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The effective integration of CAD/CAM (Computer Aided Design/Computer Aided 

Manufacturing) is a cornerstone of automation progress. The 'islands of automation' 

such as CAD, CAPP (Computer Aided Process Planning) and CAM are facing the 

ineffective communication problem. The CAM cannot be integrated directly into CAD 

due to the lower level geometrical data in CAD and the higher level manufacturing data 

in CAM. It is important that each 'island of automation' be linked together in order to 

achieve the goal of integrated CAD/CAM systems. For the past decades, feature-based 

representation has become a basic part of research in the CAD/CAM integration. The 

work on feature-based modelling has developed two main approaches, namely, design 

by features and feature recognition. The feature recognition approach is developed to 

extract the manufacturing information that is recognized from the CAD database into 

the CAM database. The features can be used to subtract higher level manufacturing data 

from lower level or geometrical computer aided data. The Hole Recognition System is 

developed to solve the communication problem between CAD and CAM. Kappa-PC 
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expert system is used in developing the rule of holes. In this work, the Hole Recognition 

System is retrieves the geometrical data from the UniGraphics (UG) CAD/CAM system 

indirectly. The Hole Recognition System is designed to generalise and recognise the 

feature from neutral format file such as Data Exchange File (DXF), Initial Graphics 

Exchange Specification (IGES) and Standard for the Exchange of Product Model Data 

(STEP). The neutral format file can be created hy CAD/CAM system such as UG, 

CATIA, ProEngineer, etc. For this work, the neutral data transfer standards, namely 

STEP is used. The STEP file is post processed by UG CAD/CAM system after the solid 

model has been created. A filtering program is developed to extract the geometrical 

data feature recognition process. The filtering program has been developed because the 

Kappa-PC expert system cannot read the STEP file directly. The output from the 

filtering program is fed to the Hole Recognition System. The rule-based technique is 

applied to recognise holes. There are two features, namely, blind hole and through hole 

to be considered. The work presented in this thesis and the Hole Recognition System 

developed is able to overcome the communication problem in CAD/CAM. The output 

from the Hole Recognition System is useful for multiple downstream manufacturing 

activities such as machine tool selection and cutting tool selection. 
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Keberkesanan integrasi di antara rekabentuk berbantu komputer dengan pembuatan 

berbantu komputer adalah sebagai batu loncatan pada kemajuan pengautomatan. 

'Kepulauan pengautomatan' seperti rekabentuk berbantu komputer, perancangan proses 

berbantu komputer dan pembuatan berbantu komputer menghadapi masalah 

komunikasi. Pembuatan berbantu komputer tidak dapat berintegrasi dengan Rekabentuk 

berbantu komputer disebabkan oleh rekabentuk berbantu komputer mengandungi tahap 

data geometri yang rendah dan data pembuatan yang bertahap tinggi dalam Pembuatan 

berbantu komputer. Ia adalah penting bahawa setiap pulau pengautomatan berhubung di 

antara satu sarna lain untuk mencapai obj ektif sistem rekabentuk berbantu 

komputer/pembuatan berbantu komputer. Untuk sepuluh tahun yang lepas, perwakilan 

yang berdasarkan bentuk telah menjadi asas penyelidikan dalam integrasi di antara 

rekabentuk berbantu komputer dan pembuatan berbantu komputer. Kerja yang 

dijalankan terhadap permodelan berdasarkan bentuk telah membangunkan dua modul 

yang penting iaitu rekabentuk dengan bentuk dan pengecaman bentuk. Pengecaman 

bentuk dibangunkan untuk mendapatkan informasi yang diperlukan dalarn pembuatan 
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dari pengkalan data rekabentuk berbantu komputer dan dimasukkan ke dalam pengkalan 

data pembuatan berbantu komputer. Bentuk boleh digunakan untuk mendapatkan data 

pembuatan yang bertahap tinggi daripada data geometri berbantu komputer. Sistem 

pengecaman lubang dibangunkan untuk menyelesaikan masalah komunikasi di antara 

rekabentuk berbantu komputer dan pembuatan berbantu komputer. Sistem pakar Kappa

PC digunakan dalam pembangunan peraturan untuk lubang. Dalam kerja tersebut, 

sistem pengecaman lubang mendapatkan data geometri secara tidak langsung dari 

sistem rekabentuk berbantu komputer/pembuatan berbantu komputer UniGraphics 

(UG). Sistem pengecaman lubang direka secara kepelbagaian dan mengecam bentuk 

dari fail berformat neutral seperti DXF, IGES dan STEP. Fail berformat neutral dapat 

