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ABSTRACT 

Presented in this paper is a simplification platform for engineering design 
that redirects designers from the conventional form of vector geometry. 
Using programming features it will promote automatic interchange of 
parametric data used in the creation of graphic models and those used in the 
design analysis of the models in order to accomplish specific design tasks. 
The entire process of creating a final graphics model which is termed 
graphics design and which results in a graphics model will involve the 
aggregation of the graphics primitives, graphics assemblies and 
subassemblies to form the model. As a result an integrated domain of 
language constructs capable of enhancing the automatic data manipulation 
evolves. This integrated domain, which is actually an enhanced design 
modeling framework, will free the designer of being constrained by a 
limiting set of tools.  

 
Keywords: CAD Systems, Graphics Models, Homogeneous Programming, Design  
  Environment. 
 
INTRODUCTION 
Computer Aided Design systems [1], provide tools for building good designs that conforms to 
solid objects that depicts the creation of a set of drawings for the production of a model. 
Models are simplification of operations or systems that targets particular circumstances, and 
that is the more reason graphics models produced from CAD systems are used for modeling. 
Graphics models usually are created interactively from graphics primitives and can be 
assembled to more complex forms known as graphics assemblies [1, 4]. CAD systems do 
provide assemblies whose dimensions are functions of key parametric values produced by the 
user, as they are utilized by designers for graphics design modeling. But one key 
consideration is that common interactive CAD systems (e.g. AutoCAD) lack programmable 
parameters, which could enable the automatic interchange of data between related modules 
such as design analysis routines, graphical modeling parameters and schedules [3, 4].There is a 
sharp distinction, therefore, between building models, a concrete graphical editing activity, 
and programming, an abstract, textual, algorithm-construction activity [8]. The focus of this 
paper is the integration of both the graphics design and the graphics design analysis attributes 
in a conventional homogeneous programming platform. This can then enable usability with a 
viable CAD API that can solve a general workflow problem by providing a means for 
creating clearly refined graphics models that targets particular application areas for solutions 
[7, 8]. The parametric notations of this domain specific models can be captured as the 
necessary entities representing both the problem and application spaces in the domain, and 
such integration will facilitate automatic interchange of data and workflow parameters and 
can adequately remove the drawbacks encountered by designers in common CAD systems [5].  
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LITERATURE REVIEW 
A research in this direction is how to combine design and programming activities in one 
platform. One identified approach was the extension of a visual logic programming language 
to incorporate the notions of solids and operations on solids [6, 9]. A model for parameterized 
solids in a visual design language was then developed as the engine to drive the 
parameterized assembly of objects [9]. This allows the designer/programmer to work at a 
higher level, giving declarative specifications of a design in order to obtain the design 
descriptions. Such methodology integrates problem solving, design synthesis, and prototype 
assembly in a single homogeneous programming/design environment [6, 10]. This was an effort 
to remove the sharp distinction between designing and the programming required to achieve 
parameterization. There are quite a number of challenges with present day CAD systems, 
some either provide poor facilities for engineering design, or provide visual design facilities 
without well integrated programming capabilities. The primary reason for including 
programming capabilities in design environments is to allow for the representation of domain 
specific modeling [2, 4].  
 
Trends in Computer Aided Design 
Almost all engineering design often involves much, complex diagrams with visual graphical 
content. One of the areas where computer-aided design is particularly useful is in the 
generation of these diagrams [4, 6]. However, they lack the expressive capability of textual 
programming languages. This suggests that although a graphical CAD system can be 
considered a visual design language, it is a low-level language in that it does not include 
higher-level concepts such as conditional execution, iteration and recursion that are found in 
high-level programming languages [7, 12].  Much of it model based led to several functional 
modeling for engineering systems, these includes functional parametric representations, 
visual techniques for analysis of shapes, and structural behaviours of solids. In examining 
research to addressing these limitations, Philip Cox and Trevor Smedley [9] proposed a 
declarative logical-based visual language for structured design; the advantage of this 
approach is the integration of concrete representations of design components with operations 
that specify how components are assembled from other components. The Language for 
Structured Design (LSD) [9, 12] contain specific features and is an extension of Lograph, a 
visual logic programming language, with the notion of solids and operations on them. The  
features of LSD include high level, visual, logic programming [9, 12], a language for design of 
structured objects that combines the design and programming activities in a homogeneous 
programming/design environment [7, 14], and at the back-end, a solid modeling kernel for 
maintaining low level description of solids and operations. In the context of this paper, which 
focuses on making the parameterized objects domain specific uses this approach as a 
benchmark for language development, specifying clearly that programming capabilities, 
however, are also necessary for addressing the shortcomings of engineering design systems. 
Computer-aided design covers a broad area of research focusing on supporting design 
processes that shift and adapt even as the underlying computational technology is evolving. 
Stavric et al., [6] envision that the next generation of knowledge-based CAD systems will be 
characterized by four features: they will be based on cognitive accounts of design, and they 
will support collaborative design, conceptual design, and creative design. This discussion 
further expects CADs to be able to investigate content, organize, communicate and share 
knowledge, coupled with present day standards such as computational geometry, computer 
graphics, connectionist networks, evolutionary computing, numerical analysis, optimization, 
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simulation, etc. Previous generations of CAD systems and useful sources of early works and 
impact can be found in [13, 14]. 
 
