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Abstract. Solving Assembly Sequence problem has occupied a very important position in 

furniture manufacturing industry. But there were a variety of problems during assembly process, 

such as the speed of assembly and quality problems. To solve these problems, we need to 

consider the impact of assembly factors, the relationship between assembly components, and its 

mathematical model solution. In this paper, by adopting mass customization production mode 

and utilizing modules and various design and assembly information, a product family model of 

furniture products that satisfy customers is manufactured. We used genetic algorithm to solve 

these problems based on the mass customization production model. First, based on the 

relationship between assembly parts, we drawn assembly diagrams and assembly relation matrix. 

Then we got the assembly sequence by genetic algorithm (GA), which can help us more quickly 

find the optimal solution. The example proved that GA algorithm could not only effectively 

solve the assembly sequence optimal problems, but also improve the furniture industry’s 

production efficiency and reduce production costs. The assembly sequence model proposed in 

this paper can effectively optimize the design and improve the design efficiency, and can make 

full use of the components that make up furniture products. 

Keywords:  assembly sequence, genetic algorithm, mass customization 

1 Introduction 

Entering the 21st world, with the economic globalization, furniture companies are facing fierce 

competition. The competition forces companies to continuously improve their management models. Mass 

customization production models are gradually adopted in the furniture manufacturing industry and 

gradually integrated into the furniture market [1]. Mass customization furniture, that is, the enterprise 

treats different consumers as different markets, produces and manufactures furniture according to the 

individual purchase needs of consumers to meet personalized needs. 

Many scientists have carried out in-depth research on mass customization furniture industry [2]. José P. 

Duarte realized the design and production of mass custom furniture by computer-aided software [3]. 

Researchers believe that the mass customization production mode can be divided into the following steps, 

understand different needs of customers, convert customer needs into design tasks, and complete 

different design tasks according to different needs [4-5]. Afterwards, Yoonseok Shin et al. conducted in-

depth research on mass-customized housing [6]. They succeeded in reducing the cost of mass-customized 

housing, and also effectively expanded customer’s choice in the customized production mode [7]. 

Enterprises gain competitive advantages and economic benefits through mass-customized production 

[8] models. The use of mass customization theory can systematize product information of products 

produced by enterprises, and can also improve enterprises’ independent innovation capabilities, and 

enhance market competitiveness [9]. Adopt advanced information technology to improve the traditional 

furniture manufacturing industry, optimize the allocation of various resources of furniture companies, 
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reduce waste of manpower and material resources in the process of producing furniture products, shorten 

time, achieve leapfrog development, and bring enterprises to maximize economic benefits. In the future, 

the furniture market will develop in the direction of individualization and modernization in terms of 

design [10], and mechanization, automation, and collaboration production methods [11]. 

During the customization and production of large-scale furniture, it is not enough to design and 

produce spare parts only. Therefore, building a product configuration model based on mass-customized 

product families are essential in product assembly and design process. Of course, the assembly method 

and speed are also very important, because it not only determines product quality, but also determines the 

production speed of products [12]. Only when product quality and product assembly speed meet 

consumer demand can companies respond quickly to the market to achieve higher efficiency and profits. 

Assembly concept is made up of three layers of meaning: (1) The parts of product should be combined; 

(2) The function of product can be realized; (3) The quality of product is guaranteed. So the assembly 

emphasizes not only the components combination of products. It is more important to achieve the 

function of product and achieve the satisfaction of customer to product quality. In order to assemble 

various parts of product into a molded product, these products must satisfy customer. What we need to do 

is to understand basic information, like assembly constraints and assembly feasibility [13]. We need to 

fully understand products to meet customer needs. First, establish the assembly information model of 

product [14]. And then extract basic assembly information from the parts of product when establishing 

the assembly information model. Finally, we find out the assembly relationship between parts and 

components. This paper mainly uses assembly information model in the hierarchical model. The 

assembly relationship between parts is not obvious and intuitive. In order to find out the assembly 

relationship between parts more directly, the assembly information model and the relation matrix are 

obtained by establishing the assembly information model, and then the genetic algorithm is used to solve 

the optimal assembly sequence. Finally, it is verified by the example of the lockers. 