dihasil oleh sistem rekabentuk berbantu komputer dan pembuatan berbantu komputer 

seperti UG, CATIA dan ProEngineer. Untuk keIja tersebut, piawaian pemindahan data 

neutral yang bemama STEP adalah digunakan. STEP adalah diproses oleh sistem 

rekabentuk berbantu komputer dan pembuatan berbantu komputer UG setelah model 

yang jitu dihasilkan. Satu aturcara penapisan dibangunakan untuk mendapatkan data 

geometri yang diperlukan oleh proses pengecaman bentuk. Aturcara penapisan adalah 

dibangunkan sebab sistem pakar Kappa-PC tidak dapat menbaca STEP secara langsung. 

Keluaran dari aturcara penapisan akan dimasukkan ke dalam sistem pengecaman 

lubang. reknik berdasarkan peraturan digunakan untuk mengecam lubang. Terdapat dua 

bentuk iaitu lubang tidak tembus dan lubang tembus diimplementasi dalam sistem 

pengecaman bentuk. Kerja yang dibentangkan dalam tesis tersebut dan sistem 

pengecaman bentuk yang dibangunkan dapat menyelesaikan masalah komunikasi dalam 

rekabentuk berbantu komputer dan pembuatan berbantu komputer. Keluaran dari sistem 

pengecaman lubang adalah berguna untuk pelbagai aktiviti pembuatan bawahan seperti 

perancangan proses berbantu komputer. 



Vll 

ACKNOWLEDGEMENTS 

First and foremost, I would like to express my deepest appreciation to my project 

Chairperson, Dr. Napsiah Ismail, and members of the Supervisory Committee, 

Assodate Professor Dr. Shamsuddin Sulaiman and Dr. Wong Shaw Voon for their 

guidance and advice throughout the duration of this study. 

I would like to thank Ir. Hj. Mohd. Rasid Osman, Mr. M. Kumaresan, Mr. Fam Whai 

Yen, Mr. Loo Chan Homg and Mr. Ng Jiun Jye for sharing their invaluable knowledge 

and expertise. I am grateful to Dr. Napsiah Ismail for funding the research activities. 

Sincere appreciation is expressed to the Department of Mechanical and Manufacturing 

members and technical staff for their assistance throughout my study. 

Many thanks to all my friends especially Ong Siaw Thien for their moral support and 

encouragement in making this project a success. 

Finally, special thanks to my dearest parents and family for their patience, 

encouragement and support when it was most needed. 



Vlll 

I certify that an Examination Committee met on 13th November 2001 to conduct the 
final examination of Tan Chee Fai on his Master of Science thesis entitled 
"Development of Hole Recognition System Using Rule-Based Technique" in 
accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 and 
Universiti Pertanian Malaysia (Higher Degree) Regulations 1981. The Committee 
recommends that the candidate be awarded the relevant degree. Members of the 
Examination Committee are as follows: 

Megat Mohamad Hamdan Megat Ahmad, Ph.D. 
Faculty of Engineering 
Universiti Putra Malaysia 
(Chairman) 

Napsiah Ismail, Ph.D. 
Faculty of Engineering 
Universiti Putra Malaysia 
(Member) 

Shamsuddin Sulaiman, Ph.D. 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Member) 

Wong Shaw Voon, Ph.D. 
Faculty of Engineering 
Universiti Putra Malaysia 
(Member) 

�2 MOHAYIDIN, Ph.D. 
ProfessorlDeputy Dean of Graduate School 
Universiti Putra Malaysia 

Date: 2 7 NOV 200t 



lX 

This thesis submitted to the Senate of Unveristi Putra Malaysia has been accepted as 
fulfilment for the degree of Master of Science. 

AINI IDERIS, Ph.D. 
Professor 
Dean of Graduate School 
Univeristi Putra Malaysia 

Date: 1 0 JAN 2U02 



x 

DECLARATION 

I hereby declare that the thesis is based on my original work except for the quotations 
and citations, which have been duly acknowledged. I also declare that it has not been 
previously or concurrently submitted for any other degree at UPM or other institutions. 

.. . 

