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ABSTRACT

Computer technology has become a very important element in an advanced manufacturing system. The good and systematic data
model for the exchange of manufacturing information between different stages of development of product life cycle is paramount
to ensure the product is manufactured and delivered to the market successfully. As a result, ISO 10303, an international standard,
or well known as Standard for Exchange of Product Model Data (STEP) is not just for providing a neutral data format within the
heterogenous CAD systems, its functionality has extended to the whole life cycle of product. STEP Part 21 is the first implementation
method from EXPRESS modelling language and implemented successfully as neutral product data to integrate heterogeneous CAD
platform. However, this CAD STEP Part21 text file is hardly to be applied in manufacturing processes since it consists of purely
geometrical and topological data. In this research, an nonprocedural approach is presented to translate the EXPRESS language
model of STEP CAD data into a new product database system model. A new nonprocedural approach of data enrichment and
automated machining feature recognition is proposed and implemented on this newly developed product database system and
provide a solution for the interrelated tasks of automated machining feature recognition: (1) extraction of geometrical feature from
STEP CAD model data of the part (2) formation of part representation suitable for form feature identification (3) matching of form
features. This paper proves the validity of this newly developed product database system by translating STEP Part21 file from a
commercial CAD system to database system format, data enrichment, performing automated machining feature recognition and
lastly generating STEP standard data according to AP224 for supporting STEP based process planning and manufacturing
applications.
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1. Introduction

Industrial manufacturing is one of the most important sources of wealth for a country. The
advanced of industrial manufacturing is not only able to provide daily needs for our own society, but
exporting the high quality products to all over the world [3]. The advent of computer has change the
landscape of our current trend of manufacturing systems significantly. Computer has brought a lot
of advantages to the life cycle of product development, from the initial stage of product design,
product manufacturing, product maintenance, and also dispose of the end product. Commercialized
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software solutions and industrial systems that related to computer aided design, process planning,
manufacturing and numerical control are readily available due to today's technological developments
[6].

CAD/CAM software is used to design and manufacture prototypes, finished products, and
production runs [1]. An integrated CAD/CAM system offers one complete solution for design through
manufacturing. CAPP is the use of computer technology to aid in the process planning of a part or
product, in manufacturing [2]. CAPP is the link between CAD and CAM in that it provides for the
planning of the process to be used in producing a designed part. Numerical control (also computer
numerical control, and commonly called CNC) is the automated control of machining tools (drills,
boring tools, lathes) and 3D printers by means of a computer. A CNC machine processes a piece of
material (metal, plastic, wood, ceramic, or composite) to meet specifications by following a coded
programmed instruction and without a manual operator (Serksnis, 2019). In term of total integration
of all these software, the integrating Computer-Aided Design (CAD)/Computer-Aided Manufacture
(CAM)/Computer-aided process planning (CAPP)/Computer Numerical Control (CNC) can be achieved
through data exchange by utilizing STEP and STEP-NC as shown in the Figure 1 [10].

CAPP/CAM systems

STEP-NC files

F Y

CNC controllers

Fig. 1. Striving for CAD/ CAP/ CAM/ CNC integration through STEP and STEP NC

ISO 10303, an international standard, or well known as Standard for Exchange of Product Model
Data (STEP) is not just for providing a neutral data format within the heterogenous CAD systems, its
functionality has extended to the whole life cycle of product. STEP consists of different application
protocols (AP) with different main applications. AP203, AP214, AP219 and AP224 are the examples
of the Application Protocols that used to define the industry data for design and manufacturing [10].
In the product life cycle, all of these APs are used to define different data representations at different
levels. However, the data scope and context such as geo-dimensionality and tolerance, geometry,
raw material data, boundary representation geometry and machining characteristics for all APs are
similar among each other [4]. Although many researchers have the efforts on developing APs, but
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harmonizing these APs is still in the process. The development of AP in integrated manufacturing
systems is also being studied [11].

Different types of CAD conversions depend on different companies. When product models are
accepted in a neutral data exchange format such as the Standard for Exchange product (STEP) data
model (ISO 10303-1, 1994) and Early Graphic Exchange Standard (IGES), companies may choose to
"Rebuild" or redo features based on accepted data models.

This exercise is called "re-mastering" the model. Re-mastering is needed due to the STEPS and
IGES can only reflect the geometric data and pure topology of the model (dummy data model, similar
to the model from a historical independent CAD system) except for all other product-related data
such as design and tolerance features. Alternatively, a company may simply abandon it as it can be a
costly exercise to regain control of the model.

Therefore, the main objective of this research is to develop a new relational database
management system with adopting a nonprocedural approach in the effort of harmonizing all these
APs, especially between AP203, AP224, and STEP NCin order to support the effort of total integration
of CAD/CAM/CAPP/CNC through STEP and STEP NC.

2. Methodology
This research framework shows that CAD STEP Part21 file can be generated mostly from any

commercialized CAD software. Generally, CAD STEP Part21 is just consist of geometric and
topological rich data format, such as vertices, lines and surfaces as shown in Figure 2.

