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UNIT 1 

INTRODUCTION 

 

CAD/CAM is a term which means computer-aided design and computer aided manufacturing. It 

is the technology concerned with the use of digital computers to perform certain functions in 

design and production. This technology is moving in the direction of greater integration of 

design and manufacturing, two activities which have traditionally been treated as distinct and 

separate functions in a production firm. 

Ultimately, CAD/CAM will provide the technology base for the computer-integrated factory of 

the future. Computer-aided design (CAD) can be defined as the use of computer systems to assist 

in the creation, modification, analysis, or optimization of a design. The computer systems consist 

of the hardware and software to perform the specialized design functions required by the 

particular user firm. The CAD hardware typically includes the computer, one or more graphics 

display terminals, keyboards, and other peripheral equipment.  

The CAD software consists of the computer programs to implement computer graphics on the 

system plus application programs to facilitate the engineering functions of the user company. 

Examples of these application programs include stress-strain analysis of components, dynamic 

response of mechanisms, heat-transfer calculations, and numerical control part programming. 

The collection of application programs will vary from one user firm to the next because their 

product lines, manufacturing processes, and customer markets are different. These factors give 

rise to differences in CAD system requirements.  

Computer-aided manufacturing (CAM) can be defined as the use of computer systems to plan, 

manage, and control the operations of a manufacturing plant through either direct or indirect 

computer interface with the plant's production resources. As indicated by the definition, the 

applications of computer-aided manufacturing fall into two broad categories:  

1. Computer monitoring and control. These are the direct applications in which the computer is 

connected directly to the manufacturing process for the purpose of monitoring or controlling the 

process. 

2. Manufacturing support applications. These are the indirect applications in which the computer 

is used in support of the production operations in the plant, but there is no direct interface 

between the computer and the manufacturing process.  

The distinction between the two categories is fundamental to an understanding of computer-

aided manufacturing. It seems appropriate to elaborate on our brief definitions of the two types.  



Computer monitoring and control can be separated into monitoring applications and control 

applications. Computer process monitoring involves a direct computer interface with the 

manufacturing process for the purpose of observing the process and associated equipment and 

collecting data from the process. The computer is not used to control the operation directly. The 

control of the process remains in the hands of human operators, who may be guided by the 

information compiled by the computer. 

Computer process control goes one step further than monitoring by not only observing the 

process but also controlling it based on the observations. The distinction between monitoring and 

control is displayed in Figure. With computer monitoring the flow of data between the process 

and the computer is in one direction only, from the process to the computer. In control, the 

computer interface allows for a two-way flow of data.  

Signals are transmitted from the process to the computer, just as in the case of computer 

monitoring. In addition, the computer issues command signals directly to the manufacturing 

process based on control algorithms contained in its software. In addition to the applications 

involving a direct computer-process interface for the purpose of process monitoring and control, 

computer-aided manufacturing also includes indirect applications in which the computer serves a 

support role in the manufacturing operations of the plant. In these applications, the computer is 

not linked directly to the manufacturing process. 

Instead, the computer is used "off-line" to provide plans, schedules, forecasts, instructions, and 

information by which the firm's production resources can be managed more effectively. The 

form of the relationship between the computer and the process is represented symbolically in 

Figure. 

 Dashed lines are used to indicate that the communication and control link is an off-line 

connection, with human beings often required to consumate the interface. Some examples of 

CAM for manufacturing support that are discussed in subsequent chapters of this book include: 

Numerical control part programming by computers. Control programs are prepared for 

automated machine tools.  

Computer-automated process planning: The computer prepares a listing of the operation 

sequence required to process a particular product or component. Computer-generate work 

standards. The computer determines the time standard for a particular production operation. 

Production scheduling: The computer determines an appropriate schedule for meeting production 

requirements.  

Material requirements planning: The computer is used to determine when to order raw materials 

and purchased components and how many should be ordered to achieve the production schedule. 

Shop floor control.  

In this CAM application, data are collected from the factory to determine progress of the various 

production shop orders. In all of these examples, human beings are presently required in the 6 



application either to provide input to the computer programs or to interpret the computer output 

and implement the required action 

THE PRODUCT CYCLE AND CAD/CAM  

For the reader to appreciate the scope of CAD/CAM in the operations of a manufacturing firm, it 

is appropriate to examine the various activities and functions that must be accomplished in the 

design and manufacture of a product. We will refer to these activities and functions as the 

product cycle. A diagram showing the various steps in the product cycle is presented in Figure. 

The cycle is driven by customers and markets which demand the product. It is realistic to think 

of these as a large collection of diverse industrial and consumer markets rather than one 

monolithic market. Depending on the particular customer group, there will be differences in the 

way the product cycle is activated. In some cases, the design functions are performed by the 

customer and the product is manufactured by a different firm. In other cases, design and 

manufacturing is accomplished by the same firm. Whatever the case, the product cycle begins 

with a concept, an idea for a product. This concept is cultivated, refined, analyzed, improved, 

and translated into a plan for the product through the design engineering process. The plan is 

documented by drafting Ii set of engineering drawings showing how the product is made and 

providing a set of specifications indicating how the product should perform. Except for 

engineering changes which typically follow the product  throughout its life cycle, this completes 

the design activities in Figure. The next activities involve the manufacture of the product. A 

process plan is formulated which specifies the sequence of production operations required to 

make the product. New equipment and tools must sometimes be acquired to produce the new 

product. Scheduling provides a plan that commits the company to the manufacture of certain 

quantities of the product by certain dates. Once all of these plans are formulated, the product 

goes into production, followed by quality testing, and delivery to the customer. 

