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Abstract 
Although feature based modeling is increasingly becoming popular, there is still a huge 
backlog of designs created in conventional CAD. Therefore, there is a need to convert 
these old designs to the more intelligent feature format. In this paper we describe an 
integrated architecture of a feature-based framework capable of transforming between 
different design representations like wireframe, solid models, and feature-based models; 
making it an ideal virtual prototyping environment. 
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1 INTRODUCTION 

Features have now been accepted as a potential common data format to both design and 
manufacturing because of the ease with which manufacturing systems can automatically 
access and interpret product design definitions. Conventional CAD (2-D or 3-D models) 
only examine raw geometry and are not capable of representing the underlying product 
information. Features are therefore regarded as the key enabling technology for many 
applications like automated process planning and machining, rapid prototyping, and 
virtual prototyping. Virtual prototyping environments demand a shared information 
model for product design that can be understood by all the design and manufacturing 
processes, and features have emerged as a potential standard suitable for virtual 
prototyping. 

2 NEED FOR THE FRAMEWORK 

The need for the proposed framework arises from several practical problems that have 
existed for several years in research related to features. Most of these problems have a 
direct bearing on virtual prototyping. 

A need for this framework comes from the fact that there are a large number of designs 
today that are still in 2-D CAD. Most feature extraction systems fail to recognize the 
importance of legacy CAD and instead directly extract features from 3-D solid models. 
Furthermore, many of the "new designs " today are merely modifications and upgrades of 
older designs in 2-D CAD. This is particularly true of the aerospace industry where 
missiles and aircraft are frequently modified. 

New design environments like virtual prototyping are leaning towards storing product 
designs in multiple design formats. By doing so, designs can be pulled up at any stage of 
the manufacturing process by multiple users for multiple applications and performing all 
the analysis in parallel on the same design. Users can then return and exchange 
suggestions on modifications required to a part leading to collaborative work. This in 
essence is Computer Integrated Manufacturing - or bringing together of design and 
manufacturing processes. 

Storing designs in multiple formats requires transformation between the various design 
representations. For example, designs created by a feature-based modeling system may 
have to be converted to manufacturing features. The proposed framework can transform 
designs using a common feature extraction scheme. The strength of the whole 
architecture lies in the feature extraction algorithm that operates on 2-D designs as input. 
Therefore, all designs can be transformed through an interim 2-D representation. In 
(Ganesan and Devarajan, 1994), we discuss several other applications for the system. 

Features have been classified into several types depending on the specified application. 
Design features are used to convey design intent and are merely a solution to a functional 
problem. Machining features or manufacturing features on the other hand, are used for 
automated process planning and NC machining. Some of the other feature types are 
assembly features, tolerance features, and surface features. 
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The architecture has specific advantages over other systems researched in machining 
feature recognition. Most of these systems suffer because they work in 3-D space, 
attempting to recognize features directly in 3-D. Feature extraction in 2-D is much 
simpler and the proposed framework obviates the complex option of extraction in 3-D. 
Several review papers discuss the history of feature extraction in 3-D and the problems 
associated with it (Pratt, 1993; Case and Gao, 1993; Salomans, et. al., 1993). The hybrid 
nature of our framework combines methodologies from both feature extraction schemes 
and feature-based modeling schemes. 

3 METHODOLOGY OF OPERATION 

The overall methodology of the architecture is to first bring all input design 
representations to 2-D orthographic views in the Data Exchange Format (DXF). The 
feature extraction algorithm is then applied to the input to generate the necessary features. 
The extracted features can then be assembled to recreate the feature model of the part. 

Fig. 1 shows the overall approach of the proposed architecture. A feature library is 
built into the system containing a list of the features that have to be recognized. In this 
instance they are parametric machining features. The input designs are brought into 2-D 
orthographic views in the DXF format. This is performed by the converter and 
preprocessor. 3-D solid models can be back projected to obtain the orthographic views. 
The feature model determination algorithm calculates the volume size needed to 
generate the feature model. The feature extraction system works as a two step process. 
Simple isolated features are first extracted and then intersecting features are differently 
handled. The resulting set of features is matched with the feature library to recognize and 
identify the extracted features. This is accomplished by the feature identification system. 
The feature model reconstruction system utilizes the inter-feature relationships to 
assemble the feature model using the feature model volume as the base. The feature 
validation system performs a check on the feature extraction system to make sure all 
features have been extracted. Graphical simulation and real-time visualization are 
incorporated to provide good user interface, although the system needs little human 
interaction. In depth details of the architecture can be found in (Ganesan, 1994). 