2 Set Up Product Assembly Model 

In this paper, the assembly information model of product is established by using Analytic Hierarchy 

Process (AHP) [15] method. Only when there is a good model of assembly information can we fully 

reflect the relationship between the parts of assembly. Then we can guarantee to provide the most basic 

basis in the subsequent development of products. The establishment of the assembly model needs to 

follow certain constraints, in which the constraint conditions are fixed. At the same time it will not 

change with the different composition of the assembly to form different structures. The assembly 

information model includes the basic assembly information of the parts and the relationship between 

them. The assembly information model is represented by a tree, and the structure of assembly 

information model is shown in Fig. 1: 

Assembly drawing

Subassembly 2Subassembly 1 Spare parts 1

Spare parts 2 Spare parts 3Subassembly 11 Spare parts 4 Spare parts 5

Spare parts 6 Spare parts 7 Spare parts 8

 

Fig. 1. Assembly information model of product 



Journal of Computers Vol. 31 No. 6, 2020 

129 

The diagram above shows the assembly information model of the product, and we can see that the 

graph is shown in tree form. The diagram includes assembly, sub assembly and parts. The root node in 

the assembly tree represents the assembly of the product. The nodes which locate between the root and 

leaf nodes of the tree are called the intermediate nodes [16]. The intermediate nodes of tree represent the 

subassemblies of the assembly of the ligand or parts. The leaf nodes of the tree represent the final parts. 

The connection between nodes indicates the relationship between upper and lower nodes. Based on the 

analysis above, we know that the assembly information model has many advantages, but it also has 

drawbacks. It is not able to express the assembly relationship between assembly, ligand and parts, so it is 

necessary to establish the product assembly relationship graph. 

2.1 Assembly Diagram 

In this paper, assembly relationship diagram is used to represent the assembly relationship between parts, 

which is very simple and easy to understand. Schematic diagram of the main frame structure is given 

below the locker entity, as shown in Fig. 2 (left). A expresses the top board cabinet. B represents the 

bottom of the cabinet. C is the left board cabinet, and D indicates the right board cabinet. E represents the 

upper plate of the cabinet. F is the lower board cabinet. G stands for the cabinet backplane, and H 

represents the color door cabinet. 

According to the diagram of the main frame structure of lockers, we can get each part name and 

assembly relations between the parts and draw the assembly diagram, as shown in Fig. 2 (right). From 

this diagram we can know intuitively that each node in the graph represents the components of the 

assembly, and the connecting lines between the nodes represent the assembly relations between the parts.  

 

Fig. 2. Schematic diagram of the main frame structure of the lockers (left) and locker diagram (right) 

2.2 Assembly Relation Matrix 

Products can be drawn according to the assembly relation matrix above assembly diagram, because the 

locker consists of 8 parts. According to the assembly relationship between parts, there are no assembly 

relations or the same node, its value is set to 0, else the assembly relationship value is 1. So we can get an 

8 order assembly relation matrix, as shown in Fig. 3: 

8 8

0 0 1 1 0 0 1 0

0 0 1 1 0 0 1 1

1 1 0 0 1 1 1 1

1 1 0 0 1 1 1 1

0 0 1 1 0 0 1 1

0 0 1 1 0 0 1 1

1 1 1 1 1 1 0 0

0 1 1 1 1 1 0 0

R
×

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

 

Fig. 3. Cabinet assembly incidence matrix 

The assembly relation matrix can express the assembly information of product better. The 

establishment of assembly relation graph and the assembly relation matrix provide favorable conditions 
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for solving the genetic algorithm which is used in the assembly sequence. 

3 Assembly Sequence Generation 

In this paper, the solution of assembly sequence is a complex optimal problem. In fact, this problem is 

also a NP (Non-deterministic Polynomial) problem [17]. In other words, it is a nondeterministic problem 

with polynomial complexity. Genetic algorithm [18] is effective for this problem. Cause genetic 

algorithm has strong robustness and global searching ability. This paper uses genetic algorithm to 

optimize the assembly sequence.  

