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Abstract:  Processes planning on the one hand includes various activities that are necessary to obtain information on 
how to transform the virtual product into the finished product, while on the other hand, process planning can be seen as 
an indirect function between phases of design and manufacture. Computer aided process planning (CAPP) is a concept 
in which a computer is used to assist or substitute for designers in order to get better technological process in the 
shortest period of time. CAD systems are usually based on the geometry, while CAPP and CAM systems based on the 
features. Features, and the procedures for their preparation and extraction represent a critical component for the 
integration of CAD/CAPP/CAM system. In this paper presents the problem of defining the features, as well as their role 
and importance in the framework of STEP ISO 10303 standards.  
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1. INTRODUCTION 
 
Two major phases of product development related to 
product design and processes planning of their 
production. Design automation products successfully 
solved by using CAD/CAE systems, while the automation 
of processes planning solved by CAPP and CAM systems 
[1]. The application of modern CNC machining and 
technological systems with different purposes in 
production, significantly increasing its productivity and 
flexibility. In order to meet the demands of modern 
market-oriented production is necessary to integrate these 
activities with great importance for techniques and 
methods based on the identification features and 
application of STEP standard [2]. Technologies based on 
the rating features represent an important concept that is 
widely applied in various fields of engineering, which is 
why there are various classifications of features, such as 
design features, manufacturing features, inspection 
features, etc. [3]. Many researchers have attempted that 
on the basis of engineering importance and application of 
dividing the features, so in general there are four different 
types of features [4,5]: functional; structural; physical and 
form. 
Production activities beginning by defining models of 
product in CAD systems, after which perform defining 
processes planning in CAPP systems, and finally 
processing simulation in CAM systems and obtain drivers 
for processing on CNC machines. In such systems, 
process planning (plan) is defined before the start of the 
realization of the production process. The shop floor is an 
environment which is subjected to make changes in the 
terms of changing the order of operations and projects, 
machine tools, tools, cutting conditions, machining 
strategy, which presents difficulties because engineers 
must be on the spot to make changes in the technological 
process [3, 6]. CAD/CAPP/CAM systems in their 
integration, whether it is based on the use of STEP and 
STEP-NC using an approach that is based on the features. 

The development of these systems greatly depends on the 
technique of defining features. Due to non-harmonized 
data between CAD, CAPP, CAM, other CAx and CNC 
system occurred to develop a new standard that allows bi-
directions data exchange. It was originally developed ISO 
10303 as the standard for the exchange of product data 
(STEP), which has been extended to other activities of 
design and production, including the STEP-NC standard 
[7]. 
  
2. STEP ISO 10303 STANDARD 
 
STEP standard is divided into several parts and includes: 
implementation architectures; conformance testing, 
resource information models and application protocols. 
Each of these series has a unique function and can have 
one or more interrelated parts. These parts are: description 
methods, implementation methods, application protocols, 
information model and conformance testing, figure 1. 
 

 

Fig.1. Structure of STEP standard 
 

Most of end users are familiar only with this that STEP 
defines models that can be used to exchange information 
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between different CAx systems. However, the mentioned 
standard is intended for product lifecycle management, in 
reference to the appropriate stages, they are linked to the 
appropriate parts of standard. Each part of the standards 
have its own unique identification number, and there is 
also a defined scheme of parts standards to be used for 
application by developers and implementers of the 
system. Future improvements to the STEP standard is 
likely to introduce some modern methods to describe, but 
so far EXPRESS programming language is an essential 
tool that is used to describe implementation methods and 
application protocols [8, 9]. 
Standard ISO 14649, also known as the STEP-NC, 
provides new opportunities to support standardized 
information and a high level information from phase of 
design to the production on CNC machining systems. 
Also, the standard allows bi-direction flow of data 
between CAD/CAPP/CAM and CNC systems without 
loss of information. STEP-NC does not describe the 
movement of specific tools for CNC machines, as is the 
case with G-code, but is based on the definition of 
processing of features, on the basis of appropriate data 
model [10].Modern production processes include new 
requirements regarding the use of intelligent product 
information. Also, modern software are able to manage 
with a large set of semantic data on the product, which 
require to do the definition with more information than 
was previously case where there were present only the 
geometric definition. The authors [11] conducted a 
clarification of defined terms by the application of 
features in the field of: Features: The geometric elements 
and orientation that define surface information and 
volumes without any semantics. Semantics: the meaning 
or implication associated with the manufacturing process 
for the removal of a volume of material. Machining 
feature is the combination of a feature and semantics. 
Therefore it is the geometric information about a well-
defined shape, and the manufacturing semantics that aid 
in associating manufacturing volume removal process. 
Manufacturing feature is the combination of a feature and 
the implication that material volume has been removed 
creating a feature. T In order to meet these requirements 
apply to standard forms for defining the information rich 
semantic data of the product. This is the case for the 
‘‘casting feature’’. 
 

