bayes classification, namely,

_(X_/ji)TZ_l(X_/ji)

P(X/w;) = TeXpY >
27| Y
g(xX)=WT"X
mXI
g
here, Y/ is the expectation of

I Xis 2x2 covariance matrix,|X| is the

X
X =
determinant value of X, y isa
training sample, x,y has the uniform
variance and is of statistical independence

and non-linear system. Lots of literatures
have forwarded out the applications of
Fractal theory in the fields of image texture
analysis, natural scene simulation and timing
analysis etc.

E.g. in the virtual navigating environment,
Fractal theory can be used to process
navigating Radar signals, especially the

}(i = 1,gpastline and sea clutters with Fractal

features (see Figure 3,4).
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Figure3 The Box dimension ( a kind of Fractal
dimensions) sketch map of a Navigating Radar

signal f (t)

(a) High data
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(b) low data
Figure4 The histogram of sea clutters increment
distribution

Comparing the real sea clutter data with
FBM model, the result indicates that both of
them match properly. In the research, a
Fractal dimension computing program and
an algorithm of Fractional Brownian Motion
(FBM) curves simulating method is
designed.

4.0 Conclusions

Since these methods can preserve the
topological relationship of messy data, they
can be used to solve the geometric distortion
problems effectively.

We can see several better results in virtual
navigating environment system using these
methods (see Figure 5,6,7,8), includes the
application of FBM interpolation method of
navigating coastline simulation, target ship
simulation and navigating scene simulation .
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Figure5 Navigating coastline simulation

Figure6 Target ship simulation

Figure7 Target ship and navigating scene simulation



Figure8 Navigating scene simulation
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