First analyze the flowchart of basic genetic algorithm, as shown in Fig. 4. In this diagram, the initial 

population is the coding of the assembly sequence, and the assembly sequence is assembled by the parts 

of the assembly. Of course, these components also need to be encoded. Then the initial population of 

assembly sequence is produced, and the fitness function is calculated. According to the difference of 

fitness function, the individual can be retained or eliminated, and then a new assembly sequence can be 

generated through the selection, crossover and mutation genetic factors. Repeat this operation until the 

individuals who adapt to environment changes are selected and decoded to obtain the optimal solution 

finally. Then obtain optimal solution, as shown in Fig. 4. 

Part coding

Generate Initial population of assembly

Computational fitness function

Generate new assembly sequences

End claculation

Selection,crossover,mutation

Output results

Select the optimal solution

End

N

Y

 

Fig. 4. Flow chart of assembly sequence generation based on genetic algorithm  

3.1 Fitness Function 

In this paper, genetic algorithm is used to solve the assembly sequence based on simplified assembly 

relation graph and assembly incidence matrix. The fitness function is mainly based on the time factor. 

Because the assembly time plays an important role in assembly of the parts, the fitness function of 

genetic algorithm mainly depends on assembly time. We divided assembly time into basic part assembly 

time and time required to change assembly tools 

(1) Basic parts assembly time (IT), as shown in Eq.(1). 
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( , ) ( , )
i

j ji
IT i S it i S

=

=∑  (1) 

The it(i, Sj) represents the basic assembly time of the ith part which is in the assembly sequence Sj, and 

the basic assembly time of each part is fixed. IT(i,Sj) represents the total assembly time of each part. 

(2) Assembly tool change time (TT), as shown in Eq.(2). 

 
2

( , ) ( , )
i

j ji
TT i S tt i S

=

=∑  (2) 

The tt(i,Sj) represents the time of the transformation of the ith part in the assembly sequence, and the 

it(i,Sj) represents the total time used for the assembly of each part. In this paper, the time of the assembly 

tool is consistent, and it is set to 3s. Therefore, So we can get the formula of T(i,Sj), such as Eq.(3). 

 
2 1

( , ) ( , ) ( , )
i i

j j ji i
T i S tt i S it i S

= =

= +∑ ∑  (3) 

The assembly sequence is S, and the fitness function is given below, as shown in Eq.(4). 

 ( ) ( , )
j

F s C T i S= −  (4) 

T(i, Sj) represents the total time required for assembly of ith of the assembly sequence Sj. C represents 

constants, and author needs to give it a value and a requirement: ( , )
j

C T i S≥ . The purpose of this step is 

to ensure greater fitness and more excellent assembly sequence. 

3.2 Genetic Operators 

Genetic operators contain selection operator, crossover operator and mutation operator, Genetic operators 

occupy an important position in genetic algorithm, because they relate to whether the global optimal 

genetic algorithm can successfully find a solution or not. By these operations, a new population can be 

generated from the original population. Then the new population continues to produce the next 

generation of the population. Repeating this process until the optimal solution is produced eventually.  

3.2.1 Selection Genetic Operator 

Selection operator is based on fitness function of the population. At the same time, selection operator can 

choose the fittest survival from different groups. In other words, it can keep individuals which adapt well 

to the existing environment to generate the next generation, and eliminate individuals that are not suitable 

for the existing environment [19]. In this paper, we adopt the method of fitness value directly mapping to 

calculate selection probability of the individual [20], as shown in Eq.(5). 

 

1

( )

( )

k n

i

F k
p

F i
=

=
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 (5) 

F(kI is the fitness function value of individual k, and F(i) is the fitness function value of individual I, 

And k indicates the existence of an individual. pk is the probability of selected k. 

The probability of individual selection is given, and the probability of accumulation is calculated. So 

what does the cumulative probability mean? The probability of accumulation is the probability that each 

individual is selected. Then we can determine whether the selected individual can continue to be 

inherited to the next generation or not. Therefore, the formula for calculating the probability of individual 

accumulation is given, as shown in Eq.(6). 
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=
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  (6) 

According to the above two formulas, we can calculate the probability of chosen individual and decide 

whether the selected individual will be inherited to next generation. This is the accumulation probability. 