Hardware in Computer-Aided Design 

The hardware we discuss in this chapter is restricted to CAD systems that utilize interactive 

computer graphics. Typically, a stand-alone CAD system would include the following hardware 

components: 

One or more design workstations. These would consist of: 

  A graphics terminal 

 Operator input devices 

One or more plotters and other output devices 

Central processing unit (CPU) 

Secondary storage 



 

THE DESIGN WORKSTATION 

The CAD workstation is the system interface with the outside world. It represents a significant 

factor in determining how convenient and efficient it is for a designer to use the CAD system. 

The workstation must accomplish five functions [3]: 

1. It must interface with the central processing unit. 

2. It must generate a steady graphic image for the user. 

3. It must provide digital descriptions of the graphic image. 

4. It must translate computer commands into operating functions. 

5. It must facilitate communication between the user and the system. 

The use of interactive graphics has been found to be the best approach to accomplish these 

functions. A typical interactive graphics workstation would consist of the following hardware 

components: 

GRAPHICS TERMINAL 

There are various technological approaches which have been applied to the development of 

graphics terminals. The technology continues to evolve as CAD system manufactures attempt to 

improve their products and reduce their costs. In this section we present a discussion of the 

current technology in interactive computer graphics terminals. 

 

Central processing unit 

A central processing unit (CPU) is the electronic circuitry within a computer that carries out 

the instructions of a computer program by performing the basic arithmetic, logical, control 

and input/output (I/O) operations specified by the instructions. The computer industry has used 

the term "central processing unit" at least since the early 1960s.[1] Traditionally, the term "CPU" 

refers to a processor, more specifically to its processing unit and control unit (CU), 

distinguishing these core elements of a computer from external components such as main 

memory and I/O circuitry.[2] 

The form, design, and implementation of CPUs have changed over the course of their history, 

but their fundamental operation remains almost unchanged. Principal components of a CPU 

include the arithmetic logic unit (ALU) that performs arithmetic and logic operations, processor 

registers that supply operands to the ALU and store the results of ALU operations and a control 

unit that orchestrates the fetching (from memory) and execution of instructions by directing the 

coordinated operations of the ALU, registers and other components. 

Most modern CPUs are microprocessors, meaning they are contained on a single integrated 

circuit (IC) chip. An IC that contains a CPU may also contain memory, peripheral interfaces, and 

other components of a computer; such integrated devices are variously 

called microcontrollers or systems on a chip (SoC). Some computers employ a multi-core 

https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Computer
https://en.wikipedia.org/wiki/Instruction_(computing)
https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Arithmetic
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Central_processing_unit#cite_note-weik1961-1
https://en.wikipedia.org/wiki/Control_unit
https://en.wikipedia.org/wiki/Main_memory
https://en.wikipedia.org/wiki/Main_memory
https://en.wikipedia.org/wiki/I/O
https://en.wikipedia.org/wiki/Central_processing_unit#cite_note-kuck-2
https://en.wikipedia.org/wiki/CPU_design
https://en.wikipedia.org/wiki/Arithmetic_logic_unit
https://en.wikipedia.org/wiki/Logic_operation
https://en.wikipedia.org/wiki/Processor_register
https://en.wikipedia.org/wiki/Processor_register
https://en.wikipedia.org/wiki/Operand
https://en.wikipedia.org/wiki/Microprocessor
https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Peripheral
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/System_on_a_chip
https://en.wikipedia.org/wiki/Multi-core_processor


processor, which is a single chip containing two or more CPUs called "cores"; in that context, 

one can speak of such single chips as "sockets".[3] 

Array processors or vector processors have multiple processors that operate in parallel, with no 

unit considered central. There also exists the concept of virtual CPUs which are an abstraction of 

dynamical aggregated computational resources. 

Memory: 

Memory is major part of computers that categories into several types. Memory is best storage 

part to the computer users to save information, programs and etc, The computer memory offer 

several kinds of storage media some of them can store data temporarily and some them can store 

permanently. Memory consists of instructions and the data saved into computer through Central 

Processing Unit (CPU). 

Types of Computer Memory’s: 

Memory is the best essential element of a computer because computer can’t perform simple 

tasks. The performance of computer mainly based on memory and CPU. Memory is internal 

storage media of computer that has several names such as majorly categorized into two types, 

Main memory and Secondary memory. 

1. Primary Memory / Volatile Memory. 

2. Secondary Memory / Non Volatile Memory. 

1. Primary Memory / Volatile Memory: 

Primary Memory also called as volatile memory because the memory can’t store the data 

permanently. Primary memory select any part of memory when user want to save the data in 

memory but that may not be store permanently on that location. It also has another name i.e. 

RAM. 

Random Access Memory (RAM): 

The primary storage is referred to as random access memory (RAM) due to the random selection 

of memory locations. It performs both read and write operations on memory. If power failures 

happened in systems during memory access then you will lose your data permanently. So, RAM 

is volatile memory. RAM categorized into following types. 

 DRAM 

 SRAM 

 DRDRAM 

2. Secondary Memory / Non Volatile Memory: 

Secondary memory is external and permanent memory that is useful to store the external storage 

media such as floppy disk, magnetic disks, magnetic tapes and etc cache devices. Secondary 

memory deals with following types of components. 
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Read Only Memory (ROM) : 

ROM is permanent memory location that offer huge types of standards to save data. But it work 

with read only operation. No data lose happen whenever power failure occur during the ROM 

memory work in computers. 