Name: Tan Chee Fai 
Date: )'i "/�f 



TABLE OF CONTENTS 

DEDICATION 
ABSTRACT 
ABSTRAK 
ACKNOWLEDGEMENTS 
APPROVAL SHEETS 
DECLARATION FORM 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF ABBREVIATIONS 

CHAPTER 

1. INTRODUCTION 
1.1 Introduction 
1.2 Problem Statement 
l.3 Research Objectives 
1.4 Thesis Outline 

2. LITERATURE REVIEW 
2.1 Introduction 
2.2 The Definition of Feature 

2.2.1 The Need of Feature 
2.3 Form Feature Definitions 

2.3.1 Types of Form Features 
2.3.2 Some Applications of Form Features 

2.4 Geometric Modelling 
2.5 Solid Modelling Representations 
2.6 Feature Based Modelling 

2.6.1 Design by Features 
2.6.2 Feature Recognition 
2.6.3 Advantages of the Feature Based Modelling 

Approach 
2.7 Feature Recognition Approach 

2.7.1 Feature Recognition from CSG Models 
2.7.2 Feature Recognition from B-rep Models 
2.7.3 Previous Techniques for Hole Recognition 

2.8 Neutral Format File Exchange 
2.8.1 The Neutral Format file Exchange History 
2.8.2 Standard for the Exchange of Product Model Data 

(STEP) 
2.8.3 The Development of STEP 
2.8.4 Application Protocol 214 
2.8.5 The Related Works of STEP 

Xl 

Page 

11 
111 
V 
Vll 
Vl1l 
X 
XlV 
xv 
XVlI1 

1 
1 
3 
4 
4 

6 
6 
6 
8 

10 
11 
12 
13 
15 
16 
20 
21 
22 

23 
24 
28 
36 
40 
41 
42 

43 
44 
45 



xu 

2.8.6 The Description of STEP Data Elements 46 
2.8.7 The Related Works of STEP in Manufacturing 46 
2.8.8 Summary of STEP Parts 48 

2.9 UniGraphics CAD/CAM System 50 
2.9.1 UG/Solid Modelling 50 
2.9.2 UGlFreeform Modelling 51 
2.9.3 UGlDrafting 52 
2.9.4 UG/CAM 52 
2.9.5 UG/ AP 214 Translator 52 

2.10 Kappa-PC Expert System 53 
2.10.1 The Related Works of Kappa-PC Expert System 55 

3. ?v1ETHODOLOGY 56 
3.1 Introduction 56 
3.2 Methodology 56 

4. THE DEVELOPMENT OF FILTERING PROGRAM 61 
4.1 Introduction 61 
4.2 The Filtering Program of STEP File 61 
4.3 The Algorithm of Geometrical Data Extraction for blind Hole 62 

and Through Hole in STEP File 
4.4 The Architecture of Filtering Program 66 

4.4.1 The Description of Filtering Program Data Elements 72 
4.4.2 The Sub-Program to Extract Geometrical Data of 73 

CARTESIAN_POINT 
4.4.3 The Sub-Program to Extract Geometrical Data of 74 

CIRCLE 
4.4.4 The Sub-Program to Extract Geometrical Data of 76 

PLANE 
4.4.5 The Sub-Program to Extract Geometrical Data of 77 

ADVANCE_FACE 
4.4.6 The Sub-Program to Extract Geometrical Data of 80 

CYLINDRICAL_SURFACE 
4.4.7 The Sub-Program to Extract Geometrical Data of 81 

SPHERICAL_SURFACE 
4.4.8 The Sub-Program to Extract Geometrical Data of 83 

CONICAL_SURFACE 
4.4.9 The Sub-Program to Extract Geometrical Data of 84 

TOROIDAL_SURFACE 
4.4.10 The Sub-Program to Extract Geometrical Data of 86 

ELLIPSE 
4.5 The Output of the Filtering Program 87 

5. THE DEVELOPMENT OF HOLE RECOGNITION SYSTEM 93 
5.1 Introduction 93 
5.2 The Design Principles 93 
5.3 The System Development Consideration 94 
5.4 The Expert System Shell Selection 95 
5.5 The Hole Recognition Algorithm and Rules 96 

5.5.1 The Rules for Blind Hole and Through Hole at XY Plane 98 



Xlii 

5.5.2 The Rules for Blind Hole and Through Hole at XZ Plane 99 
5.5.3 The Rules for Blind Hole and Through Hole at YZ Plane 1 00 

