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 Automatic punch shape recognition is an important task in the design automation of 
progressive dies. Many researchers have proposed and used different techniques to 
solve this problem by extracting shape information of 2D objects. To recognize the 
punch shape, the overall shapes of two-dimensional profiles are automatically 
recognized using a shape recognition technology in a computer aided system. When a 
profile is input from a CAD system for shape recognition, its CAD data is translated 
into shape data and input to the pattern recognition device.  Upon successful 
recognition of a shape, the shape code will be composed and its dimension values will 
be extracted. Traditional linear, angular, diametric, radial, fillet, and chamfer 
dimensions are automatically created for the profile with the linear factor and 
dimension distance being parameters controlled by the end user given in a configuration 
module. As an application of the technology, an application is developed to create auto-
dimensions for two-dimensional profiles. Shapes of the said profiles are defined 
adopting a "language", in a rigorous way, using a sequence of symbols, lists, and 
numbers. The definitions are stored in a specially designed database with the number of 
profile segments and number of straight lines as indices. This ensures that minimum 
number of shape definitions will be retrieved and compared during shape recognition. 
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INTRODUCTION 
 
 Systems such as a computer graphical system, computer Aided Design (CAD) system, DeskTop Publishing 
system (DTP), etc. become more and more popular. A technology for recognizing three-dimensional objects or 
two-dimensional graphic objects has thus become more and more important as a means for efficiently inputting 
an actual three dimensional or two-dimensional object to a computer. Accordingly, the technology for 
recognizing a real object or a graphic object at high speed with high accuracy is essential for these systems. 
Large CAD vendors are already planning next generation of CAD graphics input systems by employing 
digitized drawing board and pens, where shape recognition technology will perform ever more important roles 
in understanding users' design intention. 
 Two-dimensional profiles are widely used in typical Computer Aided Design (CAD) systems for the 
representation of part profiles, hole profiles, and architectural profiles, etc. Design automation is often expected 
by CAD users in order to enhance the design productivity and reduce design errors. Such automation can be 
achieved only if the computer can understand the shape and dimensions of the geometry the user inputs. In 
engineering design, a two-dimensional profile often comprises line and arc segments. It is thus desirable for 
developing a generic computer-aided method to recognize shapes and dimensions of two-dimensional profiles. 
 Auto-dimension may be one of the many useful applications of the present invented shape recognition 
technology. Other applications include automated shape sorting and classification for automated design, and 
matching a shape to those stored in catalogs in order to retrieve standard components, etc. 
 