ROM memory has several models such names are following. 

1. PROM: Programmable Read Only Memory (PROM) maintains large storage media but can’t 

offer the erase features in ROM. This type of RO maintains PROM chips to write data once and 

read many. The programs or instructions designed in PROM can’t be erased by other programs.  

2. EPROM : Erasable Programmable Read Only Memory designed for recover the problems of 

PROM and ROM. Users can delete the data of EPROM thorough pass on ultraviolet light and it 

erases chip is reprogrammed. 

3. EEPROM: Electrically Erasable Programmable Read Only Memory similar to the EPROM 

but it uses electrical beam for erase the data of ROM. 

Cache Memory: Mina memory less than the access time of CPU so, the performance will 

decrease through less access time. Speed mismatch will decrease through maintain cache 

memory. Main memory can store huge amount of data but the cache memory normally kept 

small and low expensive cost. All types of external media like Magnetic disks, Magnetic drives 

and etc store in cache memory to provide quick access tools to the users. 

 

Computer - Input Devices 

 

Following are some of the important input devices which are used in a computer − 

 Keyboard 

 Mouse 

 Joy Stick 

 Light pen 

 Track Ball 

 Scanner 

 Graphic Tablet 

 Microphone 

 Magnetic Ink Card Reader(MICR) 

 Optical Character Reader(OCR) 

 Bar Code Reader 

 Optical Mark Reader(OMR) 

Keyboard 

Keyboard is the most common and very popular input device which helps to input data to the 

computer. The layout of the keyboard is like that of traditional typewriter, although there are 

some additional keys provided for performing additional functions. 



Mouse 

Mouse is the most popular pointing device. It is a very famous cursor-control device having a 

small palm size box with a round ball at its base, which senses the movement of the mouse and 

sends corresponding signals to the CPU when the mouse buttons are pressed. 

Generally, it has two buttons called the left and the right button and a wheel is present between 

the buttons. A mouse can be used to control the position of the cursor on the screen, but it 

cannot be used to enter text into the computer. 

Joystick 

Joystick is also a pointing device, which is used to move the cursor position on a monitor 

screen. It is a stick having a spherical ball at its both lower and upper ends. The lower spherical 

ball moves in a socket. The joystick can be moved in all four directions. 

Light Pen 

Light pen is a pointing device similar to a pen. It is used to select a displayed menu item or 

draw pictures on the monitor screen. It consists of a photocell and an optical system placed in a 

small tube. 

Track Ball 

Track ball is an input device that is mostly used in notebook or laptop computer, instead of a 

mouse. This is a ball which is half inserted and by moving fingers on the ball, the pointer can be 

moved. 

Scanner 

Scanner is an input device, which works more like a photocopy machine. It is used when some 

information is available on paper and it is to be transferred to the hard disk of the computer for 

further manipulation. 

Digitizer 

Digitizer is an input device which converts analog information into digital form. Digitizer can 

convert a signal from the television or camera into a series of numbers that could be stored in a 

computer. They can be used by the computer to create a picture of whatever the camera had 

been pointed at 

Microphone 

Microphone is an input device to input sound that is then stored in a digital form. 

Magnetic Ink Card Reader (MICR) 

MICR input device is generally used in banks as there are large number of cheques to be 

processed every day. The bank's code number and cheque number are printed on the cheques 

with a special type of ink that contains particles of magnetic material that are machine readable. 

Bar Code Readers 



Bar Code Reader is a device used for reading bar coded data (data in the form of light and dark 

lines). Bar coded data is generally used in labelling goods, numbering the books, etc. It may be 

a handheld scanner or may be embedded in a stationary scanner. 

Optical Mark Reader (OMR) 

OMR is a special type of optical scanner used to recognize the type of mark made by pen or 

pencil. It is used where one out of a few alternatives is to be selected and marked. 

 

Hard copy Devices 

 

There are two major categories of hard copy devices. 

i)Printers 

ii)Plotters 

PRINTERS 

 

Printers produce output by either impact or non-impact methods. Impact printers press formed 

character faces against an inked ribbon onto the paper. A line printer is an example of impact 

device. Non-impact device printers and plotters use laser techniques, inkjet sprays, Xerographic 

process, electrostatic methods and electro thermal methods to get images onto the paper. 

 

Types: 

Dot matrix printer 

It has a print head containing a rectangular array of protruding wire pins, with the number of pins 

depending in the quality of the printer. Individual characters or graphics patterns are obtained by 

retracting certain pins so that the remaining pins form the pattern to the printed. 

 

Laser printer 

A laser beam creates charge distribution on a rotating drum coated with a photo electric material, 

such as selenium. Toner is applied to the drum then transferred to paper. 

 

 

Inkjet printer 

 

It produces output by squirting the ink in horizontal row across a roll of paper wrapper on a 

drum. The electrically charged ink stream is deflected by an electric field to produce dot matrix 

patterns. 

 

 

The electrostatic device 

It places a negative charge on the paper ,one complete row at a time along the legth of the paper. 

Then the paper is exposed to a toner. The toner is positively charged and so is attracted to the 

negatively charged areas, Where it adheres to produce the specified output. 



