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Abstract: 

The purpose of this work is to integrate design, graphics of the concerned design, process planning and 

manufacturing phase. The data extraction issue is addressed in conjunction with the tool path problem. 

The proposed methodology for data extraction from IGES file has been extended up to the generation 

of tool path for designed freeform spline and surface. The IGES interface serves as input for storage of 

geometric information. 
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Introduction: 

Approximation techniques are the basic task in Computer Aided Geometric Design (CAGD). A 

complex geometric shape is often a composition of a set of simple ones that may differ from each other 

in terms of their mathematical representations and the way of their construction. Representing a 

complex geometric shape as a composition of a set of simple geometric primitives, shape modeling 

method have been adopted in computer graphics and computer aided geometric design. 

The field of computer graphics develops techniques for modeling complex curves and surfaces are 

increasingly important. A major technique is the use of parametric spline for the curve definition that 

alternatively used in surface design [1],[2],[3],[6],[8]. A spline curve is a mathematical device allowing 

the designer to build an interface that will allow the user to design and control the shape of complex 

curves and surfaces. The general approach is that the user enters a sequence of points, and a curve is 

constructed that generally follows this sequence. The points are called control points [2], [6], [8], [11]. 

A curve that actually passes through each control point is called an interpolating curve; a curve that 

passes near to the control points but not necessarily through them is called an approximating curve. 

Splines are a valuable tool in graphics [4], but they are often applied in a way not used by the 

mathematician. After a thorough review of journals [3],[4],[5],[7],[12],[13],[14],[15] by placing the  

graphics environment and process of modeling in a hand distance, it has been pointed out that the novel 
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use of splines in interactive graphics comes through the construction of surfaces as weighted averages 

of selected points, called “control vertices” in which B-splines are taken as the weighting functions. 

By importing the surface data in IGES format, the deep drawing of arbitrary shape has been analyzed in 

the paper [10],[12],[13],[19],[22]. In CADEXCATS, the IGES data of a turned component CAD model is 
extracted and processed as geometry based data [23]. A set of rules is established for the automatic 
determination of set-up, detection of complex geometries, recognition of grooves and other important features 
are the main motto of this paper.  

 

Freeform curves, such as Bezier curves, B-spline curves, and NURBS curves 

[9],[17],[18],[20],[21],[23],[24] are widely used in today‟s product design for the increasing needs of 

aesthetic and functional requirements. The convex hull property of a Bezier curve states that the curve 

is completely contained in the convex hull of its defining control points and the convex hull is the 

minimum convex polygon of those control points. Hence, if a cutter is guided not to cross the boundary 

of the convex hull, this guarantees that the cutter will not interfere with the defined Bezier curve. As a 

Bezier curve always passes through its two end control points. Extension of this technique is termed as 

B-spline and NURBS. These are the two advanced techniques now-a-days have been taken a vital role 

in design and modeling area due to their local control capacity only. This alternatively pointed towards 

the special character of knot vector and weight value of the system. Author of this work has given a 

special interest on these works and developed the easiest method of tool path generation algorithm as 

per industrial need and tested in MATLAB platform. The implementation of MATLAB in this area has 

been followed by the journal [16].  

 

This work will taken .igs neutral file as an input raw material for data extraction. The forward step of 

this work is to extract the required geometry from the IGES file. This geometry are the input raw for 

the generation of loci of points for the trajectory. As per continuity concept the process will flow in 

downstream manufacturing system. One advantage of this work is that the extracted geometry may use 

in graphics and CAX system. The algorithm so proposed here is very easy to understand and in a 

simple manner the program has been written to read the IGES file and extract the data.   
 

2. DATA TRANSFER IN CAD/CAM  SYSTEM 

 

Field of data transfer between dissimilar CAD/CAM systems is a well-established since a long year 

back. In the early years of CAD/CAM industry, software packages were developed which were 

employed as direct translators between different systems. Obviously, these packages were used with 

great success. However, as the number of CAD/CAM system vendors increased the impracticality of 

using direct translators become more apparent. Hence, quite a number of neutral format translators 

developed by various organizations in different countries were introduced into the market. Some of 

these translators were tailor-made for specific industries and some were accepted as standard tools by 

various authorised organisations. Some of these standards such as STandard for Exchange of Product 

data (STEP), Data Exchange File (DXF), Product Data Exchange Specifications (PDES) and Initial 

Graphics Exchange Specifications (IGES) proved more popular with CAD/CAM system vendors and 

users. The latter was first introduced by National Aeronautical and Space Administration and National 

Bureau of Standards in 1979. Later it was modified and recognised by American National Standard 

Institute (ANSI) as a standard tool and hence, IGES became an acceptable and widely used neutral 
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format translator by many CAD/CAM system vendors. Although some translators are more widely 

used than IGES, however, this neutral format translator has been through many revisions and has 

proved quite a comprehensive tool in transferring data for parts designed by wire-frame, surface or 

solid modelers. For this research, IGES version 4.0 documentation were closely studied and adopted. 

