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Abstract — With the continuous development of technology, the automation assembly phase of manufacturing industry has been 
gradually realized. Computer aided assembly is an important technical basis in this process, and the assembly sequence planning is 
one of the core technologies. In recent years, most of the research on assembly sequence planning is based on expert systems or the 
soft computing methods. In this paper, a new geometric method, the orientation matrix, is introduced in the process of calculating 
the assembly sequence planning. The direction matrix is used to record the relationship between the support and interference of 
different parts in different assembly directions, which can effectively reduce the difficulty of solving the problem. Then, the 
influence of assembly direction is analyzed, and the assembly sequence planning algorithm based on direction matrix is proposed. 
The time complexity of assembly sequence planning is greatly reduced. 
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I. INTRODUCTION 

The current global economic situation is becoming more 
and more severe, manufacturing enterprises must find ways 
to reduce costs from the new direction [1]. At the same time, 
the development of enterprise's products are change to many 
varieties and small batch mode in order to adapt to the needs 
of the market [2]. In this mode of production, assembly 
process determines the quality and quantity of the product to 
a large extent. According to statistics, assembly process 
accounts for about half of the total manufacturing time and 
total manufacturing cost of the product. However, with the 
improvement of the automation level of production, the 
proportion of the cost of the assembly process will continue 
to increase [3]. Automated assembly can effectively reduce 
the cost of assembly process, and the core of automatic 
assembly is to support assembly sequence planning by 
computer. 

CAD is the most commonly used mechanical parts 
design software. The commercial CAD system offers some 
features of assembly sequence planning now, but these 
functions are not perfect [4], it is difficult to integrate with 
the actual assembly process. Therefore, the requirement of 
computer aided assembly planning is proposed. 

II. ASSEMBLY MODEL BASED ON CONNECTION 

The design of assembly model is the core of assembly 
design and assembly sequence planning system. At present, 
there are many commonly used assembly models, but they 
are not very satisfactory [5]. The following problems should 
be paid attention to designing the assembly model in this 
paper: 

a. Express assembly relation, especially the connection 
between components. 

b. Express product structure. 
c. Express all of the product, in accordance with the 

requirements of the assembly of the assembly sequence. 

d. Support product assembly design process, compatible 
with existing CAD systems. 

e. Improve the efficiency of product assembly sequence 
planning. 

In reality, all parts of the final assembly can form a stable 
structure without falling. In the process of assembly, also as 
far as possible to the stability of parts assembly. In the CAD 
system, the stability of the parts is guaranteed by the 
constraint, but these constraints cannot be achieved in real 
life. For example, in the process of CAD assembly without 
taking into account the effects of gravity, so the parts will 
never fall. We note that the use of connectors is very 
common in the actual assembly process, which makes the 
parts in a stable state after the assembly. Therefore, we 
introduce the definition of connection: 

a. Connect Unit (CU): is a set of parts of the work unit. 
Xi=0 or 1, when Xi=0, indicates that Pi is no longer within 
CU; When Xi=1, indicates that Pi is within CU. 

There are two categories parts in CU, is connector and 
connect component. The connector can provide constraints 
to the connect component. According to whether there is a 
connector, we can be divided connection into two categories, 
as shown in Figure 1. 

 

 

Figure 1. Classification and composition of connection 

b. Set of CU, form by a number of connecting elements. 
Suppose that Set of CU form by m CUs, that means . 

In this collection, one or more part groups can be 
determined according to the type of the connector. In the 
process of completing a connection, need to conform to 
specific rules based on the type of connection. Because the 
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fastening function of the connector is different, so the 
assembly rule and the priority level are also different. 

c. Non-Connect Unit(NCU) , includes all parts that are 
not directly join to the connection unit, that means. 

In the actual assembly process, some parts are completely 
restrained, some parts still have a certain degree of freedom. 
According to this we can also be divided connection into 
dynamic connect and static connect. 

With these definitions, we can identify the connection in 
the CAD system by the two conditions of the part name and 
the constraint type. In the classic assembly model, the 
assembly is composed of sub assembly and parts. In the tree 
assembly model, the lowest parts can not be expressed 
directly. The assembly can be divided into a plurality of CU 
and a NCU by the division of the connecting elements. as 
shown in Figure 2. 

 

 

Figure 2. Connection unit division of the assembly 

To this step, we have completed the division of the 
assembly model hierarchy. 

III. ASSEMBLY INFORMATION MATRIX 

After the above steps, each hierarchy of the connection 
unit can be identified. Next, we have to determine the 
assembly sequence of various CU and various parts in CU. 
In order to solve this problem, we introduce the concept of 
contact matrix and orientation matrix. 

