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(1) DESIGN 

Design refers to the process of originating and developing a plan for a product, system, or component.  

Design is the act of devising an original solution to a problem by a combination of principles, resources, and 

products in design. 

 

DESIGN PROCESS 

The design process is the pattern of activities that is followed by the designer in arriving at the solution of a 

technological problem. Design process is an iterative process. 

 

SHIGLEY’S MODEL OF DESIGN PROCESS OR STEPS INVOLVED IN SHIGLEY’S MODEL OF DESIGN 

PROCESS 

The process of designing something is characterized by Shigley as an iterative procedure, which consists of 

six identifiable steps or phases: 

 

Recognition of Need: 

The starting point of the design process is the identification of the needs of an unsatisfied demand for a 

particular product or developing a new idea to start a new demand. 

 

Definition of Problem: 

Definition of the problem involves a through specification of the item to be designed. This specification will 

generally include functional and physical characteristics, cost, quality, performance, etc. 
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Synthesis: 

 During the synthesis stage, the designer develops the number of feasible solutions to problem and the 

preliminary design is done. 

 

Analysis & Optimization: 

 Each design from the synthesis stage is analysed and the comparative evaluation is performed. Based on the 

comparison, the optimal design is selected. Synthesis and analysis are closely related and highly interactive in the 

design process. For the development of a certain product design, each of the subsystems of the product must be 

conceptualized by the designer and analyzed. Based on the analysis, improvements are made, redesigned, analyzed 

again, and so on. The process is repeated until the design has been optimized within the constraints imposed on the 

designer.  

 

Evaluation: 

Evaluation is concerned with measuring the design against the specifications established in the problem 

definition phase. This evaluation often requires the fabrication and testing of a prototype model to assess operating 

performance, quality, reliability, and other criteria.  

 

Presentation: 

The final phase in the design procedure is the presentation of the design. Presentation is concerned with 

documenting the design by means of drawings, material specification, assembly lists, and so on. In essence, 

documentation means that the design data base is created.  

 

 

(2) PRODUCT LIFE CYCLE  

The cycle through which a product goes from development to retirement is called product life cycle or product 

cycle.  

The figure shows the life cycle of a typical product. The product begins with a need which is identified based 

on customers' and markets' demands. The product goes through two main processes from inception to a finished 

product: (1) the design process and (2) the manufacturing process.  

 

Design Process:  

Synthesis and analysis are the two main sub-processes of the design process. The philosophy, functionality, 

and uniqueness of the product are all determined during synthesis. During synthesis, a design takes the form of 

sketches and layout drawings that show the relationship among the various product parts. These sketches and drawings 

can be created using a CAD/CAM system or simply hand-drawn on paper. They are used during brainstorming 

discussions among various design teams and for presentation purposes.   

The analysis sub-process begins with an attempt to put the conceptual design into the context of engineering 

sciences to evaluate the performance of the expected product. This requires design modeling and simulation.  
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An important aspect of analysis is the ―what if‖ questions that help us to eliminate multiple design choices and 

find the best solution to each design problem. The outcome of analysis is the design documentation in the form of 

engineering drawings (also known as blueprints).  

 

Fig.1 A Typical Product Cycle 

Manufacturing Process:  

The manufacturing process begins with the process planning and ends with the actual product. Process 

planning is considered the backbone of the manufacturing process since it attempts to determine the most efficient 

sequence in which to produce the product. A process planner must be aware or the various aspects or manufacturing to 

plan properly. The planner typically works with the blueprints and may communicate with the design team to clarify 

or request changes in the design to fit manufacturing requirements. The outcome of the process planning is a 

production plan, tools procurement, material order, and machine programming. Other special manufacturing needs 

such as design of jigs and fixtures or inspection gages are planned.  

Once the process planning phase is complete, the actual production of the product begins. The manufactured 

parts are inspected and usually must pass certain standard quality control (assurance) requirements. Parts that survive 
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inspection are assembled, packaged, labeled, and shipped to customers. Market feedback is usually incorporated into 

the design process. With this feedback, a closed-loop product cycle results.  

 

Every product goes through a cycle from birth, followed by an initial growth stage, a relatively stable matured 

period, and finally into a declining stage that eventually ends in the death of the product as shown schematically in 

Figure 2.  

(1) Introduction stage: In this stage the product is new and the customer acceptance is low and hence the sales are 

low.  

(2) Growth stage: Knowledge of the product and its capabilities reaches to a growing number of customers.  

 

Fig.2 Product life cycle. 

 

 Introduction Stage Growth Stage Maturity Stage Decline Stage 

Design Variety Little variety or 

Customized 

Some degree of 

Standardization 

A dominant design 

prevails 

Highly Standardized 

Competitive 

Emphasis on 

Product features Design/ Quality 

availability 

Price/ Delivery 

reliability 

Price 

Profit Potential Loss up to low profit Good up to high 

profits 

High down to good 

profits 

Declining to low 

profits 

(3) Maturity stage: The product is widely acceptable and sales are now stable, and it grows with the same rate as the 

economy as a whole grows.  

(4) Decline stage: At some point of time the product enters the decline stage. Its sales start decreasing because of a 

new and a better product has entered the market to fulfill the same customer requirements. 
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(3) MORPHOLOGY OF DESIGN PROCESS  

A detailed description of the complete design process or a study of chronological structure of the design 

process is called the morphology of design, first give by Morris Asimow.  

The figure shows the various activities that make up the first three phases of design: conceptual design, 

embodiment design, and detail design. This eight-step set of design activities is our representation of the basic design 

process. The purpose of this graphic is to remind you of the logical sequence of activities that leads from problem 

definition to the detail design. 

 

Fig. Morphology of Design 

Phase –I: Conceptual Design  

Conceptual design is the process by which the design is initiated, carried to the point of creating a number of 

possible solutions, and narrowed down to a single best concept. It is sometimes called the feasibility study. Conceptual 

design is the phase that requires the greatest creativity, involves the most uncertainty, and requires coordination 

among many functions in the business organization. The following are the discrete activities that we consider under 

conceptual design. 

 Identification of customer needs: The goal of this activity is to completely understand the customers’ needs 

and to communicate them to the design team.  
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 Problem definition: The goal of this activity is to create a statement that describes what has to be 

accomplished to satisfy the needs of the customer. This involves analysis of competitive products, the 

establishment of target specifications, and the listing of constraints and trade-offs. Quality function 

deployment (QFD) is a valuable tool for linking customer needs with design requirements. A detailed listing 

of the product requirements is called a product design specification (PDS).  

 Gathering information: Engineering design presents special requirements over engineering research in the 

need to acquire a broad spectrum of information.  

 Conceptualization: Concept generation involves creating a broad set of concepts that potentially satisfy the 

problem statement. Team-based creativity methods, combined with efficient information gathering, are the 

key activities.  

 Concept selection: Evaluation of the design concepts, modifying and evolving into a single preferred concept, 

are the activities in this step. The process usually requires several iterations.  

 Refinement of the PDS: The product design specification is revisited after the concept has been selected. The 

design team must commit to achieving certain critical values of design parameters, usually called critical-to-

quality (CTQ) parameters, and to living with trade-offs between cost and performance.  

 Design review: Before committing funds to move to the next design phase, a design review will be held. The 

design review will assure that the design is physically realizable and that it is economically worthwhile. It will 

also look at a detailed product development schedule. This is needed to devise a strategy to minimize product 

cycle time and to identify the resources in people, equipment, and money needed to complete the project.  

 

Phase – II: Embodiment Design  

Structured development of the design concept occurs in this engineering design phase. It is the place where 

flesh is placed on the skeleton of the design concept. An embodiment of all the main functions that must be performed 

by the product must be undertaken. It is in this design phase that decisions are made on strength, material selection, 

size, shape, and spatial compatibility. Beyond this design phase, major changes become very expensive. This design 

phase is sometimes called preliminary design. Embodiment design is concerned with three major tasks—product 

architecture, configuration design, and parametric design.  

 Product architecture: Product architecture is concerned with dividing the overall design system into 

subsystems or modules. In this step we decide how the physical components of the design are to be arranged 

and combined to carry out the functional duties of the design. 

 Configuration design of parts and components: Parts are made up of features like holes, ribs, splines, and 

curves. Configuring a part means to determine what features will be present and how those features are to be 

arranged in space relative to each other. While modeling and simulation may be performed in this stage to 

check out function and spatial constraints, only approximate sizes are determined to assure that the part 

satisfies the PDS. Also, more specificity about materials and manufacturing is given here. The generation of a 

physical model of the part with rapid prototyping processes may be appropriate.  

 Parametric design of parts: Parametric design starts with information on the configuration of the part and 

aims to establish its exact dimensions and tolerances.  
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Final decisions on the material and manufacturing processes are also established if this has not been done 

previously. An important aspect of parametric design is to examine the part, assembly, and system for design 

robustness. Robustness refers to how consistently a component performs under variable conditions in its service 

environment. Parametric design also deals with determining the aspects of the design that could lead to failure. 

Another important consideration in parametric design is to design in such a way that manufacturability is enhanced.  

 

Phase – III: Detail Design  

In this phase the design is brought to the stage of a complete engineering description of a tested and 

producible product. Missing information is added on the arrangement, form, dimensions, tolerances, surface 

properties, materials, and manufacturing processes of each part. This results in a specification for each special-purpose 

part and for each standard part to be purchased from suppliers. In the detail design phase the following activities are 

completed and documents are prepared:  

 Detailed engineering drawings suitable for manufacturing. Routinely these are computer-generated drawings, 

and they often include three-dimensional CAD models.  

 Verification testing of prototypes is successfully completed and verification data is submitted. All critical-to-

quality parameters are confirmed to be under control.  Usually the building and testing of several 

preproduction versions of the product will be accomplished.  

 Assembly drawings and assembly instructions also will be completed. The bill of materials for all assemblies 

will be completed.  

 A detailed product specification, updated with all the changes made since the conceptual design phase, will be 

prepared.  

 Decisions on whether to make each part internally or to buy from an external supplier will be made.  

 With the preceding information, a detailed cost estimate for the product will be carried out.  

 Finally, detail design concludes with a design review before the decision is made to pass the design 

information on to manufacturing. 

Phases I, II, and III take the design from the realm of possibility to the real world of practicality. However, the 

design process is not finished with the delivery of a set of detailed engineering drawings and specifications to the 

manufacturing organization.  

Many other technical and business decisions must be made that are really part of the design process. A great 

deal of thought and planning must go into how the design will be manufactured, how it will be marketed, how it will 

be maintained during use, and finally, how it will be retired from service and replaced by a new, improved design.  

Generally these phases of design are carried out elsewhere in the organization than in the engineering department or 

product development department. As the project proceeds into the new phases, the expenditure of money and 

personnel time increases greatly. One of the basic decisions that must be made at this point is which parts will be 

made by the product developing company and which will be made by an outside vendor or supplier. This often is 

called the ―make or buy‖ decision. 

 

Phase - IV: Planning for Manufacture  

A great deal of detailed planning must be done to provide for the production of the design. A method of 

manufacture must be established for each component in the system. As a usual first step, a process sheet is created; it 
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contains a sequential list of all manufacturing operations that must be performed on the component. Also, it specifies 

the form and condition of the material and the tooling and production machines that will be used. The information on 

the process sheet makes possible the estimation of the production cost of the component.  

High costs may indicate the need for a change in material or a basic change in the design. Close interaction 

with manufacturing, industrial, materials, and mechanical engineers is important at this step. The other important tasks 

performed in phase IV are the following:  

 Designing specialized tools and fixtures.  

 Specifying the production plant that will be used (or designing a new plant) and laying out the production 

lines  

 Planning the work schedules and inventory controls (production control)  

 Planning the quality assurance system  

 Establishing the standard time and labor costs for each operation  

 Establishing the system of information flow necessary to control the manufacturing operation  

All of these tasks are generally considered to fall within industrial or manufacturing engineering. 