 

After the required curve or surface has been designed on a CAD system, the IGES output file of such 

surfaces is created by their IGES processor. The IGES file is an input file to this developed software 

and software is intelligent enough to extract the required data for further processing. After extracting 

control points from the IGES file they will enter to the proposed MATLAB program to give real 

coordinate points for the tool movement along with tool trajectory graphical view. The emerged real 

coordinates now enter to the proposed NC part program preparatory software to develop required part 

program for which the .igs file has been intended. X, Y and Z co-ordinates of starting and finishing 

points of small connecting straight segments will define the required tool path for tool movement.  

Subsequently, by adopting a vector approach, part programs consisting of G01 codes that simulate the 

tool motion on the surfaces are automatically created. Adopting vector approach provided a useful tool 

for generating part programs for machining free-form surfaces. 

 

3.1. GENERAL DESCRIPTION OF IGES 

 

Products may be designed as either a two-dimensional, three-view drawing layout, or as a full three-

dimensional model with associated drawing views and dimensions using a Computer Aided Design 

(CAD) system. The IGES format serves as a neutral data format to transfer the design to a dissimilar 

system. Translators, developed to the IGES Standard, are used to export a design into an IGES file for 

exchange and for importing the IGES file into the destination system. This Specification establishes 

information structures to be used for the digital representation and communication of product definition 

data. The file format defined by this Specification treats the product definition as a file of entities. Each 

entity is represented in an application-independent format, to and from which the native representation 

of a specific CAD/CAM system can be mapped. The product is described in terms of geometric and 

non-geometric information, with non-geometric information being divided into annotation, definition, 

and organization. The geometry category consists of elements such as points, curves, surfaces, and 

solids that model the product. Non geometric entities typically serve to enrich the model by providing 

viewing perspective of which a planner drawing may be composed and by providing annotation and 

dimensioning appropriate to the drawing. Non geometric entities further serve to provide specific 

attributes or characteristics for individual entities. 

 

3.2.  BASIC DATA STRUCTURE OF IGES AND DATA EXTRACTION PROCESS 

 

In the ASCII 80 character format, the IGES file consists of lines, each of 80 ASCII character position in 

a line is referred to as “column”. To distinguish between the five sections of the file, each section has 

its own identification character (letters). „S‟, „G‟, „D‟, „P‟ and „T‟ are used as identification letters for 

the start, global, directory, parameter data, and terminate section respectively. The section identification 

letter occupies column 73 of each line. Column 74 to 80 is used to specify the sequence number of each 

line. The other data in a line occupies columns 1 to 72. 

The start section is used to provide a man readable prolog to the file. This prolog is not formatted and 

should be written using the ASCII characters. 
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The global section contains the information which describes the pre-processor used to create the IGES 

file. It also contains the information needed by the post processor at the other end to handle the IGES 

file. Parameters in the global section are in the free format. Two consecutive parameters are separated 

by the parameter delimiter character. The global parameters end with the record delimiter character. 

The directory section has the same fixed format for all entities. The directory entry for each entity is 

fixed in size and contains 20 fields of eight characters each. This means that the directory entry of each 

entity occupies two consecutive 80 character lines. The data in each field is right justified. 

 

The parameter section has a different format for each type of entity, with at least one line for each 

entity. The first parameter in a parameter data entry is always the entity type number. In the parameter 

data entry of each entity, the parameter delimiter character is used to separate two consecutive 

parameters. The end of the parameters in an entry is denoted by the record delimiter character.The set 

of parameters for each entity in each section is referred to as a record. The relationship between an 

entity‟s records in both sections is established through bidirectional pointers.         

 

The terminate section contains the total number of lines in each of the previous sections. In the 

terminate section there is only one line. It is divided into ten fields of eight columns each. The first four 

fields contain the section identification character followed by the least sequence number used in the 

start, global, directory, and parameter data section respectively. 

 

The pre-process planning of the proposed concept of this paper has the possibility of using IGES 

successfully to bridge the gap between CAD and CAPP through retrieving from the IGES files. This 

will alternatively supports to reduce the lead time appearing between the documentation and 

transferring the data to manufacturing process plan. Detail data structure of .igs file has been shown in 

the following fig-1 as an example.          

 

 

Fig-1: IGES neutral file of  Rational B-spline, entity index number-126 
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Fig.-1.1. Process layout of the proposed method: 

 

4.3. ALGORITHM FOR DATA EXTRACTION MODULE : 

 

Step-1:  Read the imported IGES file in terms of .igs as an input for the prepared software of   

              this work. 

 

Step-2:  Store all data of .igs in an array named as “arr” in this software.  

              This allows as char arr[1000][81]. 

 

Step-3:  Row and columns are counted by comparing character of the given five sections of   

               IGES file. 

 

Step-4:  A loop “for (i=0; i < row; i++)” will run to check every row to find the required entity  

              and the notation as per the developed logic. 

 

Step-5:  Check the parameter notation „p‟ in the column -73. If found then pointer will enter to  

              the parameter section to extract the required entity index.  

 

Step-6:  If pointer will found entity index-110, then further step allows the pointer to extract   

              the required data from the parametric section of the same entity as per its logic and   

              store in output file named as „merge‟. Once all data have been extracted it will search  

              for another entity. Go to step -4.  