CAD STEP
Part21 File

Newly developed product database oF !
system (data enrichment, Feature w ]
Recognition with edge blend features)

New STEP
Part21 file
generation

L

Macro Process Planning

Fig. 2. Project Framework

This type of data could not be fully utilized to process planning and manufacturing which require
more feature based data. As a result, the objectives of this research are to develop a new product
database system with nonprocedural approach to extract important information from CAD STEP
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Part21 file and conducting a series of enrichment process on the data. Then, this product database
system could recognize simple and compound machining features automatically from the enriched
extracted geometrical and topological data from CAD STEP Part21 file. Lastly, a new STEP Part21 file
could be generated according to AP224 format and it is more beneficial for process planning and
manufacturing processes within the life cycle of product development based on STEP. In procedural
approach, the program code is written as a sequence of instruction by specifying “what to do” and
also “how to do” (step by step procedure). However, in nonprocedural approach, program language
is written by specifying “what to do” in a higher level functional language. The benefits of
nonprocedural language are it is a function-driven language, its semantics are simple, size of the
programme is small and easy to manage relatively.

Stages of project development

! Staze 1: Product

i - databaze system
| Develop 2 new product databass system | developement

e # .........................................

Pead CAD STED Part2l fle |

SRR SR

Store Dietails of Each Entity m a new developed product database system |

* Staze I Geometric
Pamning Update Cuery (to Eliminate Unwanted Symbol and Tepalogical
from the Exfracted Dietails of Eatity, ez, “1)7, “;7 Feature Extraction
Drata Enrichment Proce:s (Using Update Cuery, Select Stage 3: Dtz Enrichment
Cuery, Append Query, Union Cuery)
- - . Stage 4: Machining Featurs
| Machming Feature F.ecognition with edge blend featares Recogmition

Stage 5: pew STEP file

| Generate the enriched Machining Featare Data in new STEP file | apmeration

Basic Entity of CAD STEP Par2l fil=
CS: closed shell _stop

FB: face bound

EL: edga loop

0E: crientad edze
EC: edze curve

L/C: lme or carcla
AP axis] placement
CP: Cartasian point
I direction

VI vertex

VT: vector

Fig. 3. Five main stages of product database system development

Figure 3 shows stages of research development according to proposed methodology on how to
build a new product database system at stage 1, to extract geometric and topological data from CAD
STEP Part21 file in stage 2. Then, the extracted data goes through a series of data enrichment process
at stage 3 and the final stage is recognizing machining feature from enriched extracted geometrical
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and topological data. The processes from stage 2 to stage 5 have been completed within this
developed relational database system by using an nonprocedural approach which is provided within
the system.

Relational Database Management System (RDMS)

This section discusses about applications of the developed product database system for
supporting STEP compliant manufacturing environment. Furthermore, details about the construction
of attributed graph and graph-based feature recognition, generation of STEP AP224 data file, and
generation of STEP NC data file have been explained in this section. In this research, a new relational
product database management system have been developed for establishing a system for integrating
and harmonizing between STEP APs, especially for AP203, AP224 and STEP NC (ISO 14649/ AP 238).
This relational product database management system consists of 4 modules, (1) geometric and
topological data extraction (2) CAD STEP data enrichment (3) automatic machining feature
recognition, (4) generation of a new STEP Part21 file according to AP224 and STEP NC as shown in
Figure 4. Based on this proposed system, module 1 and module 2 have been discussed and
accomplished in section 3, where a database system used for CAD STEP Part21 data extraction and
enrichment have been created successfully. So, the main concentration of this system fall on (i)
suggesting a novel graph-based method for machining feature recognition (ii) generating a new STEP
Part21 file according to AP224 and STEP NC.

d :
Product Database |
Management System

Generation of new

STEP Part21 file

Fig. 4. A proposed framework of relational product database
management system for supporting STEP compliant manufacturing
environment

Implementation

The part design is first created by using any commercial computer aided design software, e.g.
Autodesk Inventor. The design file is then saved as a neutral data format as STEP AP203 drawing file,
which consist of geometric and topological data. The data format is generated according to the ISO
10303-21 standard, or generally known as part 21 file. This type of data is very long and hardly to
read by human or computer program. Most programming languages, such as FORTAN, C and C++,
actually read line by line, starting the first to the following line. Due to the nature of data mapping in
STEP, backward line reading is required. However, backward reading cannot be carried out by most
programming languages unless the reading process is terminated and a new reading process is
carried out. Hence, backward reading which results from the characteristics of STEP file is not the
solution in writing an efficient source code. The suggestion for the solution of this problem is
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developing a relational database management system equipped with nonprocedural approach
(query) for managing all the geometric and topological data by extracting all of the data and storing
the data by types of entities accordingly in different tables. This STEP (CAD) file has been imported
to a developed relational database management system (RDBMS). This relational database
management system has been developed by using a PC-based RDMS software, Microsoft Access, in
Window.

