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As an important resource under the background of digital design technology, 3D assembly model plays a great role in many
complex product design occasions. Based on the existing 3D model database, how to �nd and reuse the e�ective information that
meets their own needs in manymodels is one of the important ways to provide design e�ciency.�e research content of this paper
is to build a general assembly model according to the requirements of 3D assembly model. Based on the common structure, the
general structure aims to integrate as much model information as possible to meet the design needs of designers in di�erent
periods and conditions. Due to the large number of components in the 3D assembly model, blindly improving hardware cost is the
root of the problem. To improve quality and e�ciency from the source, we need to start with the source of input. �is paper
simpli�es the analysis of 3D assembly model information, which can not only improve the construction e�ciency of the general
structure of 3D assembly model but also highlight the assembly characteristics of 3D assembly model and facilitate the matching of
assembly features during the construction process. Firstly, based on the attributes of assembly features and matching relationship,
combined with the idea of conjugate, the matching problem between two features in the model is solved by using the idea of
conjugate subgraph matching. Secondly, based on the Ullmann algorithm, combined with the de�nition of conjugate subgraph
and related optimization operations, a conjugate subgraph matching algorithm based on vertex screening is proposed. Finally, the
construction process of the general structure is proposed, and the general structure of 3D assembly model is established.

1. Introduction

With the progress of the times and the innovation of science
and technology, CAD model has made a qualitative leap in
the traditional function. 3D assembly model contains much
reusable information re�ecting the design intention, such as
structure, function, and attributes. In the design and
manufacturing of products, scholars at home and abroad
have done a lot of research on the mining and reuse of
relevant information for CAD models [1–8]. In the process
of information reuse, designers often pay more attention to
local similarity comparison. Because the overall similarity
almost does not exist, and the local similarity is easy to
analyze and obtain, it can also better realize the reuse of
model information. �e construction of the general struc-
ture of 3D assembly model and the related research on
design reuse are essentially the matching process of

subgraph isomorphism. �e process of building a general
structure is mainly isomorphic matching and updating, until
a comprehensive and general 3D assembly model general
structure is generated. �e design reuse of 3D assembly
model mainly carries out subgraph isomorphic matching
and semantic information matching with the general
structure according to the information corresponding to the
design intention provided by the designer, to provide a series
of model structure information with reference value. For the
NP complete problem of subgraph isomorphism, scholars at
home and abroad have conducted in-depth research and
achievedmany results, which have been widely used in many
�elds.

Ullmann [9], based on the backtracking method, sim-
pli�ed the mapping matrix in the matching process and
carried out corresponding isomorphic matching according
to the adjacency relationship between vertices. Wang [10]
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combined the advantages of Ullmann algorithm and VF2
algorithm, first pruned through the adjacency relationship
between vertices based on Ullmann algorithm. 'en, based
on VF2 algorithm, the vertex matching order is changed to
realize fast pruning. Ma et al. [11] proposed filtering and
simplification based on Ullmann algorithm. 'e corre-
sponding isomorphic matching process is carried out
through neighbor filtering, partial simplification, and the
selection order of adding matching graph vertices. Choi et al.
[12] considered various design problems and analyzed the
incremental hybrid genetic algorithm for subgraph iso-
morphism problem to improve the performance of the al-
gorithm. Fehér et al. [13] proposed a subgraph isomorphism
algorithm based on MapReduce framework to match font
patterns in any large map. Chen et al. [14] provided a
method to solve the isomorphism problem of the maximum
common subgraph by generating a weighted graph, in which
the weight represents the probability that the associated link
is in the maximum common subgraph of two input graphs.
Xu et al. [15] proposed extended subgraph matching and,
combined with the different characteristics of Ullmann al-
gorithm and QuickSI, gave the corresponding edging al-
gorithm to optimize the processing of distance information.
Rong et al. [16] constructed the information representation
of process model based on attribute adjacency graph and
improved the subgraph isomorphism algorithm to obtain
processing features. Tang [17] proposed a similarity evalu-
ation method based on improved random walk graph
matching for 3D part models and a similarity evaluation
method based on tree graph matching for 3D assembly
models, to improve the matching efficiency. Dong et al. [18],
based on algebraic theory, taking unlabeled graph as the
research object, established subgraph isomorphism algo-
rithms from two aspects of eigenvalue construction and
degree sequence, to realize the graph isomorphismmatching
of directed graph and undirected graph.