4 COMPONENTS OF THE SYSTEM 

4.1 Possible inputs to the system 

The various forms of design representation inputs that the system can accept are : 
• 2-D CAD (wireframe in orthographic views) 
• 3-D CAD (wireframe models, CSG models, B-Rep models) 
• Feature-based CAD with design features 
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Figure 1 Overall methodology of the architecture 
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4.2 Neutral file formats 

The data formats of the input designs differ considerably depending on the representation 
and the design software used to create the original design. There could also be paper 
drawings and microfiche that must first be brought into a 2-D CAD format. DXF and 
IGES are currently industry standards to represent conventional CAD and there are 
preprocessors to convert from one neutral format to the other. However, feature 
information cannot be represented by any of these standards. The proposed system is 
based on the new object-oriented ISO standard 10303, also called STEP (Standard for the 
Exchange and Representation of Product Model Data). STEP, although still emerging, is 
the only standard that offers an information model that covers all aspects of the product 
life cycle. 

4.3 The feature library 

The feature library is built into the system using an object oriented paradigm and in 
conformance with STEP standards. The feature library is flexible and can be changed to 
suit specific applications, but only machining features are considered in this paper. The 
feature library created can also be used as a modeler when the final feature model has to 
be generated. This is explained under the feature model reconstruction module where 
identified features are pulled up from the feature library to reconstruct the feature model. 
Therefore, the system combines some of the strategies adopted by feature-based modeling 
systems. 

Each feature is a combination of both Constructive Solid Geometry and Boundary 
Representation, defined parametrically in terms of edge and volume relationships. The 
parameterization of the feature database allows easy feature identification and also 
provides edit capabilities to the original design once the design has been converted to 
features. However, associativity checks cannot be performed on the parametric features. 

Each feature is stored with both geometric and engineering information, supported well 
by the STEP standards. Feature properties cannot be autonomously extracted from any 
conventional CAD and would therefore have to be manually entered. Some of the 
attributes that can be tagged to each feature are -
• Geometry - origin, length, width, thickness, diameter, depth, etc. 
• Surface finish requirements. 
• Dimensioning and tolerancing information. 
• Machining and production requirements. 
• Miscellaneous information like user name, revision number, department name, etc. 

Some of the machining features stored in the library are : blind hole, closed blind 
pocket, through hole, open pocket, closed through pocket, T slot, square slot, step, wedge, 
fillet, etc. Figure 2 shows a tentative list of the machining features to be included in the 
library. 

As part of creating the feature library, will also be the creation of a Standard Data 
Access Interface (SDAI) to access property information for each feature from the library. 
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The SDAI can be used as a bus to transfer information between the feature library and the 
feature identification module and the feature model reconstruction module. Since SDAI is 
an standard defined by STEP it can also be used as an interface between the output of the 
system and other commercially available CAD software 
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Figure 2 List of typical manufacturing features in the feature library 

4.4 Converter and preprocessor module 

The feature extraction system accepts only 2-D orthographic views in the DXF format. 
This implies that all other design inputs must first be brought to the input specifications. 
This is accomplished by the converter and preprocessor module in the system. 
Preprocessing is quite simple in most currently available CAD systems that can convert 
between DXF and IGES formats. The system will call the CAD software externally to 
perform this task. 

If the input designs are 3-D solid models or feature-based models then they have to be 
back projected in three perpendicular planes to obtain the orthogmphic views. This is also 
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accomplished external to the system by the host CAD software and then transported back 
to the system in DXF format. 

4.5 Feature model volume generation module 

The feature model volume is defined as the volume generated as a result of putting 
together the bounding boxes that cover each orthographic view. The algorithm 
determines the minimum and optimum volume needed to recreate the feature model of 
the original design. The algorithm works as follows -
• The bounding box of the three orthographic views are obtained. The bounding box is a 
box drawn around each view so as to just cover the view on all sides. The boxes must be 
rectangular. 
• The comer coordinates of the three boxes are determined and the dimensions of the 
block with the above comers are calculated. 

The feature model volume calculated above is only for purposes of generating the 
feature model and has no significance in actual machining, although it does attempt to 
optimize material requirement and reduce waste. 

4.6 Feature extraction module 

The feature extraction system forms the core of the proposed architecture. The unique 
feature extraction in 2-D is briefly described in this section and is detailed in a typical 
example considered in the next section. 

A divide and conquer approach has been adopted at both the macro level and micro 
level of feature extraction. At the macro level, huge drawings of complex assemblies can 
be broken into smaller subassembly parts and features extracted from them. At the micro 
level, each subassembly drawing is split into subparts formed by arcs and isolated closed 
loops. Fig. 3 illustrates the methodology of feature extraction. 

