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Registration of spatial data based on PCA is advanced in the paper. The principle is that principal components of spatial data set are
changed with the coordinate system. For two spatial data sets of a certain object, we can estimate the coordinate system
transformation matrix using the spatial transformation matrix between the corresponding principal components. The matrix of
principal component is built up using the eigenvector and center of spatial data set. After obtaining the initial value of transformation
matrix and transforming the spatial data, the transformation matrix can be obtained by using optimization algorithm. It is clearly the
comparability between data sets is relative high. The experiment show the way is effective in obtaining the initial value of coordinate

system in spatial data registration.

With the development of the spatial information gain
technology, the researchers pay more attention on the matching
spatial data including reconstruction of three-dimension,
computer vision, and target identification. The matching is the
way that seeks similar transformation relations to reference
coordinate system from spatial data. Generally, the spatial data
waiting for matching doesn’t have strict homologue. At present,
the matching algorithm  first calculates approximate
transformation between the coordinate system, and then finds its
optimal solution based on either ICP or the smallest two
multiplication method. The methods which calculate
approximate value of coordinate transformation include: Using
fixed reference marks; picking up feature points of spatial data
automatically; giving the homologue coordinate artificially;
using method of synchronization image matching and so on.
The traditional method has already made great achievements in
matching spatial data, but it still needed extra reference
condition or manual intervention. However, in fact, the spatial
data itself contains coordinate system’s information. The
relationship among principal components of the spatial data is
related to spatial reference coordinate system. Therefore,
speaking of the data acquisition with high-degree similarity, the
transformation relations of principal components decides its
relations of coordinate counterpart. Proposing the matching
method of spatial data based on PCA transformation, the main
subject is the matching which using different equipments or the
same equipments with different spatial parameter condition to
obtain the target spatial data. It also has the important reference
value regarding the data splicing.

1 MATCHING SPATIAL DATA

Given the data {x; |}, and {y i }'J"' are different data point

=1
set of the same object. The spatial data is indicated by the
homogeneous coordinate. The points in two sets could be great
disparate. Data set maybe cannot be found the strict homologue;
in addition, the order of data points in set is acquisition of
transform parameters is critical. Excellent initial value can
secure the right direction in its following exact matching
chaotic. So the aim for matching spatial data is to seek for
spatial transform including the parameters of revolving matrix
R . Parallel vector t and proportion matrix s .Its objective
function is:
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Among the X;,y; meets min{|yj —Txi"}i , ||yj —Txi" < ¢, that

is, the perigee after transformation as the approximate
homologue. K is the calculated homologue point, T is the
transform matrix , ¢ is the given limit value. Matching spatial
data is the process searching continuously the most close
homologue points, calculating transform relations of spatial data
in the condition that restructuring the least error at the most
close homologue points. Obviously, the initial value

2 ANALYSIS OF PRINCIPAL COMPONENTS

As the linear dimensionality reduction’s typical method, the
principal components analytic method has already known well
for the scholars. Because of the simple concept, easy calculation,
fine characteristics of reconstruction of linear error, it became
one of most widespread use methods in the actual data
dimensionality reduction.
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We suppose data set RP which

The result is: S5 =UTAU . Among it

A =diag(4,, Ay, A ).and , 4 > 4iy(i =12, D-1);

analyze S,%, .

u :(ul,uz,muD) , U, is the feature vector /1i counterpart
and U is the positive cross matrix.
The principal components of  data  sets is

yi =UJ(x =X), Ug =(ug,up, -, ug). PCA transformation is
to simplify for dimensions of spatial data in realizing
reconstruction error by selecting the propel valued .

3 MATCHING ALGORITHM BASED ON PCA

After PCA transformation for those spatial data respectively, we
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conclude the principal components direction of spatial data; we
receive structure matrix by principal components and spatial
data’s center coordinate; we calculate the transformation
relations of structure matrix.

We analyze the principal components for data sets. The feature
value is: 44 > A, > A3 > 44 . Among them: 4, is the feature

vector [O,O,Ol]T counterpart. Accordingly, the first, second and
third principal components is the feature vector 7y,7,,773
counterpart. They indicate vectors in spatial coordinate system.
The center of spatial coordinate is X , then structure matrix is
Py =[m.72.13.X] .As the same principle, we conclude
structure matrix of data set{y;}, that is Py, =[&,&,,&3,7].
The structure matrix contains three principal components and
center coordinate system of data sets. The value is related to
spatial coordinate system. If two spatial data sets demonstrate

the same complete object (or great overlap degree of object), the
relationship among structure matrix is the mutual relationship of

reference  coordinate  system counterpart. Thus, the
transformation matrix shows below:
T =P Py =[m.m2.13. %] &1, £2.63. V] (2)
The formof T s :
R t
T=s- (3
01

After obtaining the initial value T , we transform spatial data
and structure target function in the similar formula (1). In
addition, we wuse the most optimal methods such as
ICP( iterative Closest Point Algorithm), Heredity Algorithm,
Least Squares, Levenberg-Marquardt to optimize transformation
parameters. In obtaining initial value, more scholars proposed
great researches in seeking for the most optimal solution. It isn’t
the important part in this article and over recounted here.

