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Abstract-The inclusion of computer technology in process 

planning in the manufacturing industry has been an active area 

of research. The main of this work is to develop a software model 

that generates a process plan using a Neuro-fuzzy expert system. 

The model incorporates both retrieval and generative 

approaches towards Computer Aided Process Planning (CAPP). 

It makes use of a set of ANFIS structures in different levels for 

generating the operation sequences. Objects and expert 

knowledge systems identified and implemented for  the 

generation process.  
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I. INTRODUCTION 

Computer Aided Process Planning (CAPP) stays as a major 
hurdle in integrating CAD-CAM systems. The two 
approaches for developing a CAPP system namely Retrieval 
and Generative models have been topics of research long 
since. While retrieval models are successful to a greater extent 
generative models require incorporation of machine 
intelligence to the problem solution. One among the major 
hurdles in realizing a generative models is the CAD-CAPP 
interfacing, that is, how geometric data can be translated into 
structures that can be used for inferencing purposes. This 
paper proposes a model for a hybrid CAPP system that 
incorporates both retrieval and generative approaches. In the 
generative approach the model make use of a neuro-fuzzy-
expert system. The paper also discusses a sample 
implementation of the proposed model. 
 

The paper is organized as follows: section II recalls basic 
definitions and explains the concepts pattern recognition, 
fuzzy inference system, neural network, adaptive neuro-fuzzy 
inference system (ANFIS) and CAPP. Section III shows the 
design of CAPP system, its class design, hierarchical data 
structure, priority data structure, and the three modules 
preprocessor, core module and the post processor. It also 
shows the implementation of a typical ANFIS structure for 
class BLOCK in MATLAB. Section IV discusses the future 
scope of the design and section V gives the concluding 
remarks. 

 

II. PRELIMINARIES 

A. Fuzzy Set  

    Fuzzy sets were first proposed by Lofti A. Zadeh in 1965 
in his paper entitled Fuzzy Sets as a generalization to classical 
notion of sets. The definition of a fuzzy set then, from Zadeh's 
paper is: Let X be a space of points, with a generic element of 
X denoted by x. Thus, X = {x}. A fuzzy set A in X is 
characterized by a membership function fA(x) which 
associates with each point  in X a real number in the interval 
[0, 1], with the value of fA(x) at x representing the "grade of 
membership" of x in A [1]. 
 
B. Fuzzy Inference System  

       Fuzzy inference system is a popular computing 
framework based on the concepts of fuzzy set theory, fuzzy 
if-then rules, and fuzzy reasoning. It has been successfully 
applied in a wide variety of fields such as pattern recognition, 
automatic control, data classification, decision analysis, time 
series prediction, expert systems, and computer vision. The 
basic structure of fuzzy inference system consists of three 
conceptual components: a rule base, which contains a 
selection of fuzzy rules; a database, which defines the 
membership functions used in the fuzzy rules; and a reasoning 
mechanism, which performs the inference procedure upon the 
rules and given facts to derive a reasonable output or 
conclusion [2], [3] 
 
.  
 

The steps of fuzzy reasoning (inference operations upon 
fuzzy if-then rules) performed by fuzzy inference systems are: 

 
1. Compare the input variables with the membership 

functions on the premise part to obtain the membership 
values (or compatibility measures) of each linguistic 
label (This step is often called fuzzification). 
 

2. Combine (through a specific T-norm operator, usually 
multiplication or min.) the membership values on the 
premise part to get firing strength (weight) of each rule.  

 
3. Generate the qualified consequent (either fuzzy or crisp) 

of each rule depending on the firing strength. 
 
4. Aggregate the qualified consequents to produce a crisp 

output. ( This step is called defuzzification ). 
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The two most important method of fuzzy inference system are 
Mamdani-type fuzzy inference system and Takagi-Sugeno-
type fuzzy inference system. Of these Sugeno-type fuzzy 
inference system is most commonly used in neurofuzzy 
inference systems. 
 
C. Neural Network  

     Neural networks is developing very fast since the first 
neural networks model MP was proposed since 1943, 
especially the Hopfield neural networks and famous BP 
arithmetic came into being after. The neural approach applies 
biological concepts to machines to identify patterns. The 
outcome of this effort is the discovery of artificial neural 
networks which is set up by the elicitation of the physiology 
knowledge of human brain. Neural networks are composed of 
a series of different, associate unit. In addition, genetic 
algorithms applied in neural networks is a statistical optimized 
algorithms proposed by Holland (1975).  
 
The main characteristic of the neural networks is the fact that 
these structures can learn with examples (training vectors, 
input and output samples of the system). The neural networks 
changes its internal structure and the weights of the 
connections between its artificial neurons to make the 
mapping, with a level of acceptable error for the application, 
of the relation input/output that represent the behavior of the 
modeled system. 
 
