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Abstract 
 

An integrated CAD/CAPP system is proposed based on STEP standard for feature-based process planning. The 
proposed system helps designers and process planners to improve their design and planning in the early stages of the 
product life cycle. In the design stage (CAD), a feature-based design system has been developed to construct 
mechanical parts in terms of high-level 3D solid features. The designed part is then exported as a STEP AP224 
XML data format which can be used to integrate into CAPP system without feature recognition process. In process 
planning stage (CAPP), an intelligent process planning system has been developed to map STEP AP224 XML data 
and produces the corresponding machining operations to generate process planning data. A hybrid approach of 
neural network and expert system is used as the inference engine of the proposed CAPP system. 
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1. Introduction 
Modern manufacturing systems are challenged to increase productivity in the design and manufacture of products. 
At the same time, they are facing problems of increased product complexity, stiff global competition, the 
requirements of high product quality, and shorter lead time from design to manufacture. Computer-aided design and 
manufacturing has provided a partial solution to these problems. However as more and more users have turned to 
CAD/CAM systems to increase productivity, they have faced difficulties in the integration of CAD and CAM 
software domain. This is mainly due to their different information needs and the interface between these systems. 
CAD focuses on part specific geometry and topology while CAM needs process-specific features and their attributes 
[1]. 
 
CAD systems have become a common tool in industries to design parts, but the level of part model data is too low. 
Part models in CAD systems (2D or 3D) are represented at a low level, such as geometry for wireframe models, 
geometry and topology for B-rep. models and primitives and operators for CSG models. None of them can be 
directly used in downstream manufacturing applications, such as CAPP systems. This is because information on 
high level features is missing such as tolerances, material specifications, and technical data related to manufacturing 
[2]. For true integration of CAD with CAPP, it is needed to have a standard feature-based model. Such model 
contains explicit high-level part data in terms of features attributes, tolerances, material specifications, etc. The 
model data can be used directly with process planning systems without using a feature recognition process. STEP- 
feature-based model is such a standard model to be implemented in CAD systems to solve this problem [3]. 
 
CAPP systems can provide the automated CAD/CAM interface in order to produce an integrated system. Variant, 
generative, semi-generative, expert system, and knowledge based approaches have been used to build CAPP systems 
since 1980s. However, the results are not so promising due to the knowledge acquisition bottleneck [2]. Recently, 
many new generations CAPP systems have been developed using new artificial intelligent techniques such as neural 
networks and fuzzy logic. These new techniques provide promising approaches for automated knowledge 
acquisition and can be advantageously used in the building of new generation CAPP systems. This is due to their 
ability to acquire new knowledge and to cope with the dynamic changes of manufacturing systems. 
 
This paper focuses on developing an intelligent environment for integrating CAD and CAPP systems by using STEP 
features technology. 
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2. Modular Structure of the Integrated CAD/CAPP System 
The modular structure of the integrated CAD/CAP system proposed in this work is shown in figure 1. It consists of 
feature-based design and intelligent process planning modules and each module has three sub modules. As shown in 
the structure, the part is created first by feature-based design module using high-level feature representation. The 
part data is then generated by a pre-processor and saved in STEP XML file. This file will be passed to process 
planning module through two steps. The first step utilizes a post-processor to map STEP features data and their 
associated attributes, while the second step prepares the mapped data to be fed to process planning sub modules. A 
detailed description of the proposed CAD/CAPP system modules will be presented in the following sections. 
 
3. Feature-based Design Module 
The front end of the proposed system is the STEP-based feature modeler for mechanical parts [3]. High-level 3D 
solid features are used as the basic entities for part design. In modeling a part, the proposed modeler employs the 
approach of "destructive modeling with features".  The modeler relies on three  main steps; (1) selection of the part 
base shape and overall size, (2) selection of the features to be added to or subtracted from the part being designed, 
and (3) providing information needed to define feature size, position, orientation and other attributes such as surface 
finish, tolerances, etc. The designed part is then exported as a STEP XML data format (according to ISO 10303-
AP224 [4]). This file can be used to integrate into CAPP/CAM systems without using a complex feature recognition 
process. Analysis of the development steps of the proposed modeler are briefly discussed here.  
 