In the process of assembly, all the parts are assembled by 
contact, and the direction of assembly between parts is more 
important. The assembly direction change is that if the 
assembly process in a part of the assembly direction 
changed, whether the assembly direction changes after this. 
In the actual situation, it is very time consuming to change 
the assembly direction. So we want to change the assembly 
direction as little as possible in the assembly process. In 
order to more accurately represent the state of the parts, we 
make the following definitions. 

a. contact matrix: assuming that the assembly P contains 
n parts, means . Use Cab to express the contact situation of 
Pa and Pb, and then the matrix of order n,is the contact 
matrix. In this matrix, Cij can be equal to 1 or 0: 

 

        (1) 
In order to avoid the formation of self circulation in the 

transformed graph, the parts themselves and their own does 
not contact in particular. That means when a=b, Cab=0. 

b. orientation matrix: assuming that the assembly P 
contains n parts, means . Use Oab to express the Direction 

relation of Pa and Pb, and then the matrix of order n, is the 
orientation matrix. In this matrix, Oab can take multiple 
values: 

    (2) 
The solution procedure of the direction matrix is as 

follows : 
DIRECTION(P1 ,..., Pn ) 
Define reference plane and reference parts 
Select the main direction of the assembly (assuming K is 

the main direction of the assembly, P1 ,..., Pn to participate 
in the assembly of parts) 

If Oab=i   ( assuming that Pp…Pq is not assembled in the 
main direction of the assembly) 

Then DIRECTION(Pp ,..., Pq ) 
End 
If 
best situation :  T(n)=cn2=(n2)  ( no assembly direction 

change) 
worst situation:  T(n)=T(n-1)+cn2 (the assembly direction 

changed of each step) 
=T(n-2)+c(n-1)2+cn2                 
… 
= 
=(n3) 
general situation:  T(n)=T()+cn2  (each step has half of 

the assembly direction change) 
                    =cn2+c()2+… 
                        a total of lgn 
                    =cn2 
              < cn2 
              = 
              =(n2) 
In this calculation, is a special case of ζ(s)= called 

Riemann's Zeta function, when s=2, ζ(2)=[6]. Thus, the 
orientation matrix can be calculated in time(n2) in general. 

IV. ALGORITHM SOLUTION 

The purpose of building assembly information is to 
obtain the assembly sequence. Orientation matrix have a 
great help to reduce the difficulty of solving[7]. In the 
process of solving the problem, we should consider the 
connection rule, the contact rule and the assembly direction 
rule. Specific steps are shown in Figure 3: 

Detailed analysis is as follows : 
Step 1: Reading assembly model information from the 

CAD environment, generating parts list; 
Step 2: On the basis of the model information, through 

the connection identification, to determine the parts of the 
connection parts and types, to extract all the connection; 

Step 3: On the basis of the model information, all of the 
contact relationship is extracted; 

Step 4: To generate hierarchical assembly model, repeat 
steps 5-8 for each sub assembly; 
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Step 5: Define reference plane and reference parts and 
select the main direction of the assembly, then generating 
orientation matrix; 

Step 6: Numerical calculation of assembly matrix. If 
there is no direction change, jump directly to step 8; 

Step 7: If the direction changes, the parts and connecting 
parts which are different from the main assembly direction 
are classified as a group, to re-specify the assembly 
direction, the reference plane. After that, generate direction 
matrix and solve it. 

Step 8: Topological ordering according to the priority 
level of different parts in the matrix, generating assembly 
sequence. 

Step 9: Contact inspection according to the contact 
matrix, and adjust the sequence generated in the Step 8. 

Step 10: According to the connection rules to join the 
connector, fine-tuning the sequence generated in the Step 9. 

Step 11: Interference checking of generated sequences 
and the optimal assembly sequence is determined. 

The whole process of the optimal assembly sequence is 
calculated by using the contact matrix and the direction 
matrix. 

 

 

Figure 3. Process of assembly sequence planning based on orientation 
matrix 

V. SYSTEM IMPLEMENTATION 

Based on the assembly sequence model and algorithm 
proposed in the previous paper, developed a assembly 
direction for assembly sequence planning (ADASP) system 
used to achieve on the computer. The system is developed 
based on VS2010 and CATIA V5 R20 platform and the 
implementation language is C++, the connection of ADASP 
system and CATIA is shown in Figure 4. 

 

Figure 4. the connection of ADASP system and CATIA 

First, all references to VB.NET related to CATIA are 
needed to be added to ensure that all the required classes can 
be called. It is need to provide CLR support in C++, add the 
cited of VB.NET dynamic link library and System. 
Windows. Forms built in front. Among them, the ADASP 
and CATIA interactive functions are required features are in 
the CATIA Function. vb file. In the follow up operation, 
only need to call one of the functions can be achieved in 
CATIA V5 Automation to provide all the features. 

In this system, maintain assembly information in two 
ways, take the file asm-example in CATIA as an example. 
First, read the CAD data directly, read the part name, as 
shown in Figure 5. 

After reading the part name, the constraint condition of 
the part is read. There may be some unreasonable places in 
the design of the assembly, so modify it by artificial is 
allowed. The next input matrix is the core content of the 
assembly. Before entering the matrix, the corresponding 
parts of each row of each row of the matrix need to be 
recognized. Matrix input using a linear expression of the 
matrix , so it is very convenient. After all these steps are 
completed, the optimal assembly sequence can be output. 

 

 

Figure 5.  read the part name 

VI. CONCLUSION 

Because of the high cost of the assembly process, more 
and more research on automated assembly has been studied 
in recent years. But most of the research is based on the 
expert system or the calculation method, there is little 
research on the solution of geometric programming. In the 
process of assembly, the assembly direction is a very 
important geometric feature. So the orientation matrix is 
introduced to solve the assembly sequence in this paper. 
After defining the connection, the contact matrix and the 
direction matrix, an algorithm which uses them to solve the 
optimal assembly sequence is proposed, which is 
implemented on the computer. The success of this paper 
provides a new method and direction for the assembly 
sequence planning in the future, will significantly reduce the 
cost of assembly, for the enterprise to bring more profits. 
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