Appl. Math. Inf. Sci.9, No. 2, 1081-1087 (2015) %N =) 1081

Applied Mathematics & Information Sciences
An International Journal

http://dx.doi.org/10.12785/amis/090259

3D Shape Retrieval Method based on Normal-Angle
Histogram

Lijun Jiang*

School of Mechatronics Engineering, Harbin Institute offi@ology, Harbin 150001, China

Received: 30 Jun. 2014, Revised: 28 Sep. 2014, Acceptede22814
Published online: 1 Mar. 2015

Abstract: This paper puts forward 3D model retrieval method based amalbangle histogram. The method firstly makes the
pretreatment for 3D model, and defines the calculation ntetifahe normal at every vertex of the triangular mesh in 3D ehod
and the included angle among the triangular meshes. Theastifies the triangular mesh in accordance with the normdirae
vertexes of the triangular mesh and the included angle arti@ntgiangular meshes, and divides the triangular mesHaitotypes as
per the included angle whether acute angle or obtuse amwistracts the shape distribution curve for every type a@ingular mesh
collection, obtains the similarity of two shapes by comgami of four shape distribution curves of 3D model, and adogiy realizes
the similarity retrieval of 3D model. The test indicatestttia retrieval accuracy rate and the retrieval efficiencshefalgorithm are
superior to other similar histogram algorithm.
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1 Introduction the retrieval mode based on the attribute text is not very
good.

With the continuous progress and development of the
computer technology, 3D model software has been widely  The retrieval based on the shape feature is to match
applied to the product design, analog simulation,the retrieval contents automatically in accordance with
animation film, online game and other fields, and morethe actual shape of 3D model, and further can objectively
and more 3D models appeared in the enterprise, networkxpress the shape feature of 3D model. Thus, this method
and other places. Therefore, finding 3D model meetingis more effective than the retrieval mode based on the
the user design and using demand correctly amongittribute text. The retrieval technology based on the shape
various 3D models and achieving 3D model retrieval feature can be divided into three classes as a wigle |
system of the resource reusing become the hotspothe retrieval technology based on the image comparison
research issues in 3D model field at presépt [ extracts the characteristics quantity for 3D model,
3D model retrieval can be two retrieval modes basedinvolving the optical field description method][and 2D
on the attribute text and shape feature. The retrieval modeutline drawing #]. The retrieval technology based on the
based on the attribute text demands the attribute markinghape feature is to make retrieval through extracting the
and definition on 3D model manually. The retrieval shape feature of 3D model, involving the shape histogram
method is realized simply, but possesses the defects in thib], weighting point set ], influence descriptor 7],
following aspects. For the same shape, the information oshape description framework based on dens#iy dnd
the attribute marking can be different with the different other methods. The retrieval technology based on the
markers. The retrieval user may not know which key topological structure is to make retrieval through
words are used for retrieving the required shape. Theextracting the topological structure feature of 3D model,
attribute marking can be changed with the time, such asnvolving method based on Reeb diagra®h jmethod of
the change of the naming rules. It needs the additionakxpanding Reeb diagram1(], method based on
manpower and material resources for the shape markintgppological link diagram 11], and method based on 3D
information. Due to these defects, the application efféct o skeleton diagrami[?].
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For the triangular mesh shape, the expression of theretreatment mainly includes the triangular mesh
normal at every vertex on the shape is very important.simplification and scale normalization processing.
The literature P] puts forward 3D model retrieval
algorithm based on the radial included angle histogram of
the polar radius. The algorithm firstly resolves a series of,
homocentric sphere adopted by the shape, calculates the
collection attribute of the radial included angle for
describing 3D model as for the point falling into every 3D model has different expression methods, and 3D mesh
section, and finally constructs the histogram feature inshape expression is the most common one. Moreover,
combination with polar radius and radial included angle.other expression methods can also be converted into the
This paper puts forward 3D model retrieval a|gorithm mesh Shape eaSin. But for the 3D mesh shape, the surface
based on the normal included angle histogram. Thevertex distribution is not always uniform, and accordingly
method defines the included angle between 3D modefausing a certain influence for the result of the retrieval
vertex and triangular mesh patch, and then divides thedlgorithm. STL file is to express the shape by the
triangular mesh into four collections in accordance with triangular mesh shape. Thus, it can have different
the value of the included angle at three vertexes ofexpression forms for the same shape, as shown in the
triangular mesh. It generates the histogram shapdollowing figure, i.e. two mesh expression forms of the
distribution curve of four collections, judges the same shape.
similarity among shapes by comparison of four
histograms of different shapes, and accordingly realizes
the similarity retrieval of 3D model.