 
 

Figure 1: Modular structure of the integrated CAD/CAPP system 
 
3.1 Features Definition and Selection 
In this research work, features are defined based on STEP AP224 standard, which is developed for mechanical 
product definition for computerized process planning using form features [4]. Figure 2 shows a general classification 
of manufacturing features defined in STEP AP224. They are categorized into three types: machining, transition and 
replicate features. A machining feature is defined as a shape that represents volumes to be removed by machining to 
obtain the final part geometry from the initial stock. Machining feature requires both direction and location in 
placing it on a part. A transition feature is a transition area between two surfaces. A replicate feature is a base shape, 
and the arrangement of identical copies of that base shape. Each base shape is a machining feature oriented to the 
first defined position of a pattern. The patterns (circular, rectangular and general) describe how to replicate that 
feature to different placements on the part [4].  
 
Feature selection in the proposed system is done visually by selecting the feature name and then the designer 
provides interactively the minimal and sufficient information needed to define the feature actual size, condition, 
location, and orientation. This process is done through a graphics user interface designed for each feature. 
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3.2 Feature Generation 
After selecting and defining feature size, the system starts generating the feature. The generation process consists of 
two stages, in the first stage, a two-dimensional feature region is created from the basic input dimensions of the 
feature. The created region is used to facilitate the generation of the 3D feature volume. Each feature in the feature 
library has a 2D region definition in terms of its basic dimensions and insertion point.  The second stage of feature 
generation is the three-dimensional feature volume generation. In this stage, a feature volume is generated by 
revolution or extrusion of the created 2D region about or along a specified axis [5]. 
 

 
 

Figure 2: STEP AP224 features classification 
 

3.3 Feature Attachment 
Feature attachment is the process by which the user includes a new feature in the part under design. Feature 
attachment in the proposed system consists of a number of steps. First, after generating the feature, the feature 
position is fixed by placing the feature in the specified insertion point in the part. Second, the feature orientation is 
adjusted by specifying the part face upon which is to be attached. Finally, feature Boolean operation is performed by 
subtracting, intersection or adding the feature to the part under design.  
 
3.4 Feature Technical Attributes 
The feature-based design module has been provided with the required interfaces and data structure required to attach 
technical attributes to workpiece and its attached features. These technical attributes can be grouped into three main 
categories namely; tolerances attributes, textual attributes, and process attributes.  Feature tolerances can be attached 
right after placing the feature on the part. STEP AP224 provides a full suite of tolerances and generally classified 
into two types: dimensional and geometric tolerances. The tolerance values are the values attached to the feature 
indicating the permissible amount of deviations. These values become attributes of that features and can be used 
while performing the process planning for the feature-based models generated by the system.  Surface attributes 
specify the characteristics of a surface that are elements of the shape of a feature or a part. Two important attributes 
are considered in the attachment of surface attributes. The first attribute is a surface finish and the second is a 
surface property. The later can be defined by surface property name, value, and unit of measure used. The system 
provides a process property which can be attached as series of actions or operations directed toward changing the 
feature or part properties. This property can be defined by process name, process parameter, and the unit of measure 
used. Example of process property may be painting, coating, or heat treatment. 
 
3.5 Feature Representation 
The developers of STEP employ information modelling techniques to ensure that STEP will be unambiguous. STEP 
uses the EXPRESS language as a tool to represent product data in object-oriented and integrated environment. The 
syntax and related information of EXPRESS are described in ISO10303-11 (ISO 10303-11 1997) [6]. EXPRESS is 
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an object-oriented data descriptive language which classifies and constructs product data in terms of entities. 
EXPRESS enables precision and consistency of product data representation and facilitates implementation. Each 
feature discussed above has an EXPRESS representation format (entity) which describes the parameters (attributes) 
associated in the definition of that feature. 
 