 

Phase – V: Planning for Distribution  

Important technical and business decisions must be made to provide for the effective distribution to the 

consumer of the products that have been produced. In the strict realm of design, the shipping package may be critical. 

Concepts such as the shelf life of the product may also be critical and may need to be addressed in the earlier stages of 

the design process. A system of warehouses for distributing the product may have to be designed if none exists. The 

economic success of the design often depends on the skill exercised in marketing the product. If it is a consumer 

product, the sales effort is concentrated on advertising in print and video media, but highly technical products may 

require that the marketing step be a technical activity supported by specialized sales brochures, performance test data, 

and technically trained sales engineers.  

 

Phase – VI: Planning for Use  

The use of the product by the consumer is all-important, and considerations of how the consumer will react to 

the product pervade all steps of the design process. The following specific topics can be identified as being important 

user-oriented concerns in the design process: ease of maintenance, durability, reliability, product safety, convenience 

in use (human factors engineering), aesthetic appeal, and economy of operation. Obviously, these consumer-oriented 

issues must be considered in the design process at its very beginning. They are not issues to be treated as 

afterthoughts.  

Phase VI of design is less well defined than the others, but it is becoming increasingly important with the 

growing concerns for consumer protection and product safety. More strict interpretation of product liability laws is 

having a major impact on design. An important phase VI activity is the acquisition of reliable data on failures, service 

lives, and consumer complaints and attitudes to provide a basis for product improvement in the next design cycle.  

 

Phase – VII: Planning for Retirement of the Product  

The final step in the design process is the disposal of the product when it has reached the end of its useful life. 

Useful life may be determined by actual deterioration and wear to the point at which the design can no longer 



TKSCT/ Mechanical Engineering/V semester/ ME6501 CAD 

 

Unit-I Fundamentals of Computer Graphics Page 9 

 

function, or it may be determined by technological obsolescence, in which a competing design performs the product’s 

functions either better or cheaper.  

In consumer products, it may come about through changes in fashion or taste. In the past, little attention has 

been given in the design process to product retirement. This is rapidly changing, as people the world over are 

becoming concerned about environmental issues. There is concern with depletion of mineral and energy resources, 

and with pollution of the air, water, and land as a result of manufacturing and technology advancement. This has led to 

a formal area of study called industrial ecology. Design for the environment, also called green design, has become an 

important consideration in design. As a result, the design of a product should include a plan for either its disposal in an 

environmentally safe way or, better, the recycling of its materials or the remanufacture or reuse of its components. 

 

(4) COMPUTER AIDED DESIGN (CAD) 

Computer aided design (CAD) is defined as any design activity that involves the effective use of the computer 

to create, modify, analyze, or document an engineering design. CAD is most commonly associated with the use of an 

interactive computer graphics system. 

 

REASONS FOR IMPLEMENTING CAD 

1. To increase the productivity of the designer.  

This is accomplished by helping the designer to conceptualize the product and its components. In turn, 

this helps reduce the time required by the designer to synthesize, analyze, and document the design.  

2. To improve the quality of the design.  

The use of a CAD system with appropriate hardware and software capabilities permits the designer to do a 

more complete engineering analysis and to consider a larger number and variety of design alternatives. The 

quality of the resulting design is thereby improved.  

3. To improve design documentation. 

The graphical output of a CAD system results in better documentation of the design than what is practical 

with manual drafting. The engineering drawings are superior, and there is more standardization among the 

drawings, fewer drafting errors, and greater legibility. 

4. To create a manufacturing data base. 

 In the process of creating the documentation for the product design (geometric specification of the 

product, dimensions of the components, materials specifications, bill of materials. etc.), much of the required 

data base to manufacture the product is also created. 

 

 STAGES OF CAD (OR) DESIGN RELATED ACTIVITIES PERFORMED BY CAD (OR) ELEMENTS OF 

CAD (OR) APPLICATIONS OF COMPUTERS FOR DESIGN 

The various design related tasks which are performed by a modern computer aided design system can grouped 

into four functional areas: 

1. Geometric Modeling 

2. Engineering Analysis 

3. Design Review and Evaluation 

4. Automated Drafting 
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Fig. Applications of Computers for Design 

Geometric Modeling: 

Geometric Modeling involves the use of a CAD system to develop a mathematical description of the geometry 

of an object. The mathematical description, called geometric model, is stored in the computer memory. This permits 

the user of the CAD system to display an image of the model on the graphics terminal and to perform the certain 

operations on the model that includes creating new geometric models from basic building blocks, moving the images 

around the screen, zooming in on the certain features of the image, etc. These features permit the designer to construct 

a model of a new product or to modify the existing model. 

 

Types of Geometric Models: 

1. Two Dimensional (2D) Models – best utilize for design problems, such as flat objects and layouts of 

buildings. 

2. Three Dimensional (3D) Models – used to construct the various views of the object. 

Geometric Representations of Models: 

1. Wire – frame Models uses interconnecting lines to depict the object. 

2. Surface Models 

3. Solid Models providing the user with a vision of object as in the real life.  

Generally 3D solid models provide more accurate representation of the objects. This is useful for calculating 

mass properties, in assembly to perform interference checking between the mating components. 

Features in CAD System Models: 

1. Coloring is largely to enhance the ability of the user to visualize the object on the graphics screen. For 

example, the various components of an assembly can be displayed in different colors, permitting the parts 

to more readily distinguished. 

2. Animation capability permits the operation of the mechanisms and other moving objects to be displayed 

on the graphics monitor. 
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Engineering Analysis: 

After a particular design alternative has been developed, some form of engineering analysis often must be 

performed as part of the design process. The analysis may take form of stress-strain calculations, heat transfer analysis 

or dynamic simulation. The computations are often complex and time consuming; in order to simplify the 

computations the computers are used. Computer Aided Engineering (CAE) is often used for engineering analysis 

performed by computer. Examples of engineering analysis software in common use on CAD system includes: 

1. Mass property analysis. 

2. Interference checking 

3. Tolerance analysis 

4. Finite element analysis 

5. Kinematic and dynamic analysis 

6. Discrete event simulation. 

 

Design Evaluation and Review: 

Design evaluation and review procedures can be augmented by CAD. Some of the CAD features that are 

helpful in evaluating and reviewing a proposed design include: 

1. Automatic Dimensioning 

2. Review the accuracy and consistency of dimensions and tolerances. 

3. Animation of discrete event simulation solutions. 

4. Designing floor layout and physical arrangement of equipments in a facility. 

The designing a new product includes fabrication of a prototype before the approval and release of the product 

for production. There are two approaches for building the prototype. 

1. Rapid Prototyping 

2. Virtual Prototyping 

 

Automated Drafting: 

The fourth area where the CAD is useful is presentation and documentation. CAD systems can be used as 

automated drafting machines to prepare highly accurate engineering drawings quickly. It is estimated that the CDA 

system increases the productivity in the drafting function over manual preparation of drawings. 

 

BENEFITS OF CAD 

1. Increased Design Productivity: 

CAD helps in designer to conceptualize the product and its components, which is turn reducing the time 

required by the designer to synthesis, analyze and document the design. 

2. Increased Available geometric forms in the design: 

CAD permits the designer to select among a wider range of shapes (mathematically defined contours) and 

similar forms are difficult to create by manual drafting techniques. 

3. Improved quality of design: 

CAD system with appropriate hardware and software capabilities permits the designer to do a more 

complete engineering analysis and to consider a large number of design alternatives. The quality of the 

resulting design is thereby improved. 
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4. Improved design documentation: 

Graphical output of a CAD system results in better documentation of the design than with manual 

drafting. Automated documentation of design changes, standardized design, fewer drafting errors and greater 

legibility. 

5. Creation of manufacturing database: 

Process of creating the documentation for product design (geometric specifications of product, dimension, 

material specification, Bill of materials, etc.) that are required database to manufacture the product is also 

created. 

6. Design standardization 

Since involving large number of design alternatives, the resulting design is standardized. 

7. Shorter Lead Time 

8. Improved procedures for engineering changes. 

 

CHOICE OF CAD SYSTEM 

The following points may be considered while making a choice for a CAD system: 

1. Job Specifications 

2. Memory size, disc storage and response time. 

3. Peripherals required 

4. Reliability 

5. Cost consideration 

6. Compatibility with the existing system 

 

(5) CAD System Architecture 

CAD system comprises of 

1. Hardware- computer and associated peripheral devices. 

2. Software- Computer program running on the hardware 

3. Data- data structure created and manipulated by hardware 

4. Human Knowledge and activities. 

 

Basic architecture of CAD system 

The CAD elements are:  

Model Definition: for example to add geometric elements to a model of the form of a component. 

Model manipulation: to move, copy, delete, edit or otherwise modify elements in the design model. 

Picture generation: to generate images of the design model  on a computer screen or on some hard-copy device. 
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User interaction: to handle commands input by the user and to present output to the user about the operation of 

the system. 

Database management : for the management of the files that make up the database. 

Applications: to generate information for evaluation, analysis or manufacture. 

Utilities- to modify the operation of the system in some way. These features may be provided   by multiple 

programs operating on a common database, or by a single program encompassing all of the elements. 

 

Architecture of Advanced CAD system 

 

(6) MECHANICAL ENGINEERING APPLICATIONS OF CAD 

Following is a brief description of the applications of CAD in mechanical engineering.  

• Two Dimensional Drafting: This is the most common use of a CAD package. 2-D drawings are used for 

manufacturing a product.  

• Report Generating: To generate reports and bill of materials. Spreadsheets and word-processors can be 

linked to provide a report writing facility.  

• 3-D Modeling: To create the wireframe, surface and solid models. The 3-D models are for concept 

verification, manufacturing, FEA, etc.  

• Finite Element Analysis: FEA package is used for pre-processing, analysis, and post-analysis of structures. 

For this application, a CAD package contains both the modeling and analysis modules.  

• Manufacturing: manufacturing software is usually called CAM, and contains CAD software as one of the 

components. CAM software provides capabilities of carrying out 2 and 3-axes machining. 

 

(7) LINE DRAWING (DDA & BRESENHAM’ S LINE ALGORITHM) 

Computer Graphics: Computer graphics may be defined as the process of creation, storage and manipulation of 

drawings and pictures with the aid of computers. 
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(7.1) DDA (DIGITAL DIFFERENTIAL ANALYZER) LINE ALGORITHM 

The Digital Differential Analyzer (DDA) generates lines from the differential equation. DDA is a scan 

conversion line algorithm based on calculating either Δx or Δy using the equations (1) and (2). 

Scan Conversion  Graphics Memory  Screen Image 

 

Starting Point P1 (x1, y1) and 

End Point P2 (x2, y2) 

Then Δx = x2 - x1   ---- (1) 

         Δy = y2 - y1    ---- (2) 

Slope, m = Δy /Δx 

           𝑚 =
𝑦2  − 𝑦1

𝑥2  − 𝑥1
 

 

Case (i) If the value of slope, m is positive and less than one, (m ≤ 1 and positive). 

(a) If the starting point of the line is at left, then the new coordinates are given by 

x i+1 = xi  + 1 

y i+1 = yi  + m 

where (x i+1 , y i+1) is the new coordinates and  (x i , y i) is the initial coordinates. 

(b) If the starting point of the line is at right, then the new coordinates are given by 

x i+1 = xi   - 1 

y i+1 = yi  - m 

Case (ii) If the value of slope, m is greater than one, (m > 1). 

(a) If the starting point of the line is at left, then the new coordinates are given by 

x i+1 = xi  + (1/m) 

y i+1 = yi  + 1 

(b) If the starting point of the line is at right, then the new coordinates are given by 

x i+1 = xi  - (1/m) 

y i+1 = yi  - 1 

Case (iii) If the value of slope, m is negative and the absolute value of the slope, m is less than or equal to one (m ≤ 1). 