 

 

The Electrothermal Device 

This method uses heat in a dotmatrix print head to output patterns on heat sensitive paper.The 

printer of the invention permits high rate printing at a relatively low cost of supplies. With the 

ink ribbon omitted, printing can be effected directly on thermo-sensitive paper.A thermoplastic 

ink is transferred from a ribbon to the base medium (usually paper or transparent film) by 

localized heating. The heating occurs as current is passed from discrete electrical contacts on the 

print head through a resistive layer in the ribbon to a common return layer. 

 

 

Plotters 

A graphic printer that images with ink pens.It actually draws point to point lines directly from 

vector graphics files.The plotter was the first computer output device that could print graphics as 

well as accommodate full size engineering and architectural drawings.Using different colored 

pens, it was able to print in color long before ink jet printers beacme an alternative. 

 

Pen plotters are still the most affordable printing device for CAD and other resolution unlike any 

other printer.The lines are not made up of dots .They are actually drawn providing infinite 

resolution. 

 

 

Types of plotters 

Drum and Flatbed plotter 

Both types of plotters actually "draw" the images.The drum plotter wraps the paper around a 

drum with pin feeds.It moves the paper back and forth for one direction of the plot.The pens 

moves across the paper, creating other axis.The bed of the flatbed unit determines the maximum 

size of the total drawing.In drum plotters the pen is moved in a single axis track and the paper 

itself moves on a cylindrical drum to add the other axis or dimension. 

 

Flatbed plotter 

 

 

A graphics plotter that contains a flat surface where paper is placed on. The size of this surface 

(bed) determines the maximum size of the drawing. A graphics output device that draws by 

moving a pen in both horizontal and vertical directions over a sheet of paper; the overall size of 

the drawing is limited by the height and width of this bed. Plotter that uses a drum revolver to 

move the paper during printing while the actual pen performs the printing. 

 

 

Drawing pens 

Pen plotter use drawing pens that provide infinite resolution because the line are actually drawn. 

All other panting devices print dots. Pen plotters print by moving a pen or other instrument 



across the surface of a piece of paper. This means that plotters are restricted to line art, rather 

than raster graphics as with other printers 

 

 

Storage device 

 

Alternatively referred to as digital storage, storage, storage media, or storage medium, a storage 

device is any hardware capable of holding information either temporarily or permanently. The 

picture shows an example of a Drobo, an external secondary storage device. 

There are two types of storage devices used with computers: a primary storage device, such 

as RAM, and a secondary storage device, like a hard drive. Secondary storage can 

be removable, internal, or external storage. 

 

COMPUTER GRAPHICS 

 

RASTER-SCAN DISPLAYS 

 

In a raster- scan system, the electron beam is swept across the screen, one row at a time from top 

to bottom. As the electron beam moves across each row, the beam intensity is turned on and off 

to create a pattern of illuminated spots. Picture definition is stored in memory area called 

the refresh buffer or frame buffer. This memory area holds the set of intensity values for all the 

screen points. Stored intensity values are then retrieved from the refresh buffer and “ painted” on 

the screen one row (scan line) at a time (fig.below). Each screen point is referred to as 

a pixel or pel (shortened forms of picture element). 

 

Refreshing on raster-scan displays is carried out at the rate of 60 to 80 frames per second, 

although some systems are designed for higher refresh rates. Sometimes, refresh rates are 

described in units of cycles per second, or Hertz (Hz), where a cycle corresponds to one frame. 

At the end of each scan line, the electron beam returns to the left side of the screen to begin 

displaying the next scan line. The return to the left of the screen, after refreshing each scan line, 

is called thehorizontal retrace of the electron beam. And at the end of each frame (displayed in 

1/80th to 1/60th of a second), the electron beam returns (vertical retrace)to the top left corner of 

the screen to begin the next frame. 

 

On some raster-scan systems (and in TV sets), each frame is displayed in two passes using an 
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interlaced refresh procedure. In the first pass, the beam sweeps across every other scan line from 

top to bottom. Then after the vertical retrace, the beam sweeps out the remaining scan 

lines(fig.below). Interlacing of the scan lines in this way allows us to see the entire screen 

displayed in one-half the time it would have taken to sweep across all the lines at once from top 

to bottom.  

 

Coordinate System 

 

A coordinate system defines the location of a point on a planar or spherical surface. Without a 

concise definition of the coordinate system used to represent a point, it is difficult to change to a 

new coordinate system. Changing coordinate systems is required when integrating data from 

different sources into a common coordinate system. 

  

A geographic coordinate system is a three–dimensional reference system that locates points on 

the Earth’s surface. The unit of measure is usually decimal degrees. A point has two coordinate 

values: latitude and longitude. Latitude and longitude measure angles. 

  

Latitude is defined as the angle formed by the intersection of a line perpendicular to the Earth’s 

surface at a point and the plane of the Equator. Points north of the Equator have positive latitude 

values, while points south have negative values. Latitude values range from -90 to +90 degrees. 

Lines of latitude are also called parallels because a particular value of latitude forms a circle 

parallel to the Equator. 

  

A meridian, or line of longitude, is formed by a plane that passes through the point and the North 

and South poles. The longitude value is defined by the angle between that plane and a reference 

plane. The reference plane is known as the prime meridian. The most common prime meridian 

passes through Greenwich, United Kingdom. Other examples of prime meridians in use pass 

through Paris and Bogotá. Longitude values range from -180 to +180 degrees. 