The new population is then selected, crossed and variant to get the next generation of the population. It is 
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necessary to determine the fitness value. The above operation is repeated until the fitness value of 

population is stable in a certain range. 

3.2.2 Crossover Genetic Operator 

Cross genetic operator is the core operator of genetic algorithm, also known as recombination. Crossover 

Genetic Operator is designed to replace the original structure of two original chromosomes, and then we 

generate new individuals. Crossover operator can generate a new generation of individuals by 

exchanging the partial structure. In this way, we can inherit good genes from parent. Therefore the 

offspring can inherit the excellent characteristics of parents [22]. This kind of operation has brought great 

influence on the searching ability of genetic algorithm, which can greatly improve the searching ability of 

genetic algorithm. The new generations of individuals who have been cross operated are not all good; 

there are also a few bad individuals. However, after a number of repeated crossover operations, these 

individuals will reduce the fitness value. In this way, they will eliminate slowly, and then we get 

excellent offspring. In this paper, the assembly sequence of parts is in a certain order, so this paper uses 

sequential crossover operator(OX). 

The sequential crossover operator is an ordered structure, which can maintain the parts order of 

existing assembly sequence [22]. For example, there are parent chromosomes P1 and P2, and then they 

are crossed to produce the offspring chromosomes. 

 P1: (1 2 3 | 4 5 6 | 7 8 9) 

P2: (9 8 7 | 6 5 4 | 3 2 1) 

The position between two “|” indicates the part to be crossed.  

(1) The requirements of this cross operation: keep the order in P1, select part of P2. To meet the 

operating requirements, we should put the P2 in the cross section in front of the P1. According to cross 

operation principle, we remove the overlapping parts of P1 and P2, and then get a new generation of 

chromosome S1.  

(2) We reverse operation by this method. This operation requires: keep the order in P2, select part of 

P1. In accordance with the operating requirements, we should place the cross section in the P2 at the top 

of the P1 and delete the overlapping part of the P2 from the P1, and then get a new generation of 

chromosome S2. The resulting new chromosome is as follows: 

S1: (6 5 4 1 2 3 7 8 9) 

S2: (4 5 6 9 8 7 3 2 1) 

It can be seen from the above operation, different operating requirements will produce different new 

generation of individuals. 

3.2.3 Mutation Genetic Operator 

There are several kinds of mutation operators in this paper [23]: transformation mutation, insertion 

mutation, mutation in place, etc. To solve assembly sequence of product parts problem, we adopt the 

method of in place mutation. For example, we suppose an individual R1, and randomly select three genes. 

These genes are placed in the original position which is in the opposite order, and then a new individual 

R2 is produced. As shown below, the selected genes are stored in the position which is between two “|”. 

R1: (1 2 3 | 4 5 6 | 7 8 9) 

R2: (1 2 3 | 6 5 4 | 7 8 9) 

3.3 Genetic Algorithm Parameter Settings 

In the genetic algorithm, the initial population is randomly generated by the computer. In addition, the 

following parameters need to be set up. 

(1) Population size 

The group size is expressed by Mp. The population size should be set neither too high，nor too small. 

If it is too high, it will affect calculation speed of genetic algorithm. On the contrary, it will greatly 

reduce the scope of genetic algorithm search and cause premature phenomenon [24]. The size of the 
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value is too large or too small; both will have an impact on the performance of genetic algorithms. The 

global search ability of genetic algorithm is destroyed. Based on the in-depth study of the genetic 

algorithm, we know that the general value range is 20~100. 

(2) Crossover probability 

Pc represents crossover probability. Just like the population size, the value is neither too big nor too 

small. If it is too large, although the number of individuals will improve the production of the next 

generation and speed, it is easy to cause the broken ring to it. If the probability is too small, it will slow 

down the number of new generation and reduce the number of individuals. Its value range is generally 

0.41~0.99. 