2.1 Mesh Simplification Processing

2 Shape Retrieval Method Based on
Normal-angle Histogram

2.1 Mesh Expression of 3D Model

The curves and surfaces in CAD system are expressed |
accurately, but the internal expressive methods are £
different, so that the data among different CAD systems
can not be exchanged and shared. In order to solve the Fig. 1 Different Expression Forms of the Same Shape
problem, the scholars in the mechanical field adopt many

neutral file formats (such as STL, STEP and VRML etc).

Because different CAD softwares support these formats, For the expression forms of 2 shapes in Rigwe can
CAD system can convert 3D model into the neutral file. see that the collection of the point and area is the minimum
STL file, as a typical mesh expression, is composed of thdor the expression mode of the first shape. Moreover, some
unordered space triangle, and is the linear approximatiopoints in the second shape can not indicate the convex-
of the accurate shape. The file records the dispersedoncave information of the shape, and the collection of the
triangular patch information, and every patch includes 4point and surface similar to the first shape will be gained
data items, i.e. the patch vertex coordinate and patchafter filtering these points.

normal vector. W @) 0 In order to avoid the influence of different expression
Nx™ Ny” Nz forms of points and surfaces of the similar shape on the

p(1|>2 p(l') p(l'z) algorithm, we consider firstly making the pretreatment
(i) (?3 (i) process for all shapes, i.e. simplifying the shape to make
pgx p2_y pgz the shape express concisely, and meanwhile highlighting

pl) pgj pl) the key feature of the object better. In the current mesh

W @) ) simplification strategy, the geometrical element deletion
nx’,ny’,nz’ indicates the external vector of thie  method is applied most extensively, involving the vertex

triangular patchpy,, pi,, pj. indicates 3D coordinate of deletion method, triangle folding method, and edge
the textitk vertex of the i triangular patch, folding method etc. We adopt the triangular mesh shape

; ; ; simplification method 1] based on the vertex deletion to
ke [L,3)i € [L,N], Nis the patch quantity of the shape. make the pretreatment for the shape. The basic though is
to judge the type of every vertex, and calculate upon
2.2 Pretreatment of 3D Model selecting different criteria in accordance with different

types. In the case of meeting the establishment conditions
For the shape analysis and matching for 3D model, theof the criteria, the vertex is deleted, and the formed cavity
pretreatment is an indispensable step. Here thas triangulated. The operation chart is shown as follows.
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Gaussian curvature and mean curvature of the shape. For
the vertex normal vector estimation of the triangular mesh
shape, GouraudlB] expresses it by using the arithmetic
mean value of the adjacent triangle normal vector of the
vertex, and this method has the simple calculation. Taubin
[14] puts forward estimating the vertex normal vector by
v, b ¥, using the weighted mean surface normal vector of the
' 2 adjacent triangular area of the vertex, and the estimated
result is used for the calculation of the vertex curvature.
Fig. 2: Operation Chart of Vertex Deletion Grit et al [L5] analyze the uncertainty influence of
different division modes of polygon face on the
calculation of the vertex normal vector, and put forward
There are two criteria of judging whether the vertex the calculation method based on the vertex angle
can be deleted. Firstly, if the normal vectors of all adjacen weighting patch normal vector of the adjacent polygon.
triangles of one vertex are the same, the vertex is deletedshen et al 16] utilizes the area of the triangle and the
Secondly, some two edges of the adjacent triangle are imormal vector of the product weighted triangle of the
a line, removing the point in the middle of the plane, andvertex angle at the vertex to acquire the estimated value of
removing the unnecessary point on the edge. Accordinghe vertex normal vector, and improves the curvature
to the algorithm, we make the simplification processingcalculation method of Taubin by this method.
for the second shape in Fig, and finally gain the shape
expression similar to the first shape in Fag.