 
 

Fig.2. Application protocol using machining features 

3. FEATURES AND MANUFACTURING 
FEATURES INTO STEP-NC 

 
In the STEP-NC, features are used to describe the volume 
to be removed from the blank during machining in order 
to obtain the final shape of the workpiece defined within 
the CAD system. These features are then recognized by 
specialized software, and comprising the final geometry 
and tolerances. Features are divided into design features 
and machining features. Design features have specific 
functions and can be generated by using different 
approaches to modeling (B-rep, CSG), while machining 
features related to the defined volume of material that is 
removed from the workpiece using different operating 
sequence [12]. 
In many cases the final feature geometry can be used 
directly, completed with attributes like offsets, the needed 
technology, tools and machining strategies. However 
depending on the used technology, planned operations as 
e.g. number of roughing and finishing cuts, the sequence 
of workingsteps, quality targets like surface quality or 
shape enhancements additional machining features, must 
be created at the CAM system [13].  
Features in STEP-NC are defined in the form of object-
oriented data structure. Author of the paper [7] is 
grouping a following features in the STEP-NC program 
operations for milling: round hole, closed pockets, open 
pockets, slots, outside profiles, bosses, transition features, 
regions or toolpath features, as shown in Figure 4. 
Features are described in STEP-NC for two reasons [7]. 
The first is to enable on-machine-generation or 
regeneration of tool paths. The second is to enable on 
machine measurement of properties of the final part, 
figure 2. Design features represent the characteristics of 
the final work, which are described in the application 
protocol AP-224. STEP files starting with a character 
series of a closed box and ends with the coordinates of the 
points as the center of the circle, the center of the 
cylinder, vertices, etc. Obtaining (extraction) different 
strings and entities (#NUM) from STEP files are executed 
according to the following hierarchical structure shown in 
Figure 5.  
 

 
 
Fig.3. A simplified model structure data for ISO 14649 - 

model Express-G [14]
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Fig.4. Manufacturing feature classification for milling in STEP-NC [15] 
 

 
 

Fig.5. Hierarchical structure STEP AP 203 files [16]
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3.1. Methods for recognition features 
 

There are several techniques for the definition of features, 
which are based on direct or indirect approach. A 
technique based on the direct approach called design 
using features, which use predefined features in the 
design stage as defined by the geometry of features in the 
CAD system. The indirect approach is based on the 
recognition of features from the product model, which can 
be done using by developed algorithms for software 
system or manual by the user.  
Feature recognition is the process of investigating the 
topology and geometry of a part, comparing with the 
definitions among the feature library and matching with 
the most suitable feature. This method is used for 
generating feature based models form the geometric 
models created by CAD systems, and can also be used in 
other CAx systems. However, in the application of these 
techniques, there are certain disadvantages. The challenge 
is to develop algorithms for the feature recognition, which 
can be a complex and lengthy process, but the bigger 
problem is the need to supplement the algorithm with a 
new feature types. In the case of feature interaction is 
required incremental feature validation to partially 
recognize the part, that is to check whether the standard 
forms interact or not [17].  
The feature recognition process can be done manually, by 
choosing appropriate standardized forms for use in 
supporting activities (CAM, CMM, CNC), using an 
interactive system or automatically by applying the 
developed algorithmic system, which consists of 
algorithms for feature recognition and extraction (figure 
6) [17]. 
 