Geometric and topological data extraction and machining features recognition from STEP (CAD) file

The extracted data has been analyzed and regenerated with nonprocedural approach (query) to
be more useful data as shown in the Figure 5 and Figure 6 for subsequent automatic machining
feature recognition process.

o, test run2 : Database (Access 2007) - Microsoft Access =i
Home Create External Data Database Tools Acrobat (@

» || 73 GENERATED DATA_COMPLETED DATA %
ADVANCED_FACE ~ GENERATED - GENERATED ~ |GENERATED » FACE_BOUN - GENERATED DATA_UNI - EDGE_LOOP - LooPX - LoorY - LOOPZ - ORIENTED_E - EDGE_CURVI - ED 4

(3

#107 -1 o o #106 FACE_OUTER_BOUND #105 1 o o #82 #81 0
#107 =1l #106 FACE_OUTER_BOUND #105 1 ) ) #104 #103 0.0
#107 -1 o o #106 FACE_OUTER_BOUND #105 1 0 0 #98 #97 0.0
#107 =1l o o #106 FACE_OUTER_BOUND #105 1 ) ) #30 #89 0
#107 -1 o o #106 FACE OUTER BOUND #105 1 0 0 #98 #97 0

Fig. 5. Some of generated important attributes (direction, types of face bound, related edge curve, related
oriented edge) for edge loop of part design

oot run2: Database (Access 2007) 8 Microsoft Ace (=

Home Create External Data Database Tools Acrobat (©]
s || 73] GENERATED DATA_COMPLETED DATA X
LOOPY - LOOPZ ~ ORIENTED_E ~ EDGE_CURVI -~ EDGE CURVE ~ EDGE CURVE v EDGE CURVE » GENERATED - CONVEXITY - LENGTH - X - Y - z = -
0 0 #82 #81 o] -1 0 LINE CONCAVE 23.1714229134; 91.348200275137827  21.9882515047: 40.0
0 0 #104 #103 0.0 0.0 -1.0 LINE CONCAVE 38.0 91.348200275137827  21.9882515047: 40.0 H
0 0 #38 #37 0.0 -1.0 0.0 LINE CONVEX 23.1714229134; 91.348200275137827  21.9882515047: 40.0
0 0 #30 #89 o 0 1 LINE CONCAVE 38.0 91.348200275137827 21.9882515047: 40.0

Fig. 6. Some of generated important attributes (types of edge curve, concavity/convexity of edge curve, length
and direction of related edge curve) for edge loop of part design

Automatic 2.5D machining feature recognition (A novel graph-based method)

When dealing with a boundary representation of a design component, instead of faces, edge loop
have been proposed as nodes of the graph and edge loops relationships form the arc/links of the
graph which is known as attributed edge loop adjacency graph (AELAG). Some of important attributes
of edge loop are generated, such as direction of edge loop, collection of edge curves, length of edge
curves, concavity/convexity of edge curve, outer bound or inner bound of loop curve from the
extracted geometric and topological CAD data. Figure 7 shows a new design of attributed edge loop
adjacency graph for pocket recognition and Figure 8 shows the AELAG mapping for recognizing a
pocket in RDMS tables format.
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Fig. 7. A new design of attributed edge loop adjacency graph (AELAG) for pocket recognition

Home Create External Data Database Tools Acrobat @

5 || 3] POCKET_ADV FACE + COORDINATE T 3] POCKET_DETAILS
BASE EDGE LOOP - X - ¥ - z - | BASE EDGE CURVE ~ |EDGE CURVE +LENGTH + DIRE - X1 - Y1 - 71 ~| WALLEDGELOOP ~ WALL EDG
#201 89.003240586294012  33.5739629614: 1.99999999999¢ #119 4.689919377687630 -10 0.0 0.0 #136 #119
#201 89.003240586294012  33.5739629614« 1.99999999999¢ #150 23.171422513424067 0.0 -L0 0.0 #167 #150
#201 89.003240586294012  33.5739629614¢ 1.99999399999 #179 4.689919377687630 1.0 0.0 0.0 #1893 #179
#201 89.003240586294012  33.5739629614: 1.99999999999¢ 481 23.171422913424067 0.0 1.0 0.0 #105 #31

nd ; Database (Access 2007) = Microsoft

Home Create External Data Database Tools Acrobat @

» @ POCKET_ADV FACE + CDDRDINME‘ @ POCKET_DETAILS
z - | BASE EDGE CURVE - |EDGE CURVE +LENGTH + DIRE ~ X1 - Y1 - 71 ~| WALLEDGELOOP - WALL EDGE CURVE - |POCKET.LEN - POCKET.COP -

199999999999 #119 4.689913377687630 -1.0 0.0 0.0 #136 #119 38.0 CONCAVE
1.99999999999¢ #150 23.171422513424067 0.0 -1.0 0.0 #167 #150 38.0 CONCAVE
199999999999 #179 4.689919377687630 10 0.0 0.0 #189 #1719 38.0 CONCAVE
1.99999999999: #81 23.171422913424067 0.0 10 0.0 #105 #31 38.0 CONCAVE

Fig. 8. AELAG mapping for recognizing a pocket in RDMS tables format

Generation of STEP AP224 data file

From recognized machining features with important parameters, such as pocket, the database
system is going to generate a more standardized machining feature data, in ISO 10303-224 format
and according to the ISO 10303-21 standard. The generated format is shown in Figure 9.

#1509= (CHARACTERIZED_OBJECT ("', 'closed
rectangular') FEATURE_DEFINITION () INSTANCED_FEATURE ()MACHINING_FEATURE () POCKET () SHAPE
_ASPECT ('', 'closed rectangular',#43,.T.));

#1510=PROPERTY DEFINITION('','',6 #1509);
#1511=PRODUCT DEFINITION SHAPE('','',6 #1509);
#1512=CARTESIAN POINT('', (5.312500000000000,0.0,3.437500000000000)) ;

#1513=DIRECTION('', (0.0,-1.0,0.0));

Fig. 9. Machining feature data generated in AP224 format
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Generation of STEP NC data file

STEP NC is the extension of using STEP throughout product lifecycle development, especially
concentrating on developing a seamless data exchange in the process of machining a recognized
machining feature. The part program is described in a Physical File Format according to ISO 10303-
21. The first section of the part program is the header section marked by the keyword “HEADER”. In
this header, some general information and comments concerning the part program are given, such
as filename, author, date, organization, etc as shown in Figure 10.