Previous Work: 
 While shape recognition is a hot area for researchers, most efforts have been made on image processing and 
machine vision applications. Some specific systems have been developed to capture CAD user's intention during 
graphical input stage to understand the shapes of the input. For example, Bozinovic, et al. (1996) patented a 
"shape recognizer for graphical computer systems." The system was characterized by the following components. 
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(1) A stroke grouper receptive to a plurality of strokes formed on a screen of a pen-based computer system. (2) 
A shape recognition engine receptive to a stroke group produced by the stroke grouper. (3) A knowledge base 
coupled to the shape recognition engine, where the knowledge base includes, at a minimum, knowledge 
concerning closed polygons and closed curves. Henderson and Davis (1979) have done typical work known as 
syntactic pattern recognition. 
 Along this line many papers can be found in the literature. However, the method was constrained to 
discretization of a profile into a number of straight lines. It is thus not applicable to a real CAD system, where 
most profiles comprise both lines and arcs.  Cheok et al. (1993) were pioneers to implement shape recognition 
in a CAD platform. However, they did not develop a generic method for shape recognition. Rather, they 
employed a heuristic Approach for recognizing about 30 shapes that are related to special punch shapes 
published by Misumi Company of Japan.  
 Wang (1998) have employed a similar approach to recognize 5 shapes that are defined in the Misumi 
catalogue as "standard" shapes for punches. Neither publications nor patents have been found for a generic 
method for recognizing two-dimensional profiles that comprise line and arc edges, applicable to computer aided 
design systems. The present work was intended to develop a generic method to allow shapes of two-dimensional 
profiles to be recognized automatically from pre-defined rules.  
 Hussein and Kumar (2008) made an attempt to develop a computer algorithm to retrieve sheet metal part of 
similar shape and sizes from a database of about 2000 parts.  In the endeavor, they used lower left and upper 
right vertex points, width and height, geometric centre and area for the representation of part geometric 
characteristics instead of true shapes and dimensions of parts due to the unavailable techniques for shape 
recognition in CAD applications.  
 Kim (2013) suggests a guidelines that address problems related to nail clipper progressive die punches for 
three seven Inc.  
 Jia (2010-2011) gives the classification of plate holes and punches of progressive die design according to 
their structural types and relationships between the correlating parts and the plate holes and describes an 
automated hole design system for progressive dies. Taking advantage of prebuilt design knowledge and standard 
parts database, this system is able to generate the correlated holes on the main plates of progressive dies, such as 
upper die shoes, lower die shoes, stripper plates, punch plates, die plates, punch backing plates, and die backing 
plates according to the inserted parts or functional assembles. A descriptive model is set up. The feature library 
technology is adopted to develop the function for the design of plate holes, which can improve the efficiency 
and shorten the design cycle. The hole design system is built on the top of SolidWorks, taking advantage of its 
built-in modules, including part, assembly, and drawing. In another modification, Jia, presented a structural 
design tool for punches and dies for progressive dies of motor core based on functional component. The 
descriptive model of punch and die component is established which contains three aspect of information, 
geometry information, assembly-related constraint attribute and hole-related information on plates. Based on the 
classification and 3D modeling method of punches and dies, the library of components for punches and dies is 
set up according to the descriptive model. Methods for modeling and data management for components of 
punches and dies are discussed in detail. The proposed tool for progressive die for motor cores can complete the 
design of five classes of punches and dies and generate holes on plates automatically. This design tool is 
constructed on a PC and integrated also with a SolidWorks CAD system. The progressive die design for the 
motor core of house appliance is employed as a practical example to demonstrate the effectiveness of the design 
tool. He used progressive die for motor core as concrete examples to demonstrate the power of the proposed 
system. The results reveal that it can dramatically improve the design quality and can save both time and costs. 
 Chang (2007) established a genetic algorithm to solve the problems of ranking the working steps in 
progressive dies. The working area of punch in working station of progressive die was regarded as the basic 
reference for gene coding. The moment generated from punch to mold center is defined as fitness function. A 
common method, remainder stochastic sampling with replacement (RSSR), was adopted to carry out gene 
reproduction process calculation. The system used Visual C++ as an interface for parametric input and 
communicated with AutoCAD software through a DXF file.  
 Ghatrehnaby (2012) proposed a mathematical model, based on set theory, to analyze the problem of strip 
layout in progressive die based on punch shape. The model describes the mathematical nature of the strip layout 
problem and reveals the reason why researchers have always faced problems in optimizing strip layout 
automatically. Using the model presented, an algorithm is developed to optimize strip layout using the minimum 
number of stations and the torque equilibrium criteria. Develop prototype software to automate strip layout 
design based on the presented algorithm.  
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The Generic Approach For Recognizing Shapes: 
The Profiles and Their Shapes: 
 Shown in Fig.1 are 5 typical closed two-dimensional profiles. Each one has a different shape. It's normally 
call the shape in Fig.1a a rectangle, shape in Fig.1b a right triangle, and the rest do not have popular names.  It 
can formally say that the profile in Fig.1a has a rectangular shape, and Fig.1b has a right triangular shape. 
 

  

 

 

 

 

[a] [b] [c] [d] [e] 
 
Fig. 1: Typical profiles and shapes. 
 
 The objective of shape recognition is to understand automatically that the profile in Fig.1a is a rectangle, 
with a length and a width, and that in Fig.1b a right triangle with a height and length. Their position and 
orientation must also be known, in order to perform automated design tasks. For the profile in Fig.1c-e, and 
many more others in practice, it could even not able to name them one by one. There is a need to formally 
assign a shape code for each type of shape in a computer system. Profiles, that's are going to deal with must 
meet the following 3 conditions. 
1. They consist of straight lines and arcs only with the end point of one segment being the same as the start 
point of the next segment. 
2. They must be closed, i.e. the start point of the first segment is the same as the end point of the end segment. 
3. The segments of one profile must not intersect itself with another of the same profile, i.e., the segments of 
the profile encloses a single region. 
 