PARAMETERIZED OBJECTS 
A key theme in this paper is parametric modeling, which invariably is a basis for integration 
of differing possibilities of engineering design modeling in a homogenous domain specific 
platform. CAD systems [12] enable designers to create geometric models of products in the 
computer, to be reused and manipulated by the designers as needed. CAD systems were, and 
remain, highly technical software with extremely rich features and functions for detailed 
design work. They typically encode the semantics of shapes as so-called parametric features. 
A parametric feature-based modeler [14] is a CAD software package that uses either a 
Constructive Solid Geometry (CSG) or a Boundary Representation (B-Rep) modeler that 
allows a user to refer to features instead of the underlying geometry. That is, when a 
parametric modeler is used, geometry is easy to modify, features contain manufacturing as 
well as geometric information, dimensions are parametric, the model history is available to 
the operator, and there is an assembly environment [10, 11]. Features are the basic three-
dimensional building blocks for creating parts. Features available in parametric modelers can 
copy tangible design and manufacturing features (e.g., rib, draft angle). There are two kinds 
of model features, sketched and placed. Sketched features (e.g., extrude, revolve) require that 
a 2D sketch be made before the feature can be created. Placed features (e.g., hole, chamfer, 
fillet, shell, face draft) can be created without sketch geometry [2, 4 and 11].  
 
METHODOLOGY FOR MODELING PARAMETERIZED OBJECTS 
This section details the concept and terminology of parametric modeling adopted to suit a 
specific domain of engineering designs. Parametric modeling [6] employs parametric 
dimensions and geometric constraints to define features, and to create relationships between 
these features in order to create intelligent models. These dimensions as shown in figure 1 are 
associatively linked to the model geometry that they describe. If a dimension changes, so 
does the associated geometry.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1:  Flow and Interchange of Information through Parameterized Objects 
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Though this flexibility is often utilized by designers to satisfy customers’ needs for product 
varieties, but in conventional modeling where an object is explicitly described, when one 
aspect of the model is changed, often several changes has to be made to satisfy a design intent 
or  the implicit rules of the design [1]. What this means is that this CAD system couldn’t 
automatically display the implicit rules that govern the design intent whenever a change has 
to be effected in the parametric constrains of the designed objects. So the application of 
domain specific modeling can create a domain specifically tailored designing that can be 
routed to automatically permit flow and interchange of information through the 
parameterized objects [15]. Having considered the presence of programming environment in 
an interactive CAD system, a resulting integrated domain of parameters set for the design 
purpose, coupled with our own specifications is now possible in the application of domain 
specific methodology. This possibility is shown in figure 2 as the XML grammar content that 
drives the integrated domain specific modeling peculiarity platform [16]. 
 

 
 

Figure 2: XML Grammar Content 
 
This integrated domain, which is actually an enhanced design platform, will propagate 
creative thinking and not the designer being constrained by a limiting set of tools. It is a key 
to innovative designs and design processes [15, 16].  
 
THE FUNCTIONAL STRUCTURE 
Two popular data structures used in the description of solid models are [7], Constructive Solid 
Geometry (CSG) and Boundary Representation (B-Rep). The CSG representation [8], stores 
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the model data in a tree structure in terms of the solid primitives and the Boolean operations 
that are used to combine them. Because CSG organize data solely in terms of primitives and 
Boolean operations, constructive models represent a solid as a combination of primitive 
solids as well as the result of applying Boolean operators to a set of instantiated and 
transformed CSG primitives. Therefore, in all of the (CSG) examples it is clear knowledge 
that the design of the solid is not unique [9]. On the other hand [7], boundary representation 
stores the boundaries of the solid (e.g. vertices, edges, faces) in the database along with 
information regarding how these entities are connected.  Because B-Rep includes such 
topological information, a solid is represented as a closed space in 3D space. Either of these 
approaches requires users to go through a lot of rigor during design, some need to consult 
other experts for algorithm and programming constructs to be able to achieve the desired 
results. This present structure [18] as shown in figure 3 is a combination of both CSG and B-
rep to be seen as one model entity. This will allow for the provision of an integrated API 
within a solid modeler (AutoCAD) that can allow for automatic exchange of data during 
design [15]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3: Integrated Modeling Platform 
 
The design is purely based on parametric modeling techniques built into the language, and 
the model representing a particular domain of interest will be domain specific [17]. Shown in 
figure 4 is the syntax structure of the language construct designed to enable domain specific 
modeling of the CAD objects as the domain model with parametric constraints instead of 
depending on the static instructional logic of dump solids.  
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Figure 4: Language Syntax 

 
Therefore with a common API with domain specific definitions, a user can easily achieve a 
result through the automatic exchange of data as shown in figure 5. 
 
 

 
 

Figure 5: User Experience 
 
 



 

109 
 

Journal of Physical Science and Innovation Volume 5, No. 2, 2013 

CONCLUSION AND FUTURE WORK 
This present work will overlook the strict syntax definitions in a host language and tends to 
go beyond the capabilities of parametric modeling to include more graphics design attributes. 
Re-engineer the graphics analysis modules with wider and most recent programmable 
parameters by employing relevant data structures, variables that correspond explicitly and 
implicitly with variables and data structures of the graphical models spatial forms. Having 
considered the presence of programming environments in interactive CADs such as 
AutoCAD coupled with user defined specifications and methods resulting into an integrated 
domain of parameters set for the design purpose, a domain specific modeling framework was 
created to permit automatic interchange of data. This integrated domain, which is actually an 
enhanced design modeling framework, will propagate creative thinking and not the designer 
being constrained by a limiting set of tools. In the future, a reusable layer of interconnected 
software can be created to enable the definition of common parameters in a domain specific 
language to ensure parameterization of both graphics modeling and the graphics design 
analysis processes so as to avoid manual intervention in the use of such graphics models.  
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