3.6 Feature Data Generation 
The proposed system has a pre-processor designed to convert design data into a STEP XML data format. The pre-
processor mechanism used in the translation process is based on two layers [3]. In the first layer, usually known as 
logical layer, EXPRESS language is used to represent each feature in EXPRESS representation format which 
describes the parameters associated in the definition of the feature. The second layer of the pre-processor translator 
is known as physical layer. This layer defines the communication file structure called STEP file. This file transfer 
mechanism represents the static aspect of STEP which allows exchange of product data. This file is obtained by 
translating the EXPRESS schemes defined in the logical layer to a STEP AP224 XML data format. 
 
An object-oriented approach has been implemented to facilitate the use of translation process from EXPRESS 
format to STEP XML format. All the EXPRESS schemes defining STEP features have been programmed in class 
files. Each feature has an algorithm that uses the EXPRESS class files to generate the required STEP feature data 
format. 
 
4. Integrating CAD with CAPP 
In this research work, the integration of CAPP system with CAD is implemented through mapping STEP AP224 
XML data generated in feature-based design module. This implies that features data which already exist in the 
feature model need to be presented in a suitable format for process planning. This data is used for obtaining the type 
of machining features and their attributes (tolerances, surface finish, etc.), which are present in the part.  The 
proposed system has a post-processor designed to convert design data (STEP AP224) into a suitable format to be 
used as input for process planning tasks. The post-processor mechanism used in the translation process is based on 
two layers [3]. Figure 3 shows a sample STEP AP224 and the mapping process. 
 

 
 

Figure 3: Mapping STEP AP224 data to CAPP system 
 
5. Intelligent Process Planning Module 
This module consists of a feature-based intelligent CAPP system. The main purposes of this CAPP system are (1) to 
integrate a standardized feature-based model with process planning utilizing the concept of STEP-based features, (2) 
Developing a hybrid intelligent CAPP system by combining artificial neural networks, fuzzy logic, and rule-based 
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techniques. The inference functions which will be used by the proposed CAPP system are classified into: (a) a 
neural network based function which means that certain CAPP sub-functions will be performed by utilizing the 
neural networks based inference method, (b) the fuzzy logic inference function which will be performed by adopting 
the fuzzy logic inference method, and (c) The rule-based function which describes that certain CAPP sub-functions 
will be carried out based on set of pre-defined rules, (3) to generate a digital process plan containing all the data 
required to produce the given part [7,8]. These functions are discussed in detail in the following sections. 
 
6. Application of Artificial Neural Networks in CAPP System 
The proposed CAPP system uses three neural networks to carry out some tasks of the process planning. These tasks 
are summarized as follows: selection of machining operations, selection of cutting tool, and selection of machine 
tools. 
 
6.1 Selection of Machining Operations 
This task functionally receives data for each feature in the part and generates the needed machining operations to 
realize the feature on the part. Figure 4 shows the neural network used to carry out the task of selection of machining 
operations in the CAPP system. It consists of four fully connected layers, namely, the input layer, the output layer 
and the hidden layers. The input layer of the neural network consists of six input variables. The hidden layers have 
15 neurons each that are decided by conducting a number of experiments. The output layer of the neural network 
consists of thirteen variables corresponding to the machining operations required for each feature on the part. Each 
output neuron has a value of 1 or 0. If the output neuron value is equal to 1 then it is interpreted as meaning that the 
selection of the machining operation is supported. 
 
The input values to the network corresponding to the feature type, feature condition, and feature thread are properly 
encoded to be interpreted by the neural network. The other input variables corresponding to feature dimension ratio, 
feature tolerance, and feature surface finish are scaled appropriately to be in the range between 0 and 1 to facilitate 
the training of the network. 
 

 
 

Figure 4: Machining operations selection neural network model 

6.2 Selection of Cutting Tools 
In the proposed CAPP, several neural network models have been developed. The main neural network model is 
utilized to select the proper cutting tool for each machining feature. The selection is based upon machining feature 
and its associated machining operation. The basic idea in selection is that for each machining feature and machining 
operation combination there is a corresponding cutting tool to be used to generate that feature. For example, for 
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square slot to be machined with an end milling operation, a flat end mill might be selected, while for round slot to be 
machined with the same machining operation, a ball end mill might be used. The neural network is trained based 
upon this criterion. Figure 5 shows the neural network model for cutting tool selection. It consists of five input 
variables, two hidden layers with fifteen neurons each and twenty output variables. The input variables correspond 
to feature type, feature attributes and machining operation type. The input values are appropriately encoded and 
scaled to facilitate the network training. The output variables are corresponding to the cutting tool types. Each output 
variable has a value of 1 or 0. If the output variable value is equal to 1 then it is interpreted as that the selection of 
the cutting tool is supported. 
 