Neural networks and fuzzy systems can be combined to join 
its advantages and to cure its individual illness. Neural 
networks introduce its computational characteristics of 
learning in the fuzzy systems and receive from them the 
interpretation and transparency of systems representation. 
Thus, the disadvantages of the fuzzy systems are compensated 
by the capacities of the neural networks. These methods are 
complementary, which validates its use together  [4], [5]. 
 
 
D. Adaptive Neuro-Fuzzy Inference System (ANFIS)  

An Adaptive Neuro-Fuzzy Inference System or Adaptive 
Network-based Fuzzy Inference System (ANFIS) is a kind 
of artificial neural network that is based on Takagi–Sugeno 
fuzzy inference system. The technique was developed in the 
early 1990s. Since it integrates both neural networks 
and fuzzy logic principles, it has potential to capture the 
benefits of both in a single framework. Its inference system 
corresponds to a set of fuzzy IF–THEN rules that have 
learning capability to approximate nonlinear functions [6], 
[7],[8]. 
 

E. CAPP  

Computer-aided process planning (CAPP) is the use of 
computer technology to aid in the process planning of a part 
or product, in manufacturing. The aim of CAPP is to generate 
a feasible and consistent process plan automatically and 
efficiently. Process planning serves as a vital link between  
design and manufacturing functions by planning the strategy 
for manufacturing a component. A process plan contains 
information about the component route, manufacturing 
processes, machines and tooling, process parameters, and time 
and cost estimates. It thus determines the cost, quality and 
production rate for a product [9], [10], [11]. 

 
 
There are two approaches for designing CAPP systems 
namely 1.Retrieval and 2.Generative models. The retrieval 
model makes use of Group Technology and coding schemes 
to retrieve most similar process plans from a master database, 
custom made for the factory using the process codes. The 
generative approaches make use of machine intelligence to 
generate process plans from drawing files. Approaches such 
as neural networks, expert systems, fuzzy model etc. are used 
to design generative models. 
 

III. DESIGN OVERVIEW 

A Computer Aided Process Planning (CAPP) system when 
integrated to a Computer Integrated Manufacturing (CIM) 
environment comes in between Computer Aided Designing 
(CAD) and Computer Aided Manufacturing (CAM) systems. 
It’s the CAPP system that acts as a translator between the 
CAD and CAM systems. For developing a generic CAPP 
system the major hurdle that prevents the integration most of 
time is the non-availability of a standard CAD-CAPP 
interface. This interface defines the representation of 
geometric data as well as other information for process plan 
generation like surface finish information, material 
specification etc. As far as a common interface doesn't exist 
the complexity in developing the generic CAPP system 
remains. 
 
For designing the proposed Hybrid CAPP system, we made a 
simple assumption about the interface. The proposed Hybrid 
CAPP system works over a hierarchical data structure given 
as input to CAPP system by the CAD system. For integrating 
this CAPP system in a CAM environment, the output of the 
CAD system should be customized to this format. The 
hierarchical data structure is discussed in Section III B. 
 
The CAPP system consists of three modules namely a 
preprocessor, a core module and a post-processor. The 
preprocessor module receives the hierarchical data from CAD 
system. It uses a tree traversal algorithm to process each node. 
Each node when identified as belonging to a particular class, 
the preprocessor calls an ANFIS structure of core module. The 
preprocessor executes till the tree traversal is complete. 
 
The core module is a collection of Adaptive Neural Inference 
Systems (ANFIS). Each class (BLOCKS, HOLES, 
ROUNDS) have an ANFIS associated with it. The ANFIS 
structure outputs an output-class number which is pushed to a 
priority queue structure. The priority is based on the order of 
processing nodes. The priority queue structure is a union of 
output of all ANFIS nodes. Each item in the priority structure 
additionally contains other attributes of the object being 
processed now that’s required in the post processing part. 
 
The postprocessor uses the priority structure and converts 
each class numbers into a string representing an operation. 
Additional constraints on the operation can be identified from 
the additional attributes stored with the queue item called 
parameters. The data so produced is presented sequentially to 
generate the process plan.  
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The following section discusses a sample implementation of 
the proposed model. 
 

A. Class Design 

 

In order to simulate the CAD-CAPP interface, a class library 
is designed. The design of the class library is based on the idea 
that ‘all complex objects can be constructed using primitive 
objects’.  The library contains class definitions for all 
identified entities (primitive objects) in a job such as BLOCK, 
ROUNDS, HOLES, KEYS etc. Each of the class defines the 
attribute set required to select an operation or operation 
sequence for the object. Along with the attribute list, methods 
for retrieving and initializing attributes are incorporated. Class 
definitions of BLOCK and HOLES in the sample 
implementation are as below. 
 
class: BLOCK 
 attributes<Private> 

<float> length 

<float> width 

<float> height 

<int> surfaceFinish   
 <float[3]>placementCoordinates
 methods<public> 

constructor: BLOCK(<float> l, <float> w, <float>h 
, <int>s, <float>p[]) 

{ 

//initializes attribute contents. 