5 .6 The HRS Program Architecture 1 02 
5.6. I ClasS/Object Module 102 
5.6.2 The KAL Programming Module 105 
5.6.3 The Rule-Based Reasoning Module 116 
5.6.4 User Interface Module 119 

6. RESULTS AND DISCUSSIONS 124 
6.1 Introduction 124 
6.2 The Verification of Hole Recognition System 124 

6.2.1 Case Study 1 125 
6.2.2 Case Study 2 127 
6.2.3 Case Study 3 129 
6.2.4 Case Study 4 132 
6.2.5 Case Study 5 137 

6.3 Summary of the Verification of Form Feature Recognition 146 
System 

7. CONCLUSIONS AND RECOMMENDATIONS 148 
7.1 Introduction 148 
7.2 Conclusions 148 
7.3 The Advantages ofHRS 149 
7.4 The Limitations ofHRS 150 
7.5 Recommendations 151 

REFERENCES 

APPENDICES 
Appendix A: The Example of STEP File With A Blind Hole 
Appendix B: The Example of STEP File With A Through Hole 
Appendix C: The Kappa-PC Expert System Shell 
Appendix D: The Example Output from the Filtering Program 

BIODATA OF THE AUTHOR 

153 

158 
158 
163 
168 
179 

183 



XlV 

LIST OF TABLES 

Table Page 

2.l The brief description of some STEP elements 47 

4.1 Part of STEP file for blind hole 62 

4.2 Part of STEP file for through hole 64 

4.3 The brief description of the filtering program elements 72 

6.1 Processed data results for case study 1 126 

6.2 Processed data results for case study 2 129 

6.3 Processed data results for case study 3 131 

6.4 The information of features for case study 4 132 

6.5 Processed data results for case study 4 134 

6.6 Processed data results for case study 5 141 



xv 

LIST OF FIGURES 

Figure Page 

2.1 Design Features 8 

2.2 Manufacturing Features 8 

2.3 The ambiguity in wireframe models 13 

2.4 A CSG tree of a simple block 15 

2.5 Basic constituents of B-rep model 16 

2.6 Example of Features 17 

2.7 Design-by-feature approach 20 

2.8 Feature Recognition Approach 22 

2.9 ASVP decomposition of a part 26 

2.10 Edge loop's in_bound and out_bound 29 

2.11 Face-edge Graph 32 

2.12 An example of "Machined Surfaces" 37 

2.13 Syntactic pattern representation of a hole 39 

2.14 The structure of an expert system shell 54 

3.l The framework of the development of Hole Recognition System 57 
using rule-based technique 

