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Abstract—Sheet-metal parts have been widely applied in
electronics, communication and mechanical industries in recent
decades; but the advancement in sheet-metal part design and
manufacturing is still behind in comparison with the increasing
importance of sheet-metal parts in modern industry. This paper
presents a methodology for automatic extraction of some common
2D internal sheet metal features. The features used in this study are
taken from Unipunch ™ catalogue. The extraction process starts with
the data extraction from STEP file using an object oriented approach
and with the application of suitable algorithms and rules, all features
contained in the catalogue are automatically extracted. Since the
extracted features include geometry and engineering information,
they will be effective for downstream application such as feature
rebuilding and process planning.

KeyWOI‘dS—Feature Extraction, Internal Features, Punch Shapes,
Sheet metal, STEP.

[. INTRODUCTION

Feature is a given shape or characteristic in a CAD model

that carries some engineering significance such as a
specific function in terms of design; or useful, high-level
information for some downstream application [1]. Feature has
some intrinsic properties like feature type, feature shape,
feature volume etc. Sheet metal features have widely used in
mechanical, electronics and telecommunication industries. The
automatic extractions of these features are important for
downstream manufacturing functions.

Two most popular approaches in feature extraction are
feature based design and feature recognition. In feature based
design method, designer is limited to a specific library of
features while creating the solid model. Each of these features
can be mapped to one or more manufacturing processes in
downstream applications [2]. In feature recognition approach,
efficient algorithms are applied to extract specific information
automatically from the CAD model. Various approaches have
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been used in feature recognition for prismatic, polyhedral etc.
parts like [3] used a hint based approach patterns of convex
and concave relationships between the faces of a part to
identify features. References [4] and [5] developed the hint-
based methodology that looks for “characteristic traces” of
features in the surface geometry of a part, and generates
feature hints. Reference [6] presented a methodology to
recognize intersecting and non-intersecting  features
respectively from the 2D orthographic projections of a part.
Reference [7] proposed a process orientated feature
recognition system in which the pattern recognition is used to
transform the surface boundary model of a component into an
Attributed Adjacency Graph (AAG). Reference [8] proposed
an algorithm for the identification of design and machining
features from a data exchanged part model.

Sheet metal feature recognition systems have been proposed
that take 3D models as input, build pattern or feature graphs
for feature recognition [9], [10]. Reference [11] used vertex-
edge graphs and face-edge graphs for feature recognition from
wire-frame models [11]. Reference [12] developed integrated
sheet metal CAD/CAM systems, all of which rely on feature
definition during the design stage itself and are system
dependent. The automatic feature extraction using neutral file
format e.g., STEP has greater applicability than the other
systems. STEP provides a computer interpretable
representation and exchange of product data. The overall
objective of STEP is to provide a mechanism that is capable of
describing product data throughout the life cycle of product,
independent from any particular system [13]. Reference [14]
proposed an approach for shape representation and
interoperability of product models from STEP over the
internet in a distributed virtual prototyping environment.
Reference [15] proposed a methodology based on attribute
adjacency matrix for feature recognition. The system works
well for determination of implicit feature type like internal,
external, flange etc. The limitation of the system is the explicit
definition of these features.

In this article, STEP AP 203 is used to extract the geometric
and topological information of CAD Model. The real
advantage of using STEP is its extensibility and exchange of
data in neutral file format. The geometric output file is created
by reading and defining entities like face, edge etc. from STEP
AP 203 file using object oriented approach. The next step is to
apply algorithms for identification of feature loop, faces and
edges. The rule based conditions are developed to recognize
each feature separately.
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II. METHODOLOGY

The proposed methodology presented in this paper consists
of three main phases: (1) a geometric output file, (2) feature
extractor (3) a features recognizer.

A. Geometric Output File

The part design is introduced through computer aided
design (CAD) software and it is represented as a solid model
by using CSG technique as a design tool. The CAD software
generates and provides the geometrical information of the part
design in neutral file format (STEP AP 203). The format
allows the ability to communicate with the various CAD/CAM
systems. A partial list of STEP entities is shown in Fig. 1.
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Fig. 1 STEP Data Structure
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The relevant STEP entities are mapped into C++ classes
using object oriented technique. Each face, edge and vertex
point has been given a distinctive id.