(3) Mutation probability 

Pm indicates mutation probability. If the value is larger, it will produce more of a new generation of 

individuals, but there may be broken chromosomes. On the other hand, if the value is too small, it will 

produce premature convergence. Because the ability to inhibit the premature decline, so the general value 

range is 0.01~0.1. 

(4) Evolutionary termination iterations 

Tm represents evolution termination iterations. According to the actual situation of this paper, the value 

range of iterations is 200~1000. 

4 Example Verification and Analysis 

In this paper, the assembly model and solving process of mass customization furniture products were 

established. Then, an example was given to analyze the case of domestic furniture. First of all, we 

analyzed and decomposed according to the needs of customers. At the same time, according to the degree 

of customer preference, the system cluster analysis was used to segment the customer base. According to 

the needs of customers in the market for furniture products, it was divided into the following six 

characteristics: aesthetic, environmental protection, price, space, durability and safety. Therefore, we 

would quantify the requirements of these indicators, and complete the division of user groups finally. 

Through the market research, we understood that the different needs of customers could reflect the 

different preferences of customers. First of all, according to the six elements of customer demand, we 

took the comparison to quantify these attributes and determined the function values of the six attribute 

indexes. After each attribute of furniture products were divided into 5 same grades, “excellent”, “good”, 

“general”, “inferior” and “bad”. Their ranges were 0.9~0.69, 0.7~0.49, 0.5~0.29, 0.3~0.09, 0.1~0.01. 

Then we could make different combinations according to the different levels of each attribute and got 

products from different combinations of attributes. According to the survey results of the market, the 

customers’ personalized needed are summarized, calculated and quantified. At last we created customer 

demand attributes for lockers and assigned values to them, the results were shown in Table 1. 

Table 1. Customer demand attributes for lockers 

Customer number Artistic Environmental protection Price Place Durable Security 

1 0.49 0.88 0.07 0.56 0.65 0.34 

2 0.27 0.5 0.36 0.87 0.56 0.74 

3 0.06 0.78 0.49 0.5 0.18 0.57 

4 0.5 0.67 0.89 0.24 0.72 0.81 

5 0.27 0.87 0.3 0.9 0.46 0.34 

6 0.34 0.65 0.3 0.5 0.3 0.9 

7 0.42 0.78 0.89 0.48 0.24 0.43 

8 0.34 0.81 0.1 0.65 0.35 0.56 

 

Table 1 used the maximum method to standardize the users’ data to get the matrix, as shown in Fig. 5. 
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Fig. 5. Normalized matrix 

After cluster analysis of Table 2, we could get the difference between the two users. The Euclidean 

Distance method was used to obtain the distance matrix. As shown in Fig. 6. 
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Fig. 6. Distance matrix 

Finally, according to the analysis of the above table and matrix, we got the user clustering diagram, as 

shown in Fig. 7. 

 

Fig. 7. User clustering 

According to the cluster Fig. 7, the lockers can be divided into the following three types of user groups: 

The first type is {4, 8}, {1, 3, 7} is the second class, the third category is {2, 5, 6}. In the first category of 

users, price and environmental protection are the main factors influencing the user group. Environmental 

protection is a prominent feature of user groups in the second type of users. In the third type of users, 

space and security affect the user group mainly. Therefore, according to the above three clustering results, 

we should pay attention to the attributes of customer preference, finish the analysis of the customer’s 

personalized needs for lockers and product configuration design and development. This product using the 

method of system clustering can achieve customer satisfaction, and the validity of the product family 

configuration design is also improved. 

In addition to the above four properties is what we need to focus attention on product configuration 

design process. The other two attributes also affect the customer demand for products. So they can set up 
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a separate collection. After completing the design and assembly of the main frame of the lockers, we 

modularized and operated a large collection that is composed of the price and beauty. 