 

COMPUTER GRAPHICS SOFTWARE AND DATA BASE INTRODUCTION:  

 

The graphics software is the collection of programs written to make it convenient for a user to 

operate the computer graphics system. It includes Programmes to generate images on the CRT 

screen, to manipulate the images, and to accomplish various types of interaction between the user 

and the system. In addition to the graphics software, there may be additional programs for 

implementing certain specialized functions related to CAD/CAM. These include design analysis 

programs(e.g., finite-element analysis and kinematic simulation) and Manufacturing planning 

programs (e.g., automated process planning and numerical control part programming). This 

chapter deals mainly with the graphics software. The graphics software for a particular computer 

graphics system is very 50 much a function of the type of hardware used in the system. The 

software must be written specifically for the type of CRT and the types of input devices used in 

the system. The details of the software for a stroke-writing CRT would be different than for a 



raster scan CRT. The differences between a storage tube and a refresh tube would also influence 

the graphics software.  

 

 

TRANSFORMATIONS 

 Many of the editing features involve transformations of the graphics elements or cells composed 

of elements or even the entire model. In this section we discuss the mathematics of these 

transformations. Two-dimensional transformations are considered first to illustrate concepts. 

Then we deal with three dimensions.  

 

To locate a point in a two-axis cartesian system, the x and y coordinates are specified. These 

coordinates can be treated together as a lxl matrix: (x,y). For example, the matrix (2, 5) would be 

interpreted to be a point which is 2 units from the origin in the x-direction and 5 units from the 

origin in the y-direction. This method of representation can be conveniently extended to define a 

line as a 2 x 2 matrix by giving the x and y coordinates of the two end points of the line. The 

notation would be L = xl yl x2 y2 Using the rules of matrix algebra, a point or line (or other 

geometric element represented in matrix notation) can be operated on by a transformation matrix 

to yield a new element. There are several common transformations used in computer graphics. 

We will discuss three transformations: translation, scaling, and rotation.  

 

TRANSLATION:  Translation involves moving the element from one location to another. In the 

case of a point, the operation would be x' =x + m, y' = y + n where x', y' = coordinates of the 

translated point x, y = coordinates of the original point m, n = movements in the x and y 

directions, respectively In matrix notation this can be represented as (x', y') = (x, y) + T 

where T = (m,n), the translation matrix Any geometric element can be translated in space by 

applying Eq. to each point that defines the element. For a line, the transformation matrix would 

be applied to its two end points.  

SCALING: Scaling of an element is used to enlarge it or reduce its size. The scaling need not 

necessarily be done equally in the x and y directions. For example, a circle could be transformed 

into an ellipse by using unequal x and y scaling factors. The points of an element can be scaled 

by the scaling matrix as follows: (x' ,y') = (x,y)S where s m O O n the scaling matrix This would 

produce an alteration in the size of the element by the factor m in the x-direction and by the 

factor n in the y direction. It also has the effect of repositioning the element with respect to the 

cartesian system origin. If the scaling factors are less than I, the size of the element is reduced 

and it is moved closer to the origin. If the scaling factors are larger than I, the element is enlarged 

and removed farther from the origin.  

 

ROTATION: In this transformation, the points of an object are rotated about the origin by an 

angle O. For a positive angle, this rotation is in the counterclockwise direction. This 

accomplishes rotation of the object by the same angle, but it also moves the object. In matrix 

notation, the procedure would be as follows: (x',y') = (x,y)R where cos O sinO R = sin Ocos O 

the rotation matrix 

Three-dimensional transformations 

Transformations by matrix methods can be extended to three-dimensional space. We consider 

the same three general categories defined in the preceding section. The same general procedures 

are applied to use these transformations that were defined for the three cases by Eqs.  



TRANSLATION: The translation matrix for a point defined in three dimensions would beT = 

(m. n, p) 

and would be applied by adding the increments m, n, and p to the respective coordinates of each 

of the points defining the three-dimensional geometry element.  

SCALING: The scaling transformation is given  

ROTATION: Rotation in three dimensions can be defined for each of the Rotation about the z 

axis by an angle is accomplished by the matrix cos sin O Rz = sin cos O O O l Rotation about the 

y axis by the angle 6 is accomplished similarly. cos O sin Ry = O l O sin O cos Rotation about 

the x axis by the angle is done with an analogous transformation matrix. l O O Rx = O cos sin O 

sin cos  

Concatenation: The previous single transformations can be combined as a sequence of 

transformations. This is called concatenation, and the combined transformations are called 

concatenated transformations. During the editing process when a graphic model is being 

developed. The use of concatenated transformations is quite common. It would be unusual that 

only a single transformation would be needed to accomplish a desired manipulation of the image.  

The location of one of its points in the same location In the first case, the sequence of 

transformations would be' translation to the origin, then rotation about the origin, then translation 

back to the original location. In the second case, the element would be scaled (magnified) 

followed by a translation to locate the desired point as needed:- The objective of concatenation is 

to accomplish a series of image manipulations as a single-transformation. This allows the 

concatenated transformation to be defined more concisely and the computation can generally be 

accomplished more efficiently.  

Determining the concatenation of a sequence of single transformations can be fairly 

straightforward if the transformations are expressed in matrix form as we have done. For 

example, if we wanted to scale a point by the factor of 2 in a two dimensional system and then 

rotate it about the origin by 45°, the concatenation would simply be the product of the two 

transformation matrices. It is important that the order of matrix multiplication be the same as the 

order in which the transformations are to be carried out. Concatenation of a series of 

transformations becomes more complicated when a translation is involved, and we will not 

consider this case.  