3.2 The wireframe view of a CSG solid model with blind hole and 58 
through hole 

3.3 The framework of the post-process from UG drawing file to STEP 59 
neutral file 

3.4 The framework of the post-process from STEP neutral file to text 59 
file (filter. txt) 

3.5 The framework of hole recognition process 60 

4.1 Flowchart for the Filtering Program 69 



XVI 

4.2 The flow chart of the sub-program to extract geometrical data of 74 
CARTESIAN POINT 

4.3 The flow chart of the sub-program to extract geometrical data of 75 
CIRCLE 

4.4 The flow chart of the sub-program to extract geometrical data of 77 
PLANE 

4.5 The flow chart of the sub-program to extract geometrical data of 79 
ADVANCE FACE 

4.6 The flow chart of the sub-program to extract geometrical data of 81 
CYLINDRICAL SURFACE 

4.7 The flow chart of the sub-program to extract geometrical data of 82 
SPHERICAL SURFACE 

4.8 The flow chart of the sub-program to extract geometrical data of 84 
CONICAL SURFACE 

4.9 The flow chart of the sub-program to extract geometrical data of 85 
TOROIDAL SURFACE 

4.10 The flow chart of the sub-program to extract geometrical data of 87 
ELLIPSE 

4.11 The major and minor value for the ellipse 90 

5.1 The blind hole 97 

5.2 The through hole 97 

5.3 The object browser 103 

5.4 The class editor 1 04 

5.5 The results after feature recognition process for 2 holes 105 

5.6 The function editor for Main function 106 

5.7 The flowchart of Main function 107 

5.8 The flowchart of Scan function 109 

5.9 The flowchart of Run function III 

5.l0 The flowchart of Split_List function 1 1 3 



XVll 

5.11 The flowchart of Conclude function 114 

5.12 The flowchart of Display function 115 

5.13 The flowchart of Reset function 115 

5.14 The KalView Debugger 116 

5.15 The rule editor 117 

5.16 The rule trace window 118 

5.17 The inference browser window 118 

5.18 The main window for Hole Recognition System 121 

5.19 The window that showing the file filtering process complete 121 

5.20 The window that tell the user to wait while the feature recognition 122 
under process 

5.21 The window that let the user can select close the entire session 122 
window and remain the Kappa-PC application, close the Kappa-
PC or cancel the function. 

6.1 The test part for case study 1 125 

6.2 The test part for case study 2 127 

6.3 The test part for case study 3 130 

6.4 The test part for case study 4 133 

6.5 The rule trace for through hole 135 

6.6 The rule trace for blind hole 136 

6.7 The inference browser for case study 4 136 

6.8 The test part for case study 5 137 

6.9 The dimension of counter sink 139 

6. 10 The dimension of counter bore 140 

6.11 Two blind holes in same axial axis 145 



AFNOR 
AI 
API 
ASVP 
B-rep 
CAD 
CAD/CAM 
CADD 
CAE 
CAM 
CAPP 
CAQC 
CIM 
CSG 
EBC 
ES 
FFRS 
GUI 
HRS 
IGES 
IPO 
ISO 
NC 
OEM 
OOP 
SDAI 
SET 
STEP 
UG 
VDAlFS 

LIST OF ABBREVIATIONS 

: French national standards body 
: Artificial Intelligent 
: Application Protocols 
: Alternating Sum of Volumes with Partitioning 
: Boundary Representation 
: Computer-Aided Design 
: Computer-Aided Design/Computer-Aided Manufacturing 
: Computer-Aided Design Database 
: Computer-Aided Engineering 
: Compute-Aided Manufacturing 
: Computer-Aided Process Planning 
: Computer-Aided Quality Control 
: Computer Integrated Manufacturing 
: Constructive Solid Geometry 
: Edge Boundary Classification 
: Expert System 
: Form Feature Recognition System 
: Graphical User Interface 
: Hole Recognition System 
: Initial Graphics Exchange Specification 
: IGESIPDES Organization 
: International Standardization Organization 
: Numerical Control 
: Original Equipment Manufacturers 
: Object-Oriented Programming 
: Standard Data Access Interface 
: Standard d'Echange et de Transfert 
: Standard for the Exchange of Product Model Data 
: UniGraphics 
: Verb and der Automobilindutrie-Flachen-Schnittstella 

XVlll 



1.1 Introduction 

CHAPTER 1 

INTRODUCTION 

In the new millennium, computer-aided engineering will focus on its original 

objective, the integration of engineering functions and in particular, the co-ordinating 

function of manufacturing engineering. Engineering and its associated technologies 

are necessity evolving into a production support function, in which internal 

customers represent the end user in terms of quality (ease of manufacture), cost 

(robust designs and processes), and delivery (efficient communication) (Hetem, 

2000). 

There are VarIOUS technologies that have been developed for manufacturing 

companies for the purpose of continuous improvement in product performance and 

quality. The low cost of computer and the development of software technologies 

enable the development of intelligent systems especially in design and 

manufacturing. Computers are essential tools for engineers. It will enhance human 

abilities to bring better and more cost effective products to market quickly and 

effectively (Regli, 1995). 

The development of computer technology in conjunction with software technology 

has made computer-aided system and automation readily available. Computer aided 

systems that are being used today include Computer-Aided Design (CAD), Compute-
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Aided Manufacturing (CAM), Computer-Aided Engineering (CAE), Computer

Aided Process Planning (CAPP) and Computer-Aided Quality Control (CAQC). 

Effective communication is a cornerstone of human progress. While technology 

strives to make our lives easier, it also has the reverse effect due to ineffective 

communication. Computer systems such as CAD, CAPP and CAM are classified as 

'islands of automation' and it is important that each system linked together to 

achieve information exchange without taking into consideration the dissimilar 

formats being used by various systems (Lau et al., 1998). 

