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Abstract. Computer-Aided Symmetry Detection (CASD) supports mechanical
engineers in detecting the planes and axes of symmetry in 3D CAD models. A
common approach of many CASD techniques is first to create a set of planes of
symmetry candidates (POSCs) and axes of symmetry candidates (AOSCs), which
are then evaluated to identify the actual planes and axes of symmetry among
them. The candidates are often identified from the input model’s geometry by
pairing entities (e.g., point clouds, surfaces, mesh triangles, etc.). Consequently, a
considerable number of candidates may be generated without their practical need
to detect symmetries, thus making the CASD computationally demanding. Hence,
this study proposes a procedure for identifying a reduced number of POSCs and
AOSCs to detect exact global and partial axis- and reflectional symmetry in 3D CAD
models with Boundary Representation.
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1 INTRODUCTION

Symmetry is a geometrical property beneficial in many applications in mechanical engineering
[11][15][20]1[26][28]. In mechanical design, during solid modeling, 3D CAD models are often
shaped symmetrically for different reasons: to simplify the modeling process, to reduce the
complexity of assemblies and the number of unique parts [6], or to minimize assembly errors and
assembly time [26]. Symmetry information (i.e., the planes and axes of symmetry) is often not
explicitly stored in native 3D CAD models unless the final shape of the model is created using
mirroring or pattern operations. The neutral exchange file formats currently also do not support
storing any symmetry information. Therefore, the existence of symmetry in the 3D CAD models is
usually checked and recognized visually by mechanical engineers. However, this may be a tedious
and time-consuming task, especially if the 3D CAD model's shape is geometrically complex or
consists of a large number of topological entities. Thus, Computer-Aided Symmetry Detection
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(CASD) is preferred, which supports mechanical engineers in detecting the symmetry information
in the 3D CAD models.

A common approach of many CASD techniques [1][2][5][7]-[9]1[11]-[13][16][22]-[27] is to
identify a set of planes of symmetry candidates (POSCs) and/or axes of symmetry candidates
(AOSCs) and to evaluate the existence of the actual planes of symmetry (APOS) and/or actual
axes of symmetry (AAOS) among them. The candidates are usually identified by Principal
Component Analysis [1][2][13][24][25], through the pairing of entities (e.g., points, mesh
triangles, loops, viewpoints, etc.) [5][8][23][26][27], from the shape’s generalized moment
functions [16], intrinsic surface properties [11][12], by incremental rotations around the centroid
[31], etc. The POSCs and/or AOSCs are evaluated by applying corresponding transformations
(reflection, rotation, etc.) on the input model with respect to each candidate [8][22][25], steepest
descent minimization [16], voting algorithms [9][23], Hausdorff distance and ray casting [24],
matching viewpoint entropy values [13], candidate sorting and ranking [26][27], candidate
propagation process over topological entities [11][12], a vector-based calculation procedure
[1][2], etc. Alternatively, the APOSs or AAOSs can be detected directly without the generation of
candidates. For instance, by clustering points obtained through searching candidate point
transformations [18], applying spectral analysis to the symmetry correspondence matrix (which
encodes symmetry relations between pairs of n points sampled from the input data) [14], applying
optimization to spherical harmonic coefficients that approximate the shape [10], etc.

This study is exclusively focused on the stage of CASD that deals with the identification of
POSCs and AOSCs in 3D CAD models with Boundary Representation (B-rep). Identifying too many
POSCs and AOSCs without their practical need for detecting symmetries can result in a
computationally demanding CASD evaluation procedure [6]. On the other hand, identifying too few
POSCs and AOSCs increases the risk of symmetry detection failure. Hence, this study proposes a
procedure for identifying a reduced number of POSCs and AOSCs to detect exact global and partial
axi- and reflectional symmetry.