'is paper studies the model representation method
based on attribute assembly feature adjacency graph and
puts forward a general structure construction method of 3D
assembly model. Firstly, this method analyzes the related
concepts such as assembly features and assembly rela-
tionship, introduces the idea of conjugate, and gives the
definition of practical guiding significance between the
matched part features. Based on the matching algorithm of
conjugate subgraphs, the matching problem is solved by
combining the matching algorithms of conjugate sub-
graphs. Finally, the construction process of general struc-
ture is formed, and the general structure of 3D assembly
model is established.

2. Materials and Methods

2.1. Method for Representation of 3D Assembly Model
Information. 'e representation of 3D assembly model
information should include topological structure informa-
tion that can express the structural resources related to the
model, semantic information such as part name, type, and
function, and some characteristic information that can
express the matching relationship between parts.

Graph model representation takes graph theory as a tool
and is mainly composed of nodes and edges. Graph model
can be used to describe the connection relationship between
structures of 3D assembly model. In the process of design
and manufacturing, there are also mature methods and
properties to solve relevant problems based on graph theory.
'erefore, the representation method of graph model is
favored by scholars and applied to many research fields.

2.1.1. Definition of Feature Adjacency Graph of Attributed
Assembly

Definition (1): Attributed Adjacency Graph (AAG). It mainly
takes the part face as the node and the adjacency relationship
between faces as the edge of the graph representation model
to represent the topological relationship of the part, which is
often expressed by G� {V, E, α, β}, wherein V represents the
set of nodes, and any element vi in the set meets the cor-
responding relationship with one side in the part; E rep-
resents the set of edges, which is the adjacency relationship
of faces, and any element in the set has an element in V
corresponding to it, mainly including the geometric type of
faces, the number of edges of faces, and so on; and β rep-
resents the attribute set of edges, and any element in the set
has an element in E corresponding to it, mainly including the
type of edges and the position relationship of adjacent faces.

In this paper, the shape features of the model are divided
into assembly features and nonassembly features. 'e as-
sembly features include the assembly information in the
parts, which is used to construct the main shape of the parts,
which plays a decisive role in the assembly process of the 3D
assembly model. Nonassembly features are auxiliary features
in parts, which are local modifications of part information,
and play little role in the assembly process of 3D assembly
model. Based on the AAG of 3D model, this paper first
maintains the assembly feature information in the part
model and then uses semantic nodes to replace other in-
formation in the model, so as to construct the attributed
assembly feature adjacency graph of parts. Its definition is as
follows.

Definition (2): Attribute Assembly Feature Adjacency Graph.
It is a graphic representation that focuses on the assembly
features in the part model, which is represented by G� {V, E,
α, β, V0}, where V represents the set of nodes, and any
element vi in the set corresponds to one side fi in the part
assembly feature; E represents the set of edges, and any
element ej in the set corresponds to the side composed of
adjacent faces fn and fm in the part assembly feature; α
represents the attribute set of the node, mainly including the
geometric type of the face, the number of sides of the face,
and so on; and β represents the attribute set of edges, mainly
including the type of edges and the positional relationship of
adjacent faces and so on. V0 � {IN,IF,IC} represents the se-
mantic node of the part. It is the semantic expression of
other information in the part except assembly features,
including semantic information such as part name (IN),
function (IF), and category (IC).
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2.1.2. Construction of AAG of the 3D Assembly Model.
From the 3D model assembly, designers can obtain compre-
hensive assembly information. For example, two parts in contact
with each other in an assembly can be divided into contact
connection and assembly connection by judging whether they
have assembly properties, while assembly link represents the fact
that the two parts have assembly properties and then analyzes
the connection relationship. 'e assembly properties can be
divided into riveting, key connection, pin connection, thread
connection, and so on. In the process of model reuse, designers
should focus on the mating connection between parts. 'is
paper classifies and codes the connection relationship of as-
sembly link and the contact type of mating surface, as shown in
Tables 1 and 2. For example, the code “a3” represents the fact
that the part assembly link relationship is riveting, and the
contact type of mating surface is cylindrical-cylindrical contact.

Taking the assembly process of the 3D assembly model
shown in Figure 1 as an example, the 3D assembly model
shown in Figure 1(c) is assembled and combined by part A
shown in Figure 1(a) and part B shown in Figure 1(b). By
searching the assembly features corresponding to the model
and relevant process documents, it can be obtained that the
connection relationship between parts is “threaded con-
nection,” and the contact type of mating surface is “cylin-
drical-cylindrical contact.”

Based on the construction steps of AAG of 3D assembly
model, parts A and B are represented by graph models as
shown in Figures 2(a) and 2(b), and the shaded part rep-
resents the mating surface. 'en, code according to the
contact coding rules of the mating surface above, so that the
mating surfaces are assembled into a node, which is named
as the mating node, that is, the node marked “d3” in the
figure (“d” refers to “threaded connection” and “3” refers to
“cylindrical-cylindrical contact”). 'us, the model AAG is
constructed, and the results are shown in Figure 2(c).