//Operation performed by CAD 
notmodule. 

} 

 

<associative Array> retrieve Attributes() 

{ 

//retrieves subset of object 
attributes to preprocessor, core 
module and 

//postprocessor. May have more 
than one definitions based on 
attribute subset. 

}    
    
    
    
    

class: HOLES     
      
  attributes<Private> 

<float> diameter 

<float> depth 

<int> allowance    
  <float[3]>placementCoordinates 
methods<public> 

constructor: HOLE(<float> l, <float> dia, <float>d 
, <int>a, <float>p[]) 

{ 

//initializes attribute contents. 

//Operation performed by CAD 
module. 

} 

<associative Array> retrieve Attributes() 

{ 

//retrieves subset of object 
attributes to preprocessor, core 
module and 

//postprocessor. May have more 
than one definitions based on 
attribute subset. 

} 

 

 

 

B. Hierarchical data structure 

 

The CAD-CAPP interface submits a hierarchical data 
structure to the CAPP system. A possible data structure is a 
TREE where nodes represent objects (HOLES, BLOCKS etc) 
and edges represent the dependency. The sample 
implementation does not take into consideration any kind of 
dependencies and only considers nodes with single parent. 
The data structure incorporates methods for Breadth First 
Search (BFS) as processing algorithm. An sample 
representation of the data structure with minimal 
dependencies is as below. 
 

 
               Fig. 1. Hierarchial data structure 

 

C. The priority data structure 

 

The Breadth First Traversal and anfis processing of tree nodes 
produces a sequence of numbers iN PpppS ,,....., 21    
belongs to set of all possible operation sequences. The set of 
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all operation sequences contain only feasible ones, and that 
too depends on the factory the system models. 
 
Each node on producing a iP  is pushed on to the priority 
queue along with an indexed array together as an object. The 
indexed array contains additional information relevant to the 
operation iP   derived from the object node by the core module, 
for example if the operation is identified as DRILLING an 
additional parameter needs to be derived from the attributes 
called CO-ORDINATE DRILLING. 
 
A priority key is required along with each item in the queue 
which aids in dependency resolution, plan optimization, 
incorporating dynamism into the system, which are 
considered in the future scope of the system. A sample 
definition of queue item is as below: 
 
class: ITEM   
 attribute<private>: 

<int> operationNumber <float[]  
     
 <vector<int>>> parameters 
methods<public>: 

constructor:ITEM(int, <float[]<vector<int>>> ) 
{ 

//Initializes object 
} 

<int> readOperationNumber() 
{ 

//reads operation number 
} 

<float[]<vector<int>>> readParameters() 
{ 

//reads parameters 
} 

 

 

D. Preprocessor 

The preprocessing part takes two input from the CAD-
CAPP interface called PROCESS_CODE and the hierarchical 
data structure. The algorithm is as below. 

1. Search for PROCESS_CODE in Master Database. 
2. If found, use retrieval method to retrieve the matching 
process plan and exit. 
3. If not found, 

do BFS( hierarchical data structure ) : 
Identify the object and call the corresponding ANFIS. 

 
E. Core Module 

The core module consists of a library of trained ANFIS for 
each object in the class library. A typical ANFIS module 
works as below; 

1. Generates an operation Number 
2. Identify the operation Number and generate parameters. 
3. Resolve dependencies and calculate priority [OPTIONAL] 
4. Create object ITEM 
5. Push object to priority data structure 
 
The definition of anfis for BLOCK class in MATLAB is given 
below. 
 
[System] 
Name='blockFIS' 
Type='sugeno' 
Version=2.0 
NumInputs=2 
NumOutputs=1 
NumRules=4 
AndMethod='prod' 
OrMethod='max' 
ImpMethod='prod' 
AggMethod='sum' 
DefuzzMethod='wtaver' 
 
[Input1] 
Name='input1' 
Range=[20 300] 
NumMFs=2 
MF1='in1mf1':'gbellmf',[139.978654750788 
1.97879328061504 19.9824947313401] 
MF2='in1mf2':'gbellmf',[140.008684499559 
2.2929513689703 299.987710155309] 
 
[Input2] 
Name='input2' 
Range=[200 1000] 
NumMFs=2 
MF1='in2mf1':'gbellmf',[399.991165782146 
2.02444129975088 199.992525605389] 
MF2='in2mf2':'gbellmf',[399.987969657878 
3.36226500195569 1000.00402135315] 
 