(a) If the starting point of the line is at left, then the new coordinates are given by 

x i+1 = xi  + 1 

y i+1 = yi  - m 

(b) If the starting point of the line is at right, then the new coordinates are given by 

x i+1 = xi  - 1 

y i+1 = yi  + m 

Case (iv) If the value of slope, m is negative and the absolute value of the slope, m is greater than one, (m > 1). 

(a) If the starting point of the line is at left, then the new coordinates are given by 

x i+1 = xi  + (1/m)                                          

y i+1 = yi  - 1 

(b) If the starting point of the line is at right, then the new coordinates are given by 

x i+1 = xi  -  (1/m)                              

 y i+1 = yi  + 1 
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Disadvantages of DDA Algorithm: 

1. Although DDA is fast, the accumulation of round-off error in successive additions of the floating-point 

increment, however can cause the calculated pixel position to drift away from the true line path for lone line 

segments. 

2. Floating-point operations and rounding –off in DDA is time-consuming process. 

Examples: 

Ex: 7.1.1 Consider a line from (0, 0) to (6, 7). Use DDA Algorithm to rasterize this line. 

Given: 

Starting Point P1 (x1, y1) = (0, 0) and                      End Point P2 (x2, y2) = (6, 7) 

Then Δx = x2 - x1 ; Δy = y2 - y1     

 

            𝑆𝑙𝑜𝑝𝑒,𝑚 =
𝑦2 − 𝑦1
𝑥2 − 𝑥1

= 7−0
6−0

            => m = 1.6667 

Since, m = 1.667 > 1 and the starting point of the line is at left, then the new coordinates are 

calculated by using the following equations, 

x i+1 = xi  + (1/m)            &       y i+1 = yi  + 1 

Initial 

Coordinates 
New Coordinates 

Round-off Values of the 

New Coordinates 

x i y i x i+1 = xi  + (1/m) y i+1 = yi  + 1 x i+1 y i+1 
    0 0 

0 0 0.8571 1 1 1 

0.8571 1 1.7143 2 2 2 

1.7143 2 2.571 3 3 3 

2.571 3 3.4284 4 3 4 

3.4284 4 4.2855 5 4 5 

4.2855 5 5.1426 6 5 6 

5.1426 6 5.9997 7 6 7 

 

Ex: 7.1.2 Consider a line from (18, 8) to (23, 10). Use DDA Algorithm to rasterize this line. 

Given: 

Starting Point P1 (x1, y1) = (18, 8) and                     End Point P2 (x2, y2) = (23, 10) 

Then Δx = x2 - x1 ; Δy = y2 - y1     

 

            𝑆𝑙𝑜𝑝𝑒,𝑚 =
𝑦2 − 𝑦1
𝑥2 − 𝑥1

= 10−8
23−18

 

      m = 0.4 

Since, m = 0.4 ≤ 1 and the starting point of the line is at left, then the new coordinates are 

calculated by using the following equations,  x i+1 = xi  + 1                &            y i+1 = yi  + m. 
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Initial 

Coordinates 
New Coordinates 

Round-off Values of the 

New Coordinates 

x i y i x i+1 = xi  + 1 y i+1 = yi  + m x i+1 y i+1 
    18 8 

18 8 19 8.4 19 8 

19 8.4 20 8.8 20 9 

20 8.8 21 9.2 21 9 

21 9.2 22 9.6 22 10 

22 9.6 23 10 23 10 

 

 

Ex: 7.1.3 Consider a line from (8, 5) to (4, 12). Use DDA Algorithm to rasterize this line. 

Given: 

Starting Point P1 (x1, y1) = (8, 5) and 

End Point P2 (x2, y2) = (4, 12) 

Then Δx = x2 - x1 ; Δy = y2 - y1     

 

            𝑆𝑙𝑜𝑝𝑒,𝑚 =
𝑦2 − 𝑦1
𝑥2 − 𝑥1

= 12−5
4−8

 

      m = - 1.75 

Since, m is negative and absolute value of slope, m = 1.75 > 1 and the starting point of the line is at 

right, then the new coordinates are calculated by using the following equations, (Take m = 1.75 only the 

absolute value for calculation) 

x i+1 = xi  -  (1/m)                   &         y i+1 = yi  + 1 

Initial 

Coordinates 
New Coordinates 

Round-off Values of the 

New Coordinates 

x i y i x i+1 = xi  - (1/m) y i+1 = yi  + 1 x i+1 y i+1 
    8 5 

8 5 7.4286 6 7 6 

7.4286 6 6.8571 7 7 7 

6.8571 7 6.2857 8 6 8 

6.2857 8 5.7143 9 6 9 

5.7143 9 5.1429 10 5 10 

5.1429 10 4.5714 11 5 11 

4.5714 11 4 12 4 12 
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Ex: 7.1.4 Consider a line from (0, 0) to (-5, 5). Use DDA Algorithm to rasterize this line. 

Given: 

Starting Point P1 (x1, y1) = (0, 0) and                      End Point P2 (x2, y2) = (-5, 5) 

Then Δx = x2 - x1 ; Δy = y2 - y1     

 

            𝑆𝑙𝑜𝑝𝑒,𝑚 =
𝑦2 − 𝑦1
𝑥2 − 𝑥1

= 5−0
−5−0

 

      m = -1 

Since, m is negative and absolute value of slope, m = 1 ≤ 1 and the starting point of the line is at right, 

then the new coordinates are calculated by using the following equations, (Take m = 1 only the absolute value 

for calculation) 

x i+1 = xi  - 1   & y i+1 = yi  +  m 

Initial 

Coordinates 
New Coordinates 

Round-off Values of the 

New Coordinates 

x i y i x i+1 = xi  - 1 y i+1 = yi  + m x i+1 y i+1 
    0 0 

0 0 -1 1 -1 1 

-1 1 -2 2 -2 2 

-2 2 -3 3 -3 3 

-3 3 -4 4 -4 4 

-4 4 -5 5 -5 5 
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(7.2) BRESENHAM’ S LINE ALGORITHM 

An accurate and effective raster line generating algorithm was developed by Bresenham. Like DDA, 

Bresenham algorithm is designed so that each iteration changes one of the coordinate values by ± 1. The other 

coordinate may or may not change depending upon the value of decision variable maintained by the algorithm. The 

basic problem of DDA i.e., rounding of operation is eliminated in Bresenham’s algorithm. 

                  

 

If the start Point is P1 (x1, y1) and End Point is P2 (x2, y2), then calculate the Δx, Δy and slope (m) using the equations, 

Δx = x2 – x1 and Δy = y2 – y1 

                𝑆𝑙𝑜𝑝𝑒,𝑚 =  
∆𝑦

∆𝑥
=  

𝑦2  −  𝑦1

𝑥2  −  𝑥1

 

Case (i) If the slope, m is less than or equal to one and positive, (m ≤ 1 and positive), then calculate the initial decision 

parameter using the expression, Pi = 2Δy – Δx 

(a) If Pi < 0, then decision parameter becomes Pi +1 =  Pi + 2Δy, and the new coordinates are calculated as 

 x i+1 = xi  + 1   

 y i+1 = yi   

(b) If Pi ≥ 0, then decision parameter becomes Pi +1 =  Pi + 2Δy – 2Δx,  and the new coordinates are calculated as 

 x i+1 = xi  + 1   

 y i+1 = yi  + 1 

Case (ii) If the slope, m is greater than one, (m > 1), then calculate the initial decision parameter using the expression, 

Pi = 2Δx – Δy 

(a) If Pi < 0, then decision parameter becomes Pi +1 =  Pi + 2Δx, and the new coordinates are calculated as 

 x i+1 = xi    

 y i+1 = yi  + 1 

(b) If Pi ≥ 0, then decision parameter becomes Pi +1 =  Pi + 2Δx – 2Δy,  and the new coordinates are calculated as 

 x i+1 = xi  + 1   

 y i+1 = yi  + 1 

Case (iii) If the slope is negative, the procedure is similar except that one coordinate increases and the other coordinate 

decreases. 
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Examples: 

Ex: 7.2.1 Consider a line from (10, 5) to (15, 9). Use Bresenham’s line drawing algorithm to rasterize this line. 

start Point is P1 (x1, y1) = (10, 5)  

and End Point is P2 (x2, y2) = (15, 9),  

Δx = x2 – x1 = 15 – 10 = 5   

Δy = y2 – y1 = 9 – 5 = 4 

                𝑆𝑙𝑜𝑝𝑒,𝑚 =  
∆𝑦

∆𝑥
=  

𝑦2  −  𝑦1

𝑥2  −  𝑥1

=  
4

5
= 0.8 

Since m = 0.8 < 1 

The decision parameter is given by Pi = 2Δy – Δx = (2 ×4) – 5 = 3  

(xi, yi) Pi Conditions (xi+1, yi+1) Pi+1 

(10, 5) 3 

Since Pi ≥ 0, 

Pi +1 =  Pi + 2Δy – 2Δx 

x i+1 = xi  + 1 

y i+1 = yi  + 1 

 

(11, 6) 

Pi +1     =  Pi + 2Δy – 2Δx 

         = 3 +(2×4) – (2×5) 

          = 1 

(11, 6) 1 (12, 7) 

Pi +1  =  Pi + 2Δy – 2Δx 

        = 1 +(2×4) – (2×5) 

        = -1 

(12, 7) -1 

Since Pi < 0, 

Pi +1 =  Pi + 2Δy 

x i+1 = xi  + 1 

y i+1 = yi 

(13, 7) 

Pi +1  =  Pi + 2Δy 

        = -1 + (2×4) 

        =7 

(13, 7) 7 

Since Pi ≥ 0, 

Pi +1 =  Pi + 2Δy – 2Δx 

x i+1 = xi  + 1 

y i+1 = yi  + 1 

 

(14, 8) 

Pi +1  =  Pi + 2Δy – 2Δx 

        = 7 +(2×4) – (2×5) 

        = 5 

(14, 8) 5 (15, 9) 

Pi +1  =  Pi + 2Δy – 2Δx 

        = 5 +(2×4) – (2×5) 

        = 3 

(15, 9)     

 

Ex: 7.2.2 Consider a line from (3, 3) to (7, 10). Use Bresenham’s line drawing algorithm to rasterize this line. 

start Point is P1 (x1, y1) = (3, 3)  

and End Point is P2 (x2, y2) = (7, 10),  

Δx = x2 – x1 = 7 – 3 = 4   

Δy = y2 – y1 = 10 – 3 = 7 

                𝑆𝑙𝑜𝑝𝑒,𝑚 =  
∆𝑦

∆𝑥
=  

𝑦2  −  𝑦1

𝑥2  −  𝑥1

=  
7

4
= 1.75 

Since m = 1.75 > 1  

The decision parameter is given by Pi = 2Δx – Δy = (2 ×4) – 7 = 1  
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(xi, yi) Pi Conditions (xi+1, yi+1) Pi+1 

(3, 3) 1 

Since Pi ≥ 0, 

Pi +1 =  Pi + 2Δx – 2Δy 

x i+1 = xi  + 1 

y i+1 = yi  + 1 

(4, 4) 

Pi +1 =  Pi + 2Δx – 2Δy 

        = 1 + (2×4) – (2×7) 

        = - 5 

 

(4, 4) -5 

Since Pi < 0, 

Pi +1 =  Pi + 2Δx 

x i+1 = xi   

y i+1 = yi + 1 

(4, 5) 

Pi +1  =  Pi + 2Δx 

        = -5 + (2 ×4)  

        = 3 

 