2.2. General Structure Construction of the 3DAssemblyModel
Based on Conjugate Subgraph. Based on the model repre-
sentation method in Section 2.1, this section realizes the
construction of general structure of 3D assembly model
through three steps. Firstly, the related concepts such as as-
sembly features and fit relationship are analyzed, and the idea
of conjugate is introduced to give the definition of matching
part features with practical guiding significance. 'en, based
on the graph isomorphism algorithm and the related prop-
erties of conjugate subgraphs, the matching problem of as-
sembly features in 3D assembly model is solved by conjugate
subgraph matching algorithm based on vertex screening. Fi-
nally, the construction process of general structure is formed,
and the general structure of 3D assembly model is established.

2.2.1. Relevant Definitions and Concepts

(1) Assembly Features. In the current industrial design and
manufacturing, most of the features are defined as the
combination of shape and function. 'e feature is the
specific mapping of relevant shapes and is endowed with
specific multisource information. In the 3D assembly model,

the assembly feature is the information that represents the
assembly attributes of parts; that is, it represents the as-
sembly information such as methods and attributes con-
tained in the cooperation between parts [19].

(2) Assembly Relationship. In the 3D assembly model, the
assembly relationship plays an important role in the model
expression, which can be regarded as the constraint relation-
ship among the corresponding points, lines, and faces in the
model. Analyzing the assembly relationship from the per-
spective of engineering design, there are many forms of as-
sembly relationships in the actual design and manufacturing
such as surface fitting, alignment, isometric surface reversing,
isometric surface of the same direction, coaxial, etc., same
direction isometric, coaxial and so on [20]. However, the most
commonly used assembly relationships mainly include surface
fitting and coaxial assembly for the consideration of assembly
stability and economy.

(1) Face fitting: the two surfaces of parts in the assembly
contact with opposite normal vectors. In the bolt
connection shown in Figure 3, the end faces of part A
and part B fit together, and the red part indicates the
assembly part of surface fit.

(2) Coaxial assembly: the axes of two feature surfaces are
collinear. In the bolt connection shown in Figure 3, part
A and part B are coaxial with the bolt respectively, and
the blue part indicates the coaxial assembly position.

(3) Conjugate Subgraph. In the actual design and
manufacturing, there are many matching relationships such
as those shown in Figure 3. 'rough the analysis of many
assembly relationships, it can be observed that the topo-
logical structures of the two parts to be assembled in the 3D
assembly model are usually the same, and the surface normal
vector and edge attributes are often opposite. Based on the
attribute assembly feature adjacency graph of parts, the idea
of conjugate is introduced to express the assembly rela-
tionship between 3D assembly models. Yoke in life refers to
the shelf on the back of two cows. It can play the role of
allowing two cows to walk synchronously. Conjugation
means that two parts are assembled with each other

Table 1: Classification code of connection relationship type.

Serial number Code Connection relationship type
1 a Riveting
2 b Key connection
3 c Pin connection
4 d 'readed connection
5 e Other

Table 2: Classification code of contact type of mating surface.

Serial number Code Contact type of mating surface
1 0 Plane-plane contact
2 1 Tooth-tooth contact
3 2 Plane-tooth contact
4 3 Cylindrical-cylindrical contact
5 4 Other
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according to speci�c laws, commonly known as twinning.
Twins are similar in general and slightly di�erent in detail.
�erefore, the de�nition of conjugate subgraph is as follows.

De�nition (3): Conjugate Subgraph. In the 3D assembly
model, there are two parts assembled with each other, and
their attribute assembly features are adjacent to some as-
sembly feature parts (subgraphs) represented by the graph.
�e two subgraphs have the same topological connection
form, but the edge attributes in the graph are just opposite,
so the two subgraphs are called common yoke subgraphs.

A 3D assembly model of a slider coupling is composed of
Part 1, Part 2, and Part 3, shown in Figure 4. Traverse each face of
the three parts of the slider coupling, and extract the geometric
attributes and relevant semantic information of the �tting surface
of the part assembly features as the node attributes based on the
relevant de�nitions of the attribute assembly feature adjacency
graph and conjugate subgraph. Identify the relationship between
adjacent faces as the attributes of corresponding edges, so as to
construct the corresponding attribute assembly feature adjacency
diagramof each part, as shown in Figure 5. Among them, the two
corresponding subgraphs in the green coil are conjugate sub-
graphs with assembly relationship between parts.