Manufacturing feature data typically originate from CAM. I1SO 14649 defines manufacturing
features that differ from, but are harmonized with, ISO 10303-224. Manufacturing process data also
originated form CAM, and defines the technological parameters to be used during the cutting
process such as tool feed and spindle speed, and description of the tooling required for each of the
machining operations. Manufacturing process data also includes the definitions of Workingsteps, one
for each association of feature, of associated tool and its technological parameter, and the sequence
of these Workingsteps.

Header
General Information: filename, author, date, organization
Data .
Project
b .
EDCESS Workplan and
ata
/ executable ‘\
. Machining <« | Geometrv
Working steps —» operations -
Manufacturing ./
features

Fig. 10. Data Structure of 1ISO 14649 (1SO14649-1, 2003)

3. Result and Discussion

This section shows the newly developed product database system, named as Automatic
Machining Feature Recognition System with Edge Blend Feature, by using window Microsoft Access
Relational Database program as shown in Figure 11. A step by step implementation of this system is
explained as below.
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|

IMPORT DATA

OPEN IMPORT DATA

PROCESS IMPORT DATA |

GENERATE DATABASE FORMAT |
GEO AND TOPO DATA EXTRACTION

RAW DATA EXTRACTION \

GEO AND TOPO DATA ENRICHMENT
DATA ENRICHMENT |
MACHINING FEATURE RECOGNITION

FEATURE RECOGNITION

developed by: chen wong keong
supervised by: Prof Dr Yusri bin Yusof

Fig. 11. The interface of the product database system

Implementation procedures are shown as follow:-

Step 1:

Step 2:

Step 3:

Step 4:
i
ii.

Step 5:

Step 6:

Step 7:
Step 8:

Design a part using CAD (Autodesk Inventor) and save the file as STEP file (*.stp) as shown in
Figure 12.

Open the STEP file with Notepad and save as text file (*.txt) as shown in Figure 13.

Import the data into the created product database system as shown in Figure 14.

Separate the geometry and topological data from STEP file in the following manner

Read each line of character from the import STEP file

Extract each line of geometry and topological data entity and then save them into different
types of entity tables (e.g. shell table, advanced-face table, edge loop table, face table, edge
table, point table and so on)

Filter and store all the parameter of the extracted geometry and topological data entity into
a sensible data with using the Microsoft Access queries.

Display all extracted and enriched product database format in a compact view as shown in
Figure 15 and Figure 16.

Machining feature recognition as shown in Figure 17 and Figure 18.

New Part21 text file generated according to AP224 as shown in Figure 19.
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Fig. 12. Part Design created on Autodesk Inventor

File Edit Format View Help

I50-10303-21;
HEADER;

* Generated by software with PDE/Lib inside
* PDETib version v5la, created Thu 01/14/201
# ITI Transcendata (http://www.transcendata.

%

0
com/) *

FILE_DESCRIPTION({(""),"

/

19;
FILE_NAME('C: \\ussrs\\user\\DesktOp\\drawwng\\mmhmatmnz stp', '2017-02-16T10:46:00", ("user '), ("), 'Autodesk Inventor 2011, Autodesk Inventor 2011°,'');
FILE_SCHEMA({ AUTOMOTIVE_DESIGN { 1 0 103037214 1111 }));

ENDSEC;

DATA;

#5=APPLICATION_CONTEXT( automotive deswgn );
PPLICATION_PROTOCOL_DEFINITION('Internati
RODUCT_CONTEXT(" " ,#5, 'mechanical’);

#8=PRODUCT (" tomhmatmnz , 'combination2”, (#7)

#9=PRODUCT_RELATED_PRODUCT_CATEGORY (' part
#10=PRODUCT_DEFINITION_FORMATION(' ", §,#8
#11=PRODUCT_DEFINITION CONTEXT( part definiti
#12=PRODUCT_DEFINITION( ', §,#10,#

#18=(NAMED_! UNIT(*)PLANEJ\NGLE UNIT()SI UNIT(S,

onal standard’,'automotive design',2001,#5);

)H
$,(#8));
on',#3, 'design’);

.RADIAN.));

#19=DIMENSIONAL_EXPONENTS (0. 0,0.0,0.0,0.0,0.0,0.0,0.0);

#20=PLANE_ANGLE_MEASURE_WLTH UNIT(PLAN[_ANGLEJAEASURE(D 017453292500000) , #18);
#24-(CONVERSTON_BASED_UNTT (' DEGREE ', #20) NAMED_UNTT (#19) PLANE_ANGLE_UNTT(});
#28=(NAMED_UNIT(*)SI_UNIT(S,.STERADIAN. )SOLID_ANGLE UNIT());

