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Abstract. Aiming to understand the morphological differences under the multiple
expressions of spatial entities, after optimizing the shape segmentation ratio, the
shape inner distance segmentation ratio matrix and the shape outer distance
segmentation ratio matrix are established. The shape similarity model under the
multiple expressions of a polygon entity is then established to provide quantitative
indicators for the query, matching and change detection of spatial entities.
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1. Introduction

According to past research, the process by which an entity with the same name changes
from one form to another in a multi-scale vector map database is called a fuzzy
similarity transformation. The relationship before and after the change is called the
fuzzy similarity relationship [1-2], which is the fixed relationship between the entity
under the scale transformation. The calculation model of the quantitative relationship is
very important for the construction, query, matching and fusion in the multi-scale
vector map database. Previously, scholars have established similarity relationship
calculation models of point entities, line entities and polygon entities in different
dimensions [3-12], which also have a certain optimization space. Considering that the
point entity and line entity can be upgraded, this paper mainly studies the similarity
calculation under the multiple expressions of a polygon entity.

2. Shape Descriptor Extraction

Firstly, the construction process of the referenced geometric feature segmentation ratio
vector [13] is optimized, and the shape’s inner distance segmentation ratio matrix and
outer distance segmentation ratio matrix are constructed. These are used to establish the
morphological similarity model under the multiple expressions of the polygon entity.

In order to establish the calculation model of each parameter, the referenced
method [13] is improved to extract the shape descriptor of the polygon entity. As
shown in figure 1, a feature line is made every 360 ° / M. The features of the polygon
entity are further refined after being segmented by the feature line.
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Figure 1. Characteristic line division.

The flow algorithm shown in figure 2 describing the mining of the shape
description subset of the entity.
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Figure 2. Shape descriptor mining process
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Definition 1: The scale is S, S is related to 360 °© / M where M represents how
many feature lines are divided. 360 ° / M represents the angle of each interval to make
a feature line, and then S represents the scale of the polygon entity segmentation, which
is increased from 1 to M according to step 1.

Definition 2: The shape inner distance refers to the distance from the centroid to

the feature point, which are ONj, ONs... ONy, etc., expressed as dg? i=1.2, 3.

. M).

Definition 3: The shape outer distance is the distance from the feature point to the
corresponding intersection Q; of the feature line and R, which are Qi, Ni, Q2, No,...,
QumN, etc., expressed as dg?(i =1, 2,3, .. M).

Two sequences are constructed: the shape’s inner distance segmentation ratio
sequence {dl1/Dpax, AL 2/Dmaxs Ahs/Dmaxs e r Aty /Dmax} and the shape’s outer
distance segmentation ratio sequence{d?; /Dyax, @22 /Dmax» 493/ Dmaxs ++» 4211/ Dmax}-
If S is allowed to present multiple dimensional changes according to definition 1, two
M-order matrices can be obtained:

(1) Shape’s spacing partition ratio matrix

[(al,  di, B dim ]
Dmax Dmax Dmax
dhi  dis . djm
IDMATRIX = | Djpax  Dmax Dmax @)
Ay Az Qum
_Dmax Dmax Dmax'

(2) Shape’s outer distance partition ratio matrix

[ af, a?, . P ]
Dmax Dmax Dmax
g, g, dg.M
ODMATRIX = | s s Dovas )
dl(\)/l,l dlel,z dl?l,M
L.Dmax  Dmax Dmax

The shape’s inner distance segmentation ratio matrix reflects the size and shape
characteristics of multiple expressions of the polygon entity. The shape’s outer distance
segmentation ratio matrix reflects the approach degree to regular circles under the
multiple expressions of the polygon entity, and needs to meet the invariance under
fuzzy similarity transformation. This means that the shape’s outer distance
segmentation ratio matrix and shape inner distance segmentation ratio matrix will not
change as the translation of the spatial entities rotate and their scale changes. Firstly,
when the spatial entity is translated, it is obvious that it will not affect the calculation
results of the matrix, thus has translation invariance under fuzzy similarity
transformation. When the spatial entity is scaled, the shape’s inner distance partition

df. a?