Step-7:  Search for entity index-126. If pointer will found entity index -126, then instead of  

               running step-6, step-7 will continue. The search process will be same and all necessary   

               data are extracted and stored in „merge‟ file as per generated logic. Go to Step-4.  

 

Step-8:  Search for entity index-128. If found then extract the required geometric information  

              and stored in output file. Go to Step-4. 

Step-9:  In the case of failure of step -6, 7 and 8, go to Step-4. 

 

Step-10: After complete checking of all rows, stop the program. 
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5.  SOME IMPORTED IGES FILE AND THEIR EXTRACTED DATA 

 

Example-1:  This .igs file (Fig.-2) will enter to the IGES reader software (Fig.-3.1.) in the mode of part 

(number).igs as shown in the Fig-3.2. The extracted data will come in the prepared logical format (Fig.-

3.3) as an output. The graphics of the extracted control point has been tested by another program 

written in MATLAB tool.   

 

A curved sketch made in CATIAV-5 and exported through its neutral format .igs to process planning 

system. The imported .igs file will be in the form as represented by the Fig.-2.  

 

   
 

Fig.-1.1. Exported drawing of a spline              Fig-1.2: Imported .igs file for free formed spline    

                                                                              (2KB memory) exported through CATIA-V5 

 

  
 

Fig-1.3:- .igs reader prepared on the                      Fig.-1.4.: Proposed IGES reader access the 

DevC++ platform                                                      imported part1.igs file to read and extract the    

                                                                                    Parametric data. 
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Fig.-1.5: Output file of IGES reader for spline entity index-126, along with its control points in its 

output format named as “merge” 

 

Example-2 

 

 

 
 

Fig.-2.1: Exported complicated sketch                          Fig2.2: Imported .igs file for fig-2.1. 

of spline through .igs   
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Extracted control points 

 

Table-1  Curve (1 and 2) 

 

 

x1 y1 z1 x2 y2 z2 

-77.70938 -185.3169 0 -131.65 -77.278 0 

-80.200256 -152.4893 0 -97.16 -87.631 0 

-21.498871 -120.838 0 -61.887 -97.395 0 

21.0804418 -122.1991 0 -23.173 -69.333 0 

34.6007233 -166.4933 0 -45.907 -30.387 0 

146.717806 -132.2834 0 1.7749 9.72741 0 

182.366364 -53.19979 0 60.6785 43.2534 0 

 -  -  - 109.409 48.4292 0 

 -  -  - 137.197 47.1079 0 

 -  -  - 148.998 21.8492 0 

 

Table-2: Curve ( 3, 4 and 5) 

x3 y3 z3 x4 y4 z4 x5 y5 z5 

182.366 -53.2 0 -77.709 -185.32 0 -111.83 -141.65 0 

143.024 -48.043 0 -89.423 -154.83 0 -65.253 -112.74 0 

179.404 -14.777 0 -55.591 -120.48 0 -131.65 -77.278 0 

175.306 7.95169 0 -111.83 -141.65 0 - - - 

127.89 -19.092 0 - - - - - - 

123.272 2.51092 0 - - - - - - 

148.998 21.8492 0 - - - - - - 

 

Simulated control points to generate the real coordinate of the curve have been tested with the help of 

proposed MATLAB program by keeping in mind for its extension work to path generation. Sample of 

curve-1 2, and 3 of developed path are shown in the fig.-3.1 and fig.-3.2 for the given .igs file . The 

total loci of point for tool movement has been shown in the fig.- 3.3.  
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Fig.-3.1 :-  Sample path of curve-1,3 and 2 in 3D representation 

  

Fig.-3.2:- Sample path of curve-1,3 and 2 in 2D representation 

 

Fig.- 3.3 : Loci of points for tool trajectory of the imported .igs file 

6. Conclusion: - 

Geometry is the main primitive for computer graphics or Computer Aided Design linked to Computer 

Aided Manufacturing. For the manufacturing the sequence of points are required to cut the work piece. 



INTERNATIONAL JOURNAL OF COMPUTER APPLICATION                                                                                                                                     

ISSUE 2, VOLUME 3 (JUNE 2012)                                                                                                                      ISSN: 2250-1797 
 

 Page 408 
 

These loci of points construct the tool trajectory. The tool trajectory also contains the cutter contact 

points. Based on cutter location and cutter contact point the tool will move in the trajectory. This 

alternatively needs smoothness of the spline. The smoothness of the spline depends on the way of 

calculation of trajectory points and also need either of one concepts of C
0
 or C

1
 or C

2 
continuity. Here, 

for the easy generation of part programming code, the author has focused C
0
 continuity. A good result 

has been found from the work. This paper presents the work up to the tool trajectory declaration. The 

paper has started the work by receiving a freeform IGES neutral file and then extract the required 

geometry from it for its application. Once the geometry has been extracted it may apply to rapid 

prototype, CNC milling, Curve and surface modeling etc. The extension of this work will be the 

generation of part programming for the object so taken in the form of its IGES.  
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