2 RELATED WORK

2.1 Identification of POSCs and AOSCs in B-rep CAD Models

The existing studies obtained the POSCs and AOSCs from the B-rep’s topological elements (e.g.,
loops, faces, etc.) and their underlying geometrical properties [11][12][26][27] and principal axes
of inertia [1][2]. L/ et al. [11][12] identified the POSCs and AOSCs from one, two, or three
adjacent faces using the intrinsic parameters of the underlying surfaces and their intersections
(vertices, edges, and loops). For instance, the intrinsic parameters of a plane surface are its base
point and normal vector, those of a cylindrical surface its axis point, axis vector and radius, and so
on. The AOSCs were considered a special case of an infinite number of POSCs. For example,
axisymmetric faces (e.g., a closed cylinder, sphere, etc.) have an infinite humber of POSCs. Then,
a two-level propagation process of the candidates over the B-rep model was used to determine the
global or local symmetries of exact and partial axi- and reflectional symmetric 3D CAD models. The
highest possible number of candidates rnc (including POSCs and AOSCs) corresponds to the
following equation [12]:

Ne =2ne+pny +n, (1.1)

where e represents the total nhumber of edges, nv is the total number of vertices, and . is the
total number of loops in the 3D CAD model, while parameter p parameter describes the maximum
number of adjacent faces around a vertex (therefore, p=4 can be assumed). The drawback of the
study is that a combinatorial analysis was used to obtain the combinations of surfaces, their
adjacencies, and intersections for identifying the POSCs and AOSCs. In addition, the study
addresses only analytic surfaces (plane, cylinder, cone, sphere, and torus). Consequently, if the 3D
CAD model contains some non-predicted combinations of analytic surfaces or any numeric surfaces
(e.g., B-spline), the corresponding POSCs or AOSCs may remain undetected. The study by Buric et
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al. [1][2] proposed using three POSCs and three AOSCs aligned with the principal axes of inertia
and passing through the center of gravity (COG). The CASD did not apply to partial symmetric 3D
CAD models or those exhibiting exact reflectional symmetries misaligned with the principal axes of
inertia. The study by Tate et al. [26][27] identified the POSCs by pairing identical loops of the
same type through their geometric properties (e.g., loop area, number of edges, etc.), while the
AOSCs were identified from single loops. The loop type is dependent on the surface type (plane,
cylinder, sphere, torus, cone, etc.). Then, duplicate POSCs and AOSCs were rationalized, i.e.,
eliminated by comparison of their location and orientation. The maximum number of POSCs and
AQOSCs equals [27]:

(g —1)
2

where ;i represents the total number of loops of the particular loop type, and the sum indicates
that they are all added together. The POSCs and AOSCs have been used to detect global exact and
partial axi- and reflectional symmetry. In addition, the primary axes (major and minor), which lie
parallel and perpendicular to the longest dimension of the 3D CAD model’s smallest bounding box,
were detected from the intersection of two POSCs with the largest share of loop areas. The
obstacle of this study is that the proposed similarity criterion is not adequate as two non-identical
topological elements (in this case loops) can have the same geometrical properties (e.g., loop area,
number of edges, etc.). Instead of that, the present paper investigates the use of similarity
measures for identifying similar topological elements in the B-rep CAD models.

Nc = Mposc + Mposc = Z + 7T, (1.2)

2.2 Similarity Measures

In general, similarity has been studied in mechanical design to support designers in generating new
designs [4], or in manufacturing to extract existing product information such as cost estimations in
machining [3]. Moreover, recognizing similarities in 3D CAD models may be beneficial for the reuse
of existing design solutions [30]. Thereby, a given input CAD model (new design) is used to
retrieve similar CAD models from the database (existing designs). Further, recognizing similarity
may be exploited for the clustering of CAD models [29]. This study is, however, focused on how to
identify similar topological elements (faces) from the B-rep. For that purpose, common similarity
measures from statistics are investigated, which are generally used to compare the similarity
between two finite data sets. For instance, the Cosine similarity (CS) computes the cosine of the
angle between two feature vectors A and B:

AB |xnY| c

[AIBl ~ X[ Y] Jatc brc
The CS can also be expressed in terms of two datasets X and Y. In that case, it is defined as the
size of the Jntersection (the number of common elements) divided by the square root of the
multiplied cardinalities of the sets. The cardinality of a set, | X| or | Y|, represents the number of
elements it contains. Alternatively, if two finite data sets are represented by two binary feature
vectors A and B, then in the above equation a represents the total number of features with the
value 1 in A and 0 in B, b the total number of features with the value 0 in A and 1 in B, and c the
total number of features with value 1 in both A and B. For instance, CS was utilized to compute the
similarity between two Opitz code vectors (the CAD model features were presented by
alphanumerical digits) [30]. Another common similarity measure, the Jaccard index (J1), is defined
as the size of the /ntersection divided by the size of the wnion (the number of unique elements) of
two finite data sets X'and Y:

CS=cos 0 =

(1.3)

7\Xm)/\7 X nY]| c

JI= = = .
XOY| T X[+ - X Y] a+b+c

(1.4)

The JI was employed for clustering purposes to measure the similarity between machines/parts
and group them together [21]. Alternative similarity measures related to the Jaccard index are the
Sorensen-Dice coefficient (SDC), which is defined as twice the size of the intersection divided by
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the sum of elements in each set, the Szymkiewicz-Simpson coefficient (SSC) or Overlap
coefficient, described as the ratio between the size of the intersection and the smaller cardinality of
two data sets, and the Braun-Blanqguet coefficient (BBC), which represents the size of the
intersection divided by the larger cardinality of two data sets:

SDC:Z"XHY‘: X nY]| _ c ’ (1.5)
|X|+¥]  0.5|Xx|+]y] 05a+b+2c
ssc— X0« , (1.6)
min |X|,|V| min a+c,b+c
sec— X ¢ . (1.7)

~ max |X|,[¥| maxa+c,b+c

The mentioned similarity measures from Equations (1.3) to (1.7) range between 0 (non-similar)
and 1 (absolutely similar). The referred similarity measures are explored in terms of their
possibilities and applicability for detecting similar pairs of topological elements which are then used
to obtain the POSCs.

3 A PROCEDURE FOR IDENTIFYING PLANES AND AXES OF SYMMETRY CANDIDATES

The proposed procedure for identifying the POSCs and AOSCs addresses the mentioned drawbacks
of the CASD technique in [1]. It utilizes a combination of three approaches to obtain the
candidates: from single faces, similar face pairs, and the principal axes of inertia. Generally, the
identified POSCs are intended for detecting reflectional symmetry, while the identified AOSCs are
intended for detecting axisymmetry. The proposed procedure consists of two main phases:
generating and trimming the POSCs and AOSCs. The initial set of POSCs is generated through the
pairing of similar faces, but only of the plane surface type, while the initial set of AOSCs is
generated from single faces with the underlying cylindrical surface type. In addition, three POSCs
and three AOSCs are always generated from the principal axes of inertia to cover possible exact
symmetries that are aligned with the principal axes. The procedure for computing the principal
axes of inertia is given in the paper [1].

Face pairs are generated by joining all faces of the plane surface type with each other. Then,
all face pairs are looped and each of them is subjected to a quick filtering step where the ratio
between the surface areas needs to be A/A=Am (A<A;) to proceed to the computation of the
similarity measure. The Am represents the threshold value which shall be determined later in this
paper from test cases. The quick filtering step is important for the elimination of face pairs that
have a considerable difference in terms of surface area and are, therefore, not likely to be similar.
Consequently, the computational effort of the analysis can be reduced. Then, for each filtered face
pair, the similarity measure is computed and compared with the threshold value Sm. If the
similarity measure score is 1, the face pair is considered similar, and the location of the POSC is
determined from the midpoint M between the two face centroids:

Xe v Xe, Ve tVe 2o+ 2,
M(XMIyMIZM):[ 2 2 = l; 2 2 2 ’ 2 > C],
If the similarity measure score is >S5ty and <1, then the midpoint between the faces is computed
from the face centers C,'and C,', which represent the average position of the midpoints of edges
that are identical and shared by a face pair:

Xeo+Xeo Ver+ Voo Zeo+Zg
M(XMIyMIZM):( 1 2 1 2 1 2 ,

(1.8)

A R (1.9)

where
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C1I(Xcl'lycl'lzcl') { z zyfum z El,m]l (110)

E, i=1 Eum? n/_: i=1 ngl i=1
g, e, N,
1
CZ (Xczl’ycz' G' Z Eyjm! nyz/m Z Eyjm |1 (111)
52 J=1 E2 Jj=1 E2 Jj=1

where 1. =n, represent the number of identical edges shared by a face pair, x. , y. , &
Ve, are the midpoint coordinates of the /-th edge in first face, while x. , y. , & y,  arethe

midpoint coordinates of the j-th edge in second face. The orientation of the POSC depends on the

arrangement between the two faces, which may be parallel/, coplanar, or arbitrarily angled. If two

faces are parallel, the POSC'’s orientation is equal to the normal vector of either one of the faces:
ﬁPOSC (a,b,c) = ﬁ1 or ﬁposc (a,b, C) = ﬁz . (1.12)

If two faces are coplanar, the orientation of the POSC corresponds to the vector between the face
centroid i and face centroid G:

(%o YoV Vq;chj. (1.13)

. Xq
Toosc (@b, €) = > ' !

Finally, if two faces are arbitrarily angled, the POSC’s orientation is obtained by subtracting the
normal vectors of the two faces:

Ihosc(@ b, €)= 1, . (1.14)

Axisymmetric parts (exact or partial) are predominantly made of cylindrical surfaces that
contribute to symmetry. Hence, the initial set of AOSCs can be generated by simply looping all
faces of the cylindrical surface type in the 3D CAD model. Each AOSC is defined by its origin point
and cylinder’s axis direction vector and can be retrieved from the cylinder properties. The initially
generated POSCs and AOSCs need to be further processed in the &rimming phase where first
duplicates, i.e., coincident candidates, are removed. Then, the point-to-plane distance (PTPD) is
computed for each POSC, and the point-to-line distance (PTLD) for each AOSC, to assess their
distances from the COG. It is known that if an object has exact global symmetries, its planes
and/or axes of symmetry will pass through the COG [17][26]. In the case of partial symmetrical
objects, the POS and/or AOS will be close to the COG [19]. The PTPD dprrp and PTLD dbrip are
calculated using the following equations:

‘axcoc +bYcos + CZeos = (@Xy + DYy + CZM)‘

dPTPD = \/az b1l = Umax 1 (1-15)
d :H%xquf (1.16)
PTLD HEH = Umax 1 .

where Pis any point on the axis (e.g., the origin point), point C(Xcos, Vcos, Zcos) is the COG, and a
the cylinder’s axis direction vector. Both distances need to be below dmax, which is the maximum
allowable distance of the candidate from the COG. Any candidate that is too far distanced from the
COG is being removed from further analysis. Finally, the trimmed POSC and AOSC are used as
input for the symmetry detection procedure to identify the APOS or AAOS, which is beyond the
scope of this study. The largest possible humber of POSCs and AOSCs in the 3D CAD model before
trimming equals:

-1
Meosc SELAU b)) (/7;,_ )+3, (1.17)
Myosc =Ny +3, (1.18)

where mnpL is the total number of faces of the plane surface type and ncy is the total number of
faces of the cylindrical surface type in the 3D CAD model. Finally, the largest possible number of
candidates can be obtained by summing the above two equations:
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n, (n, -1
N = Moose + Maosc =¥+nCY +6, (1.19)

In the above equation the “6” stands for three POSCs and three AOSCs generated from the
principal axes of inertia. The number of candidates after the trimming process is difficult to
estimate as it depends on how many candidates are eliminated as duplicates and how many of
them are above the maximum allowed distance from the COG. An estimation of the final number
of POSCs and AOSCs shall be determined later in this study by testing on 3D CAD models. The
flowchart of the described procedure is shown in Figure 1.