#32=(LENGTH_UNTT (NAED_UNTT(*)ST_UNTT(.MILLI.
#34=UNCERTAINTY_MEASURE_WITH_UNIT(LENGTH_MEAS

LMETRE.));
URE (0. 010000000000000) , #32, ' DISTANCE_ACCURACY_VALUE'

#36=(GEOMETRIC_] REPRESENTATION |_CONTEXT(3)GLOBAL_UNCERTAINTY_ASSIGNED_C coNTEXT((#34))GLUBAL UNITJ\SSIGNED cuNTEXT((#24 #28,#32) JREPRESENTATION_CONTEXT( "None ', "None'));

#37=AXIS2_PLACEMENT_3D(" *,#38,#39,#40);
#38=CARTESTAN_POTNT( ", (0.0,0.0,0.0));
#39=DIRECTION( "', (0.0,0.0,1.0));
#40-DIRECTION(" ", (1.0,0.0,0.0)};
#41=SHAPE_REPRESENTATION(' ', (¥37),#36);
#42=PRODUCT_DEFINITION_SHAPE('"," |, #12);
#43=SHAPE_DEF INLTION_REPRESENTATION(#42,#41);
#49=(NAMED_UNTT (*) PLANE_ANGLE_UNIT()SI_UNIT(S,
#50=DIMENSTONAL_EXPONENTS(0.0,0.0,0.0,0.

-RADIAN. ));

#51=PLANE_ANGLE_MEASURE_WITH UNIT(PLANE_ANGLEJAEASURE(D 017453292500000) , #49);

#55=(CONVERSION_BASED_UNIT('DEGREE ' ,#51)NAMED.|

UNTT(#50) PLANE_ANGLE_UNTT(});

#59=(NAMED_UNIT(*)ST_UNIT(S . STERADIAN. )SOLID_ANGLE_UNIT());

#63=CLENGTH_UNIT () NAMED_UNTT(*)ST_UNTT{MILLI.

#65=UNCERTAINTY_MEASURE_WITH, UNIT(LENGTHJ’\EASURE(D 000001000000000) #63, ' DISTANCE_ACCURACY_VALUE

METRE.

#67=(GEOMETRIC_REPRE SENTATTON_CONTEXT (3 )GLOBAL_UNCERTAINTY_ASSTGNED_( CONTEXT( (#65)JGLOBAL _UNTT_ASSTGNED. (UNTEXT((#SS #59,#63) JREPRESENTATION_CONTEXT( ", '3D"));

#68=CARTESIAN_POINT( ', (32.977125152243246,7.
#60=DIRECTION("',(0.0,0.0,-1.0));
#70=DIRECTION("",(-1,0,0
#71=AXT52_PLACEMENT_3D(’
#72=CYLINDRICAL_SURFACE( ;
#73=CARTESIAN, PuINT(" (36 977125152243239 7.
#74=VERTEX_POINT("",#73);
#TSj(ARTESIAN_POINT(' ',(32.977125152243246,7

519565754221034,30.0));

519565754221034,20.0));

41 m

Fig. 13. Text file Part 21 which consists of 2692 lines as internal data structure of a design part

.519565754221034,20.0));
1

5] FRONTPAGE -

Datasheet @
gUTHM = e ‘@ = New X Totals | 4] 7 Selection - ﬁ 2, Replace
e - IE; 2
5z Spelli Adh d v = GoTo~
AUTOMATIC MACHINING FEATURE B == | | Refren e et jjl 2 Find
RECOGNITION SYSTEM — Ale | X Delete - HMore - | 4, 7 Toggle Filter g Select -
Find

PASTE YOUR TEXT FILE FROM CAD DRAWING

DATABASE FORMAT GENERATION

‘GENERATE DATABASE FORMAT

& Rich Text Records Sort & Filt

/

IMPORT DATA
'OPEN IMPORT DATA * Generated by software with PDE/Lib inside -
PROCESS IMPORT DATA * PDElib Version v51a, created Thu 01/14/2010 N
(I 0455 MEORT 0ATA “m (nttpi/fues ) -

GEO AND TOPO DATA EXTRACTION

RAW DATA EXTRACTION

GEO AND TOPO DATA ENRICHMENT

DATA ENRICHMENT

MACHINING FEATURE RECOGNITION

FEATURE RECOGNITION

FILE_DESCRIPTION(("), 2:1);
FILE_ NAME('C:\\Users\\User\\Desktop\\drawing\\combination2.stp','2017-02-16T10:46:00',(‘User'), ("), 'Autodesk Inventor 2011, Autodesk Inventor 2011',")
FILE_SCHEMA(('AUTOMOTIVE_DESIGN{10103032141111}));
ENDSEC;
DATA;
#5=APPLICATION_CONTEXT(‘automotive design’);
#6=APPLICATION_PROTOCOL_DEFINITION('International Standard’,'automotive_design’,2001,45);
#7=PRODUCT_CONTEXT(",#5,'mechanical');
#8=PRODUCT('combination2’,'combination2’,$,(#7));
#9=PRODUCT RELATED_PRODUCT CATEGORY('part',$, (48));
#10=PRODUCT_DEFINITION_FORMATION(",$,#8);
#11=PRODUCT_DEFINITION_CONTEXT('part definition’,#5, design’);
#12=PRODUCT_DEFINITION(",$,#10,#11);

{ D_UNIT(*)PLANE_ANGLE_UNIT()SI_UNIT(S,.RADIAN.));

developed by: chen wong keong

0,0.0,0.0);

