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Abstract 
The arrangement of the process sequence is one of the key technologies in CAPP system antomatically generating process 

diagram, is the key whether the process design is reasonable or not, is also one of the difficulties in process design. To solve this 

problem, this paper proposes using genetic algorithms to optimize process sequence based on process constraints and uses a 

housing part to vertify.The result shows that using genetic algorithms can effectively optimize the process routes and get the 

optimal or near-optimal routings which meet the production requirements. 
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1. INTRODUCTION 

In the process of CAPP system automatically generating 

process diagram, process sequence decision-making is an 

extremely complex process, including selection from a 

variety of process schemes and the sorting of processing 

method. For machining complex parts which have many 

features, there are many constraints between features, type 

complex, and there are many contradictions between them. 

Using traditional ways will face a lot of difficulties and 

resistance. Therefore, this paper choose a routing decision 

algorithm: the genetic algorithm based on process 

constraints. This decision method utilizes the features of 

global search in genetic algorithms. First of all, in 

accordance with certain principles of sequencing technology, 

sort the processing methods of parts surface features 

according to certain sequence sorting, then determine the 

processing sequence of parts and optimize the process 

sequence. 

 

2. ESTABLISH THE MATHEMATICAL MODEL 

OF THE PROCESS SEQUENCE 

The sorting of process sequence, after defining all process 

characteristics and processing methods of parts, is a process 

that find out the optimal or near-optimal process route from 

the machining chain have been identified. 

 

Assume parts processing chain identified is composed by n 

machining feature units(f1, f2,...,fn), then the set composed 

by all feature processing units of part is: 

 

},...,,{ 21 nfffF 
 

 

 

 

Where the processing sequence of F is random,rather than 
the optimum sequence. In the process of sorting process, F 
also must meet the corresponding conditions for machining 
parts.Here the constraints set as: 
 

},...,,{ 21 mR cccC 
 

 
Here, the process sequence that meet the constraints CR is 
denoted by U , feature machining unit set having the biggest 
fitness which use the genetic algorithm to find is the 
optimum process sequence, that is: 
 

},...,,{ 21 snsss fffG 
 

 

3. PRECEDENCE RELATION CONSTRAINT 

SET OF THE PROCESSING PRECEDENCE 

There are some mandatory constraints and optimality 
constraints between the processing characteristics of a 
complex parts. The process of process sequence 
optimization in the CAPP system is first find the process 
sequence set meeting the mandatory constraints,then judge 
according to the standard of the optimal constraints,and 
finally get the processing sequence having the best quality. 
Here mandatory constraint set is denoted as Ca the 
optimality constraint set is denoted as Cb. 

 
Mandaory constraint set Ca is the constraints that show the 
sequence in the process of machining, for example, first 
reference after the other, first surface after hole, first 
primary after secondary, sequence that its features decide, 
and so on. Considering these mandatory constraints, We cite 
logic symbols to represent complex constraints, for example, 
f1( f2 ∧ f3∧ ...∧ fn ) means the machining of feature f1 must be 
machined after the feature { f2  f3 ... fn } completed; f1 ( f2 
∨ f3 ∨ ...∨ fn ) means after any of { f1 f2...fn } completed, f1 
can start machining. 
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The optimal constraint set Cb is generally considered from 

the point of the machining precision, time, cost, for example, 

minimize the number of changing knife, minimize the 

number of clamp, clustering constraint, and so on. 

 

4. PROCESS OPTIMIZATION USING GENETIC 

ALORITHM 

GA is a optimization method of global probability search, 

uses the natural selection in the process of biological 

evolution to optimize, its basic operation process includes: 

code, production of original population, calculation of the 

fitness, seed selection, cross, variation. For this paper about 

the problem of CAPP system process route optimization, 

specific steps are as follows: 

(1) first determine the gene coding method, and randomly 

generate initial population, then begin the process of 

evolution. 

 

For the scheduling problem of the parts’ feature process 

units, this paper use the natural number coding, and adopts 

forms of phenotype coding and genotype coding. The 

phenotype coding is used to directly reflect the processing 

sequence. Suppose the part processing chain PC(n）which 

has n machining feature is （ fm1,fm2,...,fmn), then the 

phenotype coding is: 

 

),...,,( 21 nmmmpc   

 

Where  m1,m2,...mn∈ {1,2,...,n}, and m1≠m2≠...≠mn. 

 

The genotype coding is used for the processing of genetic 

algorithm, it is expressed as: 

 

),...,,( 21 ngcgcgcgc   

 

Where gc1,gc2,...,gcn∈ {1,2,...,n}. 

 

The process of decoding is the process from the genotype 

coding gc to the phenotype coding  pc .Specific process is as 

follows: 

 

for (i=0;i<n;i＋＋) { 

 

To obtain ),...,,()( 21 iyii fffiNEXT  , a total of t 

elements; 

Compute 1][  ngctb i ; 

ibPci  ; that is, select the first b elements of set NEXT(i) 

} 

 

(2) Decode individual’s genetic code into reasonable 

processing chain through decoding algorithm, determine the 

fitness of all individuala according to Cb , where high 

fitness individuals have a higher probability of breeding. 