Loop FPs

3D CAD ElElE Sl Generate All FPs*
Model A i measure POSC Looped
plane surf. > Sy yes oope
yes
Generate
A4 » AOSCs from »  Generate
cylind. surf. P(f)r?)(rif F%(A'(A)(IDEES
e v
| All AOSC Trimmed dbrep OF Trim
I Symmetr - L
Dyetectior?/ os & POSC < POSCs & AOSCs abTiD <2 coincident
! 4 Looped? < Ghax POSCs & AOSCs

End

Loop POSCs & AOSCs
*FPs - Face Pairs D Generation phase D Trimming phase **PAOI - Principal Axes of Inertia

Figure 1: Flowchart of the proposed procedure for identifying the POSCs & AOSCs.

4  VALIDATION OF THE PROPOSED PROCEDURE

First, several similarity measures were compared to select the most suitable, and an estimation of
the maximum distance for candidate trimming was conducted. Based on that, the proposed
procedure for identifying the POSCs and AOSCs was validated in terms of does it correctly detects
all those POSCs and AOSCs which represent also the APOS and AAOS. Further, the number of
identified candidates was compared with existing CASD techniques for B-rep CAD models. To
estimate the maximum candidate trimming distance and validate the proposed procedure a sample
of 300 non-symmetric, exact global and partial, reflectional and axisymmetric 3D CAD models has
been collected. All 3D CAD models were in STEP file format, containing a single body and manifold
geometry. The types of CAD models included in the sample were: machined, sheet metal, injection
mold, forged, and cast parts. The sample was split into two halves, 150 CAD models were used for
estimating the maximum candidate trimming distance and 150 for the validation of the procedure.

4.1 Selection of an Appropriate Similarity Measure

The similarity measures ]S, CS, SDC, SSC, and BBC have been investigated to explore their
applicability for pairing two similar faces. As already stated, the application of similarity measures
originates from statistics and is exploited to assess the similarity between finite data sets. Hence,
within the context of this study, the faces of the B-rep CAD model are observed as finite sets of
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edges. For computing the similarity measure, the faces (of the plane surface type) first need to be
decomposed into edges and labeled by a string code (e.g., "oLI10"”), as shown in Figure 2.

L120

LI2 0

oLI2> T oLi2s
PLE OLI10 / oLI20

\//Fl

oLI15 / \

e \

pLg OLI8 X/’/ ' (
\/ /OLII% O F2\
Y7 olIls 3 ~

oLI40 7 NiCY16.2

k -
~"oLI40
oLI8

Figure 2: An example of a part and the designation of its faces and edges.

The first letter of the string code indicates whether the edge belongs to an outer “0” or inner™i"
loop. The next two letters describe the edge’s underlying curve type, “LI” for line, “CI"” for circle,
“EL” for ellipse, "BC” for B-spline curve, and so on. Finally, the last part of the designation
represents the length of the curve in millimeters. The string code represents a unique label of
topological elements, i.e., edges, considering the properties of the underlying geometrical elements
(loop type, curve type, and curve length). After designation, in the next step, for each face pair
two binary feature vectors are created (an example is shown in Table 1), which are used as input
for the calculation of the similarity measures. The two feature vectors are of equal dimension
corresponding to the number of unique edges across both faces. In each feature vector, the edges
are assigned “1” if they are present in the corresponding face and “0” if they are absent. To
estimate the applicability of the similarity measures, ten test cases with varied similarities have
been selected (Table 2).

Edges oLI8 oLI10 | olLI15 | olI20 | olLI25 | olI40 iCY16.2
Face 1 - feature vector A 1 1 1 1 1 1 0
Face 2 - feature vector B 1 1 1 1 1 1 1

Table 1: An example of the binary feature vectors for the face pair in Figure 2.