3D Computer Graphics 

In the 2D system, we use only two coordinates X and Y but in 3D, an extra coordinate Z is 

added. 3D graphics techniques and their application are fundamental to the entertainment, 

games, and computer-aided design industries. It is a continuing area of research in scientific 

visualization. 

Furthermore, 3D graphics components are now a part of almost every personal computer and, 

although traditionally intended for graphics-intensive software such as games, they are 

increasingly being used by other applications. 

Parallel Projection 

Parallel projection discards z-coordinate and parallel lines from each vertex on the object are 

extended until they intersect the view plane. In parallel projection, we specify a direction of 

projection instead of center of projection. 



In parallel projection, the distance from the center of projection to project plane is infinite. In 

this type of projection, we connect the projected vertices by line segments which correspond to 

connections on the original object. 

Parallel projections are less realistic, but they are good for exact measurements. In this type of 

projections, parallel lines remain parallel and angles are not preserved. Various types of parallel 

projections are shown in the following hierarchy. 

Orthographic Projection 

In orthographic projection the direction of projection is normal to the projection of the plane. 

There are three types of orthographic projections − 

 Front Projection 

 Top Projection 

 Side Projection 

Clipping: 

In the context of computer graphics, is a method to selectively enable or disable rendering 

operations within a defined region of interest. Mathematically, clipping can be described using 

the terminology of constructive geometry. A rendering algorithm only draws pixels in 

the intersection between the clip region and the scene model. Lines and surfaces outside the view 

volume are removed.[1]Clip regions are commonly specified to improve render performance. A 

well-chosen clip allows the renderer to save time and energy by skipping calculations related to 

pixels that the user cannot see. Pixels that will be drawn are said to be within the clip region. 

Pixels that will not be drawn are outside the clip region. More informally, pixels that will not be 

drawn are said to be "clipped." 

Hidden surface removal in computer graphics: 

In 3D computer graphics, shown surface determination (also known as hidden surface 

removal (HSR), occlusion culling (OC) or visible surface determination (VSD)) is the process 

used to determine which surfaces and parts of surfaces are not visible from a certain viewpoint. 

A hidden surface determination algorithm is a solution to the visibility problem, which was one 

of the first major problems in the field of 3D computer graphics. The process of hidden surface 

determination is sometimes called hiding, and such an algorithm is sometimes called a hider. The 

analogue for line rendering is hidden line removal. Hidden surface determination is necessary to 

render an image correctly, so that one may not view features hidden behind the model itself, 

allowing only the naturally viewable portion of the graphic to be visible. 
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UNIT 2 

Geometric Modeling 

Geometric modeling can be defined as computer compatible and mathematical representation of 

the geometry. If you really look at this particular definition, there are two aspects one is 

computer compatibility this is a must, second is a mathematical representation of geometry. If 

these two can be fulfilled in any definition I can call it is a geometric modeling.  

Now one can always give a mathematical definition which is not computer compatible or I can 

have a representation which is used purely for visual representation of the geometric object. So if 

I look at these representations which are like which fulfills only one of the requirements then that 

is not what we are looking for. We are looking for something which can fulfill both. For example 

if I look at a mathematical definition to geometry, we study in our schools and colleges, a 

complete course on solid geometry or coordinate geometry which is basically concerned with 

mathematical representation of geometric entities like line, circle, conics also surface entities like 

cylindrical surface, conical surface or a spherical surface. 

 So we study about how these are mathematically represented in our coordinate geometric course 

or three dimensional solid geometric course. So these representations are mathematical but they 

are not really computer friendly that means what I intend to do with this geometry cannot be 

fulfilled by these definitions directly.  

So I am looking for a better definition where I am able to use the mathematical representation 

also for doing some calculations which are related to cad cam or also to use this representation 

for visually displaying on let’s say a computer screen. And if I go by other definition that is I can 

always give or I can always visually represent a three dimensional picture on computer screen 

without going into mathematical definition also, it’s also possible. So, even that is not enough, so 

we are looking for something which is a combination of this thing. 



Functions of Geometric Modeling 

• D e s i g n  a n a l y s i s :  

 –Evaluation of areas and volumes. 

 –Evaluation of mass and inertia properties. 

 –Interference checking in assemblies. 

–Analysis of tolerance build-up in assemblies. 

 –Analysis of kinematics  

—mechanics, robotics.  

–Automatic mesh generation for finite element analysis. 

 

Geometric Models: 

Two Dimensional and three dimensional. 

 –The line model,  

–The surface model, and  

–The solid or volume model. 

 

Curve representation 

1.    Wireframe models 

There are three types of geometric models, wireframes, surfaces and solids. Typically, a 

wireframe model consists of a finite set of points (vertices), connected in pairs by straight lines 

(edges), or arcs, circles, conics, and curves, so that the three- dimensional form of a solid object 

can be visualized. 

The major advantage of wireframe modeling is its simplicity to construct. It does not 

require as much computer time and memory as does surface or solid modeling. Wireframe 

modeling is considered a natural extension of traditional methods of drafting. Consequently, it 

does not require extensive training of users; nor does it demand the use of unusual terminology 

as surfaces and solids. Wireframe models form the basis for surface models. Most existing 

surface algorithms require wireframe entities to generate surfaces. 