Vi

The vertex normal vector estimation method of Wang
[17] gains preferable result in numerous experimental
results. Therefore, we adopt the method of Wang to
calculate the vertex normal vector, and the method can be

indicated as:
In order to guarantee that the scale of the shape can make

comparison within the unified scope, it is necessary to

carry out the normalization processing for the scale of the

shape before the feature extraction, known as scaling

transformation in the field of 3D model retrieval. The W= 1 i (ﬁ W) ®)
purpose of the scaling transformation is scaling the shape Y Sum’ i; At

to a unified scale for processing. The method is the -

coordinate of every vertex of the shape multiplied by a

scaling factoik, and the valuing method dfis shown as

Formula (1).
. [ kg +kZ+ K2 ) -
3 In the formula,Sum= Y Aﬁi, ny is the normal vector
i=0

ke is the mean distance from the surface vertexin the vertex vy is the normal vector of the trianglg in
collection to YOZ plane. The calculation & andk; is  the adjacent domain of the vertexA is the area of the
similar to that ofky. The calculation oky can adopt the  triangleT; in the adjacent domain of the vertexy is the
method as shown in Formula (2). vertex angle in the vertexof the triangleT; in the adjacent
domain of the vertex.

2.2.2 Scale Normalization Processing

1 M
= g3 5 @

In the formula,S indicates the area and value of the
triangular mesh patch in 3D modsl.indicates the area of
triangular patch. d; indicates the distance from the center
of triangular patchto YOZ plane. The calculation method
of ky andk; is similar to this.

2.3 Calculation of Vertex Normal

The vertex normal vector is the important basis of ] o
calculating the equal differential geometric feature of Fig. 3: Schematic Diagram of Vertex Normal Vector
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2.4 Included Angle of Triangular Mesh and 2) Class Il is semi- concave mesh, i.e. in the included

Vertex Normal angle between the normal of three vertexes and the

triangular mesh, involving two acute angles and one

obtuse angle. It indicates that the region related to two

vertexes is the concave curved surface and the region

related to the remaining one vertex is the convex curved

o surface in the region around the triangular mesh, and
- = Ne reflects the semi- concave feature in the shape.

Fig. 4: Schematic Diagram of Included Angle of Vertex Normal
and Triangular Mesh

Suppose the normal vector of the triangular vertex B is
NB, as shown in the figure. In the figure, BD indicates
the sum of the vector quantity AB and CB, and the vector
quantity BD and the triangle ABC are on the same plane.
The cosine of the included angle of the vector quantity NB
and BD is:

Nge  Nge(+)

cosb = = 4) Fig. 6: Schematic Diagram of Semi- concave Triangular Mesh
INs[ > || [Ng|x |(+)] g g g