The test cases were selected randomly and based on engineering judgment they can be classified
as absolutely similar (Table 2, a), similar (Table 2, ¢ - i), and non-similar (Table 2, j). The
computed scores for the similarity measures are given in Table 2. The results show that all
similarity measures correctly recognize absolutely similar (Table 2, a) and non-similar face pairs
(Table 2, j). The test cases also show why the ratio of surface areas A/A; may not be an effective
metric for measuring similarity, because two geometrically different shapes may have the same
surface area values (Table 2, j). Based on the test examples, the threshold value Arn can be set to
Ati=0.90 (with included safety margin).

All mentioned similarity measures from Equations (1.3) to (1.7) have the same numerators
comprising the number of common features in both data sets, while the main difference between
them derives from the denominators. The JI is the most conservative similarity measure compared
to others as the computed scores are always the lowest. By its definition, the JI stronger penalizes
differences between two sets of edges, even if one is a proper subset of the other (Table 2, e). This
is because the JI considers in the denominator the total membership of both sets of edges. Slightly
lower than the JI, the BBC also penalizes differences in the size of the sets as the number of
common edges is divided by the larger size between the two sets of edges. The SDC essentially
doubles (i.e., “weights”) the intersection in the numerator and divides it with the sum of the
cardinalities from both sets of edges.
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Face pairs Ai/A;j CS JI SDC SSC BBC
a) - - 1 1 1 1 1 1
b) Uy (28Y | o096 | 080 | 067 | 080 | 0.80 | 0.80
o ~J [L. | o098 | 069 | 052 | 067 | 0.80 | 0.60
d) 097 | 095 | 090 | 095 | 095 | 0.95
o) O 0.98 | 091 | 0.83 | 0.1 1 0.83
n oo [ o099 0.77 | o0.61 076 | 0.92 | 0.65
g P LY | 0.96 0.92 0.84 0.91 0.94 0.89
h) 094 | 076 | 061 | 076 | 0.81 | 0.71
o[ [ 1 0.75 0.60 0.75 0.75 0.75
o C D 1 0 0 0 0 0

Table 2: Example of face pairs and the computed similarity measures.

Consequently, this produces less penalization and higher similarity than in the case of the JI and
BBC. The difference between the CS and SDC is negligible because their denominators, V(| X]-| ")
against 0.5(| X]+| "), will result in nearly identical scores, as long as the number of edges in both
faces does not differ considerably (i.e., the difference is not bigger than one order of magnitude).
The SSC is the least conservative similarity measure, which in certain cases may result in a false
positive identical face pair. This happens if all edges in the “smaller” face are also found in the
“larger” face (Table 2, e), then SSC is 1 regardless of how many additional edges are in the
“larger” face. Based on the computed scores for the given test cases, it can be concluded that the
JI and BBC are not adequate to measure the similarity between two faces due to the considerable
penalization leading to an underestimation of similarity, while the SSC in some cases may
overestimate the similarity. Hence, the CS and SDC, which both produce nearly identical scores,
represent the most convenient measure of similarity between two faces. To consider a face pair
similar, the condition CS=5m1 or SDC=StH needs to be fulfilled, whereby the threshold value can be
set to Sm=0.75 (considering the computed examples in Table 2). The CS was used for the
validation of the proposed procedure.

4.2 Estimating the Maximum Distance for Candidate Trimming

Candidate trimming is a crucial phase that enables a further reduction of the number of initially
generated candidates. Hence, the computed PTPD and PTLD are queried against an empirically
defined maximum distance dmax to judge if the POSCs or AOSCs should be trimmed or not. If dmax
is too high, many candidates may remain untrimmed, if it is too low, many candidates could be
trimmed among which may also be the APOSs or AAOSs. Therefore, the basic idea is to determine
the maximum allowed distance as a function of the 3D CAD model’s minimum bounding box (the
smallest box in which the 3D CAD model fits):

Gnox =k -D =k (ALY + (AL + (ALY, (1.20)

where Alx, AL, and AL: represent the lengths of the 3D CAD model’'s bounding box in the
respective x, y, and z directions, and k is the unknown constant to be determined. The constant &
was determined empirically from the first sample of 3D CAD models. For each 3D CAD model, the
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k=d/ D value is plotted in a graph (Figure 3), where dis the distance of the POSC or AOSC from the
COG, and Dis the diagonal of the bounding box.