 
 

Fig.6. Automatic feature recognition [17] 
 

There are three options for mode selection for path 
planning tools that are based on STEP-NC, which are the 
manufacturing-feature, machining-operation and 
workingstep. According to the STEP-NC standard, 
manufacturing features contain three different kinds of 
information: geometry shape dimension, quality 
requirement, workpiece information including material 
category, dimensions, etc. These three forms of 
information do not provide enough data to generate the 
machining toolpath. The other decisive factors of the 
toolpath are the turning technology and strategy, which 
are stored in machining-operations [18]. Both the 
manufacturing-feature and machining-operation need to 
be combined with each other to generate the final path. 
Consequently, the workingstep, containing the 
manufacturing-feature and the machining-operation, has 
been chosen to be the path planning unit [18]. It can be 
described as using an operation to machine a feature. 

Additionally, the workingstep is an executable unit in an 
STEP-NC, which means, the consequence of 
workingsteps is the correct procedure to undertake the 
machining of the product, figure 7. Figure 7 presents the 
work STEP-NC program.  
 

 
 

Fig.7. An example of part program in the STEP-NC [18] 
 

For recognizing features, there are several ways: 
 
 Graph matching method 
 Volume decomposition approach 
 Rule-based approach 
 Neural network-based method and 
 Hybrid approaches. 
 
Approaches based on the graph matching method and 
volume decomposition represent one of the first methods 
for the feature recognition. In the scientific literature there 
are a lot of works of the aforementioned methods. One of 
the newer methods for the feature recognition represents 
the rule based approach. This method takes advantage of 
artificial intelligence for defining feature the basis of 
standard template consisting of a set of rules, as shown in 
[18], which are subsequently modified the authors of the 
work [19]. This approach has not found wide application 
for feature recognition because it is impossible to define 
all the rules for all feature types. Access based on the use 
of neural networks for feature recognition used by 
numerous researchers around the world, including the 
author [19].  
Neural networks consist of nodes and links, with whose 
training and their ability to learn can define different 
models of solid information about the feature recognition. 
For each feature, neural network should be trained with 
enough input vectors that are defined by applying the 
algorithm to feature recognize. Each of the foregoing 
approaches has its advantages and disadvantages. In order 
to eliminate disadvantages of each approach for the 
feature recognition, there is the development of a hybrid 
approach for the feature recognition, which combines 
different methods [20].  
The hybrid approach that uses a method based on graphs 
matching and volume subtraction was developed by the 
authors of paper [20], for the feature recognition from 3D 
model data in the STEP AP 203 format. The authors [21] 
presented a hybrid approach that combines a method 
based on hint based approach with the conventional 
method of matching graphs.  
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Analyzing ways to identify feature of the authors of the 
work [6] have decided to use an unusual way for the 
feature recognition based on geometric data, but they 
recognized feature of production data, more precisely, 
from a process plan. Detection of typical procedures of 
this method of using the shape shown in Figure 8. 
 

 
Fig.8. Process of feature recognition [6] 

 
The authors [11] have developed a system for Automatic 
Manufacturing Feature Extraction (AMFE), in which the 
software system automatically generates models of 
features, shows a geometric model and provides a 
description of all possible features. This system represents 
a very important component in the treatment which is 
based on knowledge-based machining process (KBM)), as 
is used to test the model, determining which features exist 
and allocation of features for subsequent processing. This 
system is used for modeling features by using solid 
models. The aforementioned serves for integration 
between CAD and CAM systems, given that the 
information contained in the solid model, they can be 
easily and reliably transferred from the CAD system into 
the CAM system. The algorithm was developed by the 
authors of the system [11] is shown in Figure 9. 

 
 

Fig.9. Algorithm for obtaining features [11] 
 

4. CONCLUSION 
 
Features play a key role in the integration of CAD / CAPP 
/ CAM system. In terms of CAPP and CAM systems, the 
biggest problem for now are represent different methods 
to identify features from CAD systems, and based on that, 
same process of machining on CNC systems. Different 
authors have proposed various prototype solutions for 
feature recognition. A characteristic of most of the 
proposed solutions is that it is based on B-Rep model. 
Also, the feature recognition is simpler for prismatic 
parts, than the is case in rotating parts. 
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