By observing the conjugate subgraph shown in Figure 5,
the following properties can be obtained:

(1) Conjugate subgraphs have the same topology
(2) �e face type, assembly requirements, and other

attributes of each corresponding vertex in the �gure
are the same, but the face normal vector is opposite

(3) �e attributes of the corresponding edges in the
�gure are opposite; for example, the concavity and
convexity are opposite

(4) General Structure of the 3D Assembly Model. �e
common structure of the 3D assembly model is known. Each

part in the common structure has several assembly features.
Each part in the common structure is matched through the
conjugate subgraph to match the parts and components with
conjugate relationship, because, in the current assembly
scene, there are often more than one component matching
with the assembly features of the part. After conjugate
subgraph matching, a set of AAG that meet the assembly
requirements may be obtained. �erefore, a general set
corresponding to the part is constructed, and its de�nition is
shown in De�nition 4.

De�nition (4): General Set. �e function of this set is to store
the AAG of parts and components that meet the conjugate
relationship with a part, which is expressed by a formula.
Any graph in the set and all the adjacency graphs meet the
conjugate subgraph matching with the attribute assembly
feature adjacency graph of the part.

Until all the parts and components in the current scene
are matched, the general set corresponding to each part
meeting the conjugate relationship in the common structure
is constructed, and �nally a complex AAG is obtained, which
is the general structure of 3D assembly model.

2.2.2. Method for Assembly Feature Matching Based on the
Conjugate Subgraph. �e matching problem of assembly
features is basically the matching problem of conjugate
subgraphs. �e matching problem of conjugate subgraphs is
essentially the matching problem of subgraph isomorphism.
�e main process includes the following steps: in the current
matching environment, convert the components to be
matched into the corresponding AAG representation. �e
conjugate subgraphs are matched with the parts and com-
ponents in the common structure of the 3D assembly model,
that is, the conjugate subgraphs that meet the same struc-
ture, the same node surface type, assembly requirements,
and other attributes, and the opposite surface normal vector
and the opposite edge attributes are searched for matching.

(1) Ullmann Algorithm. Ullmann algorithmmainly stores the
matrix of the mapping relationship between the vertices of
any two graphs, to judge the isomorphism of the two graphs.
After one operation, this algorithm can enumerate all iso-
morphic subgraphs, so it is also called enumeration algorithm.

It is known that there are two AAGGA andGB, nA and nB
represent the number of vertices of the two graphs, re-
spectively, sA and sB represent the number of edges of the two

(a) Part A

(b) Part B

(c) 3D Assembly model

Figure 1: Assembly diagram of 3D assembly model. (a) Part A, (b) part B, and (c) 3D assembly model.

A

(a) Part A

(b) Part B

(c) 3D Assembly model
B

A d3 B

Figure 2: Construction diagram of AAG of the 3D assemblymodel.
(a) Part A, (b) part B, and (c) 3D assembly model.
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graphs, respectively, nA< nB, and sA< sB. MA� [aij] and
MB� [bij] represent the adjacency matrix of the two graphs,
respectively. �e vertex correspondence between GA and GB
is represented by vertex mapping matrix M, where M is
nA× nB matrix and mij is an element in M, which mainly
refers to the elements in row i and column j of the matrix,
representing the matching relationship between node i ofGA
and node j ofGB. If there is nomapping relationship between
node i of GA and node j of GB, then mij� 0. If there is a
mapping relationship between node i ofGA and node j ofGB,
then mij� 1. If and only if each row in M has only one
element mij� 1 and each column has at most one element
mij� 1, it is said that the subgraphs of GA and GB are
isomorphic.

When GA and GB satisfy the isomorphism condition of
subgraphs, the elements in vertex mapping matrix M will
remain unchanged. �is is because when the element in M
conforms to the formula

(∀x) aix � 1( )⇒(∃y) mxy•byj � 1( )( )

1≤x≤ nA, 1≤y≤ nB( ).
(1)

�en, in M, the elements mij� 1 will not change.
�erefore, M constructs the vertex mapping relationship
between GA and GB. If any two vertices in GA have adjacency
relationship, two adjacent vertices with vertex mapping
relationship withGA can also be found inGB, so that the edge
also has corresponding mapping relationship.

�e basic idea of Ullmann algorithm is as follows: in the
whole process of isomorphic matching, always check
whether each row inM has an elementmij� 1. If the element
is not found, it means that there is no corresponding vertex
in GB that matches the vertex of GA, and then the iso-
morphism condition is not tenable, so exit the program. If
this element exists, then the matrix M is traversed in turn,
and �nally an isomorphic subgraph that meets the needs of
the designer can be matched.