After classifying the users, we needed to build the product family model according to the needs of 

customers. It includes the function model, structure model and function structure configuration model 

based on product family modeling. Through these models, we could understand the basic part 

information of the assembly, and lay the foundation for the establishment of the assembly information 

model. According to the established assembly information model, as shown in Fig. 1, we found the 

corresponding product parts assembly diagram and assembly relationship matrix, as shown in Fig. 2 and 

Fig. 3. Based on the assembly information model, assembly relationship diagram and assembly relation 

matrix, the genetic algorithm was used to solve the assembly sequence. 

In the process of solving the assembly sequence, the assembly of the product needs some assembly 

tools. It was no exception to the lockers in this article. In addition to the assembly of the 8 components, it 

contains assembly tools. The following is the list of materials used in the assembly tool cabinet, as shown 

in Table 2. 

Table 2. Assembly tools needed BOM lockers 

Number Name of parts Assembly transformation time(s) Amount 

a self tapping screws 3 20 

b screws 3 8 

c magnet 3 3 

d door pivot 3 6 

e back button 3 4 

 

Before the assembly sequence was calculated by genetic algorithm, the assembly parts should be 

coded. In this paper, we used symbol coding. The assembly contains a total of eight assembly parts, so 

eight numbers (from one to eight) are used to represent different assembly parts. Number one represents 

cabinet top floor board A. Number two is the bottom plate of the represents cabinet B and Number three 

is on the left side of the board C. Number four represents of the right board D cabinet. Number five 

represents the upper cabinet E. Number six is on behalf of the cabinet under the board F and Number 

seven is on behalf of the cabinet backplane G. Number eight represents cabinet color door plate H. Based 

on the above analysis, the initial population was obtained. The initial population must satisfy the 

constraints of assembly and the sequence must be feasible. The population size was Mp=20 and encoding 

parts were given below the lockers as shown in Table 3. 

Table 3. Parts encoding locker 

Part Name 
Top plate  

A 

Floor  

B 

Left plate 

C 

Right plate  

D 

Upper plate  

E 

Lower plate 

F 

Back plate  

G 

Door plate 

H 

Symbol coding 1 2 3 4 5 6 7 8 

Assembly time 8s 8s 5s 7s 9s 10s 4s 15s 

 

Genetic algorithm for assembly sequence optimization process was as follows: 

(1) The initial population was generated as follows: 

 
7 1 5 6 2 3 4 8 

7 3 1 5 6 2 4 8 

7 4 3 1 5 6 2 8 

7 1 4 5 6 2 3 8 

3 1 5 6 2 7 4 8 

3 7 1 5 6 2 4 8 

3 7 4 1 5 6 2 8 

3 1 7 4 5 6 2 8 

4 1 5 6 2 7 3 8 

4 7 1 5 6 2 3 8 

4 1 7 3 5 6 2 8 

4 7 3 1 5 6 2 8 

1 7 3 5 6 2 4 8 
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1 3 5 6 2 4 7 8 

1 4 7 5 6 2 3 8 

1 7 4 5 6 2 3 8 

2 3 7 1 5 6 4 8 

2 7 1 5 6 3 4 8 

2 4 6 5 1 3 7 8 

2 4 7 6 5 1 3 8 

 

(2) We calculated the fitness of the initial population and chose the calculation through the roulette 

method; the next generation of population was as follows: 

 
7 1 5 6 2 3 4 8 

7 3 1 5 6 2 4 8 

7 4 3 1 5 6 2 8 

7 1 4 5 6 2 3 8 

3 1 5 6 2 7 4 8 

3 7 1 5 6 2 4 8 

3 7 4 1 5 6 2 8 

3 1 7 4 5 6 2 8 

4 1 5 6 2 7 3 8 

4 7 1 5 6 2 3 8 

4 1 7 3 5 6 2 8 

4 7 3 1 5 6 2 8 

7 1 5 6 2 3 4 8 

7 3 1 5 6 2 4 8 

7 4 3 1 5 6 2 8 

7 1 4 5 6 2 3 8 

7 1 5 6 2 3 4 8 

3 1 5 6 2 7 4 8 

3 7 1 5 6 2 4 8 

3 7 4 1 5 6 2 8 

 

(3) After the probability of the function is assigned, the number of assembly parts was obtained. In this 

paper, we set Pc=0. 65 and concluded that the sequence of multiple crossover operations is: 