B. Feature Extraction process

The data extraction file is now analyzed for further
classification in the output file for feature extraction. In the
STEP file, the Face _outerbound and Face bound are the parts
of Advanced face entity. For example, the following line
describes Advanced face entity in STEP file (Fig. 2).

£1675=ADVANCED_FACE(PartBody' (4165021668 216
74)£825,.T) ;

Fig. 2 Advanced Face Entity

In this line, the numbers #1650 in the parenthesis represents
face outerbound loop and other two #1668 and #1674
indicates the presence of face bound inside face outerbound.
The line number (#825) outside the parenthesis represents
surface type. Therefore, in the data extraction output file, Face
1675 contains 1 external edge loop (#1650) and 2 internal
edge loops (#1668 and #1674). The information is critical for
the existence and identification of internal features. The
internal feature edge loops are extracted separately for each
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face bound entity along with its face outerbound. Therefore,
all extracted face bound loops are placed inside respective
face outerbound loop with the same face identification
number as shown Fig. 3. Now, these face bound loops have
been extracted and re-generated as 2-dimensional loops. The
extraction and regeneration process of these face _bound loops
are presented in the following steps:

Face 3
Face bound
Face_outerbound
1 -
Face3
Face Quter Bound > Edge Loop:
Edge Curve: 6

Vertex Point (3 ): Cartesian Point: ( (0,50,50)

Vertex Pobut (1 ): Cartesian Poit: ( (0,-30,50)

Face Bound

Edge Loop:

Edge Curve: 10

Vertex Point (8 ): Cartesian Point: ( (0,13.6551,14.0743)
Vertex Point (9 ): Cartesian Point: ( (0,-14.3017,14.0743)

PlaneAXIS2 Placement 3D:
Cartesian Point: (0,0.0)

Axis2P3D Direction , Point: (1,0,0)
Axis2P3D XDirection , Point: (0,1,0)

Fig. 3 Face_outerbound and Face_bound loops

Step 1:Start
Step 2:Read all the faces of data extraction file
Step 3:Extract the faces that have face_bound entries
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Step 4:Extract face_bound loops of the faces found in step 3

Step 5:Mark constant coordinate entry throughout the
edge loop (the coordinate just represents sheet
thickness)

Step 6:Remove this entry and re-generate the edge loops as 2-
D

The next step is to define the edges inside these loops. In

the STEP file, edge curves are classified as line and circle

edge curves. The line edge curves can further be classified as

straight and inclined line edges on the basis of vector direction

of these curves. The circle edge curves are classified as

concave or convex circle edge curves as shown in Fig. 4.

Face_outerbound |

I | : 1
Face_bound 1 Face_bound 2 e @ @ o Face_boundn
Edge Loop
Edge Curve
e — 1
Line Edge L Circle Edge
—
Straight Li
raége e | Convex Edge
Inclined Line |
b lE:ge 0 | Concave Edge

Fig. 4 Face-Loop-Edge Hierarchy

The inside or indented side of the curve is called concave
side. The concave circular curve is like the inside of a circle or
a bowl. Conversely, the convex side of a curve is the outside
or the side of the curve away from the center of the circle. It is
like the outer surface of circle. It is vital to determine the
concave or convex curvature of the part in order to clarify the
actual shape / feature of the part in sheet metal feature
recognition technique. The concave or convex edge test used
in this research is based on vector direction point of each edge.
If the vector direction point is inside the edge vertex points,
the curve is outward (convex curve) whereas if vector
direction point is outside the edge vertex points, the edge is
inward (concave curve) as shown in Fig. 5.

The following algorithm is established to precisely ascertain
the concavity or convexity of the curve.