The disadvantages of wireframe models are manifolds. Primarily, wireframe models are 

usually ambiguous representations of real objects and rely heavily on human interpretation. A 

wireframe model of a box offers a typical example where the model may represent more than 

one object depending on which face(s) is assumed to exist. Models of complex designs having 

many edges become very confusing and perhaps even impossible to interpret. Moreover, as 

shown in Figure 1, it is often difficult to display objects with curve surfaces using wireframe. 

 



2.    Parametric curves 

2.1  Curve representation 

Curves can be described mathematically by nonparametric or parametric 

equations. Nonparametric equations can be explicit or implicit. For a nonparametric curve, the 

coordinates y and z of a point on the curve are expressed as two separate functions of the third 

coordinate x as the independent variable [see Equation (1)]. This curve representation is known 

as the nonparametric explicit form. If the coordinates x, yand z are related together by two 

functions [see Equation (2)], a nonparametric implicit form results. 

                                                              (1) 

                                                                                                  (2) 

There are three problems with describing curves using nonparametric equations: 

(1)  If the slope of a curve at a point is vertical or near vertical, its value becomes infinity or 

very large, a difficult condition to deal with both computationally and programming-

wise. Other ill-defined mathematical conditions may result. 

(2)  Shapes of most engineering objects are intrinsically independent of any coordinate 

system. What determines the shape of an object is the relationship between its data 

points themselves and not between these points and some arbitrary coordinate system. 

(3)  If the curve is to be displayed as a series of point or straight-line segments, the 

computations involved could be extensive. 

Parametric representation allows closed and multiple-valued functions to be easily defined 

and replaces the use of slopes with that of tangent vectors, as will be introduced shortly. 

In parametric form, each point on a curve is expressed as a function of a parameter u. The 

parametric equation for a three-dimensional curve in space takes the following vector form: 

                         (3) 

Equation (3) implies that the coordinates of a point on the curve are the components of its 

position vector. It is a one-to-one mapping from the parametric space (Euclidean 

space E1 in u values) to the Cartesian space (E3 in x, y, z values), as shown in Figure 2. 



Figure 2. Parametric representation of a three-dimensional curve 

The tangent vector is defined as vector 

                                                                                                 (4) 

The components of the tangent vector in the parametric space as 

                         (5) 

where x’(u), y’(u), and z’(u) are the first parametric derivatives (with respect to u) of the position 

vector components x’(u), y’(u), and z’(u) respectively. The slopes of the curve are given by the 

ratios of the components of the tangent vector: 



                                                                                (6) 

2.2  Parametric representation of analytic curves 

There are two categories of curves that can be represented parametrically: analytic curves 

and synthetic curves. Analytic curves are defined as those that can be described by analytic 

equations such as lines, circles, and conics. Synthetic curves are the ones that are described by a 

set of data points (control points) such as splines and Bezier curves. 

Lines and circles are often expressed in analytic equations. They can also be expressed 

using parametric representation: 

Lines 

The parametric equation of the line becomes 

                                                                        (7) 

In scalar form, this equation can be written as 

                                                                       (8) 

Note that Equation (7), a line is expressed as a synthetic curve. 

◇Assignment 2 

Give the coordinates of two end points of a line. Write a program in Matlab to draw 

the x, y, z components in parametric space (hint: use Equation (8)) and the isometric view of 

this line in Cartesian space (hint: use the transformation matrix discussed in the previous 

lecture, or use the Matlab built-in command for isometric view), as in Figure 2. Show your 

Matlab program too. ◇ 

Circles 

Circles and circular arcs are among the most common entities used in wireframe 

modeling. Regardless of the user input information to create a circle, such information is 

always converted into a radius and center by the software. 

The parametric equation of a circle can be written as 



        ,                                                                (9) 

For display purposes, Equation (9) can be used to generate points on the circle 

circumference by incrementing u from 0 to 360 degrees. These points are in turn connected 

with line segments to display the circles. However, this is an inefficient way due to 

computing the trigonometric functions in the equation for each point. A less computational 

method is to write Equation (9) in an incremental form. 

                                                                               (10) 

Expanding the  and  equation gives 

                                               (11) 

Thus, the circle can start from an arbitrary point and successive points with equal 

spacing can be calculated recursively. The increments cos  and sin  have to be 

calculated only once, which eliminates computation of trigonometric functions for each 

point. 

◇Assignment 3 

Derive Equation (9) to Equation (11) in more details. Decide a value of  and 

calculate cos  and sin . Write a Matlab program to generate the points of a circle using 

Equation (11), then connect the points to draw a circle. Try 3 different  and show the 

figures generated by your Matlab program. Show your Matlab program too. ◇ 

3.    Synthetic curves 

3.1  The need for synthetic curves 

The need for synthetic curves in design arises on two occasions: when a curve is 

represented by a collection of measured data points and when an existing curve must change to 

meet new design requirements. Analytic curves are usually not sufficient to meet geometric 



design requirements of mechanical parts. Synthetic curves provide designers with greater 

flexibility and control of a curve shape by changing the positions of the control points. Products 

such as car bodies, ship hulls, airplane fuselage and wings, propeller blades, shoe insoles, and 

bottles are a few examples that require free-form, or synthetic, curves and surfaces. Considering 

that most data of objects are available in a discrete form, mainly key points, the curve equation 

should be able to accept points and/or tangent values as input from the designer. 