 
 

Figure 5: Cutting tools selection neural network model 
 
The cutting tools library used in the proposed CAPP system is based on STEP-NC (ISO14649) standard [9]. It 
consists of 20 cutting tools as shown in Fig. 5. When the cutting tool is selected by the neural network, the CAPP 
system starts searching the standard tool dimensions database to find the proper tool dimensions to fit the machining 
setup. Besides, for each cutting tool a neural network was designed and trained to select the proper tool geometry. 
The selection is based upon the information about workpiece material and feature size. 
 
6.3 Selection of Machine Tools 
This task is implemented using a neural network. The input vector of the neural network includes machining part 
characteristics (i.e. part type, part size, feature tolerances and feature surface finishes) and machining operation 
characteristics (i.e. operation type and machining power). The output vector of the neural network contains 
recommended specifications of the machine tool to be used to perform the task. These recommended specifications 
can be used as keys to search available machine tool database to find the proper machine tool. Figure 6 shows the 
neural network structure used for this task. 
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Figure 6: Machine tools selection neural network model 
 

7. Application of Fuzzy Logic in CAPP System 
In this research work, a fuzzy logic model is proposed to select machining parameters in drilling and milling 
operations. An example of one of these models capable of determining the machining parameters of drilling 
operation is presented, in order to explain the steps in the development of a fuzzy model. There are three basic 
components of the fuzzy model; fuzzification of the input, fuzzy rules application and defuzzification of the output 
[10, 11,12]. The hardness of the work material and the hole diameter are the input variables and cutting speed and 
feed rate are the output variables of the fuzzy model for drilling. The fuzzy sets of the input and output variables are 
shown in Table 1. Triangular shape membership functions were employed to describe the fuzzy sets. Figure 7 shows 
the membership functions for the input and output variables. The universe of input, material hardness and hole 
diameter has been partitioned according to the minimum and maximum values allowed to control the model. 
Similarly, the universe of output, cutting speed and feed rate has been partitioned according to the required range for 
each output. A set of fuzzy rules has been developed for different work and tool materials combinations. The choice 
of defuzzification method may have a significant impact on the accuracy of the fuzzy model output [12, 13]. The 
most frequently used one is the centroid or center of area (COA) which is used in the developed fuzzy models. 
 
8. Application of Rule-based Knowledge in CAPP System 
The setup planning activity in the proposed CAPP is composed of three steps; i.e., setup generation, operation 
sequence, and setup sequence [14]. The setup generation is a procedure to group the machining operations into 
setups such that the manufacturing features which have common approach directions are grouped into the same 
setup. The operation sequence arranges the machining operations in each generated setup into order, so that the 
constraint of the feature precedence relationships in each setup is satisfied. In addition, the cutting tool changes 
among the operations are reduced to a minimum. The setup sequence is to arrange the generated setups in order so 
that setups with less number of machining features are machined first. A set of rules guiding the setup planning have 
been developed for prismatic parts and implemented in the CAPP system. 
 
9. System Implementation 
The proposed CAD/CAPP system has been implemented in an integrator environment with AutoCAD, which is 
used as an integrator (container). The advantage of using AutoCAD is that it includes a complete Activex 
automation interface with functions or methods that can be called from object-oriented programming languages. 
Furthermore, AutoCAD shares the same solid modeling engine as several other CAD systems. 
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Table 1: Fuzzy sets of input and output variables 

Input variables  Output variables 
Fuzzy set Range Abbrev.  Fuzzy set Range Abbrev. 