0,06
[ ]
0,05
q 0,04 ® Exact global symmetrical
~ [ ]
'ﬁ’ 0,03 ° Partial symmetrical
L ]
= 0,02 ..: . '.‘ P .: s % o % ® Non-symmetrical
L ]
0,01 ..-.'.‘. :. e

0 ‘-.u-.(L--(‘H.L
0 30 60 90 120 150

3D CAD models

Figure 3: Plot of the parameter & for each 3D CAD model.

The 3D CAD models were divided into three groups: exact global, partial, and non-symmetrical
(asymmetrical). Obviously, for exact global symmetrical 3D CAD models, the distance of the POSC
or AOSC from the COG will always be d=0, which means that &=0. For partial symmetrical and
non-symmetrical 3D CAD models &>0, where the results show that all partial symmetrical objects
fall into k<0.03. Hence, to be on the safe margin, the parameter & can be set to k=0.05. In other
words, in the case of partial symmetry, the 3D CAD model’s APOS or AAOS will be maximumly
distanced from the COG within 5% of its bounding box diagonal length. Finally, the equation
(1.17) for computing the maximum allowed distance of the POSC or AOSC from the COG turns
into:

G =0.05- (ALY + (AL, ) + (ALY . (1.11)

4.3 Testing of the Proposed Procedure

The proposed procedure for identifying the POSCs and AOSCs has been implemented into a CAD
system using its Application Programming Interface (API) and tested on the second sample of 150
CAD models. The CAD models subjected to testing were exact global symmetrical (including those
exhibiting multiple reflectional symmetries misalighed with the PAOI), partial symmetrical, and
non-symmetrical. The scope of testing was to determine the correctness of detecting the
respective POSCs and AOSCs, where correct indicates that among the detected candidates there
are also the APOS or AAOS (later to be detected by the symmetry detection procedure). Further,
the testing has been exploited to estimate the number of generated candidates and compare it
with existing symmetry detection techniques for B-rep CAD models.

4.3.1 Implementation of the procedure

The CAD system exploited for the implementation of the procedure was Solidworks 2020 through
its API functionalities. At the beginning of the candidate generation phase, all faces of the plane
and cylindrical surface type are grouped into classes. All faces in a body can be retrieved by
Body2.GetFaces() method (BodyZ2 indicates the interface, GetFaces the method, same analogy will
be used for the following commands). The area of a face can be retrieved from Face2.Area(). The
underlying surface of each face is obtained using Face.GetSurface (), while the type of surface is
obtained with the Surface.ldentity() method. To generate the AOSCs, all faces of the cylindrical
surface type are looped once. Finally, each AOSC is defined from the cylindrical surface parameters
Surface.CylinderParams(), i.e., an axis vector and a point on it. The POSCs are generated by
pairwise comparison of plane surfaces. First, the normal for each face needs to be retrieved with
Surface.PlaneParams (). The centroid of a face can not be directly acquired, but a workaround
solution needs to be applied (the same applies to the edge midpoint). A face (or edge) needs to be
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selected to insert a reference point with FeatureManager.InsertReferencePoint(). This reference
point represents the centroid (or edge midpoint). Next, to compute the similarity measure, each
face is decomposed into edges. This is accomplished through the face’s loops and then via the
loop’s edges, i.e., Face2.GetLoops () 2 Loops.GetEdges(). Loop.IsOuter() reveals the loop type
(outer or inner). The underlying curve of an edge is retrieved with Edge.GetCurve(), while the type
of curve with Curve.lIdentity(). The length of the edge is computed from the underlying curve using
Curve.GetLength2() method. The mentioned methods are used to compute the feature vectors and
the similarity measure (Cosine similarity or Sgrensen-Dice). If the computed similarity measure is
above the threshold value, the face pair is further used to generate the POSC, using Equations
(1.8) to (1.14), else it is rejected. For the second phase, candidate trimming, the COG is computed
from ModelDocExt. GetMassProperties2(). Based on that, the PTPD or PTLD are computed for each
POSC or AOSC.