(4, 5) 3 

Since Pi ≥ 0, 

Pi +1 =  Pi + 2Δx – 2Δy 

x i+1 = xi  + 1 

y i+1 = yi  + 1 

(5, 6) 

Pi +1 =  Pi + 2Δx – 2Δy 

       = 3 + (2×4) – (2×7) 

       = - 3 

 

(5, 6) -3 

Since Pi < 0, 

Pi +1 =  Pi + 2Δx 

x i+1 = xi   

y i+1 = yi + 1 

(5, 7) 

Pi +1  =  Pi + 2Δx 

        = -3 + (2 ×4)  

        = 5 

 

(5, 7) 5 

Since Pi ≥ 0, 

Pi +1 =  Pi + 2Δx – 2Δy 

x i+1 = xi  + 1 

y i+1 = yi  + 1 

(6, 8) 

Pi +1  =  Pi + 2Δx – 2Δy 

        = 5 + (2×4) – (2×7) 

        = - 1 

 

(6, 8) -1 

Since Pi < 0, 

Pi +1 =  Pi + 2Δx 

x i+1 = xi   

y i+1 = yi + 1 

(6, 9) 

Pi +1  =  Pi + 2Δx 

        = -1 + (2 ×4)  

        = 7 

 

(6, 9) 7 

Since Pi ≥ 0, 

Pi +1 =  Pi + 2Δx – 2Δy 

x i+1 = xi  + 1 

y i+1 = yi  + 1 

(7, 10) 

Pi +1  =  Pi + 2Δx – 2Δy 

        = 7 + (2×4) – (2×7) 

        = 1 

 

(7, 10)     
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l. Generate the conical surface obtained by rotation of the line segment Al3 around the z-
axis with A (LOJ) and B (7.0,7) (N/D - 15)

- Sln g. - LOJ g

[2·x't ] "=' (_~7.] - co.r 6l S.~ e-
C) 0

0 0

l:'.J 0 ~ ~llRx]

L S~ g
..- t.OJ g

~
, sth o -iLO! e ""1

o
., 0 '1 " ]

() 0

o 0

V

o

1
2. Differentiate between analytical curves, interpolated curves and approximated curves.

(N/D - 15)
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3. What are the limitations of Hermite curve? (M/.I- 16)

4. What are the advantages and disadvantages of wire frame modeling? (M/J·- 16)
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5. State advantages of Bczicr curves. (NID - 16)

6. Why B-rep modeling approach arc widely followed than CSG approach? (N/D - 16)



Unit- 2
PART -B

1. (a) Briefly explain the different schemes used to generate a solid model.(NiD - 15) (16)
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2 (b) Write short notes on approximated synthetic curves.I'NrD - 15) (16)
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5. (a) (i) Explain different femmes ora Bezier curve with construction details.(N/D - 16) (8)

fl) A B~ ;;t.4r c.<..uve ~ qo(A...f<.n .e.gI tin n 'rl p ().J:n b ~..t:t, ~~~

~ a. p ~ t. po.L::J /"00() rvV- t'A..1 e..u. r ce e+ ~j.l'-L£ f).

\/f) Be~ c.ur"'~ ~eUp

po-u> n .

\~) 7'-t- d..L~./\U- .9"- f>a-4/....c IY\-i. ,J ~ .i:na 7N... CA•.I•.''rve sEt) i'N-...t-..e, O~

~ ~ tN- I\..tVT') bu. oJ.R4Cn~ 1N, pO~OI) po2nh J

r.f) Be~r c,..uY'12 €~ ""'i:;d- ~ J'Jm~ p'Y'JP-eA{j' 7N- w'r",e M

JY m ~ c (/1/ Vf., AU P -e.~ t" LL t:U\ ttl (. u. - t ) • <J7..L.M- ~ ~

J'e..~ u. 0-1- to~.t I'Q~ ~.P>J rJ-N.. cas v« ~ be ;U.v~-'

r¥)
7I-t. .1~ 01- fI.tL. w~tie Cet..rI bf2 IY) f) cU ~d Q.;J ~ b/J cJ..p..,,~ Q-.I.

QI'(' fV\.I}/\L ve;rfI t.JI..(> Of J..h P'().A.y.1 00 OfF brJ Itpt.p~ ~ PO.J..t1 J'fJ"

'Jr-,uuJ ~ .§pe...~ 'hI.In 9 ,..,vJ.h f /.J. '-O.th c.i o(.L....t pv.i.Ah t:MI Ve-rl'e/k.·



4 (b) What do you understand by boundary representation til-rep) technique of solid (16)
modeling? Explain briefly the data structure of Bvrep solid model.(MJI - 16)
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lb) (ii) Derive the transformation matrix for a Hermite curve.(N/D - .16) (8 )
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6. (b) (i) Explain in detail Bsrep solid modeling approach. (N/D -- 16) (8)
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Geometry Topology 
It is the actual dimensions that defines the 
entities of the object 

It  is  the  visible  geometry  and  graphical 

information at user point of view 

 
It is also called as metric information 

It  is  the  connectivity  and  associativity  of  the 
object entities 

It is the non-graphical relational information 

stored in the solid model database in user point 

of view 

It is also called as combinatorial structure 

 

ME6501 – Computer Aided Design 

Unit – II 

Part – A 

1. What is Bezier surface? 

A tensor product Bezier surface is an extension of the Bezier curve in two parametric directions u and v. 

Bezier surface allows only global control of the surface. Bezier surface is formed as the Cartesian product 

of the blending functions of two orthogonal Bezier curves and is defined by a set of control points. A two- 

dimensional Bezier surface can be defined as a parametric surface where the position of a point has a 

function of the parametric coordinates u, v. 

 

2. What are the characteristics of B-spline surface? 
A rectangular set of data or control points creates the surface. It is the general surface as Bezier surface 
but with the advantage of permitting local control of the surface. This set forms the vertices of the 

characteristic polyhedron that approximates and controls the shape of the resulting surface. The degree of 

the surface is independent of the number of control points and continuity is automatically maintained 

throughout the surface by virtue of the form of blending functions. 

 

3. What are the limitations of Hermite Curve?  
The curve follows the cubic polynomial and hence the number of control points is only three. With three 

control points, complicated shapes cannot be produced. Hence it has its limitations in constructing. 

 

4. What do mean by intersection in surface? 
The intersection problem involving surfaces is complex and non-linear in nature. It depends on whether it 

is a surface/curve or surface/surface interaction as well as on the representation, parametric or implicit of 

the surface or curves. 

 

5. Differentiate Geometry and topology. 
 

 
 
 
 
 
 
 
 

 

6. What are the advantages and disadvantages of wire frame modeling  
Advantages: 1. Hidden line can be visible with dotted line in wire frame modeling.  2. Interior parts can 

be visible.  

Disadvantages: 1. Subsequent process of assembly or features cannot be done in wire frame modeling. 

 

7. Define domain in representation schemes.  
The domain of a representation scheme is the class of objects that the scheme can represent or it is the 

geometric coverage of the scheme. The parts or entities under the domain representation are governed by 

domain characteristics both geometric and visual representation. 

 

8. How Validity checks are achieved in representation schemes? 
The validity checks are achieved in three ways: a) Test the resulting database via given algorithm b) Build 

checks into the scheme generator or design scheme elements c) Manipulate via given syntax. Syntax 

language called as backend codes are written specifically to perform validity check. Error postulates are 

employed to eliminate degree of deviation and autocorrected. 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Parametric_surface


Analytic Curves Synthetic Curves 
The Analytic curves are defines by analytic 
equations. 

Analytic curves are easy in computation but 

not flexible for designers 
Lines, conics are analytic curves 

The Synthetic curves are defines by the set of 
data points or control points 

Synthetic  curves  are  hard  in  computation  but 

very flexible to designers in making new models 

Splines, Bezier curves are synthetic curves 

 

 

9. What are rational curves importances?  
A rational curve is defined by algebraic ratio of two polynomials. A parametric curve in homogeneous 

form is referred to as a rational curve. They draw their theories from projective geometry. Importance is 

under projective transformation that is the perspective image of a rational curve is a rational curve. 

Space curve:  F(u) = ( x(u), y(u), z(u), w(u) ) 

Plane curve : F(u) = ( x(u), y(u), w(u) ) 

Where u is a parameter in some closed interval [a, b] 

 

10. Distinguish Analytic and Synthetic curve 
 

 
 
 
 
 
 
 

 

11. What do you mean by Sculptured surface? 
Sculptured surfaces are used in geometric modeling to describe all sorts of bendy things like aero plane 
wings, car bodies, gas-turbine blades, ship's hulls and so on that can't be described by simple curved 

surfaces such as cylinders and cones.. These complex surfaces are known as sculptured or free-form 

surfaces. 

 

12. What is surface segmentation? 
Surface segmentation is a reparametrization or parameter transformation of the surface while keeping the 
degree of its polynomial in u and v unchanged. Efficient segmentation of globally optimal surfaces 

representing object boundaries in volumetric data sets is important and challenging in many medical 

image analysis applications. Surface segmentation is employed in BIW (Body in White) automotive 

modeling 

 

            13. Differentiate between analytical curves, interpolated curves, and approximated curves. 

Analytical curve: This type of curve can be represented by a simple mathematical equation such as circle 
or ellipse. They have fixed form and cannot be modified to achieve a shape that violates the mathematical 

equation.  

Interpolated curve: An interpolated curve is drawn by interpolating the given data points, dictated by the 

given data points. These curves have some limited flexibility in shape creation, dictated by the data 

points.  

Approximated curves: These curves provide the most flexibility in drawing curves of very complex 

shapes. The model of a curved automobile fender can be easily created with the help of approximated 

curves and surfaces. 

 

14. Differentiate CSG and B-Rep Models. 
CSG refers to Constructive Solid Geometry. It uses standard primitives like Block, Cylinder, Cone, Cube 

etc. shapes and solid model can be generated by using Boolean operations of Addition, Subtraction, 

Union, Intersection etc. 

In B-Rep or Boundary Representation Models, Vertex, edges, faces, surfaces will be defined using 

Euler’s equation and building the blocks with representation of these entities. 

 

 

 

 







































































RGB Model CMY Model 
RGB is the primary model in colouring 

Red Green Blue are the primary color is this 

model 
Black is origin represented by (0,0,0) 
White is represented by (1,1,1) 

CMY is the complementary model to RGB 

Cyan Magenta Yellow are the primary color in 

this model 
White is origin represented by (0,0,0) 
Black is represented by (1,1,1) 

 

ME6501 – Computer Aided Design 

Unit – III 

Part – A 

1. What is shading? List the shading models 
Shaded color images covey shape information that cannot be represented in line drawings. Shaded images 

can also convey features other than shape such as surface finish or material type. 

a) Diffuse Reflection; b) Specular Reflection; c) Ambient Light 

 
2. What is colouring and enumerate the colouring models? 
Colours can be used in geometric construction and distinguishing the wireframe, surface or solid entities 

by assigning different colors. 

RGB (Red, Green, Blue) Model 

CMY (Cyan, Magenta, Yellow) Model 

YIQ Model 

 

3. What is coherence? 

HSV (Hue Saturation Value) Model 

HSL (Hue Saturation Lightness) Model 

The elements of a scene or its image have some interrelationships called as coherence. It is the measure 
how rapid a scene or its image changes and describes the extent to which a scene or its image is locally 

constant. This visual coherence may provide the user with stronger visual cues on the location, shape and 

characteristics of the virtual objects, and of the interactions between them and the real objects 

 

4. Differentiate Phong shading and Gourand shading  

Phong shading Gourand shading 
Phong shading is interpolation of normal vectors 

at vertices and apply shade models 

Phong shading produces sharp shades with high 

intensity 

Computational time is high 

Gourand    shading    is    form    of    intensity 

interpolation or first-derivative sahding 

Gourand shading produces smooth shades 

 
Computational time is low 

 
5 Differentiate RGB and CMY model 

 

 
 
 
 
 
 
 

 

6. What is Warnock’s Algorithm? 

This  is  one  of  the  first  area-coherence  algorithms.  The Warnock  algorithm is  a hidden  surface 
algorithm invented by John Warnock that is typically used in the field of computer graphics Essentially, 

this algorithm solves the hidden surface problem by recursively subdividing the image into sub images. It 

first attempts to solve the problem for a window that covers the entire image 

 

7. What is diffuse reflection? 

Lambert’s cosine law governs the diffuse reflection. Diffuse reflection is the reflection of light from a 

surface such that an incident ray is reflected at many angles rather than at just one angle as in the case 

of Specular.. Lambert’s law implies that the amount of reflected light seen by the viewer is independent 

of the viewer’s position. 