Generic Shape Codes: 
 The generic shape code consists of a string with 6 digits. The first 2 indicate the number of segments. The 
second 2 digits stand for the number of line segments, and the last 2 stand for a serial number. For example, the 
5 shapes in Fig. 1 are encoded in the implemented system as: 
 

040402 030303 040202 040301 080604 
 

 Note that it is also possible to use the second two digits to represent the number of arcs in the profile. For 
code 040402, it means that the profile has 4 segments; all the four segments are lines. It is the 2nd template 
stored in the database. Likewise, code 080604 means that the profile has 8 segments and 6 of them are lines, 2 
of them are arcs.  The shape definition is stored in the database in the 4th position under the same shape 
category. 
 
The Shape Description and Definition: 
 The shape must be described with a language formally and must be understood by the computer. It takes 
shape 1a, as shown in Fig.2, for instance. Using plain English language, it can define a rectangle by the 
following constraints and rules: 
 
Segment 0 is a line. 
90 degrees is rotated from Segment 0 to segment 1. 
Segment 1 is line. 
90 degrees is rotated from Segment 1 to segment 2. 
Segment 2 is a line. 
90 degrees is rotated from segment 2 to segment 3. 
The length of segment 2 is equal to that of segment 0. 
Segment 3 is a line. 
90 degrees is rotated from segment 3 to segment 0. 
The length of segment 3 is equal to that of segment 1. 

 

 
Fig. 2: Indexing the segments for the description of shape in Fig 1b. 
 
 Note that as the summation of the rotational angles is 360 degrees, the rotational condition for segment 4, 
the last one, is not necessary.  Likewise, it can describe Shape 1d, as shown in Fig.3, as: 
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90 degrees is rotated from Segment 0 to segment 1. 
Segment 1 is line. 
90 degrees is rotated from Segment 1 to segment 2. 
Segment 2 is a line. 
The length of segment 2 is equal to that of segment 0. 
Segment 3 is an arc. 
The bulge factor of the arc is greater than 0 and less than 1. 
The rotation angle from segment 3 to segment 0 is equal to that from 
segment 
2 to segment 3. 

 
 

 
Fig. 3: Indexing the segment for the description of shape in Fig 1d. 
 
 Note that which segment is the start one is unimportant. The sequence is anticlockwise. This means that if 
the CAD data of a profile is clockwise, the profile must be "reversed" to retrieve the anti-clockwise data. 
 
Description of a Line Segment: 
A line segment is described in the format of 
(Line-Indicator Length-condition Rotation-condition)                                                                         (1) 
 In (1) Line-Indicator is a symbol to indicate the segment is a line. In the subject system, we use "L" for the 
notation. Length-condition describes constraints about the length of the line segment. When there is no any 
requirement about the length of the line segment, a special symbol can be chosen. It has chosen Nil in the 
implemented system. Nil here means that there is no constraint for this condition. Rotation-condition specifies 
the relationship between the current line segments with next segment. When two segments are tangent each 
other, the rotation is 0. Otherwise, there is a rotational angle. Its value is positive when a rotation is anti-
clockwise. Otherwise it is negative. 
With this grammar, it can describe shape 1a to be 
(("L" nil <90)("L" nil <90)("L" 0 <90)("L" 1 nil)) 
 
 Note that it's simply use integers to denote the length condition. When an integer (i) appears as the length- 
condition, it indicates that "the length of this line segment is equal to the length the ith line." As the pre-condition 
of the profile is a closed one, the Rotation-condition for the last segment is not necessarily to be given. 
 