4.3.2 Results

Test results show that the procedure identifies in approx. 95% of test cases the correct POSCs
and AOSCs, among which are also the APOS and AAOS. In only 5% of test cases, when the
reflectional symmetric CAD models do not have any faces of the plane surface type (Figure 4), the
procedure fails to detect the respective POSCs (the typical CAD models where this happens are for
instance gears, flanges, etc.). Consequently, the symmetry detection procedure would later fail to
detect the APOS.

Figure 4: Examples of the CAD models subjected to testing and the obtained POSCs and AOSCs.

Computer-Aided Design & Applications, 21(6), 2024, 1063-1075
© 2024 U-turn Press LLC, http://www.cad-journal.net



http://www.cad-journal.net/

1073

Figure 5: Examples of 3D CAD models where the corresponding POSCs have not been detected
completely.

When it comes to the number of POSCs and AOSCs, the proposed procedure results in an average
number of 1141 initially generated candidates, while after trimming, the average number of POSCs
and AOSCs per 3D CAD model is only 15. That means the trimming phase reduces the number of
candidates (approx. 76 times). Also, Table 3 compares the generated number of candidates with
existing studies, again in terms of the average number of candidates per CAD model. Compared to
Li et al. [11][12], the present study produces =105 times fewer POSCs and AOSCs and
respectively =138 times less than 7ate et al. [26][27].

CASP Equation Average initial nc Ayerage nc per CAD model useq as
technique per CAD model input for the symmetry detection
Lietal [11][12] (1.1) 1572 1572%*
Tate et al. [26][27] (1.2) 20766 2077**
This study (1.19) 1141 15%*x*

* The initially generated candidates are also used as input for symmetry detection.

** After the rationalization of candidates. Estimated 10% of the initially generated candidates, the exact
number is difficult to estimate.

*** After trimming of candidates.

Table 3: Comparing the average number of candidates nc between different CASD techniques.

5 CONCLUSIONS

This paper addresses the identification of the planes and axes of symmetry candidates in B-rep
CAD models. The procedure consists of two phases: generating and trimming candidates. The
AOSCs were generated from single faces with the underlying cylindrical surface type, while the
POSCs were generated from similar face pairs (plane surface type), which were identified using a
similarity measure. For selecting the most convenient similarity measure, five of them were
investigated. Based on that, it can be concluded that the Cosine similarity or Sgrensen-Dice
coefficient represents the most promising choices, both providing nearly identical scores. The
trimming of candidates implies eliminating duplicates and those that are considerably distanced
from the COG. The procedure has been tested on a sample of 300 CAD models and the results
show that it identified the correct candidates (representing also the actual planes and axes of
symmetry) in 95% of test cases. The average number of candidates per 3D CAD model is only 15.
Compared to other CASD techniques, the proposed procedure significantly reduces the number of
candidates, which is an important factor for reducing computational complexity. The present study
applies to simpler CAD models with numeric surfaces that might be generated unintentionally as a
result of rounding and chamfering of edges. Such numeric surfaces do not contribute dominantly to
the overall symmetry in the CAD model and were therefore not used for the generation of POSCs.
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The procedure is not intended to detect candidates in CAD models that are mainly or entirely
compound of complex numeric surfaces. Future research will be focused on addressing the main
disadvantage of the procedure, i.e., its extension for identifying the POSCs in case the 3D CAD
model does not have any faces of the plane surface type.
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