#20=PLANE_ANGLE_MEASURE_WITH_UNIT[PLANE_ANGLE_MEASURE(0.017453292500000), ¥15);

#24=(CONVERSION_BASED_UNIT{'DEGREE', #20)NAMED_UNIT(#19)PLANE_ANGLE_UNIT());
#28=(NAMED_UNIT(*)SI_UNIT($,.STERADIAN.)SOLID_ANGLE_UNIT()); -

supervised by: Prof Dr Yusri bin Yusof

Record; 4 < [1072670 | » M b | o filer |[Search | I ]

Natashest View

»
Num Lk [T 78 . s

Fig. 14. CAD STEP Part21 file imported to database system
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m;ﬂtmﬁﬂe: Database (Access 2007) - Microsoft Access ﬂ
@
= K cut . . = New I Totals H \'.}’Seledmn v ¢ Replace
% J =3 Copy i B . ‘ ”@ =H Save 5 Spelling El hﬁdvan(ed v m B GoTor
V‘Sw o J Format Painter ‘ R HA - & - |3: = ‘abj ‘ Rj\efh X Delete EMOIE' }/ Fier \/ Toggle Filter e lg Select -
Views Clipboard i} Font F] Rich Text Records Sort & Filter Find
s || 2 import data 1 71 PREVIEW DATA §
| |[ pLaNE - [ADVA - [TRI < |16~ |DIF - [DIRI - [DIR - DX | DV - |DZ - FACE BOUND - FACE - ORIEN - TF - EDGE ~|LINEOF » LINEQF - X1 M Y1 - yal - X2
PLANE #19% .T. 100 00 10 0 0 1FACE_BOUND #1994 #1988 1#1031  LINE #1030 94.3649133893¢ 541219822274 20.0000000000( BT.SSZSOSSEI%I
PLANE #19% .T. 100 00 10 0 0  1FACE BOUND #1994 #1989 -1#918  (CIRCLE  #917 85.3825065815: 7.41219822274: 20.0000000000( 87.38250658
PLANE #19% .T. 100 00 10 0 0 1FACE_BOUND #1994 #1987 -1#762  CIRCLE  #761 94.3649133893¢ 541219822274 20.0000000000( 36.36491338
PLANE #19% .T. 100 00 10 0 0  1FACE BOUND #1994 #1986 1#1014 LINE #1013 96.3649133893: 13.0912512491: 20.0000000000( 96.36491338
PLANE #19% .T. 100 00 10 0 0 1FACE_BOUND #1984 #1983 1#29  CIRCLE  #628 95.7071864535. 27.7121865217( 20.0000000000( 95.70718645
PLANE #19% .T. 100 00 10 0 0  1FACE BOUND #1981 #1980 1#64  CIRCLE  #563 94.7919785551¢ 39.6675799147: 20.0000000000( 94.79197855
PLANE #19% .T. 100 00 10 0 0  1FACE QUTER BOUND #1978 #1977 -1#1892  LINE #1891 81.4143729070: 50.0 20.0000000000( 100.0
PLANE #19% .T. 100 00 10 0 0  1FACE QUTER BOUND #1978 #1976 -1#1975  LINE #1974 100.0 30.0 20.0000000000( 100.0
PLANE #19% .T. 100 00 10 0 0  1FACE_QUTER BOUND #1978 #1969 -1#1947  LINE #1946 81.4143729070: 0.0 20.0000000000( 81.41437250
PLANE #19% .T. 100 00 1.0 0 0  1FACE BOUND #1994 #1990 1#1085 LINE #1084 85.3825065815: 7.41219822274! 20.0000000000( 85.38250658
% PLANE #3506 .T. 100 00 10 0 0  1FACE_QUTER BOUND  #504  #503 -1#405  LINE #04 $89.3737099834: 9.25172473354( 5.00000000000( 89.37370998
2 PLANE #19% .T. 100 00 1.0 0 0  1FACE QUTER BOUND #1978 #1970 -1#1807  LINE #1806 100.0 0.0 20.0000000000( 81.41437290
-,'-3 PLANE #1734 T 100 00 10 0 0 1FACE_BOUND #1732 #1673 1#1672  LINE #1671 26.7632055990 2752290513041 30.0 26,76320559
.g PLANE #1734 T, 100 00 1.0 0 0  1FACE BOUND #1662 #1603 1#1602 LINE #1601  60.0158166273: 14.6525610986¢ 30.0 60.01581662
3 PLANE #1734 T, 100 00 10 0 0 1FACE_BOUND #1662 #1612 -1#1611  CIRCLE #1610  538.0158166273: 551956575422 30.0 60.01581662
PLANE #1734 T, 100 00 1.0 0 0  1FACE BOUND #1662 #1620 1#1619 LINE #1618 58.0138166273: 5.51956575422: 30.0 45,78935696
PLANE #1734 T 100 00 10 0 0 1FACE_BOUND #1662 #1629 -1#1628 CIRCLE #1627  43.7893369664: 7.51956575422 30.0 45.78935656
PLANE #1734 T 100 00 10 0 0  1FACE BOUND #1662 #1637 1#1636 LINE #1635 43.7893569664: 7.51956575422: 30.0 43.78935696
PLANE #1734 T 100 00 10 0 0 1FACE_BOUND #1662 #1646 -1#1645 CIRCLE #1644  45.7893369664¢ 16.6525610986¢ 30.0 4378935696
PLANE #1734 T 100 00 10 0 0  1FACE QUTER BOUND #1567 #1533 1#1203 LNE #1202 31.5250982388: 50.0 30.0 31.52509823
PLANE #1734 T 100 00 10 0 0 1FACE BOUND #1662 #1661 -1#1660 CIRCLE #1659  60.0158166273: 14.6525610986¢ 30.0 58.01581662
PLANE #1734 T 100 00 10 0 0  1FACE BOUND #1570 #1569 11 CIRCLE  #30 36.9771251522: 7.51956575422° 30.0 36.97712515
PLANE #1734 T 100 00 10 0 0 1FACE BOUND #1732 #1682 -1#1681 CIRCLE #1680  24.7632055390¢ 14.6525610986¢ 30.0 26.76320559
PLANE #1734 T 100 00 10 0 0  1FACE BOUND #1732 #1690 1#1689 LINE #1688 24.7632055990: 14.6525610986¢ 30.0 12.63445515
PLANE #1734 T 100 00 10 0 0 1FACE BOUND #1732 #1699 -1#1698 CIRCLE #1697  10.6344551533: 16.6525610986¢ 30.0 12.63445515 v
» M b | NoFilter |[Search [ m J »
@FR“ ‘ B x DI ‘ | ‘ Num | ek “ﬁ\ﬁ\ﬁlllﬂ.\!"