Description of an Arc Segment: 
An arc is described in the format of 
 (Arc-Indicator Bulge-condition Rotation-Condition [Radius-Condition])                                           (2) 
 
 Where; Arc-Indicator is a pre-defined symbol to indicate that the current segment is an arc. We choose "A" 
to be the indicator. Bulge-condition specifies the bulge of the arc. It can be a real number for the value, a range, 
a "greater than" or "less than" relation, or an integer to point to the bulge of another arc. In the latter case, it 
indicates that the bulge factor of this arc is equal to that of another arc segment. With this definition, shape 1d 
(Fig. 3) can be described to be: 
(("L" nil <90) ("L" nil <90) ("L" 0 ">0")) ("A" "(0 1)" 2)) 
The list ("A" "(0 1)" 2)) reads to be: "this segment is an arc; the arc's bulge factor is larger than 0, but less than 
1; the rotational angle from this segment to next one (segment 0) is equal to the rotational angle from segment 2 
to 3."  
 The bulge factor is often used by CAD systems "internally" to define the included angle of arcs. The 
relationship between the bulge factor and the included angle of the arc is given by 
 
α = 4 arctan β or β = tan α/4 
 
With this language, any complex shape meeting with the assumptions for closed profiles will be easily 
described. The complete description of a shape with the above language is called a template in the present 
system. 
 
The Library for Shape Definitions: 
 It has adopted a special database to store the shape description, or shape templates.  The generic format of 
the database is: 
 
((A1 
((B1 ((C1 (V11 V12 V13 V14)) 
(C2 (V21 V22 V23 V24)))) 
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 (B2 ((C3 (V31 V32 V33 V34)) 
(C4 (V41 V42 V43 V44)) 
(C5 (V51 V52 V53 V54)))) 
 ) 
      ) 
(A2 
((B3 
((C6 (V61 V62 V63 V65)) 
 (C7 (V71 V72 V73 V74)) 
             (C8 (V81 V82 V83 V84)) 
             (C9 (V91 V92 V93 V94)) 
        ) 
       ) 
  (B4 ((C10 (V101 V102 V103 V104)) 
     (C11 (V111 V112 V113 V114)))) 
  (B5 ((C12 (V121 V122 V123 V124)))) 
  (B6 ((C13 (V131 V132 V133 V134)))) 
  ) 
       ) 
      ) 
) 
 
 A's, B's and C's are indexes, Vij is a parameter to be stored. This form of database is most suitable for 
storing engineering data, such as catalogue data. With the present application, parameter A is designed to be the 
number of segments of shapes; parameter B is the number of line segments of shapes (it can also be the number 
of Arcs). Parameter C is a serial number. The shape description codes will go to the position of Vij. During 
shape recognition, the number of segments and number of line segments will be checked first, to allow only 
relevant templates to be used for checking.  
 For practical applications, one can create as many libraries as possible, each for a specific category of 
shapes or applications. For a given purpose, just assign a particular library to be the current library. 
 
The Shape Data Extraction: 
 When a CAD entity is passed to the Shape Data Extractor, three things will be done to prepare the shape 
data. 
1. Check if it is a closed polyline. It will be filtered out if it is not. 
2. Check for the direction. If it is clockwise, reverse the direction and generate its vertex and bulge parameters 
of anti-clockwise direction, as in Wang, (2002). 
3. Translator the bulge-vertex data into shape data. 
  
 Shape data is a set of data that describes the shape of the profile according to the shape definition or 
description language. 
 Corresponding to the template, the shape data has a format of a list of line and arc segment parameters. The 
line segment data is of the format 
("L" L A)            (3) 
 Where "L" indicates that the segment is a line, L is a real number for the length of the line, and A the 
rotational angle from the current segment to next (-180o≤ A ≤ 180o). 
The shape data of an arc takes the form of 
("A" B A R)            (4) 
 Where "A" indicates that the segment is an arc, B is the bulge factor, A the rotational angle from the current 
segment to next, and R the radius of the arc. 
 
An example for shape 1d in Fig.1 may take the form of 
 
(("A" 0.427774 0.76236 32.109) ("L" 29.2431 1.5708) 
("L" 46.4429 1.5708) ("L" 29.2431 0.76236)) 
 