Input to the feature extraction system is a DXF file of the orthographic views of a 
subassembly. The feature extraction algorithm works as follows : 
• Arcs (including circles) are searched in each of the three views. The other views 
corresponding to the arc are then located. From these the sweep height needed to 
reconstruct the subpart containing the arc is calculated. 
• The arcs are then deleted from the views and replaced with a virtual line connecting the 
ends. The arcs are stored as extracted entities. This process is called arcuated subview 
extraction. 
• The algorithm then looks for isolated closed loops in each of the three views. Isolated 
loops are loops that do not touch any other edge in that view. From the other views 
corresponding to this loop, the extrusion height for the loop is calculated. 
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Figure 3 Methodology of feature extraction 

• The isolated closed loops are then deleted from the views and stored as extracted 
entities. This process is called isolated closed loop extraction. 
• Using the sweep height, the arcs are reconstructed separately and stored as a 3-D feature 
entity. This process is called arcuated subview reconstruction. 
• Similarly, the isolated closed loops are reconstructed using the extrusion height of the 
loop. They are stored separately as 3-D feature entities. This process is referred to as 
isolated closed loop reconstruction. 
• The part left behind after the arcuated subparts and isolated subparts have been isolated 
is called the root part. The root part is considered as a combination of intersecting 
features that could not be recognized by the above algorithm. The intersecting feature 
extraction system is used to extract the individual features and their inter-feature 
relationships. 

The confidence that intersecting features can be solved easily in 2-D is strengthened by 
(Meeran and Pratt, 1993), who propose an algorithm capable of tackling simple 
intersections in 2-D. Inter-feature relationships are more easily determined in 2-D 
because all feature entities extracted and their corresponding 2-D shapes are referred to a 
common origin. Feature relationships are critical in the extraction of intersecting features. 

4.7 Feature identification module 

The feature entities extracted by the feature extraction module are in terms of 
reconstructed arcs and closed loops, and are not actual machining features. The feature 
identification module uses rule-based techniques to match each extracted entity with the 
feature library to identify the machining feature. Orientation and scale are of no 
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importance here because the algorithm deals with a matching parametric definitions and 
do not considerthe size or location of the extracted features. 

To understand the need for a feature identification module consider a simple 'closed 
through pocket' (A) in a block (B) shown in Figure 4. 

When A is reconstructed and extracted as an entity A, it cannot be identified 
automatically as a closed through pocket. But by analyzing the feature entity and 
checking for various volume enclosure relationships it can be recognized as a depression 
feature of type 'closed through pocket' enclosed in B. Details of algorithms to test for 
depression and protrusion features are discussed in (Balachander, 1994). 

Figure 3 Example for feature identification 

One of the major advantages of the architecture is that other feature types like assembly 
features can also be extracted using the same feature extraction module, by simply 
modifying the rules to identify the features. 

4.8 Feature model reconstruction module 

Reconstructing the design in terms of features after they have been extracted is an open 
research area. The reconstructed feature model, in terms of machining features, is 
necessary for various downstream manufacturing activities like process planning or 
machining and also for updating an older design. 

In the architecture discussed in this paper, the feature model is reconstructed using 
methods very similar to those used in feature-based modeling. When features are 
extracted and identified, they are stored as specific instances of the corresponding parent 
feature present in the library. The geometric dimensions and inter-feature relationships 
are carried over to the feature instance, but other feature attributes like tolerancing and 
surface finish cannot be detected. The user has to attach these attributes to the extracted 
features to completely define the machining feature. 
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Once all the features have been defined, the feature model reconstruction module takes 
over from the user to recreate the design in terms of machining features. The 
reconstruction starts with the volume generated by the feature model volume generation 
module as the base stock. Since the exact positions of all the extracted features in the 
design are known in terms of the inter-feature relationships, the feature instances are 
automatically pulled up from the feature library and placed on the feature model volume. 
When the process is complete, the base stock now completely represents the machining 
feature-based design. 

4.9 Feature validation module 

Although the architecture calls for little by way of highly skilled human interaction, it is 
always a good idea to perform some level of semi-automated validation check. The 
feature validation system has been incorporated to check if all the features have been 
correctly extracted and identified. The validation scheme works as follows : 

The reconstructed feature model is back-projected to obtain the three orthographic 
views. Vector edge matching algorithms are used to match these views with the original 
orthographic views input to the system. When an error is detected in terms of missing or 
spurious edges in the new orthographic views, the system signals for human interaction. 
The user can then manually identify the missing feature and add it to the feature library as 
another feature instance. 

The feature model is again reconstructed with the new set of features and the validation 
algorithm is run to detect any further errors. 

If the input design is available in more than three orthographic views, the additional 
views (for e.g .. auxiliary views and sectional views) are of great help in the validation of 
subpart reconstruction from the orthographic views. 