To sum up, the basic steps of Ullmann algorithm are as
follows:

Input: GA and GB

Input: isomorphic subgraph.
Step 1. Initialize the vertex mapping matrixM and the
incidence matrix M0, whose size is nA×nB.
Step 2. De�ne Atlas G0 to store matching pairs of
vertices.
Step 3 Starting from r� 1, traverse each row r� r + 1 in
M. If there is an element mij� 1, store the vertex
matching pairs of graphs GA and GB corresponding to
mij in G0. �e matching value of the vertex of the
corresponding graph GB in M0 and other vertices is 0.
Until r� nA+ 1, jump to step 6.
Step 4. Traverse all vertices in Atlas G0; if there is a
corresponding mapping relationship between the two
vertices, mpq� 1. If not, mpq� 0.
Step 5. In the mapping matrix obtained by traversing
step 4, if each row of thematrix has only one 1, and each
column has at most one 1, then the subgraph of G0 is
isomorphic, and step 3 is repeated according to the
matrix elements in M0. Otherwise, the subgraph is not
isomorphic, and step 3 is returned.
Step 6. At the end of the algorithm, the vertex pairs in
G0, that is, the isomorphic subgraphs of GA and GB, are
output.

Ullmann algorithm adopts the method of depth �rst
in matching. �e whole process uses Boolean matrix to
record relevant data. When there is no mapping rela-
tionship between them, it returns the nearest matching
node and reexplores other matching objects. At the same

Bolt

Nut

Part A

Part B

(a)

Bolt

Nut

Part A

Part B

(b)

Figure 3: Bolt connection and bolt connection section. (a) Bolted connection. (b) Bolted connection section.

Part 1 Part 2 Part 3

Figure 4: Slider coupling.

321

Figure 5: Attribute assembly feature adjacency diagram of slider
coupling.
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time, while matching, check the adjacency of matching
point pairs, eliminate mismatched nodes, and improve
the efficiency of the algorithm. Ullmann algorithm is a
mature graph isomorphism algorithm with high retrieval
efficiency.

Although Ullmann algorithm is relatively mature, its
retrieval efficiency is better. However, in practical engi-
neering applications, the working time of Ullmann al-
gorithm is exponentially related to the size of AAG.
'erefore, in contrast, the whole matching process is also
time-consuming. 'e local structure of the assembly
model obtained by matching isomorphic subgraphs is also
mixed. 'erefore, it does not achieve better economic
value and social value, and its retrieval accuracy needs to
be improved accordingly. 'e main reasons for the poor
retrieval accuracy include the following: first, in the
matching process, the attributes contained in the vertices
are limited and cannot be matched accurately. 'e con-
sequence of fuzzy matching is the low accuracy. Secondly,
isomorphic matching focuses mostly on vertices and has
less constraints on edge attributes, resulting in low ac-
curacy and efficiency.

(2) Conjugate Subgraph Matching Based on Vertex Filtering.
In order to improve the retrieval accuracy of subgraph
isomorphism and the efficiency of the algorithm, and to
meet the needs of constructing the general structure of 3D
assembly model, a conjugate subgraph matching algorithm
based on vertex screening is proposed. 'e algorithm is
mainly based on Ullmann algorithm and improves the al-
gorithm through the following aspects:

(1) Before the algorithm starts running, the vertices of
the two input graphs are filtered by using the same
properties of the node attributes of the conjugate
subgraph. 'e face type is one of the main con-
stituent elements of the node attribute. In the 3D
assembly model, if the face type is a plane, the
corresponding graph should also have a plane, and if
the face type is a surface, the corresponding graph
should also have a surface. If there is no corre-
sponding face type in the graph, there is no need to
enter the algorithm for conjugate matching and
return directly. Secondly, if the number of vertices of
the subgraph is more than that of the large graph, it is
impossible for the subgraph to be isomorphic and
return directly. Finally, if there are a certain number
of specific graphs in the subgraph, but the graph does

not exist in the large graph or the number is less than
the subgraph, the isomorphism cannot succeed and
is returned directly. 'rough the above judgment,
many invalid matches can be eliminated to a great
extent, so as to reduce the complexity of conjugate
subgraph matching algorithm and improve work
efficiency.

(2) 'e conjugate subgraph matching model is repre-
sented based on the attribute assembly feature ad-
jacency graph. 'erefore, the attribute assembly
feature adjacency graph of the model contains se-
mantic nodes representing semantic information
such as part name, category, and function, as well as
matching nodes of connection relationship. In the
matching, relevant information is extracted, vertex-
and edge-related attributes are added, and the
similarity calculation method in [21] is used to judge
in the conjugate matching process, so as to make the
conjugate matching achieve accurate matching,
remove invalid matching as much as possible, and
improve the matching accuracy.