 

https://en.wikipedia.org/wiki/Hidden_surface_determination
https://en.wikipedia.org/wiki/Hidden_surface_determination
https://en.wikipedia.org/wiki/John_Warnock
https://en.wikipedia.org/wiki/Computer_graphics
https://en.wikipedia.org/wiki/Reflection_(physics)
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Ray_(optics)
https://en.wikipedia.org/wiki/Angle


HSL Model HSV Model 
This model represents HUE, SATURATION 

and LIGHTNESS 

This  model  forms  a  Double  hexagon  cone 

space 

This  model  represents  HUE,  SATURATION 

and VALUE 

This model forms a Single hexagonal cone in 

space 

 

8. Differentiate HSV and HSL model 
 
 
 
 
 

 
 

9. What is specular reflection? 
Specular reflection is the characteristic of shiny surface. Highlights visible on shiny surface are due to 

specular reflection. The location of a highlight on a shiny surface depends on the directions of the light 

source and the viewing eye.  

  

10. What do you know about minimax test? 
This is also called as overlap or bounding box test checks if two polygons overlap. The test provides a 

quick method to determine if two polygons do not overlap. It surrounds each polygon with a box by 

finding it extends and checks for intersection for any two boxes in both the X and Y directions. 

 

11. What are Silhouettes? 
A set of edges that separates visible faces from invisible faces of an object with respect to a given viewing 

direction is called silhouette edges (or silhouettes). An edge that is part of silhouette is characterized as 

the intersection of one visible face and one invisible face. 
 

12. What’s the difference between Image Space and Object Space? 

• Image space algorithms are much more efficient than object space algorithms.  

• Object space algorithms are much more functional than image space algorithms.  

• Color calculation in object space algorithms is done only one time and is retained by it but in image 

space algorithm the calculation once done is over written later. 

 

13. Write short notes on “Z” buffer algorithm. 
This is also called as depth-buffer algorithm. This algorithm requires a z-buffer in which z values can be 

sorted for each pixel. The z buffer is initialized to the smallest value of z while the frame buffer is 

initialized to the background pixel value. 

 

14. What is the purpose of the containment test? 
Some hidden lines algorithms depend on whether a polygon surrounds a point or another polygon. The 

containment test checks whether a given point lies inside a given polygon or polyhedron. 

 

15. List down the types of coherence in object space and image space. 

The various types of coherence that are identified object space are 

i.      Edge Coherence 

ii.      Face Coherence 
The various types of coherence that are identified image space are 

i.      Frame Coherence 

ii.      Scan-line Coherence 

iii.      Geometric Coherence 
 

 
 

iii.      Area Coherence 

iv.      Depth Coherence 
 

 



 
 

Part - B 

1. Explain in detail,  visual realism. 

 



 

 

 

 

 



 

2. Explain in detail, Hidden line removal techniques. 

 



 



 



 



 



 



 

 

 

 

 



 

3. Explain in detail, Deprth or Priority hidden line removal algorithm. 

 



 



 



 

 

 

 

 

 

 

 

 

 

 

 



 

4. Explain in detail, Area oriented algorithm. 

 Area oriented algorithm subdivides the data set of a given scene in a stepwise fashion until all the visible 

areas in the scene are determined and displayed. 

 



 



 

 
 
 
 
 



















Unit - 4
PART -A

10 Mention the importance of geometric tolerancing. (N/D -15)
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2. Define the following terms: (a) Interference fit (b) Running and sliding fit. (N/D - 15)
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3. What is meant by assembly modelling? (M/J - 16)
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5. List out four parameters which are calculated by mass property calculations. (N/D - 16)
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6. Define assembly modeling (N/D-16)
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Part Modeling Assembly modeling 
Part   modeling   is   complete,   valid   and 
unambiguous representations of objects 

The part modeling is conversion of 2-d to 3- 

d objects by revolve, extrusion, sweep etc. 

Assembly    modeling    is    the    collection    of 
individual parts. 

The assembly is mating of the individual parts 

by axis, surface mates etc. 

 

ME6501 – Computer Aided Design 

Unit – IV 

Part – A 

1. Differentiate Part and Assembly modeling  
 
 
 
 
 

 
 

 

2. Differentiate Bottom-Up assembly and Top-Down assembly approach. 

Bottom-Up assembly Top-Down assembly 
In  this  approach  the  individual  parts  are 

created independently and inserted into the 

assembly 
 

 
 

This is a traditional method which can be 

used for hundred or thousand parts 

In this approach initially an assembly layout is 

created which acts as a backbone which helps to 

design the individual parts 

 
In this method the sub-assemblies are managed 

which helps to assemble more than thousand 

parts 

 

3. Why is that testing the mating conditions necessary? 
Testing the mating conditions is very necessary as the under constrained object would float or the over 

constrained object would lose the required degree of freedom in simulation. Testing of mating conditions 

provides the opportunity to ensure that an assembly functions as it is supposed to according to the design. 

 

4. Explain the Inference of position and orientation. 

The inference of the position and orientation of a part in an assembly from mating conditions require 

computing 4x4 homogenous transformation matrixes from these conditions. This matrix relates the part’s 

local coordinate system (part MCS) to the assembly’s global coordinate system (assembly MCS). This 

inference  of  assembly  parts  result  in  effective  mechanism  simulation  study  and  controlled  motion 

programming as in automated material handling systems. 

 

5. Enumerate the activities in assembly analysis. 
The assembly activities are 1) Generate assembly drawings 2) Generate a parts list 3) Generate an 

exploded  view  4)  Generate  sectional  views  5)  Perform  interference  checking  6)  Perform  collision 

detection 7) Perform mass property calculations 

 

6. What are the issues that are to be considered before starting assembly design? 
The three important points that are to be considered are 

1. Identify the dependencies between the components of an assembly.  2.  Identify the dependencies 

between the features of each part. 3. Analyze the order of assembling the parts. 

 

7. What is degree of freedom in assembly modeling? 
The degree of freedom is defined as the number of motions constrained in a part modeling by mating 
conditions in assembly tool to get finished assembly model with proper working in simulation. 

 

8. Define interference assembly design. 
Interference is the mismatch or improper mating conditions given parts in assembly bench for individual 

parts. If two parts interfere with the mating conditions the simulation process of the assembly will end up 

with the error. The clash analysis developed in automotive and aerospace assembly design saves time and 

eliminates costly mistakes during the product development stage itself. 

 

 

 

 



Geometric Properties Mass Properties 
The geometric properties form the basis of 

the mass property calculations 

The  Geometric  properties  are  a)  length 

b)area c)surface area d)volume 

Mass   properties   are   the   fully   developed 

geometric property with density of the material 
The mass properties are a) Mass b) Centroid c) 

First moments of inertia d) Second moments of 

inertia 

 

 

 

9. What is the need for tolerance in assembly design?  
The assignment of actual values to the tolerance limits has a major influence on the overall cost and 
quality of the assembly. If the tolerance is too small the individual parts will cost more to make. If the 
tolerance is too large an unacceptable percentage of assemblies may be scrapped or need to be reworked. 

The application of geometric dimensioning and tolerancing concepts helps in generating robust designs 

such that the design has inherent quality taken care off prior to manufacturing of the part itself. 

 

10. What is geometric tolerance? 
Geometric tolerance permits explicit definition of datum with clear specification of the datum precedence 

in relation to each tolerance specification. This results in design of jigs and fixtures used in machines and 

process centering is done based on the geometric tolerance. 

 

11. What is tolerance analysis?  
It is defined as the process of checking the tolerances to verify that all the design constrains are met. 

Tolerance analysis is sometimes known as design assurance. Tolerance analysis is done during the initial 

design phase to avoid costly mistakes thereafter. Tolerance and stack up analysis is an added module in 

CAD CAM softwares like CATIA, CREO and Unigraphics. 

 

12. What are the mass properties? 
The mass properties are a) Mass b) Centroid c) First moments of inertia d) Second moments of inertia 

 

13. Differentiate Geometric and Mass properties  
 

 
 
 
 
 
 
 

 

14. Mention the importance of geometric tolerancing.  
The geometric tolerance is the maximum permissible variation of form, profile, orientation, location and 

runout from that indicated or specified on a drawing. The tolerance and limits of size that are seen so far 

do not specifically control other variations. The tolerance value represents the width or diameter of the 

tolerance one within which the point, line or surface or the feature must lie. 

 

15. Define the following terms: a) Interference fit b) Running and sliding fit 
Interference fit: A fit between mating parts having limits of size so prescribed that an interference 

always result in an assembly 

Running and sliding fit: A special type of clearance fit. These are intended to provide a similar running 

performance with suitable lubrication allowance throughout the range of sizes. 

 
 

 

 

 

 

 

 



Part – B 

1. Write short notes on assembly modeling. 

Assembly modeling is a technique applied by CAD and product visualization 

software systems to utilize multiple files that shows components within a product. The 

components within an assembly are called as solid / surface models. 

The designer usually has approach to models that others are functioning on 

concurrently. For example, different people may be creating one machine that has 

different components. New parts are extra to an assembly model as they are generated. 

Every designer has approach to the assembly model, during a work in progress, and while 

working in their own components. The design development is noticeable to everyone 

participated. Based on the system, it might be essential for the users to obtain the most 

recent versions saved of every individual component to update the assembly. 

The personal data files defining the 3D geometry of personal components are 

assembled together via a number of sub assembly levels to generate an assembly 

explaining the complete product. Every CAD methods support the bottom-up 

construction. A few systems, through associative copying of geometry between 

components allow top-down construction. Components can be situated within the 

assembly applying absolute coordinate position methods. 

Mating conditions are defines of the relative location of mechanism between each 

other; for example axis position of two holes or distance between two faces. The final 

place of all objects based on these relationships is computing using a geometry constraint 

engine built into the CAD package. 

The significance of assembly modeling in obtaining the full advantages of Product 

Life-cycle Management has directed to ongoing benefits in this technology. These contain 

the benefit of lightweight data structures that accept visualization of and interaction with 

huge amounts of data related to product, interface between PDM systems and active 



digital mock up method that combine the skill to visualize the assembly mock up with the 

skill to design and redesign with measure, analyze and simulate. 

2. Explain in detail, bottom up and top-down assembly approach. 

Bottom up Assembly design 
 
In a ‘bottom up’ assembly design, complex assemblies are divided into minor 

subassemblies and parts.  Every part is considered as individual part by one or more designers. 

The parts can be archived in a library in one or more 3D Files. This is the high effective way to 

generate and manage complex assemblies. 

 
Every part is included into the active part making a component request and thus an 

assembly. The component will be the child of the active part and then it will be the active part. 

Hence an instance of the actual part is applied; it revises automatically if the archived part is 

edited by activating. 

 

Bottom up Hierarchy: 

The ‘bottom up’ assembly design hierarchy of the basic assembly is shown in figure . All 

the  parts exist prior to Part1. When Part1 is generated, it becomes the active. It would utilize 

the menu sequence to add Bracket and it becomes the active part. 