Fig. 15. Geometrical and topological data extraction from CAD STEP Part21 file

The geometry and topological data (in the form of text file) is separated from the CAD STEP Part21
text file by using the query language (query by example method). After completion of the process
above, the database has been filled with geometry and topological data and this information will be

useful for subsequent process as shown in figure 16, 17, 18 and 19.

@
EUTHM = . CE| H@ = New X Totals ‘i; 7 Selection - [ﬁ 24 Replace
RECOGNITION SYSTEM All- elete lore. 7] Toggle Filter Ig Select
G| RichText Records Sort & Filter Find
PASTE YOUR TEXT FILE FROM CA = oot m}; T
ADV - PLANEOR ~ |EDG - |Ti - |C+ DI - D - |FACE ~| FACE BOUND - |ORIE - |EDGE + |LINE( + |LINE( - |PREVI - [PREVIEWL - |PC - [PO - [PO =
DATABASE FORMAT GENERATION CYLINDRICAL FACE OUTER BOUND #985  #816  #815  CIRCLE 874 151 |
#1001 CYLINDRICAL, FACE_OUTER_BOUND #992  #676  #675  CIRCLE 944 131
#1001 CYLINDRICAL. FACE OUTER BOUND #991 #380 #989 LINE #1001 CYLINDRICAL 87.4 13.1
#1001 CYLINDRICAL FACE OUTER BOUND #998  #997 #99% LINE #1001 CYLINDRICAL 94.4 151
#1133 CYLINDRICAL FACE_OUTER BOUND #1107 #1106 #1105 CIRCLE 295 39.1
#1133 CYLINDRICAL, FACE_OUTER_BOUND #1124 #1123 #1122 CIRCLE 315 411
#1133 CYLINDRICAL, FACE_OUTER_BOUND #1115 #1114 #1113 LNE #1133  CYLINDRICAL 3L5 411
#1133 CYLINDRICAL FACE OUTER BOUND #1130 #1129 #1128 LINE #1133  CYLINDRICAL 29.5 39.1
GEO AND TOPO DATA EXTRACTION #1190 CYLINDRICAL, FACE_OUTER_BOUND #1164 #1147 #1145 CIRCLE 315 411
#1190 CYLINDRICAL, FACE_OUTER_BOUND #1181 #1180 #1179 CIRCLE L5 50
#1190 CYLINDRICAL, FACE_OUTER_BOUND #1172 #1171 #1170 LINE #1190 | CYLINDRICAL 315 411
#1190 CYLINDRICAL FACE OUTER BOUND #1187 #1186 #1185 LINE #1190 CYLINDRICAL 29.5 50
#1256 CYLINDRICAL, FACE_OUTER_BOUND #1230 #1229 #1228 CIRCLE 10.6 411
GEO AND TOPO DATA ENRICHMENT #1256 CYLINDRICAL, FACE_OUTER_BOUND #1247 #1246 #1245 CIRCLE 12,6 39.1
#1256 CYLINDRICAL FACE_OUTER BOUND #1233 #1237 #1236 LINE #1256  CYLINDRICAL 12.6 39.1
#1256 CYLINDRICAL, FACE_OUTER_BOUND #1253 #1252 #1251 LINE #1256  CYLINDRICAL 10.6 41.1
#1313 CYLINDRICAL, FACE_OUTER_BOUND #1287 #1277 #1276 CIRCLE 12.6 411
#1313 CYLINDRICAL FACE_OUTER_BOUND #1304 #1303 #1302 CIRCLE 126 50
MACHINING FEATURE RECOGNITION #1313 CYLINDRICAL FACE_OUTER_BOUND #1295 #1294 #1293 LINE #1313 CYLINDRICAL 126 411
#1313 CYLINDRICAL FACE OUTER BOUND #1310 #1309 #1308 LINE #1313 CYLINDRICAL 10.6 50
#1335 CYLINDRICAL, FACE_OUTER_BOUND #1319 #1154 #1153 CIRCLE 29.5 411
#1335 CYLINDRICAL FACE_OUTER_BOUND #1326 #1270 #1269 CIRCLE 12.6 39.1
#1335 CYLINDRICAL FACE_OUTER BOUND #1335 #1324 #1323 LINE #1335  CYLINDRICAL 29.5 411
#1335 CYLINDRICAL FACE OUTER BOUND #1332 #1331 #1330 LINE #1335 CYLINDRICAL 126 39.1
developed by: chen wong keong #1394 CYLINDRICAL, FACE_OUTER_BOUND #1368 #1367 #1366 CIRCLE 79 0 v
Supervised bv:ﬂ"f DryusribinYusof | Jl'e; oraiie < 1orazo | » » [« Im »