In the formula, the value range 6fis [0, 7. 3) Class lll is semi- convex mesh, i.e. in the included

angle between the normal of three vertexes and the
triangular mesh, involving one acute angle and two obtuse
2.5 Classification of Triangular Mesh angles. It indicates that the region related to two vertexes
is the convex curved surface and the region related to the
According to the included angle between the normal Ofremaining one vertex is the concave curved surface in thg
three vertexes of triangular mesh and the triangular mesH/€9ion around the triangular mesh, and reflects the semi-
the triangular mesh can be divided into four classes: convex feature in the shape.
1) Class | is the pure concave mesh, i.e. the included
angle between the normal of three vertexes and the

triangular mesh is the acute angle. The acute angle N1
indicates that the triangular mesh around three vertexes
and this triangular mesh constitute a concave curved P1
surface, and reflects the concave feature of the shape. SENAS
)
//// // \\
y / N\
/ \
Pl /// Su AN N2
N // \\\
% 3 /// \\e
Nia” 0 s F &“\Zi/‘
/ ;,/ - - P2
/ oo
Si Ps
= Fig. 7: Schematic Diagram of Semi-convex Triangular Mesh

4) Class IV is pure convex mesh, i.e. the included
angle between the normal of three vertexes and the
. o . triangular mesh are the obtuse angles. It indicates that the
Fig. 5: Schematic Diagram of Pure Concave Triangular Mesh  region around the mesh and the triangular mesh constitute
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a convex curved surface, and reflects the convex feature inespectively.avg, indicates the mean area value of the
the shape. triangular mesh in thek collection. ng indicates the
quantity of the triangular mesh in thecollection.areg
indicates the normalization area of the triangular mesh.
After calculating the mean area in each collection,

N1 Formula (6) is deemed as the length unit of the histogram
horizontal axis.
o:(s P step =~ * ©®)
I\
// / In the formula, stei is the length unit of the
// / histogram horizontal axis in thle collection.avg is the
// S mean area value of tHecollection.N is a constant, and
// valuing textitN=80 has preferable effect in this paper.
Na s F For the histogranh; andh, formed by thek collection
\Q?S/// - of two shapes to be compared, the similarity measurement
method is:
Ps
1 ™
Fig. 8: Schematic Diagram of Pure Convex Triangular Mesh disc(hy, hp) = ﬁ Z)|h1i — hail (7)
1=

T . . In the formula,mg=max(m,M). My and my, are
Due to the simplification processing for the triangular . . . .
mesh before calculating, the deletable vertex is delete(g)efshﬁgg'vg?/ntgf t?/;‘:zg% O;:gg g]rﬁgr\gsb%r:notrgil:fc!arsézize
fully, and the included angle between the triangular mesr}he sim%larit com arisgn of thephis-to ram by usin
and the vertex normal will not have the situation of Formula (7) ):he zePo adding processin gwill be ﬁ]adef%r
6 = /2. Tablel shows the classification method of the . P padding p ng .
. ; the histogram with less interval quantity, and the interval

triangular mesh patch in 3D model. ; ! ;

quantity of two histograms will ben,. The purpose of
dividing by my is to make the comparison result among
the shapes independent of the influence of the interval

Table 1: Class Conditions of Mesh guantity of the distribution curve.
Class Conditions The similarity measurement between Shape A and
| Shape B is:
Class |, 4
pure concave 6, < /2 andf, < /2 and6z < 11/2 SimA,B) = Zlchis ®8)
Class I, 61 > /2 and6, < /2 andB; < 11/2 or i=
semi- concave gl z Zg 22322 i ZZ 2232 i ZZ or In the formula,w; is the weight of the different scale
1 7 i i i
Class i BL> 71/2 and6, > 71/2 andB, < 71/2 of of the corresponding collection respectively.
semi- convex 6y > /2 and6, < 11/2 andB3 > 11/2 or N4y

6, < /2 and6, > /2 and63 > 11/2 9)

Class IV, pure convexf; > 11/2 and6, > 11/2 andfs > 11/2 :

ni is the quantity of the triangular mesh in thelass
collection of thei shape.n is the total quantity of the
2.6 Formation of Histogram and Similarity triangular mesh in two shapes.
Measurement

According to the class conditions in Tallgthe triangular 3 The Experimental Results

mesh in the shape is classified, forming the collection 1, II, ) ) )