This data is passed to the Inference Engine to reason to recognize its shape. 
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The Shape Recognition Device: 
 The shape recognition device will read in the shape data of a profile, retrieve relevant shape templates, and 
perform recognition reasoning by comparing the shape with relevant data definitions that specify constraints and 
rules of shapes. When a shape is successfully recognized, the shape code together with the dimensions of the 
profile will be returned. 
 Three flow charts are given for a description of the information and data flow in the shape recognition 
device. Fig. 4 gives a flow chart emphasizing the loop for a number of shape templates. For the same number of 
segments and line segments, there could be a number of shapes (this can be thought to have a similar pattern). 
Fig. 5 gives a flow chart that describes the algorithm to treat the shape data as a ring. A loop is made by 
assigning every segment of the profile to be the starting one. The loop will terminate when the shape is 
recognized, or the last segment has been reached. 
 Described in Fig.6 is the algorithm for matching the pattern of a segment. Four shape conditions must be 
met simultaneously in order to conclude that the segment data satisfies all the constraints. The first is the 
segment type, line or arc. The second is the length for line, or bulge factor for arc. The third is the rotational 
angle from the current segment to next segment. The 4th is the radius of arc. For line segments there are only 3 
conditions to be met. 
 
Automatic Dimensioning of Profiles: 
 Traditionally, dimensions are given for a drawing in the form of linear, angular, diameter, and radius. When 
there is a chamfer or fillet, dimensions will also be created for the features. Fig.8 gives 3 typical shapes with 
traditional dimensions. Note that dimensions of fillet and chamfers have a numeric prefix that means the number 
of identical features found in the profile. 

 
Fig. 4: Flow chart to show the overall process for recognition of a shape. 
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 In commercial computer aided design systems, AutoCAD for instance, dimensions can be created 
interactively with the available dimensioning tools. It is tedious and easy to make errors. It is also possible to 
use ordinate dimension tools to indicate the x and y coordinates of vertexes. In AutoCAD ordinate dimension 
tool is used in an interactive manner. Many third party software tools available in the market provide functions 
to allow "automated" dimensioning. In most of these tools, the automation is achieved by using ordinate 
dimension only. They simply create dimensions for all the vertexes found in the selected entity set. Fig.9 gives 
samples for understanding of ordinate dimensioning. Of course, the commercially available automatic 
dimensioning tools will not be able to create dimensions shown in Fig. 9 without capabilities of shape 
recognition. 
 Some modern CAD systems, such as Inventor, can create linear dimensions automatically. This was 
achieved by creating a mathematical model of dimensions during inputting of the geometry. This is often known 
as "design by feature" approach. This invention is, however, corresponding to the "feature recognition" 
approach. 

 
 
Fig. 5: Flow chart showing algorithm to make the shape data a ring type; check is made to assign every segment 

to be the start element until recognition is successfully made or failure is resulted after all the segments 
are tried. 

 
 Is it possible for computer aided tools to create dimensions automatically, yet intelligently as human beings 
do? It has not seen any such claims yet for the real world complex profiles. 
 By applying the shape recognition technique, the dream may become true. For each pre-defined shape, 
traditional dimensions are created automatically to the selected profile with the automatically extracted 
dimension parameters. Dimensions for fillet and chamfer features can be easily created. Same fillet or chamfer 
can be identified. 
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Fig. 6: Flow chart showing how a shape is recognized when all the conditions are met in all the segments. 
 
 This is almost impossible with any other auto-dimension tools. Dimensions for the overall shape are created 
to define the shape completely and unambiguously due to the understanding of the shape. Rules are embedded 
into the automatic dimensioning devices for the characteristic of each shape that has been defined. 
 Shown in Fig.10-11 are some selected typical profiles whose dimensions are automatically created by 
simply selecting all these profiles. The subject system can be extended to include as many shapes as possible. 
Any shape can be easily described using the proposed definition method. 
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Fig. 7: Overall flow chart for profile data set inputting, shape recognition, and auto-dimensioning. 
 

   
Fig. 8: Traditional dimensions of two-dimensional profiles. 
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Fig. 9: Ordinate dimensioning of two-dimensional profiles. 
 