(3) When the algorithm is in normal operation,
according to the principle that the subgraphs formed
by the vertex set VA on the current small graph and
VB on the large graph must also be isomorphic, it can
judge whether the subgraphs composed ofVA andVB
are isomorphic, and whether the attributes of the
edges corresponding to the corresponding vertices
meet the opposite properties of the corresponding
edge attributes of the conjugate subgraph, so as to
judge the effectiveness of the newly found columns,
effectively eliminate invalid matches, and improve
matching accuracy and efficiency.

In order to facilitate the description of conjugate sub-
graph matching algorithm, the definitions of relevant
symbols in the algorithm are shown in Table 3.

To sum up, the basic steps of the algorithm are as follows.

Step 1. Pretreatment.
'e specific content of preprocessing is to initialize
M according to the relevant properties of conjugate
subgraphs, mainly to judge the elements with the
value of 1 inM to see whether 1 can be set to 0. Since
the number of elements with 1 in M is also limited,
the steps of preprocessing process are also limited
until no element in M can be set to 0. 'e specific
principles are as follows.

Table 3: Symbolic meaning.

Symbol Meaning
M Mapping matrix

V1, V2
Vertex set: the function of the two sets is to store the matched vertices

during the operation of the algorithm
mrc Elements in row r and column c in M
oc Column C occupancy mark
B Initialize fallback flag
L Row count
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If the vertex attributes of the two graphs do not
conform to the conjugate subgraph, and the corre-
sponding node attributes of each conjugate subgraph
are the same, the elements corresponding to the
vertices in matrix M are set to 0.
After initialization, perform vertex filtering. If the
following conditions are met, exit conjugate sub-
graph matching; if not, enter step 2:

(1) In M, if none of the elements in a row is 1, this
indicates that a node in the matched subgraph does
not exist in the large graph to be retrieved.

(2) In M, if r> c, it means that the matched subgraph is
larger than the large graph to be retrieved.

(3) 'e number of nodes in the matched subgraph is
greater than the number of similar nodes in the large
graph to be retrieved.
Step 2. Initialize V1 and V2 so that V1 � 0 and V2 � 0.
Step 3. Start traversing from the first row of matrix
M. If elementmrc � 1, add the vertices corresponding
to this element to V1 and V2, respectively, and set OC
as true, B as false, and L as r.
Step 4. r+ 1, traverse matrixM. If B is false, enter this
line and run step 5. Otherwise, go back to line r and
run step 6.
Step 5. Traverse row I in M, starting from column 0:

(1) If mij � 1, and the column is not occupied, add the
matching vertices to V1 and V2, respectively, and
judge the conjugate subgraph matching. If the con-
ditions such as the same conjugate subgraph struc-
ture, the same vertex face type and other attributes,
the opposite face normal vector, and the opposite
edge attributes are met, setOj to true and execute step
10. Otherwise, delete the matching vertices, L+ 1.

(2) Otherwise, L+ 1.
Step 12. Oc in row r is false. Delete the matching
vertex and traverse row I of the matrix from column
c+ 1:

(1) If mij � 1, and the column is not occupied, add the
matching vertices to V1 and V2, respectively, and
judge the conjugate subgraph matching. If the
conditions such as the same conjugate subgraph
structure, the same vertex face type and other at-
tributes, the opposite face normal vector, and the
opposite edge attributes are met, set Oj to true and B
to false, and execute step 10. Otherwise, delete the
matching vertex, L+ 1.

(2) Otherwise, L+ 1.
Step 13. If the number of columns of L and M is
equal, or c+ 1 in step 12 is equal to the number of
columns of M, set B to true and step back one row.
Otherwise, go to the next line.
Step 14. After traversingM, if V1 and V2 sets are not
empty sets, the vertices in the set are the matched
conjugate subgraphs and output. Otherwise, the
algorithm ends and the subgraph is not conjugate.

To sum up, compared with Ullmann algorithm, the
conjugate subgraph matching algorithm based on vertex
filtering first initializes the mapping matrix based on the
characteristic attributes of the conjugate subgraph in the
preprocessing stage and, at the same time, carries out vertex
filtering before the conjugate subgraph matching to screen
and eliminate the subgraphs that do not meet the re-
quirements, reduce the number of invalid matching pro-
cesses, and improve the matching efficiency of the conjugate
subgraph. 'en, in the process of conjugate subgraph
matching, according to the principle that the subgraphs
composed of two matched sets of V1 and V2 must be iso-
morphic, combined with the relevant properties of conjugate
subgraphs, judge the newly added vertices and edges and
screen and eliminate the vertices that do not meet the re-
quirements, so as to improve the matching efficiency of
conjugate subgraphs.