Il and IV, Carry out processing for the triangular mesh in Borland - Delphi 7 is regarded as the integrated
each collection respectively, form the histogram, and adopdevelopment environment, in combination with Matlab

the mean value alignment method on the histogram for thé®-5 the algorithm proposed in this paper is realized, and
normalization. The mean value of each collection is: also verified on ESB (Engineering Shape Benchmark)
[18] established by Purdue University. The experiment

ava — & i are 5) adopts PC computer, Intel (R) Core 2 Duo 2. 20GHz
%= Nk i; a CPU, 3G memory.
B ESB contains 866 engineering models of STL format.
In the formulak value is the collection I, II, [l and We consider any one model as input, and intend to

IV, indicating four collections of the triangular mesh retrieve the similar shape in the model library. The
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algorithm described in this paper regards STL format ofthe form of histogram to describe 3D model features.
the model as the retrieval input. Talfldists the previous Table2 compares the retrieval accuracy and efficiency of
retrieval results, and the digit indicates the similarify o four retrieval algorithms. See References for the meaning
the retrieved model and the input model. According to theof FT, ST and NN 22]. It shows that the method based on
above description, we know that the similarity closer to the normal angle histogram has the obvious improvement

zero will have higher similarity level. in the retrieval accuracy rate, but does not have the
obvious increase in the aspect of the computation
complexity.

Table 2: Retrieval Result of Some Models

Retrieval Model

Table 3: Quantitative Comparison of Different Retrieval

1 2 3 4 5
& a ﬁ % % Algorithms
Feature NN (%) FT (%) ST (%) Time(s)

0.00004290.000162 0.000774 0.004005 0.004027

AD 392 213 305 032
% \( \{ \( % EGI 375 153 27.8 018

0.00205420.003769 0.004417 0.004777 0.005371 D2 311 15.8 23.5 0.24

a b h @ Algorithm in this paper  65.3 40.2 51.8 0.21

0.00228060.002354 0.002767 0.002897 0.003031

4 Conclusion

The statistics for the retrieval time and effectivenessypg paper gives a retrieval algorithm of describing 3D
of different retrieval inputs can gain the average behaviory,gge| by using the shape distribution diagram of four
of the algo_rithm. Make statistic§ for the mlodel in allusion normal angles, classifies the triangular mesh through the
to ESB library, and synthesize to gain the averagejncluded angle of the vertex normal in 3D model and the
behavior of the algorithm in the entire ESB library. Carry triangle patch relevant to the vertex, expresses 3D model
out the precision ratio — recall ratio curve, and make the;g the shape distribution curve of four normal angles,
comparison among other shape retrieval algorithms (light.ompares the similar distribution curves of the compared
field descriptor method (VS Method)3]l D2 shape  shape respectively, and gain the final similarity result of
distribution (D2) [L9], D-IA shape distribution based on 1 shapes for four comparison results by the method of
simplification (DIA Method) (], and the.cc.)mpr.ehensivg weighting summation. The algorithm in this paper
method based on geometry and statistical informationyreferably seizes the topological structure of 3D model
(GRSI Method)p1]), as shown in Fig9. through the proper classification of the triangular mesh,
so the retrieval effect is enhanced greatly. The algorithm
in this paper is applicable to 3D model with the entity
attribute, and is fully applicable to the shape without the
entity attribute. The retrieval speed is fast. The
experiment result shows that it possesses the extensive

o 3 practicability and good application value.

g l& The algorithm adopts the normal angle histogram as
R the feature descriptor of 3D model, so the feature

8 descriptor has good stability for various geometric

transformations (translation, rotation and scaling). The

== histogram curve additionally generated can be serially

saved as the index, and provide the secondary retrieval

Mmoo with the direct result for utilization, so as to improve the

speed and efficiency of the retrieval.
Fig. 9: S Recall ratio — precision ratio curve of different retrieva  The authors are grateful to the anonymous referee for a
methods careful checking of the details and for helpful comments
that improved this paper.
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