[1]. Start

[2]. Extract 2-D edge_loops of face_bound entries

[3]. Extract circular edges and their vector direction points
from these edge_loops
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[4]. Extract Cartesian point coordinates from vertices of these
circular edges

[5]. Calculate the mid-point between the two vertices and find
their absolute values

[6]. Compare values found in step 5 with absolute value of
vector direction point

[7]. If the mid-point values are greater than vector direction
point values, the arc is outward (convex) otherwise
inward (concave)

[8]. Stop

V1
Convex Arc

Concgve Ar V2

Y

VDP Vector Direction Point
Yi Vertex 1
V2 Vertex 2

Fig. 5 Concave and Convex Arcs

The semi-circular edge curves are identified by comparing
their vector direction points with the mid-point between the
vertices. If points are same, the arc is categorized as semi-
circular edge curve.

The parallelism and perpendicularity among line edges are
established by finding the angle between their vector direction
points. If the angle found is 0 or 180 degrees, the edges are
parallel. If the angle between the vectors of two edges is 90 or
270, the edges are perpendicular.

The next level in the hierarchy is vertices. The start and end
of the vertex point is used to determine the edge curve
dimension. The distance formula is used for the calculation as

D=0, x)%+ (02— ¥1)?*+ (22— z1)?
C.Feature Recognizer

The 2D punch features considered in this article are taken
from UnipunchTM. The feature library contains standard sheet
metal features from their catalogue as shown in Fig. 6.

The feature extractor file contains refined data of these
internal features entities as straight line edge curve, inclined
line edge curve, concave/convex curve etc. along with their
dimensions. In the recognition steps, rules are now formulated
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based on feature extraction procedure to recognize all types of
punch shapes present in feature library. Every feature has been
given a unique feature id. Table I represents rules to identify
selected features from feature library for illustration purpose.

OBROUND RECTANGLE SQUARE SINGLE D DOUBLE D
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Fig. 6 Common 2-D Punch Shapes (Courtesy UnipunchTM)

TABLEI
FEATURE RECOGNITION RULES
2-D Shape Rule Feature
Name
IF all edges are of type straight line edges ~ Feature is

IF all edges are connected by common vertex Square
numbers

IF non-connecting edges are parallel And

connecting edges are perpendicular

IF all Edges have same Lengths

IF all edges are of type straight line edges ~ Feature is
IF all edges are connected by common vertex Rectangle
numbers

IF non-connecting edges are parallel And

connecting edges are perpendicular

IF parallel Edges have same Lengths

IF all edges are of type inclined line edges ~ Feature is
IF all edges shared 2 common vertex Triangle
numbers

IF sum of angles between the edges is 180°

IF two edges are of type straight line edges ~ Feature is

IF four edges are of type inclined line edges Hexagon
IF inclined edges are connected with each

other and straight edges

IF straight edges are parallel

IF sum of angles between the edges is 720°

IF 1 edge is of type semicircular convex edge Feature is

And 1 edge of type straight line edge Single-D
IF both edges share common vertices

IF 2 edges are of type convex arcs And 2 Feature is
edges are straight line edges Double-D

IF straight line edges are parallel to each
other

IF each convex arc is connected to both
straight edges by common vertices

/\
e
E
o

As described in the feature recognition Table I, 2-D
features are identified automatically by applying algorithms
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and rules from both feature extractor and recognition phases
respectively. Several geometric factors like edge type, edge
connections edge orientations, dimensions etc. are considered
during recognition process. Each feature has been given a
specific name and unique feature id.

II1.

The methodology presented in the article successfully
validated by extraction and recognition of all features included
in the feature library along with their dimensions. The feature
extractor phase is pivotal for automatic recognition of these
diversified features. The STEP AP 203 contains object
oriented entities that can easily map in to C++ classes to create
geometric output file. The feature extractor file lays the
foundation for automatic recognition by extracting and
classifying geometric output data using suitable algorithms.
The rules are then developed and applied to each group of
extracted data for recognition of these features.

The automatic recognition is useful for die/punch
manufacturers. In the future work, detailed feature library with
more complex features will be added.

CONCLUSION
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