2.2.3. Construction of General Structure. 'e general
structure of 3D assembly model takes the common structure
as the main body and combines the multisource and discrete
noncommon structure information with it through the
assembly feature matching algorithm based on conjugate
subgraph to construct a complex and comprehensive ex-
pression form of 3D assembly model. Not only can the
general structure reflect the reusable common structure
information such as functions, structures, and attributes in a
group of 3D assembly models, meet the needs of the public,
and provide designers with the general structure of the
group of models and relevant functions, attributes, design
experience, and other information, but it also can reflect the
relevant information of many personalized structures and
include as many qualified structures as possible, so as tomeet
the various personalized needs of designers at different
stages and under different conditions and provide com-
prehensive and detailed reusable information for designers
in design and manufacturing.

To sum up, the construction steps of general structure of
3D assembly model are as follows:

Step 1: define n general sets (n is the number of parts in
the common structure of the 3D assembly model) and
initialize them to store the AAG that satisfies the
conjugate matching with the part in the matching
process.
Step 2: input the common structure of the 3D assembly
model and the AAG Atlas corresponding to the parts
and components to be matched. 'e Atlas mainly
stores the AAG corresponding to each part and
component in the model.
Step 3: based on the matching algorithm of conjugate
subgraph in Section 2.2.2, traverse each part in the
common structure of 3D assembly model, and match
each component in the current component graph set
with the AAG of the current part in turn. For the k-th
part in the common structure,

(1) If the conjugate matching is satisfied, the AAG
corresponding to the component is added to the
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general set corresponding to the k-th part, the
general structure state of the added 3D assembly
model is updated, and the next component to be
matched is selected to continue to judge the con-
jugate subgraph;

(2) If the conjugate matching is not satis�ed, skip di-
rectly, and select the next component to bematched
to continue to judge the conjugate subgraph.

Step 4: until all components in the current component
diagram set to be matched are traversed, the general set

Start

Create the k-th general set

Select a part of common
structure

Cycle the components to be
matched to conjugate match

with the selected parts

Satisfy conjugate
subgraph matching

No

Yes

Join universal collection

The cycle of parts to be
matched is completed

k≤n

Yes
Yes

End

Get common structure

Common
structure diagram 

Diagram of parts
and components to

be matched

No

No

Figure 6: General structure construction �owchart of the 3D assembly model.

(a) (b) (c)

(d) (e) (f )

Figure 7: Hydraulic piston cylinder and piston rod. (a) Piston cylinder. (b) Piston cylinder section. (c) Piston rod 1. (d) Piston rod 2.
(e) Piston rod 3. (f ) Piston rod 4.
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corresponding to the part is constructed, and the part in
the next common structure is selected to enter step 3.
Step 5: repeat the above steps until all parts in the
common structure of the 3D assembly model are
traversed, and the corresponding general set of parts is
obtained, so that the general structure of the 3D as-
sembly model can be constructed.'e general assembly
flowchart is shown in Figure 6.

As shown in Figure 7, there are one piston cylinder part
and four piston rod parts of hydraulic transmission in
machine tool accessories. Figures 7(a) and 7(b), respec-
tively, represent the 3D model and sectional view of piston
cylinder parts, parts 7(c)–7(f ), respectively, represent piston
rod parts of different specifications and models, and piston
rod parts 1–4 meet the conjugate subgraph matching with
piston cylinder parts, which can be assembled with piston
cylinder parts. In the figure, the red part is the assembly
feature part, and the gray part is the nonassembly feature
part.

For the piston cylinder parts and piston rod parts in
Figure 7, the assembly feature information is retained, and
the nonassembly feature information is simplified, so as to
construct the attribute assembly feature adjacency diagram
corresponding to each part respectively. According to this
information, the general structure is constructed, and the
corresponding general set is established. 'e results are
shown in Figure 8. 'e part circled by the coil is the relevant
content represented by the general set.'e shaded part is the
assembly feature part matched between parts, and the virtual
and real lines used for the connection between conjugate
nodes represent the edges with opposite attributes in the
assembly feature of parts.

To sum up, this method constructs the general structure of
3D assembly model based on comprehensively considering the
relevant information of common structure and noncommon
structure of 3D assembly model, which has a certain reference
value for obtaining design commonness and mining and reuse
of 3D assembly model meeting design individuality.

3. Discussion

In order to verify the feasibility of the general structure
construction of the 3D assembly model based on conjugate
subgraph, the 3D assembly model of a machine tool fixture is
selected as the research object, and the method in this paper
is used to describe it in detail and step by step to verify the
rationality and feasibility of the relevant methods.