Insert > Component 
 

Or 
 

Assembly Design Tool Bar > 
 
 

Top down Assembly Design 
 

In a ‘top down’ assembly design all parts are classically designed by the similar 

person within a single part. 3D assembly handles ‘top down’ method by allowing to design 

and creation of a component while work in the active part. Hence, the active part will be 

an assembly part. 
 

The part becomes a child of the active part and then it will be the active part. The 

part, when generated, is an instance of a base part which will be a root object located in 

the active file. Every part is activated and modified as needed. The ‘top down’ assembly 



design has its benefits. If the project is terminated or to go in a different new direction, 

removing the file will remove the part and all of its components. 

 

3. Explain in detail, the interference position and orientation 

Interference of position and orientation  
Designers and manufacturers should check jointly that a provided product can be 

assembled, without interference between parts, before the product to be manufactured. 

Similarly, all the CAD tools presently have the potential to directly analyze the possibility of a 

specified assembly plan for a product. 
 

An assessment of previous assembly sequence and optimization research explains that 

most previous assembly planners apply either feature-mating or interference-free techniques 

to find assembly part interference interaction. In both feature-mating and interference-free 

techniques focused upon the basic geometrical data and restrictions for the designed product, 

which are generally contained in connected CAD files. 
 

When completely automate the procedure of creating a professional assembly plan, 

geometrical information for CAD models should be automatically taken from CAD files, 

analyzed for interference relationships between components in the assembly, and then 

designed for utilized the assembly analysis tools. Most of the previous assembly sequence 

planners do not have the potential to complete the three tasks; they need users to manually 

input part attributes or interference data, which is so time-consuming. 

 
Determining Interference Relationships between Parts 
 

In automated assembly schemes, most parts are assembled along with the principal 

axis. Hence, to fine interference between parts while assembly, the projected technique 

referred six assembly directions along with the principal assembly axis: +x, -x, +y, -y, +z, and -z. 

But, the method could be improved, to think other assembly directions, as required. The 

projected system uses projection of part coordinates onto planes in three principal axis (x, y ,z) 

to find the obstruction between parts sliding along some of the six principal assembly axis. The 

projections overlap between any two parts in a specified axis direction shows a potential 



interference between the two parts, when one of the two parts slides along the specified 

direction, with respect to the other. Vertex coordinates for overlapped 

projections are then evaluated to find if real collisions would happen between parts with 

overlapped projections. The planned process stores the determined interference data for 

allocated assembly direction in a group of interference free matrices, for compatibility with 

previous planners of assembly. 

 
The swept volume interference and the multiple interference detection systems are 

appropriate for three-dimensional interference determination between B-REP entities. But, 

both techniques were developed for real-time interference detection between two moving 

parts in a simulation environment. As a result, these two techniques are expensive in 

computationally. For the assembly planning issue, actual collision finding capacity along 

subjective relative motion vectors is not require. Instead, a efficient computational technique 

is required for finding if two parts will collide when they are assembled in a specified order 

along any one of the six principle assembly axis. 

 

4. Explain in detail, tolerance stack-up 

Tolerance stack-up 
 

Tolerance stack-up computations show the collective effect of part tolerance with 

respect to an assembly need. The tolerances ‘stacking up’ would describe to adding tolerances 

to obtain total part tolerance, then evaluating that to the existing gap in order to see if the 

design will work suitably. This simple evaluation is also defined as ‘worst case analyses’. Worst 

case analysis is suitable for definite needs where failure would signify failure for a company. It 

is also needful and suitable for problems that occupy a low number of parts. Worst case 

analysis is always carried out in a single direction that is a 1-D analysis. If the analysis has part 

dimensions that are not parallel to the assembly measurement being defined, the stack-up 

approach must be edited since 2D variation such as angles, or any variation that is not parallel 

with the 1-D direction, does not influence the measurement of assembly with a 1-to-1 ratio. 
 



The tolerance stacking issue occurs in the perception of assemblies from 

interchangeable parts because of the inability to create or join parts accurately according to 

nominal. Either the applicable part dimension changes around various nominal value from 

part by part or it is the act of assembly that directs to variation. For example, as two parts are 

combined through matching holes pair there is not only variation in the location of the holes 

relative to nominal centers on the parts but also the slippage difference of matching holes 

relative to each other when safe. 
 

Thus there is the opportunity that the assembly of such interacting parts will not move 

or won’t come closer as planned. This can generally be judged by different assembly criteria, 

say G1, G2,... Here we will be discussed with just one assembly criterion, say G, which can be 

noted as a function of the part dimensions L1,...,Ln. A example is shown in Figure 4.7., where n 

= 6 and is the clearance gap of interest. It finds whether the stack of cogwheels will locate 

within the case or not. Thus it is preferred to have G > 0, but for performance of functional 

causes one may also require to limit G. 
 

G = L1 − (L2 + L3 + L4 + L5 + L6) 
 

= L1 − L2 − L3 − L4 − L5 − L6 



 
 
 
 
 
 
 

 
 
 
 
 
 
 

  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. Tolerance Stack-up 
 
 

As per the example, the required lengths ‘Li ‘may vary from the nominal lengths ‘λi’ by 

a small value. If there is higher variation in the ‘Li’ there may well be important problems in 

accepting G > 0. Thus it is sensible to limit these changes via tolerances. For similar tolerances, 

‘Ti’, represent an ‘upper limit’ on the absolute variation between actual and nominal values of 

the i th detail part dimension, it is means that |Li − λi| ≤ Ti. It is mostly in the interpretation of 

this last inequality that the different methods of tolerance stacking vary. 
 
The nominal value ‘γ’of G is typically computed by replacing in equation L1 − L2 − L3 − L4 − L5 − 

L6, the actual values of Li’s by the corresponding nominal values of λi, that is γ = λ1 − λ2 − λ3 − 

λ4 − λ5 − λ 6. 

 
 



5. Write short notes on statistical method for tolerance analysis. 

Statistical method for tolerance analysis (RSS) : 
 

In RSS method, tolerance stacking a significant new element is added to the 

assumptions, specifically which the detail differences from nominal are random and 

independent from part by part. It is expensive in the sense that it frequently commanded very 

close tolerances. That all variations from nominal should dispose themselves in worst case 

method to defer the higher assembly tolerance is a relatively unlikely proposition. On the 

other hand, it had the advantage of assurance the resulting assembly tolerance. Statistical 

tolerance in its typical form operates under two basic hypotheses: 
 

As per Centered Normal Distribution, somewhat considering that the ‘Li’ can occur 

anywhere within the tolerance distribution *λi − Ti, λi + Ti+, assume that the ‘Li’ are normal 

random variables, that is change randomly according to a normal distribution, centered on 

that similar interval and with a ±3σ distribute equal to the span of that interval, hence 99.73% 

of all ‘Li’ values occur within this gap. As per the normal distribution is such that the ‘Li’ fall 

with upper frequency in the middle near ‘λi’ and with low frequency closer the interval 

endpoints. The match of the ±3σ distribution with the span of the detail tolerance span is 

hypothetical to state that almost all parts will satisfy the detail tolerance limits as shown in 

figure . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. Centered Normal Distribution 
 
Statistical tolerance stacking formula is given below: 

http://www.sigmetrix.com/statistical-tolerance-analysis/


 

Where, ai  = ±1 for all i = 1,...,n. 

Typically Tstat assy is considerably smaller than T arith assy. For n=3, the scale of this variation 

is simply visualized and valued by a rectangular box with side lengths T1, T2 and T3. To obtain 

from one corner of the box to the diagonally opposite corner, one can cross the gap T21 + T22 +  

T23 along that diagonal and follow the three edges with lengths T1, T2, and T3 for a total length   

T= T1 + T2 +T3 as shown in figure . 

 

 

 

 

 

 

 

6. Explain in detail, second order tolerance analysis.  

Second Order Tolerance Analysis 

Due to the manufacturing methods changing for various types of components, the 

distribution moments vary as well. RSS only applies standard deviation and does not contain the 

upper moments of skewness and kurtosis that describe the effects tool wear, form aging and 

other classical manufacturing situations. Second Order Tolerance Analysis includes all types of 

distribution moments as shown in figure 4.9 

 

 

 

Second order Tolerance Analysis 

 

 

 



 

Second Order Tolerance Analysis is required to find what output is going to be when the 

assembly function is not linear. In classical mechanical engineering developments kinematic 

changes and other assembly performances result in non-linear assembly operations. Second 

order estimates are more complex so manual calculations are not suitable but the computation 

is greatly improved and becomes feasible within tolerance analysis software. 

 

7. Write the importance, advantages and limitations of tolerance analysis. 

 Importance of Tolerance Analysis 
 

With smaller product lifecycles, quicker to market, and higher cost pressures, the 

uniqueness that distinguishes a product from its competitors. Engineers are moving to the next 

order of resolution in order to improve cycle time and quality and to reduce costs. They are 

showing nearer at why they did not get the correct part and assembly dimension values they 

needed from manufacturing and then are trying to optimize the tolerances on the following 

version of the product. Optimization of tolerance during design has a high impact on the output 

of manufacturing, and better yields direct impact on product cost and quality. Tolerance 

Analysis before trying to manufacture a product helps engineers avoid time taking iterations 

later in the design cycle. 
 

The electronics industry is attaining customer satisfaction purposes via a physical 

shrinking of their components while adding more capabilities. As electronic devices high densely 

packaged, the significance increases to more accurately understanding the interaction of 

manufacturing variation and tolerances in design. Similarly, in the aircraft, automotive and 

medical device productions, liability costs are increasing while environmental needs are being 

more forcefully forced such that companies requires to understand high precisely what may 

reason a failure. 

Advantages of Tolerance Analysis 
 
1. Accurate part assembly. 
 
2. Elimination of assembly rework 
 
3. Improvement in assembly quality. 
 
4. Reduction of assembly cost. 
 
5. High customer satisfaction. 
 
6. Effectiveness of out-sourcing. 
 
 



Limitations of Tolerance Analysis 
 
1. Time consuming process. 
 
2. Skill require for complex assemblies. 
 

8. Explain in detail, mass property calculations. 

Mass property calculations 
 

The first step in finding mass properties is to set up the location of the X, Y, and Z axis. 

The correctness of the calculations will depend completely on the knowledge used in choosing 

the axis. Hypothetically, these axes can be at any position relative to the object being 

considered, offered the axes are equally perpendicular. But, in reality, except the axes are 

chosen to be at a position that can be precisely measured and identified, the calculations are 

meaningless. 

 
 
 
 
  
 

   
 

Fig. Accuracy of axis – Vertical 
 
 
 
 
 

 
 
As shown in the figure . the axes do not create a best reference hence a small error in 

squareness of the base of the cylinder origins the object to tilt away from the vertical axis. 

 
 
 
 
 
 
 
 
 
 
 

Fig. Accuracy of axis – Horizontal 
 
 
 

 

An axis should always pass via a surface that is firmly linked with the bulk of the component. As 

shown in the figure, it would be best to position the origin (Z=0) at the end of the component 

rather than the fitting that is freely dimensioned virtual to the end. 



 
 
 
Calculating Center of gravity location 
 
The center of gravity of an object is: 
 
 described the ‘center of mass’ of the object. 
 
 the location where the object would balance. 
 
 the single point where the static balance moments are all zero about three mutually 

perpendicular axis. 
 
 the centroid of object the volume when the object is homogeneous. 
 
 the point where the total mass of the component could be measured to be concentrated 

while static calculations. 
 
 the point about where the component rotates in free space 
 
 the point via the gravity force can be considered to perform 
 
 the point at which an exterior force must be used to create translation of an object in space 
 
 

Center of gravity location is stated in units of length along the three axes (X, Y, and Z). 