[Output1] 
Name='output' 
Range=[1 3] 
NumMFs=4 
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MF1='out1mf1':'linear',[-0.0102667854783841 
0.00542774194549414 -0.505967914213066] 
MF2='out1mf2':'linear',[0.400870989180142 
0.025534519006986 -21.9012670371926] 
MF3='out1mf3':'linear',[-0.0785556757675095 -
0.114286262777555 44.5582104264747] 
MF4='out1mf4':'linear',[1.21942258469822 -
0.423576353762981 42.1796715627726] 
 
[Rules] 
1 1, 1 (1) : 1 
1 2, 2 (1) : 1 
2 1, 3 (1) : 1 
2 2, 4 (1) : 1 
 
On executing the anfis for BLOCK class produces the result 
given in Fig.2.The error on training was nearly 0.06. So by 
using mathematical ceil and floor functions we can discretize 
the values. Therefore outputs in the figure summarizes to class 
1 and class 2 respectively.  

 

Fig. 2. ANFIS for BLOCK 

Dynamism, optimization and dependency resolution which 
can be regarded in the future scope of the system should be 

included in the core module. The hierarchical data structure 
and the priority data are designed to support dependency 
resolution, optimization and dynamism in future designs. 

 

F. Post Processor 

This module takes the priority data structure as input and does 
the following, 

do priority Traversal (priority data structure): 
1.  Identify operation Number 
2. Convert operation Number to operation String 
3. Use parameter to add additional information to 
operation String 
4. Write operation String to process plan 

 
 

 

G. Case Study 

 
The proposed model was  used to generate the process plan 
for the drawing given in fig. 3. The drawing represents a job 
called ADJUSTING BLOCK obtained from a machine and 
tool industry. On analyzing the drawing with respect to CAD-
CAPP interface, the interface would generate a hierarchical 
data structure as given in Fig.4. A naïve understanding of the 
hierarchy generation is as follows. Only after machining the 
raw material to a BLOCK structure one could drill the 
HOLES, which would then produce the finished job. A 
possible hierarchy of HOLES would be, one need to machine 
the outer HOLE before machining the inner ones. The outer 
ones can be machined in any order, so they appear in the same 
level. 

 
Fig. 3. ADJUSTING BLOCK 
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Fig. 4. Hierarchical data structure of ADJUSTING BLOCK 

 

 

The hierarchical data structure is taken as input by the 
‘preprocessor’ which does a Breadth First Search starting 
from the root node BLOCK. The object block contains all the 
geometrical attributes as defined in Section III A. On reaching 
each node, the node class is identified and the corresponding 
ANFIS is called. Nodes in the same level are identified and 
corresponding ANFIS structures are called parallelly. 
Each ANFIS, part of the core module generates an operation 
number.The generated operation sequence is <1,3,3,3,3,3> 
where 1:CUTTING, 3:DRILLING. Once a operation number 
is generated it can be used to derive certain parameters such 
as CO-CORDINATE DRILLING of DRILLING class 
represented in a vector as an integer.  
 
Using the operation number and the parameter list an object is 
created and pushed on to the priority data structure. The 
priority data structure identifies the operation number and 
converts it into an ‘Operation String’ (eg. Operation number 
1 implies CUTTING ). The entire process is repeated till the 
queue is empty. On each iteration, the paramter list is used to 
generate additional information on each operation. 
 
The operation sequence generated for ADJUSTING BLOCK 
is as follows: 

1. CUTTING: Cut off at 28. 
2. DRILLING: Co-ordinate drilling. Deburr hole ends. 
3. DRILLING: Co-ordinate drilling. Deburr hole ends 
4. DRILLING: Co-ordinate drilling. Deburr hole ends 
5. DRILLING: Co-ordinate drilling. Deburr hole ends 
6. DRILLING: Co-ordinate drilling. Deburr hole ends 

 
IV. FUTURE SCOPE 

The system model described in this paper is capable of 
extending its scope by including dependency resolution 
through its hierarchical data structure, optimization and 
dynamism through the priority data structure and object 
model. Each of these topics are separate research problems in 
the domain of CAPP research. 
 

V. CONCLUSION 

The model proposed here is designed using Object-Oriented 
approach with the core part being modelled as a neuro-fuzzy 
expert system. The design is generic as well as overcomes the 
shortcomings of neural, fuzzy and conventional expert system 
approach as standalone models by incorporating each of these 
into a single model. The resulting system is hence parallel, 
traceable, self-learning, comprehensible and adaptive. The 
model can be easily extended to include dynamism, 
dependency resolution and optimizations, once separate 
algorithms are available. 
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