4 EXPERIMENT AND ANALYSIS
4.1 Experiment one

Firstly, we draw approximately 20,000 spatial points at random
from spatial data in square-shape object. Then, we carry on
coordinate system’s revolving and translation, thus calculating a
group of new coordinates. The given three rotation degree ©
(Y main axle) is: ¢=0.3,0=-0.4,x=0.5 .The translation
vector is: t=[45.102,-21.025,-70.222,1]" . Combining with
two groups of data sets we get three-dimensional effect picture
as Figure one shows. The structure matrix of primary data and

transformation data after PCA transform for data set is :

-0.7200 -0.5145 0.4657 110.5306
_|-0.0745 -0.6099 -0.7890 245.4561
171 06900 -0.6028 0.4008 101.7791
0.0000 0.0000 0.0000 1.0000
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-0.8046 -0.0779 0.5887 28.5315
. -0.1095 -0.9549 -0.2760 265.8218
2= 0.5837 -0.2865 0.7597 -86.6264
0.0000 0.0000 0.0000 1.0000
So the transform matrix is :
0.8936 -0.3570 -0.2722 45.1019
T-ppis 0.4416  0.8083 0.3894 -21.0249
~ 21 7100810 -0.4682 0.8799 -70.2220
0.0000  0.0000 0.0000 1.0000

According to analysis photogrammetry [8], we calculate the

transform matrix is as same as the matrix T by using the
rotation degree and translation vector which is given. The
matching which is transformed spatial data by matrix shows in
Figure two. Two groups of data achieved the complete
superposition.

T

Figure 1. Non-matching data (1)

]

Figure 2 . Matching data clouds (2)

4.2 Experiment two

We draw approximately 10,000 spatial points at random from
spatial data again. Then, we transform the spatial for data, using
the same transformation parameters. Compared with primary
data’s three-dimensional display in Experiment one, as the
figure 3 below shown, both of them exist space transformation.
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Figure3. Non-matching data (2)

Figure 4. Matching data clouds (2)

According to our calculation, we obtain spatial data’s structure
matrix P; after transformation. We calculate spatial transform

matrix T'according to the primary one. The rotation degree is:
@0 = 0.2548, @y = -0.4227, K, = 0.5007

-0.7777
-0.0918
0.6220
0.0000

-0.0957
-0.9604
-0.2616

0.0000

0.6213  29.7760
-0.2629 263.3917
0.7381 -86.1862
0.0000 1.0000

0.8985
0.4378
0.0305
0.0000

-0.3739
0.8000
-0.4692
0.0000

-0.2299
0.4102
0.8826
0.0000

45.6393
-23.1133
-64.2196

1.0000

TR

4.3. Analysis of result

In experiment one, we separately transform data to PAC after
revolving translation for primary data. According to structure
matrix, we conclude the data acquisition transformation matrix.
For two groups of data is the strict homologue, the result is
completely consistent with the theoretical value. In experiment
two, the difference between two group’s data point is obvious
and strict homologue doesn’t really exist. Based on PCA
algorithm, we still could calculate steady the starting value of
spatial transform relation. The essence of algorithm is based
on the statistical information of spatial data. The requirement of
statistics information is that the different space coordinates data
is the relative stabilization, using statistics information to get
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transform matrix.

After the PCA transformation, it requires characteristic value
size to establish structure matrix, namely, the vector order of
structure matrix should be consistent with the order of the
characteristic value. We need to judge the positive and negative
direction of feature vector. As speak of symmetrical goal, it
would be confused situation; we need to get further judge after
transforming the data.

5 CONCLUSION

The article indicates algorithm of spatial data realization based
on PCA transformation. This algorithm is aimed mainly at
spatial data matching of different coordinate system but the
same goal. It doesn’t need to be selected artificially approximate
seed spot, also avoiding complex algorithm of extracting
automatically feature point. It provides an effective method for
initial value’s calculating of spatial parameter. The method
needs spatial data to have bigger similarity based on data
statistical information. In addtion, it exerts important reference
value to splicing of multi-angle spatial data.
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