Taking the 3D assembly model of a machine tool fixture
shown in Figure 9 as the verification object, a detailed ex-
ample verification process is carried out based on the general
structure construction of conjugate subgraph.

Firstly, based on the AAG, the relevant information of
assembly features in the 3D assembly model is retained, and
semantic nodes are used to replace other information of parts.
'e corresponding attribute assembly feature adjacency graph
is constructed for all parts in the model. 'e representation
results are shown in Table 4. In the table, the red part in the part
model corresponds to the assembly feature part of the part.'e
black node of the attribute assembly feature adjacency graph
corresponds to the semantic node containing much semantic
information of the part.

'en, based on the construction method of AAG of 3D
assembly model, the corresponding AAG of 3D assembly
model is constructed, and the representation results are
shown in Figure 10.

5 2

3

1

4

Figure 8: Example of general set of 3D assembly model. 1: piston rod 1; 2: piston rod 2; 3: piston rod 3; 4: piston rod 4; 5: piston cylinder.

Figure 9: Fixture 3D assembly model.
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'e conjugate subgraph matching algorithm based on
vertex screening goes through the general structure con-
struction process in turn and then establishes a compre-
hensive and rich general structure expression. 'e
experimental results are shown in Figure 11.

By analyzing the general structure of the 3D assembly
model constructed in Figure 11, it can be seen that the
structure displayed outside the coil is the common
structure of the 3D assembly model, which represents the
general composition of the model components, mainly
including bottom plate, pressing plate, positioning block,
support, nut, and other parts. 'e part circled by the coil is

the general set corresponding to Part 9 (support 2) in the
general structure of the 3D assembly model, that is, the
noncommon structure of the 3D assembly model, which
represents the product structure of different designers
according to different application scenarios, functional
requirements, structural optimization, and other different
design concepts.

'rough the above analysis, designers have a specific
understanding of the general composition of this group of
3D assembly structures, and the corresponding general set
contains many personalized structures to meet the design
needs of different designers.

Table 4: Attribute assembly feature adjacency diagram of each part in the fixture.

Serial number Part name Part model Attribute assembly feature adjacency graph

1 Floor 1

2 Positioning block 2

3 Pressing plate

3

4 Handle

4

5 Support 1 5

6 Nut
×3

6

×3

7 Spring
7

8 Spring protective sleeve
8 8

9 Support 2 9

10 Cylindrical pin 10

11 Rotating parts 11
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4. Conclusion

By analyzing the concepts of assembly feature, assembly
relationship, and conjugate in 3D assembly model, a general
structure construction method based on conjugate subgraph
is proposed in this paper. On the basis of relevant de�nitions
and concepts, based on the relevant characteristics of

conjugate subgraphs and preprocessing, the e�ciency is
improved, and the conjugate subgraph matching algorithm
based on vertex screening is used to solve the matching
problem of assembly features in 3D assembly model. On this
basis, taking the common structure as the core, the con-
struction steps of the general structure of 3D assemblymodel
are designed, so as to build a general structure expression

5 d2 3

d0

11

d0

b2

d0

d0
4d0

b2

6

b2

d0

8

d2

d1
7d18

d0

d21

a0

2

c2

c2

10

d2 9

b2

6

d0

6

b2
b2

d0

b2

d2

Figure 10: Fixture AAG. 1: �oor; 2: positioning block; 3: pressing plate; 4: handle; 5: support 1; 6: nut; 7: spring; 8: spring protective sleeve; 9:
support 2; 10: cylindrical pin; 11: rotating parts.

3

5

d2

9

d2

6

b2

1

b2

2

a0

11

13
4

6d2 b2

b2

12

b2 d0

d0
d0

4

4

4

8 d1

8d17

4
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Figure 11: General structure of 3D assembly model. 1: �oor; 2: positioning block; 3: pressing plate; 4: handle; 5: support 1; 6: nut; 7: spring; 8:
spring protective sleeve; 9: support 2; 10: cylindrical pin; 11: rotating parts; 12: connecting rod; 13: swing rod; 14: sleeve; 15: screw.
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form with comprehensive information, reduce the matching
times in the process of information retrieval, and improve
the reuse efficiency of model design.

In the process of product design and manufacturing,
designers have many objective and subjective requirements
for the information of 3D assembly model, which have many
uncertainties. 'erefore, the design intention can be ana-
lyzed concretely in the follow-up, and its constituent
characteristics can be summarized to build a more com-
prehensive semantic information expression standard that
highlights the design personality.
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