Patacheet View

Num lack [ 2B 0. sou 221

Fig. 16. Extracted and enriched product database format in a compact view which consist of only
420 lines compare with text file Part21 with 2692 lines for describing a design component
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FRONTPAGE.
AUTOMATIC MACHINING FEATURE
RECOGNITION SYSTEM

) . S Y 71 semction 4 Fepiace
= "::W o) Q e Dspmng Ll ( FJaaniea m - Gate-
IR | (EE[M] b | oo - e[| ™ e | ™ 3y e
ik et et sart & fitay oa ‘

PASTE YOUR TEXT FILE FROM

DATARASE FORMAT GENERATION

[— LT

GEO AND TOPO DATA EXTRACTION.
[ sawoaiapamcion |

GEO AND TOPO DATA ENRICHIMENT

developed by: chen wong keong
supervised by: Prof Dr Yusrl bin Yusol

] MATURE RECOGNITION

MACHINING FEATURES RECOGNITION

RECTANGULAR

CLOSED POCKET: 1 | RECTANGULAR CLOSED POCKET DETAILS |
RECTANGULAR
THROUGH POCKET: 1 RECTANGULAK THKOUGH POCKET DETAILS

Fig. 17. Recognition of all the machining features

AUTOMATIC MACHINING F1
RECOGNITION SYsT1 |

PASTE YOUR TEXT FILE FROM CAGY

DATABASE FORMAT GENERATY

. chele
()
Y
—~ “
™
()
> —— !
DETAILS OF BLND HOLE FEATURE:
17/ ADVA + [PLANE + |ORIE » EOGE + | INEOR » |Cll » EDGI + [TA » [DIRX + [DIR) » |DIR + FACE_BOUN » [FACE_ » |UNE( + [A
o4 PLANE w101 W80 CIRCLE B 0 o 1 FACE_OUTER I w102 L] - “.
o W2062  PLANE w2059 #2046 CIRCLE 52 o o 1 FACE_OUTER [ #2060 #2045 W

dovelaped by: chon
supervised by: Prof br Yusn bin Yusof |

#18645(CHARACTERIZED_OBJECT(",") FEATURE_DEFINITION()INSTANCED_FEATURE(|MACHINING_FEATURE()ROUND_HOLE()SHAPE_AS!
#1865=PROPERTY_DEFINITION("," ¥1864);

#1866=PRODUCT_DEFINITION_SHAPE("," #1864);

WIS67=CARTESIAN_POINT(",{0.0,1.914528€16,0.0));

WL864=DIRECTION(",(0.0,0.0,1.0));

WIB69=DIRECTION(",(-1.0,0.0,0.0));

W1870=AXIS2_PLACEMENT_30('orientation’,#1867,#1868,#1869);

s Lok Aa o

Fig. 18. Details of recognized machining feature (e.g. hole feature)

#1871=SHAPE_REPRESENTATION(",(#367,4486),434); b
:_DEFINITION | #871);
| _WITH (#1870),434)]
. DEFINITION H873);

F1875=FEATURE_COMPONENT_DEFINITION(",");

X
1' #1876=PRODUCT_DEFINITION_SHAPE("," #1875);

F1877=CIRCULAR_CLOSED_PROFILE(‘circular profile’,", #1876, F.);

|_MEASURE_WITH | WITH, #15)REPRES

#1854+PROPERTY_DEFINITION(",",#1877);

WITH #34);

:_DEFINITION |
#1886=FEATURE_COMPONENT_DEFINITION(",");
#1887=PRODUCT_DEFINITION_SHAPE(",", #1886); | v

— e i TR A AT

Fig. 19. New Part21 text file generated according to AP224 (e.g. hole feature)
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4, Conclusion

In conclusion, this study shows an effort in harmonizing between different STEP APs (AP203,
AP224, AP238/ISO 14649) through developing a relational database management system with
adopting a nonprocedural approach. A PC-based RDMS software, Microsoft Access, has been
introduced for supporting an integrated CAD/ CAPP/ CAM/ CNC system. Besides, a new Attributed
Edge Loop Adjacency Graph (AELAG) was introduced and recommended as an alternative method for
recognizing 2.5D machining feature. Through this method, important parameters were appended to
the recognized 2.5D machining features and this data is useful for generating manufacturing data in
AP224 and AP238/ ISO 14649 format and STEP NC data which is important for establishing a more
interoperability and intelligent manufacturing environment.
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