 

When designing the fitness function, this paper mainly 

considers the clamping number, number of changeing knife 

and clustering. Here the fitness function is defined as: 

 

332211 ScoreaScoreaScoreaF   

 

Where a1,a2,a3 is the weight of clamping, tool change, 

clustering. Score1, Score2,Score3 is the corresponding score. 

Choose individual regeneration to crossover and mutation 

according to the crossover rate and mutation rate, after 

several generations of evolution, the individuals with the 

highest fitness in the final population is the best process 

sequence. 

 

For the cross process, first suppose that the right part of two 

parent chains are invariant, then each of the parental 

generation find the codes that their own right code chain 

don’t have from another parental generation, and fill 

according to the sequence,finally form two offspring, as is 

shown in Figure 1. For the process of variation, choose a 

number of bar code chain from a new group, then random 

transform the position of two codes, complete gene mutation, 

as is shown in Figure 2. 

 

 
Fig-1: Cross process 

 

 
Fig-2: Variation process 

 

After getting new group, calculate the fitness of individuals 

in the group, then select repeated and the process of 

crossover and variation,until the fitness of the group to 

achieve optimal,and then obtain the optimal process 

sequence. 

 

5. AN EXAMPLE OF CAPP PROCESS 

SEQUENCE OPTIMIZATION 

Taking the machining features of the part shown in Figure 3 

for example, use genetic algorithms to optimize the process 

sequence. 
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Fig-3: Example of part 

 

The machining features of this part include: 6 planes; 

hole1,2; keyway1,2; and a total of 10 cavities which 

symmetrically distribute in the part. Through the knowledge 

of the process and the reasoning, we can get the processing 

methods of these features, as follows: 

 

2 holes: f1 ( f4 ) drill, f2 ( f5 ) expend, f3 ( f6 ) mill; 

 

10 inner cavity surfaces: f11 ( f12 , ... , f20 ) rough mill, f21 

( f22 , ... , f30 ) finish milling; 

 

The upper and lower, left and right surfaces (surface 3,4,5,6): 

f31 ( f35 ) rough mill, f32 ( f36 ) finish-milling, f33 ( f37 ) rough 

mill, f34 ( f38 ) finish-milling; 

 

2 keyways: f39 rough mill, f40 finish-milling, f41 rough mill, 

f42 finish-milling; 

 

Lower slope( surface 7): f43 rough mill, f44 finish-milling. 

Therefore, feature machining unit is: 

 

},...,,{ 4421 fffF   

 

According to the analysis of the constraints, we can get the 

mandatory constraint set: 
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The optimization constraint set Cb includes clamping type 

set SUi , the tool set Ti  and the constraint set. Where the 

clamping type set is: 
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The tool set is: 
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To synthesize the above analysis of coding and constraints, 
taking the length of the genetic code and the performance 
code is 40, and selecting the population size is 40, the 
original population is generated randomly, making selection 
uses the method of roulette selection, cross rate is 0.7, 
mutation rate is 0.2. After 300 generations of evolution 
using Matlab, we get the best individual: 
 
[7,9,1,4,31,33,43,11,23,16,13,15,12,21,14,17,20,8,10,2,5,35,
37,32,34,44,27,19,25,28,30,26,22,18,27,34,21,29,24,39,41,4
0,42,36,38,3,6], 
 
Where the times of clamping and changing knife are 
respectively 6 times and 8 times,and the result satisfies the 
clustering constraints,its fitness is 96.37. 
 
In view of this part, the process sequence manifested 
through genetic algorithm optimization is as follows: the 
rough milling of the front and back surfaces;drilling 1,2, the 
rough milling of the upper and lower surfaces, the rough 
milling of the lower slope, the rough milling of 10 cavities, 
the finish-milling of the front and back surfaces, reaming 
hole 1,2, the rough milling of the left and right surfaces, the 
finish-milling of the upper and lower surfaces, the finsh-
milling of the lower slope, the finish-milling of 10 cavities, 
the rough milling of the keyway1,2, the finish-milling of the 
keyway1,2 , the finish-milling of the left and right surfaces 
and milling the hole1,2. 
 
Analyzing the result of optimization, the process sequence 
optimized by genetic algorithm is more reasonable. 
 

6. CONCLUSION 

In the CAPP system, solving the sorting problem of process 
sequence is always one of the difficulties. This paper uses 
genetic algorithm, in the corresponding constraints, by 
copying, crossover and mutation, to conduct a global 
optimization for the sorting of process route and finally uses 
an example to validate its good result. This study has 
important implications for the study of CAPP system 
process diagram’s automatical generation. 
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