4.10 Graphics and user interface 

Unlike most research systems, the proposed architecture will have good interface for user 
interaction. Real-time visualization of all processes will be incorporated in one comer of 
the screen and Windows-based pull down menus will allow users to enter feature 
attributes for the features recognized. Since the architecture is not a self-standing CAD 
system, the host CAD software will still be available for many of the other graphics 
utilities. 

5 A DETAILED EXAMPLE 

In this section, two examples are considered to illustrate the operation of the system 
described. The first example depicts how the system can be used to convert 2-D CAD 
drawings to a solid model (Sundaramurthy and Devarajan, 1993), and the second 
example shows how the same feature extraction methodology can be used to convert 2-D 
CAD drawings to a feature-based CAD format in terms of manufacturing features 
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(Ganesan, 1994). Both examples are not real life examples, but have been considered to 
prove the capabilities of the system. 

5.1 Example 1 

Figure 5 shows the first example part in terms of the three orthographic views. Although 
the 2-D drawings are shown with dimensions, the input to the system is a neutral file that 
represents the design in terms of lines, arcs and circles with dimensions. 
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Figure 5 Example Part l with orthographic views 
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When the feature extraction algorithm is applied to the neutral file of the design, the 
arcs in every view are located. In this example, three arcs are found - two associated with 
the ends of the through slot, and one isolated arc in the front view. The other two views 
corresponding to these arcs are located and the edges are removed from the file. The arcs 
are replaced by a straight line between the same two points. Also, two circles are located 
in the front view, associated with two through holes. The circles and their corresponding 
edges in the other two views are removed from the file. The extracted 2-D entities are 
stored separately for later reconstruction. 

The algorithm now looks for isolated closed loops in the orthographic views minus the 
arcs and circles. One isolated closed loop is found in the top view corresponding to the 
through slot. The other two views associated with the isolated loop are located and are 
removed from the file. These 2-D entities are now stored in a separate file for 
reconstruction. The orthographic views that result after all the above 'features' have been 
extracted is shown in Figure 6. They correspond to the root object- a polygonal outline of 
the part. 

Figure 6 Orthographic views of Example Part 1 after features are extracted 
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In the reconstruction phase, the extracted entities are reconstructed individually. Figure 
7 shows the reconstructed subparts. 
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Figure 7 Reconstructed Subparts (or feature entities) 

The root object is reconstructed by a volume intersection technique. Each view is 
extruded in the perpendicular direction and then all the three extruded views are 
intersected to obtain the reconstructed root part. This is illustrated in Figure 8. 

The reconstructed subparts are now assembled with the reconstructed root object to 
generate the solid model corresponding to the three orthographic views given as input. 
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Figure 8 Reconstruction of the root part 
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5.2 Example 2 

Figure 9 shows the orthographic views and the solid model of the example part 2. If the 
solid model was input to the system then the orthographic views would have to be first 
obtained by back projection. 

The first step in the operation is the feature model volume determination. When a box is 
drawn around each of the three views, a volume of (lOOXlOOXlOO) is obtained. This will 
be used later for reconstructing the feature model. 
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Figure 9 Orthographic views and solid model of Example part 2 
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In the feature extraction module, two arcs are located in the front view and a circle is 
located in the top view. The arcs and the corresponding edges in the other two views are 
isolated from the drawing and stored separately for reconstruction. The reconstructed 
entities are named Al, A2 and A3. The orthographic views obtained after the isolated 
features are extracted is shown in Figure 10. This is the outline of the root object. 

I I I I 
Figure 10 Orthographic views of the root object 

The above orthographic views of the root object are given as input to the intersecting 
feature extraction module to extract the other features. Four feature entities can be 
extracted from the root object and they are named Bl, B2, B3 and B4 and are stored 
separately along with their geometry. 
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In the feature identification module, the isolated feature entities A1, A2 and A3, and the 
intersecting feature entities 81, 82, 83 and 84 are identified and recognized as the 
following manufacturing features 
A1 : Through hole 
A2: Fillet 
A3: Fillet 
81 : Square slot 
82: Step 
83: Step 
B4 : Open pocket 

In the feature model reconstruction module, the features are assembled with the feature 
model volume to recreate the design completely in terms of manufacturing features. The 
feature model of example part 2 is shown in Figure 11. 

Figure 11 Feature model of Example part 2 

6 CONCLUSIONS 

In this paper, we have briefly outlined the architecture of a feature-based architecture 
ideal for a virtual prototyping environment. The architecture combines methodologies 
from both feature recognition and feature-based modeling to convert 2-D legacy CAD to 
either solid models or to a more intelligent feature-based CAD. 
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The system is currently under implementation at the Virtual Environments Lab of UTA 
and Automation and Robotics Research Institute (ARRI). The conversion of 2-D 
orthographic views to solid models is complete and is an integral part of ARRI demos. 
The features part of the system is a large group research with several students working on 
different aspects of the problem. 
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