 
7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 4 3 8 

3 1 5 6 2 7 4 8 

3 1 5 6 2 7 4 8 

3 7 1 5 6 2 4 8 

3 1 5 6 2 7 4 8 

4 7 1 5 6 2 3 8 

4 7 1 5 6 2 3 8 

4 1 5 6 2 7 3 8 

4 7 1 5 6 2 3 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 4 3 8 

7 1 5 6 2 4 3 8 

7 1 5 6 2 3 4 8 

3 1 5 6 2 7 4 8 

3 7 1 5 6 2 4 8 

3 7 1 5 6 2 4 8 

 

(4) At the same time, the variation parameter was given, and the variation parameter was 0.01. Then 

we obtained the following sequence according to certain assembly constraints. 
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7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

3 7 1 5 6 2 4 8 

7 1 5 6 2 3 4 8 

3 7 1 5 6 2 4 8 

3 7 1 5 6 2 4 8 

7 1 5 6 2 4 3 8 

3 7 1 5 6 2 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 4 3 8 

7 1 5 6 2 4 3 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

3 7 1 5 6 2 4 8 

3 7 1 5 6 2 4 8 

 

5. After the above operation, we got the final population to meet the end conditions: 

 
7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 4 3 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 4 3 8 

7 1 5 6 2 4 3 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

7 1 5 6 2 3 4 8 

 

Finally, the optimal solution was obtained by the steps of gene coding, generation of initial population, 

genetic operator (selection operator, crossover operator and mutation operator). Here are two of the best 

sequences: 

 
7 1 5 6 2 3 4 8 

7 1 5 6 2 4 3 8 

 

After decoding, the optimal solution of assembly sequence was obtained: 

 
G A E F B C D H 

G A E F B D C H 

 

According to the convenience of the actual operation, the probability of the first set of sequences was 

larger. The first sequence was chosen as the optimal solution of the final sequence. It was G-A-E-F-B-C-

D-H. According to the above analysis process and steps, the MATLAB software was used to carry out 
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the simulation, and the evolution process was obtained, as shown in Fig. 8. 

 

Fig. 8. Evolution chart 

It can be seen that the evolution abort iterations is 230. The maximum fitness function was 64, and the 

sequence was feasible. We assembled the parts according to the optimal solution, and used the five 

assembly tool parts in Table 1 to connect and fixed the 8 parts of the locker. The main frame structure of 

the cabinet could be obtained. At last, we should decorate the lockers according to the customer’s 

different needs and assess the value of lockers at the same time. In this way, customers can be satisfied 

with the product for customer using. In this experiment, the assembly sequence tool can generating the 

most quality furniture assembly sequence in a shorter time, compared to particle swarm 

optimization(PSO) algorithm [25]. The process time includes building model and generating optimal 

solution. Our process time is about 861ms, and the process time of PSO is 877ms. 

5 Conclusion 

The final purpose of this paper is to solve the assembly sequence of product assembly model. Firstly, the 

assembly information is modeled, and the assembly sequence problem is transformed into a mathematical 

model. The mathematical method is used to solve the assembly sequence problem. At the same time, the 

genetic algorithm is used to solve the assembly sequence of the lockers. And then, we find the optimal 

generation of the population, it was also called the optimal solution of assembly sequence. Finally, the 

feasibility and validity of the genetic algorithm are verified by solving the assembly sequence. Through 

the example, it is proved that the genetic algorithm has the ability to search the optimal solution quickly 

when solving the practical problem of furniture assembly sequence. By adopting genetic algorithm in 

mass customization in furniture design, it can help us better understand the characteristics and advantages 

of product design of domestic and foreign furniture companies, can effectively improve the design 

efficiency of the designer, and can make full use of the components that make up the furniture product to 

achieve the purpose of optimal design. The mass customization model adopted in this article is to 

humanize the design of furniture products, making customer-customized furniture products faster, 

simpler, and more convenient. It can shorten the development cycle of furniture and meet customers’ 

individual needs, making customers faster and more okay get their satisfied product. 
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