These three components of the vector distance from the base of the coordinate system to the 

Center of gravity location. CG of composite masses is computed from moments considered 

about the origin. The essential dimensions of moment are Force and Distance. On the other 

hand, Mass moment may be utilized any units of Mass times Distance. For homogeneous 

components, volume moments may also be considered. Care should be taken to be confident 

that moments for all parts are defined in compatible units. 
 

Component distances for CG position may be either positive or negative, and in reality 

their polarity based on the reference axis position. The CG of a homogeneous component is 

determined by determining the Centroid of its volume. In practical, the majority of components 

are not homogeneous, so that the CG must be calculated by adding the offset moments along all 

of the three axes. 

 
 
 
 
 
 
      
 

Fig. Center of Gravity 
 

 



























ME6501 – Computer Aided Design 

Unit – V 

Part – A 

1. What are the basic elements associated with a CAD system? 
i).Operator (user) ii).Graphics support system iii).Other user interface support system iv).Application 
functions v). Database 
 

2. What are the reasons for evolving graphic standards? 
i) Need for exchanging graphic data between different computer systems 
ii) Need for a clear distinction between modeling and review aspects 
 
3. Brief the primary purposes of the Graphical Kernel System (GKS)? 
(i) To provide for portability of graphics application programs 
(ii) To aid in the understanding of graphics method by application programs 
(iii) Provide the guidelines for manufacturers in describing useful graphics capabilities. 
 

4. Define Open Graphics Library? 
OpenGL (Open     Graphics     Library)is     a cross-language, multi-platform application     programming 
interface (application  program  interface-API)  for rendering  2D and 3D vector  graphics.  The  API  is 
typically    used    to    interact    with    a graphics    processing    unit (GPU),    to    achieve hardware- 
accelerated rendering. 
 

5. Define Data exchange standards in CAD?  
CAD data exchange involves a number of software technologies and methods to translate data from one 
Computer-aided  design system to  another CAD file  format.  This PLM  technology is  required to facilitate 
collaborative work (CPD) between OEMs and their suppliers. 
 
6. Name the basic methods of transferring data?   
There are basically three methods of transferring data from one CAD system to another. 
1. Direct CAD system export/import  
2. Direct 3rd party translators. 
3.Intermediate data exchange formats. 
 

7. What is the use of IGES system? 
The Initial Graphics Exchange Specification (IGES) (pronounced eye-jess) is a file format which defines a vendor 
neutral data format that allows the digital exchange of information among Computer-aided design (CAD) systems 
. 
8. Mention the different file section in IGES? 
i)Flag section(optional) ii) Start section(S) iii) Global section(G) iv) Directory entry(D)section 
v)Parameter Data section vi) Terminal section 
 

9. What is the use of STEP data exchange format?  
STEP (Standard for the Exchange of Product model data) can be used to exchange data between CAD, 
computer-aided manufacturing, computer-aided engineering, product data management/enterprise data 
modeling and other CAx systems. STEP is addressing product data from mechanical and electrical design, 
geometric dimensioning and tolerancing, analysis and manufacturing, with additional information specific to 
various industries such as automotive, aerospace, building construction, ship, oil and gas, process plants 
and others. 
 

http://en.wikipedia.org/wiki/Language-independent_specification
http://en.wikipedia.org/wiki/Application_programming_interface
http://en.wikipedia.org/wiki/Rendering_(computer_graphics)
http://en.wikipedia.org/wiki/Vector_graphics
http://en.wikipedia.org/wiki/Graphics_processing_unit
http://en.wikipedia.org/wiki/Hardware_acceleration
http://en.wikipedia.org/wiki/Hardware_acceleration
http://en.wikipedia.org/wiki/Data_exchange
http://en.wikipedia.org/wiki/Computer-aided_design
http://en.wikipedia.org/wiki/Category:CAD_file_formats
http://en.wikipedia.org/wiki/Product_Lifecycle_Management
http://en.wikipedia.org/wiki/Collaborative_Product_Development
http://en.wikipedia.org/wiki/Original_equipment_manufacturer
http://en.wikipedia.org/wiki/Category:Computer-aided_design_software
http://en.wikipedia.org/wiki/List_of_file_formats
http://en.wikipedia.org/wiki/CAD_data_exchange
http://en.wikipedia.org/wiki/Computer-aided_design
http://en.wikipedia.org/wiki/Computer-aided_design


 

10. Mention the requirements of a conformant STEP application? 
i)  Implementation  of  either  a preprocessor or  a postprocessor or  both  ii)  using  one  of  the  STEP 

implementation  methods  STEP-File,  STEP-XML  or  SDAI  for  the  AIM/MIM  data  model  and 
iii)supporting one or several conformance classes of an AP. 
 
11. What are the three layers of architecture? 
i) Application layer ii) Logical layer iii) Physical layer 
 
12. What is the need for CALS (Continuous Acquisition and Lifecycle Support)? 
To establish an integrated system in which any information obtained at each stage (survey, designing, 
construction and maintenance) of public works should be digitalized so that every person of each section both 
in public and private sectors could share and re-use the information. 
 
13. What is computer graphics communication? 
Graphic communication as the name suggests is about communicating through graphics. It is the process 
of creating and producing drawings or images that get a message across. For example poster advertising is an 
event, a drawing showing the plans for a building or a 3D computer model showing what a new 
product will look like. 
 
14. Compare the shape based and the product data based exchange standards.  
IGES: exchanges primarily shape (both geometric and topological) and non data, which is referred as 
CAD to CAD exchange 
STEP: The goal of the standard is to enable the exchange of a computerized model with all of its 
supporting types of data in a neutral format. 
 
15. What is meant by CAD data exchange? Mention its importance. 
CAD data exchange involves a number of software technological and methods to translate data from one 
computer aided design system to another CAD file format. This PLM technology is required to facilitate 
collaborative work (CPD) between OEM’s and their suppliers. 
NC programming typically requires that the geometry received from a CAD system. 
 
16. How does PHIGS differ from IGES? 
PHIGS is an improved version of GKS and CORE. It offers the extended set of primitives for graphical 
elements from which the models may be generated. It is mainly used in high functional systems. It has 
additional features such as hidden lines, surface manipulation and graphics animation etc. It is known as 
Programmers Hierarchical Interactive Graphics system 
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Part – B 

1. Write short notes on CAD standards. 

The purpose of CAD standard is that the CAD software should not be device-

independent and should connect to any input device via a device driver and to any graphics 

display via a device drive. 
 

The  graphics  system  is  divided  into  two  parts:  the  kernel  system,  which  is  

hardware independent and the device driver, which is hardware dependent. The kernel system, 

acts as a buffer independent and portability of the program. At interface ‘X’ , the application 

program calls the standard functions and sub routine provided by the kernel system through 

what is called language bindings. These functions and subroutine, call the device driver 

functions and subroutines at interface ‘Y’ to complete the task required by the application 

program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

2. Explain in detail, Graphics Kernel System. 

Graphics Kernel System (GKS) 
 

The Graphical Kernel System (GKS) was the first ISO standard for computer graphics 

in low- level, established in 1977. GKS offers a group of drawing aspects for 2D vector graphics 

appropriate for mapping  and  related  duties.  The  calls  are  defined  to  be  moveable  across  



various  programming languages, graphics hardware, so that applications noted to use GKS 

will be willingly portable to different devices and platforms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. Layers of GKS 
 

The following documents are representing GKS standards: 
 
     The language bindings are called in ISO 8651 standard. 

 
     ANSI X3.124 (1985) is part of ANSI standard. 

 

     ISO/IEC 7942 noted in ISO standard, first part of 1985 and two to four parts of 1997-99. 
 
     ISO 8805 and ISO 8806. 

 
 

The main uses of the GKS standard are: 
 

     To give for portability of application graphics programs. 
 

     To assist in the learning of graphics systems by application programmers. 
 

     To offer strategy for manufacturers in relating practical graphics capabilities. 
 
 

The GKS consists of three basic parts: 
 

i)   A casual exhibition of the substances of the standard which contains such things as how 

text is placed, how polygonal zones are to be filled, and so onward. 

ii)   An official of the descriptive material in (i), by way of conceptual the ideas into 

separate functional explanations. These functional descriptions have such data as 

descriptions of input and  output  parameters,  specific  descriptions  of  the  result  of  

every  function  should  have references into the descriptive material in (i), and a 

description of fault situation. The functional descriptions in this division are language 

autonomous. 

iii) Language bindings are an execution of the abstract functions explained in (ii). in a explicit 



computer language such as C. 

 
 

3. Explain in detail, Open Graphics Library. 

OpenGL draws primitives into a structured buffer focus to a various selectable modes. 

Every Point, line, polygon, or bitmap are called as a primitive. Each mode can be modified 

separately; the parameters of one do not affect the parameters of others. Modes defined, 

primitives detailed, and other OpenGL operations explained by giving commands in the form of 

procedure calls. 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. Schematic diagram of OpenGL 
 

Figure shows a schematic diagram of OpenGL. Commands go into OpenGL on the left. 

The majority commands may be collected in a ‘display list’ for executing at a later time. If not, 

commands are successfully sent through a pipeline for processing. 

The  first  stage  gives  an  effective  means  for  resembling  curve  and  surface  

geometry  by estimating polynomial functions of input data. The next stage works on geometric 

primitives explained 

by vertices. In this stage vertices are converted, and primitives are clipped to a seeing 

volume in creation for the next stage. 

All  ‘fragment’  created  is  supplied  to  the  next  stage  that  executes  processes  on  

personal fragments before they lastly change the structural buffer. These operations contain 

restricted updates into the structural buffer based on incoming and formerly saved depth values, 

combination of incoming colors with stored colors, as well as covering and other logical 



operations on fragment values. 

To end with, rectangle pixels and bitmaps by pass the vertex processing part of the 

pipeline to move a group of fragments in a straight line to the individual fragment actions, finally 

rooting a block of pixels  to  be  written  to the  frame  buffer. Values can also  be read back 

from the  frame  buffer  or duplicated from one part of the frame buffer to another. These 

transfers may contain several type of encoding or decoding. 

 

4. Write the features of OpenGL. 

i) Based on IRIS GL 
 

OpenGL is supported on Silicon Graphics’ Integrated Rater Imaging System Graphics 

Library (IRIS  GL).  Though  it  would  have  been  potential  to  have  designed  a  totally  new  

Application Programmer’s Interface (API), practice with IRIS GL offered insight into what 

programmers need and don’t need in a Three Dimensional graphics API. Additional, creation of 

OpenGL similar to Integrated Rater Imaging System Graphics Library where feasible builds 

OpenGL most likely to be admitted; there are various successful IRIS GL applications, and 

programmers of IRIS GL will have a simple time switching to OpenGL. 

 
ii)  Low-Level 

 
A critical target of OpenGL is to offer device independence while still permitting total 

contact to hardware. Therefore the API gives permission to graphics operations at the lowest 

level that still gives  device  independence.  Hence,  OpenGL  does  not  give  a  suggestion  for  

modeling  complex geometric objects. 

 
iii) Fine-Grained Control 

 
Due  to  minimize  the  needs  on  how an  application utilizing the  Application 

Programmer’s Interface must save and present its information, the API must give a suggestion to 

state entity parts of geometric  entities  and  operations  on  them.  This  fine-grained  control  is  

necessary  so  that  these 

mechanism and operations may be defined in any order and so that control of rendering 

operations is comfortable to contain the needs of various applications. 