 
Fig.10: Typical dimensions created automatically with the help of the generic shape recognition method. 
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Fig.11: Typical dimensions created automatically with the help of the generic shape recognition method 
 
Discussion and Conclusions: 
 A generic method has been developed to allow automatic shape recognition for two-dimensional curves in a 
CAD system. As the knowledge about the shape (rules or shape description) is separate from the inference 
engine, the system can be extended and is therefore a generic method for recognizing any pre-defined shapes. 
The technology is successfully applied to develop a module for automatic dimensioning of recognizable 
profiles. 
 The present shape recognition system was implemented on the AutoCAD platform with the inference 
engine coded with Visual LISPTM. It can be executed on AutoCAD R14 and all the later versions of AutoCAD 
or its vertical products. 
The critical technologies involved in realizing this generic method of shape recognition include the following: 
1) Definition of shapes. A shape is defined by a list of symbols, strings, sub lists, and numbers. The sequence 

of the list is according to one direction of the profile. In this work, we adopt anti-clockwise as the direction 
of the profile. The definition of a shape includes all the necessary constraints and rules. The proper 
representation of a rule and a constraint is important. 

2) Determination of the direction of 2D profiles. As the definition of a profile involves its direction, the 
determination of the direction is necessary. If the original CAD data is created by a direction of clockwise, 
the data must be reversed properly before it is converted into the shape data. 

3) The separation of the shape knowledge and the inference engine. This is critic for the system to be 
extensible as the users can always extend the knowledge base as needed. 
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4) The format of the knowledge base. The purpose of adopting such a special format of data is to retrieve the 

minimum number of shape definitions during recognition for a given shape, thereby reducing the time for 
shape recognition. 

5) The special inference engine. The most critical part of the inference engine is its capability of handling a 
list of shape data as a "ring", by rotating the list of the shape data so that each of the segments of the 
profile will have a chance of becoming the start segment during shape definition. This ensures that the 
definition of a shape is independent of the start segment: any segment can be the start one. 

 
ACKNOWLEDGMENT 

 
 This works is funded by National Plan for Science & Technology (NPST), Grant No. 12-INF2816-02, 
Saudi Arabia. Moreover, the authors would like to thank Fatimah Alnijris's Research Chair for Advanced 
Manufacturing Technology (FARCAMT) at King Saud University for their support throughout the research 
work. 

REFERENCES 
 

Bozinovic, J., 1996. Shape recognizer for graphical computer systems. United States Patent, 5: 544, 265.  
Chang, H.C., Y.T. Tsai, K.T. Chiu, 2007. A novel optimal working process in the design of parametric 

progressive dies, international journal of advanced manufacturing technology, 33: 915-928. 
Cheok, B.T., K.Y. Foong, A.Y.C. Nee and C.H.A. Teng, 1993. Knowledge-based approach to automate the 

punch modelling process for progressive stamping die design, Journal of Institute of Engineers of Singapore, 
33(4): 65-72.  

Face Standard Components for Pres Dies, 2006, Misumi Corp, Tokyo, 135, Japan. 
Ghatrehnaby, M., B. Arezoo, 2012. Automatic strip layout design in progressive dies, international journal 

of advanced manufacturing technology, 23: 661-677.  
Hussein, H.M.A. and S. Kumar, 2008. A computerized retrieval system for sheet metal parts.  Asian 

International Journal of Science and Technology in Production and Manufacturing, 1(2): 31-40. 
Jia, Z.X., H.L. Li, X.C. Zhang, H.B. Wu, M.C. Fang, 2010. Study on the correlated design method of plate 

holes for progressive dies based on functional feature, International journal of advanced manufacturing 
technology, 49: 1-12. 

Jia, Z.X., H.L. Li, X.C. Zhang, J.Q. Li, B.J. Chen, 2011. Computer-aided structural design of punches and 
dies for progressive die based on functional component. International journal of advanced manufacturing 
technology, 54: 837-852. 

Kim, S.H., K.K. Choi, 2013. Research on Improvement of Blank Precision and Life Span Extension of Nail 
Clipper Die with Uneven Shear Area, International Journal of Advanced Science and Technology, 54: 89-96. 

Thomas, C.H. and S.D. Larry, 1979. Shape Recognition Using Hierarchical Constraint Analysis. Presented 
at the IEEE, 1979. Pattern Recognition and Image Processing Conference, Chicago, Illinois.  

Wang, F., 1998. SM-Design: A CAD Tool for designing die structure based on a feature-based approach, 
Gintic Institute of Manufacturing Technology, SMCAD User's Guide. 

Wang, F., 2002. Determining the Direction and Inclusion of 2D Curves, Journal of Institute of Engineers of 
Singapore. 