Material hardness [BHN]  Cutting speed [m/min] 
Very soft <100 VS  Very low <15 VL 
Soft 50 – 250 S  Low 10 – 40 L 
Medium 150 – 350 M  Medium 25 – 80 M 
Hard 250 – 450 H  High 52 – 110 H 
Very 

 

> 350 VH  Very high > 80 VH 
Hole diameter [mm]  Feed rate [mm/rev] 

Very small < 3 VS  Very slow < 0.1 VS 
Small 2 – 10 S  Slow 0.05 – 0.3 S 
Medium 6 – 20 M  Medium 0.15– 0.45 M 
Large 13 – 40 L  Fast 0.3 – 0.9 F 
Very large > 26.5 

 

VL  Very fast > 0.45 VF 
 

 
 

Figure 7: Membership functions for input and output variables 
 
10. Conclusions 
Integration of CAD with CAPP systems will greatly improve the efficiency of manufacturing enterprise. In addition, 
the development of integrated STEP-based CAD/CAPP systems will be very useful to the manufacturing 
engineering specialists working in concurrent engineering environment. Feature-based design module uses high-
level 3D features as the basic design entities in the design process. The approach of design by feature allows the 
designer to concentrate more on design-concept representations than on drafting operations. This is considered as an 
advantage of using features in design process. Also, designers can consider manufacturing properties earlier in the 
part design phase.  
 
Intelligent process planning module maps STEP AP224 XML data file, without using a complex feature recognition 
process, and produces the corresponding machining operations to generate the process plan. The proposed CAPP 
carries out several stages of process planning utilizing a hybrid approach of most recent techniques of artificial 
intelligence as the inference engine. 
 
Acknowledgements 
The author gratefully acknowledges Libyan Ministry of Higher Education and Scientific Research and Benghazi 
University for their support. 
 
 
 



 
 

673 
 

 
 
References 

1. Patil, L., Pande, S.S., 2002, "An intelligent feature-based process planning system for prismatic parts", 
International Journal of Production Research, 40, 4431-4447. 

2. Zhang, H-, Alting, L., 1994, Computerized Manufacturing Process Planning Systems. Chapman & Hall 
Inc., London, UK. 

3. Amaitik, S.M., Kilic, S.E., 2005, "STEP-based feature modeler for computer-aided process planning", 
International Journal of Production Research, 43, 3087-3101. 

4. International Organization for Standardization, 2000, ISO 10303-224 Industrial Automation Systems and 
Integration-Product Data Representation and Exchange - Application Protocol: Mechanical product 
definition for process planning using machining features. 

5. Hoque , A.S.M., Szecsi , T., 2008, "Designing using manufacturing feature library", journal of materials 
processing technology, 201,  204–208. 

6. International Organization for Standardization, 1997, ISO 10303 – Part 11 – Descriptive methods: The 
EXPRESS language reference manual. 

7. Amaitik, S.M., Kilic, S.E., 2007, “An intelligent process planning system for prismatic parts using STEP 
features”, International Journal of Advanced Manufacturing Technology, 31, 978-993. 

8. Gizaw, M., Rani, A.M., and Yusof, Y., 2011, “Design of STEP-compliant System for Turn-mill Operations 
using XML”, Journal of Applied Sciences, 11(7), 1171-1177. 

9. International Organization for Standardization, 2000, ISO/DIS 14649-111 Industrial automation systems 
and integration – Physical device control – Data model for computerized numerical controllers – Tools for 
milling. 

10. ELbaradie, M.A., 1997, "A fuzzy logic model for machining data selection”, International Journal of 
Machine Tools and Manufacture, 37, 353-1372. 

11. Wong, S.V., Hamouda, A.M.S., and EL Baradie, M.A., 1997, "Generalized fuzzy model for  metal cutting  
data selection" Journal of Material Processing Technology, 89-90, 310-317. 

12. Amaitik, S.M., Kiliç, S.E., 2002, "Fuzzy logic model for selection of machining parameters in CAPP", 
Annals of DAAAM, October 23-26, Vienna, Austria, EU, 11-12. 

13. Tsoukalas, L.H., Uhrig, R.E., 1997, Fuzzy and neural approaches in engineering. John Wiley & Sons Inc., 
New York, US. 

14. Ming, X.G., Mak, K.L., 2000, "Intelligent setup planning in manufacturing by neural networks based 
approach", Journal of Intelligent Manufacture, 11, 311-331. 

 
 

 

 

 

 


	Acknowledgements