 
 

iv) Modal 
 

A modal Application Programmer’s Interface arises in executions in which processes 



function in parallel on different primitives. In that cases, a mode modify must be transmit to all 

processors so that all collects the new parameters before it processes its next primitive. A mode 

change is thus developed serially, stopping primitive processing until all processors have 

collected the modifications, and decreasing performance accordingly. 

 
v) Frame buffer 

 
Most  of  OpenGL  needs that  the  graphics  hardware has  a frame  buffer. This is  a  

realistic condition since almost all interactive graphics run on systems with frame buffers. Some 

actions in OpenGL are attained only during exposing their execution using a frame buffer. While 

OpenGL may be applied to give data for driving such devices as vector displays, such use is 

minor. 

 
vi) Not Programmable 

 
OpenGL does not give a programming language. Its function may be organized by 

turning actions on or off or specifying factors to operations, but the rendering algorithms are 

basically fixed. One basis for this decision is that, for performance basis, graphics hardware is 

generally designed to apply particular operations in a defined order; changing these operations 

with random algorithms is generally  infeasible.  Programmability  would  variance  with  

maintenance  of  the  API  close  to  the hardware and thus with the objective of maximum 

performance. 

 
vii) Geometry and Images 

 
OpenGL gives support for managing both 3D and 2D geometry. An Application 

Programmer’s Interface for utilize with geometry should also give guidance for reading, writing, 

and copying images, because geometry and images are regularly joint, as when a Three 

Dimensional view is laid over a background image. Various per-fragment processes that are 

applied to fragments beginning from geometric primitives apply uniformly well to fragments 

corresponding to pixels in an image, making it simple to mix images with geometry. 

 

5. Explain in detail, the structure of IGES file. 

Similar  to  the  most  CAD  systems,   IGES  is  based  on  the  concept   of entities.   

Entities  could  range  from  simple  geometric  objects,  such as points, lines,  plane,  and arcs,  

to more  sophisticated   entities,  such  as subfigures   and dimensions.    Entities  in IGES are 

divided  in three  categories: 



1.   Geometric   entities:   such  as  arcs,  lines,  and  points  that  define  the 

object. 

2. Annotation   entities:   such  as  dimensions   and  notes  that  aid  in the documentation   

and visualization   of the object. 
3.    Structure    entities:    Those   define   the   associations    between    other 

entities  in IGES file. 

 
An  IGES  file  is a  sequential   file  consisting   of  a  sequence   of  records. The  file  

formats  treat  the  product   definition   to  be  exchanged   as  a  file  of entities,   each  entity   

being  represented    in  a  standard   format,   to  and  from which   the  native   representation    

of  a  specific   CAD/CAM    system   can  be mapped.   IGES  file  is written  in terms  of 

ASCII  characters  as a sequence  of 80 character  records. 

An   IGES   file   consists   of   five   sections   which   must   appear   in  the following 

order: Start section, Global section, Directory Entry (DE) section, Parameter  Data (PD) 

section,  and Terminate  section,  as shown  in Figure . The role of these  sections  is 

summarized   in the following  subsections. 

 

 

IGES file Structure 

1   Start Section 
 
 

The   Start  section   is  a  human   readable   introduction   to  the  file.  It  is commonly  

described  as a "prologue"   to the IOES  file. This  section  contains information   such as the 

names  of the sending  (source)  and receiving  (target) CAD/CAM  systems,  and a brief  

description  of the product  being converted. 
 
 
 
2   Global  Section 

 
 

The  Global  section  includes   information   that  describe  the  preprocessor and  

information   needed  by the  postprocessor   to  interpret  the  file.   Some  of the parameters  

that are specified  in this section  are: 
 

1.   Characters     used    as   delimiters    between    individual    entries    and between  

records  (usually  commas  and semicolons  respectively), 

2.    The name of the IOES  file itself, 

3.    Vendor  and software  version  of sending  (source)  system, 

4. Number   of  significant   digits  in the  representation    of  integers   and single  and  



double  precision   floating  point  numbers   on the  sending systems, 

5.    Date and time of file generation, 

6.    Model  space scale, 

7.    Model  units, 

8.    Minimum  resolution  and maximum  coordinate  values, 

9.    Name  of the author  of lGES   file. 
 
 
3.Directory  Entry  Section  (DE) 

The  DE  section   is  a  list  of  all  the  entities   defined   in  the  IOES   file together   with  certain  

attributes   associated   with  them.    The  entry  for  each entity  occupies   two  80-character   

records  which  are  divided  into  a total  of twenty  8-character   fields  as shown  in Figure .  The  

first  and the eleventh (beginning  of the second  record  of any given entity)  fields contain  the 

entity type  number   such  as  100 for  circle,   110 for  lines,  etc.    The  second  field contains  a 

pointer  to the parameter  data entry for the entity in the PD section. The  pointer  of  an entity  is 

simply  its  sequence  number  in the  DE  section. Some  of  the  entity  attributes   specified   in  

this  section  are  line  font,  layer number,  transformation   matrix,  line weight,  and color. 

 

 

4. Parameter  Data Section  (PD) 
 
 

The PD section  contains  the actual  data defining  each entity  listed  in the DE  section  

as  shown  in Figure  For  example,  a straight  line  entity  is defined  by the  six coordinates   

of its two  endpoints.    While  each  entity  has always  two  records  in the  DE  section,  the  

number  of  records  required  for each entity  in the PD section varies  from one entity to 

another  (the minimum is one record)  and depends  on the amount  of data.  Parameter  data 

are placed in free format  in columns   1 through  64.   The parameter  delimiter  (usually  a 

comma)   is used  to  separate  parameters   and  the  record  delimiter   (usually  a semicolon)   

is used  to terminate   the  list of parameters.    Both  delimiters  are specified   in the  Global  

section  of the  rGES  file.  Column  65 is  left  blank. Columns  66 through  72 on all PD 

records  contain  the entity pointer  specified in the first record of the entity  in the DE section. 

 

 



 
 

 

5. Terminate  Section 
 
 

The  Terminate   section   contains   a  single   record   which   specifies   the number   of  

records   in  each  of  the  four  preceding   sections   for  checking purposes. 

 

 

6. Explain in detail, the basic entities in IGES. 

Line  (entity  110) 

A line in lOBS file is defined  by its end points.   The  coordinates   of start point   and  

terminate   point   are  included   in  parameter   data  section   of  this entity. 

Circular  Arc  (entity  100) 

To   represent    a  circular   arc   in  modeling    space,   lOBS   provides    the information   

including   a new  plane  (XT, YT) in which  the  circular   lies,  the coordinates    of  center   point,   

start   point,   and   terminate    point.      A   new coordinate    system   (XT,  YT, ZT)  is  defined   

by   transferring    the   original coordinate   system  (Xn,  Yo, Zo)  via  a transformation   matrix  

and  all coordi- nates  of points  (center  point,  start point,  and  terminate  point)  related  to this 

new  coordinate   system.     The  order  of end  points  is counterclockwise    about z- axis. 

 

Transformation    Matrix  (entity  124) 

This   entity   can   give   the   relative   location   information    between   two coordinate  

systems,  Xo,  Yo,  Zo  coordinate   system  and XT, Y T, ZT coordinate system. 



 

Surface   of Revolution   (entity  120) 

A surface  is created  by rotating  the generatrix  about  the axis  of rotation from the start 

position  to the terminal  position.   The axis of rotation  is a line entity.  The  generatrix   may  be  a  

conic  arc,  line,  circular  arc,  or  composite curve.     The   angles   of  rotation   are   

counterclockwise     about   the   positive direction  of rotation  axis. 

Point  (entity  116) 

A point  is defined  by its coordinates  (X, Y, Z). 

Direction   (entity  123) 

A direction  entity  is a non-zero  vector  in 3D that  is defined  by its three components    

with  respect   to  the  coordinate   axes.     The  normal   vector   of surface  can be determined  by 

this entity. 

Plane  surface   (entity  190) 

The  plane  surface   is defined   by  a  point  on  the  plane  and  the  normal direction  to the 

surface. 

Vertex  List  (entity  502) 

This  entity  is  used  to  determine   the  vertex  list  which  contains   all  the vertexes  of the 

object. 

Edge  List  (entity  504) 

This entity  is used to determine  the edge list which  contains  all the edges of the object. 

Loop  (entity  508) 

This  entity  is used to determine  the  loops  which  involved  in all faces  of the object. 

 Face  (entity  510) 



This entity  is used to determine  faces which  consist  of the object. 

Shell  (entity  514) 

The  shell  is  represented   as  a  set  of  edge-connected,    oriented   used  of faces.   The  

normal  of the  shell  is in the  same  direction  as the  normal  of the face. 

Right  Circular  Cylindrical  Surface   (entity  192) 

The  right circular  cylindrical   surface  is defined  by a point  on the axis of the cylinder,  

the direction  of the axis of the cylinder  and a radius. 

 

7. Write short notes on DXF. 

DXF (Data eXchange Format) was originally developed by Autodesk, Inc., the vendor of 

AutoCAD.  It has become a "de- facto" standard among most CAD vendors and is in wide use to 

exchange 2D/3D wireframe data. All implementations of AutoCAD accept this format and are 

able to convert it to and from their internal representation.  

 

A DXF file is a complete representation of the AutoCAD drawing database thus some features or 

concepts can't be used by other CAD systems. The DXF version R13 supports wireframe, surface, 

and solid representations. 

 
A DXF file consists of four sections: Header, Table, Block, and Entity section. The header 

section contains general information about the drawing. Each parameter has a variable name 

and an associated value. The table section contains definitions of line types, layers, text 

styles, views, etc. The block section contains entities for block definitions.  

 

These entities define the blocks used in the drawing. The format of the entit ies in the block 

section is identical to entities in the entity section. The entity section contains the drawing 

entities, including any block references. Items in the entity section exist also in the block 

section and the appearance of entities in the two sections is identical. 

 
Variables, table entries, and entities are described by a group that introduces the item, giving its 

type and/or name, followed by multiple groups that supply the values associated with the item. In 

addition, special groups are used for separators such as markers for the beginning and end of 

sections, tables, and the file itself. Group codes are used to describe the type of the value, and the 

general use of the group. 

 

8. Write short notes on STEP 

STEP (STandard for the Exchange of Product model data) is a new International Standard 

(ISO 10303) for representing and exchanging product model information. It includes an object-

flavored data specification language, EXPRESS, to describe the representation of the data. STEP 



defines also implementation methods, for instance, a physical transfer file, and offers different 

resources, e.g. geometric and topological representation.  

The development of STEP started in 1984 as a worldwide collaboration. The goal was to 

define a standard to cover all aspects of a produc t (i.e. geometry, topology, tolerances, materials, 

etc.), during its lifetime. This kind of attempt was not been made before. STEP is a collection of 

standards to represent and exchange product information. The main parts of STEP are already 

international standards, while many parts are still under development. The development is 

performed under the control of the International Standards organization (ISO), Technical 

Committee 184 (TC184, Industrial Automation Systems), Subcommittee 4 (SC4, Industrial Data 

and Global Manufacturing Programming Languages). 

 The objective of STEP is to offer system-independent mechanism to describe the product 

information in computer aided systems throughout its lifetime. It separates the representation of 

product information from the implementation methods. Implementation methods are used for data 

exchange. The representation offers a definition of product information to many applications. STEP 

provides also a basis for archiving product information and a methodology for the conformance 

testing of implementations.  

EXPRESS is a formal data specification language used to specify the representation of 

product information. The use of a formal data specification language facilitates development of 

implementation. It also enables consistency of representation. STEP specifies the implementation 

methods used for data exchange that support the representation of product information.  

STEP does not only define the geometric shape of a product: it also includes topology, 

features, tolerance specifications, material properties, etc. necessary to completely define a product 

for the purposes of design, analysis, manufacture, test, inspection and product support. The use of 

STEP is still very modest but it is growing all the time. The majority of CAD system vendors has 

implemented or is implementing STEP pre- and postprocessors for their CAD systems. STEP is an 

evolving standard that will cover the whole product life cycle in terms of data sharing, storage and 

exchange. It is the most important and largest effort ever established in engineering domain and will 

replace current CAD exchange standards. 