S,i s,i
and D,,,, , which has the same scaling coefficient whilst eliminating has scaling
invariance. When the spatial entity rotates, the position of the starting vector is
different, but the two sequences choose the maximum modulus as the starting vector.
These are still arranged counterclockwise according to the starting vector, which does

ratio matrix and shape’s outer distance partition ratio matrix are reduced by
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not affect the size of the matrix. Therefore, they have scaling invariance under fuzzy
similarity transformation.

3. Calculate Similarity

We can conclude from the analysis in the previous section that the shape’s inner
distance segmentation ratio matrix and shape’s outer distance segmentation ratio matrix
do not change with the translation, rotation and scaling of the spatial entity. Therefore,
we can conclude that the two matrices can be directly compared to measure the
difference of the polygon entity. If the spectral characteristic sets of face entity A and B
are SHAPEDES” and SHAPEDES? respectively, the Euclidean distance between them
can be calculated, then the second norm of matrix difference, and finally the difference
degree of the polygon entities A and B can be obtained, i.e.

Diversity(A, B) greaentity = (IIIDMATRX# — IDMATRX?|| + [[ODMATRX* —
ODMATRX®||)/(2sqrt((T — 1)M)) (3)

Where, ||-[|represents the second norm of the calculation matrix,
sqrt (- ) represents the calculation square, Deg(4, B) greqentity € [0,1], therefore,
the shape similarity between A and B is

Shape(A' B)areaentity =1- DiverSitY(A' B)areaentity (4)

When it is necessary to establish a similarity measurement model with other
similarity influencing factors such as location, direction and size, it is possible to
allocate models’ respective weights and calculate the weighted average to establish a
comprehensive similarity calculation model. This can be described as:

Shape(A; B)entity Location(A, B)areaentity !
Direction(4, B)areatntity Size(4, B)areaentity

respectively representing the similarities between A and B in shape, position,
direction and size. weight;(i = 1,2,3,4) is the weight of each measuring element. The
comprehensive similarity calculated using the weighted average method is:

Sim(A, B) = (Shape(4, B) entity weight, + Location(4, B) greqentity Weight, +

Direction(A, B) greatntityweights + Size(A, B) greqentityweightss)/ Yiziweight; (5)

4. Conclusion and Prospect

One of the new "4E standardized products" in basic surveying and mapping is stepless
map expression. This has been the subject of long-term research in many geographic
information fields, such as automatic cartographic generalization, spatial database
management, spatial data model, and geographic entity expression amongst others.
Although the process is arduous, it has achieved fruitful results. The detailed
theoretical research carries the undercurrent of upper technical problems. The similarity
calculation under the multiple expressions of geographical entities has important
bottom significance. Future research is required to develop further ideas and studies, in
particular for the following aspects:

(1) Application of stepless feature expression. The definition of new basic surveying
and mapping is that it is a basic project that takes a "geographical entity" as the
perspective and object, carries out surveying and mapping according to "spatial
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accuracy and entity granularity", constructs "basic geographical entity databases" as the
goal, and assembles "4E standardized products". These products include combined
aggregation entity sets, stepless map expressions, terrain level real time 3D maps and
city level real time 3D maps, which can be used for surveying for public welfare and
mapping behavior. There is a relationship between stepless map expression and
multiple expressions in this definition, and the specific contribution of quantitative
calculations to spatial entity similarity in stepless map expression.

(2) Similarity and complexity of spatial 3D objects. At present, data acquisition
methods are intelligent and diversified. Low altitude digital aerial photogrammetry can
obtain three-dimensional models of geographical entities much more rapidly. This
could be applied to the similarity descriptors of spatial three-dimensional objects in the
space-time dimension and the calculation models of their similarity.
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