The integration of CAD/CAM (Computer-Aided Design/Computer-Aided 

Manufacturing) is the important aspects for automation system. The CAD/CAM 

integration leads to Computer Integrated Manufacturing (CIM) where this is a 

primary system in realising the development of agile manufacturing, concurrent 

engineering, information technology and production processes. The CIM system is 

the automated computer system for the whole manufacturing processes. Basically, a 

CIM system includes CAD, CAM and CAPP (Yan et aI., 2000). 

Advancement in design efficiency can be achieved usmg feature-based design 

approach. Feature-based product modelling is a concept and technique that has 

gained a large number of commercial advocates in CAD/CAM development since 

the late 1980s. A complete product description consist of various feature types, e.g. 

form features, tolerance features, assembly features, functional features and material 

features. A complete product definition can be created using the feature-based 
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approach to provide an intuitive design environment for engineers (Trappey et al., 

2000). 

In conjunction with the feature-based model, the feature recognition approach has 

been developed. The feature recognition process is a bridge between CAD and CAM. 

The feature recognition approach is used to extract the information that is needed in 

the manufacturing from the CAD database. The goal of feature recognition is to 

succeed the design activity by converting the CAD model into CAM model where it 

contains the complete semantic part information based on features that required by 

CIM system. 

1.2 Problem Statement 

There are many researches being done to integrate the design and manufacturing 

functions in CAD/CAM systems through information sharing. The major obstacle for 

this integration is the incompatible data and information maintained by each system 

to support its requirements. The CAM system cannot comprehend the language of 

The CAD system thus making information sharing difficult (Ismail, 1998). In 

conjunction with communication problem between the CAD and the CAM systems, 

the feature based modelling approach has been developed. One of the key elements 

in feature-based approach is the feature recognition. The feature recognition 

approach can be used as a bridge between the CAD and the CAM. The feature 

recognition system can be developed to identify the manufacturing data either direct 

from CAD system or from neutral file format such as STEP (Standard for the 
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Exchange of Product Model Data). The majority of the products have several holes 

features. Holes are used either for assembly with fasteners or to provide access inside 

a part. The hole making is among the most important operations in manufacturing 

(Kalpakjian, 1995). Hole is one of the simplest features to be recognized. Thus hole 

recognition is chosen as the initial step to be developed for CAD and CAM 

integration. 

1.3 Research Objectives 

The main objectives of the project reported in this thesis are: 

(i) To develop feature recognition algorithm using rule-based technique. 

(ii) To develop a Hole Recognition System. 

1.4 Thesis Outline 

Chapter One discusses the background of the research, the objectives and how the 

thesis is organised. It outlines in brief the scenario leading to the necessity for 

carrying out this research. 

In Chapter Two, the definitions of feature and form feature are described. Beside that, 

the feature-based modelling that consists of design by feature and feature recognition 

also being described. The different approach of feature recognition from CSG 

models and B-rep models also highlighted in this chapter. After that, the neutral 
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format file exchange and standard for the exchange of product model data (STEP) 

are described. The Kappa-PC expert system also described in this chapter. 

In Chapter Three, it describes the methodology of the project. The chapter describes 

the method of the development of the Hole Recognition System (RRS). 

In Chapter Four, it describes the development of the filtering program and the result 

from the filtering program. 

In Chapter Five, the development of the Hole Recognition System is described. The 

architecture of the Hole Recognition System also described in this chapter. 

In Chapter Six, the discussions of the result for Hole Recognition System and the 

verification of the HRS are highlighted. 

In Chapter Five, it is the conclusion of the project. At the same chapter, a list of 

recommendation of the project is highlighted. 



2.1 Introduction 

CHAPTER 2 

LITERATURE REVIEW 
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This chapter describes the feature and form features in general. Then, the application 

that is related to the feature, namely feature-based modelling is described. The two 

types of feature recognition approach are described in the next section. After that, the 

neutral format file exchange especially the STEP file is described in detail. In the last 

section, the information about the Kappa-PC expert system is described. 

2.2 The Definitions of Feature 

The features have many definitions and there is no consensus on a common 

definition. The term feature is derived from the Latin word "facture" which means 

the act of making or formation" (CAM-I, 1981). 

Abdalla (1994) defines a feature is an entity or geometric form. Its attributes 

(dimensions, shape, etc.) are very important for various industrial functions, such as 

analysis, evaluation, and process planning. The feature attributes must be represented 

explicitly in terms of forms that match available manufacturing knowledge. 