Splines draw their name from the traditional draftsman’s tool called “French curves or 

splines.” In drafting terminology, a spline is a flexible strip used to produce a smooth curve 

through a designated set of points. Several small weights are distributed along the length of the 

strip to hold it in position on the drafting table. The term spline curve referred to a curve drawn 

in this manner. 

We specify a spline curve by giving a set of coordinate positions, call control points, which 

indicate the general shape of the curve.These control points are then fitted with piecewise 

continuous parametric polynomial functions in one of the two ways. When polynomial sections 

are fitted so that the curve passes through each control point, the resulting curve is said to 

interpolate the set of control points. On the other hand, when the polynomials are fitted to the 

general control point path without necessarily passing through any control point, the resulting 

curve is said to approximate the set of control points. 

Interpolation curves are commonly used to digitize drawings or to specify animation 

paths. Approximation curves are primarily used as design tools to structure object surfaces. 

Mathematically, synthetic curves represent a curve-fitting problem to construct a smooth 

curve that passes through given data points. Zero-order continuity  yields a position 

continuous curve. First - and second -order continuities imply slope and curvature 

continuous curves respectively. A  curve is the minimum acceptable curve for engineering 

design. A cubic polynomial is the minimum-order polynomial that can guarantee the generation 

of C0, C1 or C2 curves. 

Higher-order polynomials are not commonly used in CAD systems because they tend to 

oscillate about control points, are computationally inconvenient, and are uneconomical of storing 

curve and surface representations in the computer. 

Also, the designer may prefer to control the shape of the curve locally instead of globally by 

changing the control point(s). If changing a control point results in changing the curve locally in 

the vicinity of that point, local control of the curve is achieved; otherwise global control results. 

.2  Hermite Cubic Splines 

The Hermite form of a cubic spline is determined by defining positions and tangent vectors 

at the data points, as shown in Figure 3. 



 

Figure 3. Hermite cubic spline curve 

The parametric cubic spline curve (or cubic spline for short) connects two data (end) points 

and utilizes a cubic equation. Therefore, four conditions are required to determine the 

coefficients of the equation. The parametric equation of a cubic spline segment is given by 

                                                                               (12) 

where u is the parameter and Ci are the polynomial (also called algebraic) coefficients. In scalar 

form this equation is written as 

                                                                (13) 

In an expanded vector form, Equation (12) can be written as 

                                                                     (14) 

This equation can also be written in a matrix form as 

                                                                                                    (15) 

where  and , and C is called the coefficients 

vector. The tangent vector is 



                                                                          (16) 

Now the problem is how to relate the parametric equations to the designers’ input, namely, 

the two end points and tangent vectors.Applying the boundary conditions (P0, P’0 at u=0 

and P1, P’1 at u=1), Equations (12) and (16) give 

                                                                                    (17) 

                                                                         (18) 

Substituting Equation (18) into Equation (14) and rearranging gives 

           

                                                                                              (19) 

                                                                          (20) 

where [MH] is the Hermite matrix and V is the geometry (or boundary conditions) vector. Both 

are given by 

                                                                        (21) 

                 3.3  Blending Cubic Spline Segments 

Equation (19) is for one cubic spline segment. It can be generalized for any two adjacent 

spline segments of a spline curve that are to fit a given number of data points. This introduces the 

problem of blending or joining cubic spline segments which can be stated as follows: given a set 

of n points P0, P1, …, Pn-1 and the two end tangent vectors P’0 and P’n-1 (as shown in Figure 4), 

connect the points with a cubic spline curve. 



 

Figure 4. Hermite cubic spline curve 

Let’s start from connecting two curves. To connect two Hermite spline curves to form 

a C2 continuous curve, the second derivative at the end of the first curve must be equal to the 

second derivative at the beginning of the first curve. Thus we have 

                                                                                   (23) 

Using this relation, we can further derive the tangent vector at the end of the second curve, 

which is also the tangent vector at the beginning of the second curve: 

                                                                     (24) 

Using this information, we can construct a C2 continuous curve that passes through the three 

given data points by blending two Hermite curves together. For N given data points, Equation 

(23) and (24) have to be used iteratively to obtain the tagent vector at the intermediate data 

points. 

The use of the cubic splines in design applications is not very popular compared to Bezier 

or B-spline curves. The control of the curve is not very obvious from the input data due to its 

global control characteristics. As shown in Figure 5, changing the position of a data point or an 

end slope changes the entire shape of the spline, which does not provide the intuitive feel 

required for design. In addition, the order of the curve is always constant (cubic) regardless of 

the number of data points. 



 

Figure 5. Control of cubic spline curve 

3.4  Lagrangian Interpolation Method 

Often we have to display a curve interpolating through several points. Beside blending 

Hermite cubic spline segments, this can also be done by using the Lagrangian interpolation 

method. Equation (25) is the Lagrangian four-point form. It is easy to verify that at u=0, 1/3, 2/3, 

1, the curve interpolates through P0, P1, P2, and P3. 

        ,                                           (25) 

 

Surface Representation 

As mentioned above, the high complexity of the mathematical description of various surfaces 

complicates seriously the meshing procedure with surface constraint. Therefore the proper 

surface representation is essential for the efficiency of the method. To make the algorithm 



applicable to a wide variety of surfaces with a reasonable level of complexity the family of 

tensor product polynomial surfaces1(e.g., rational Bezier surface, B-spline surface, NURBS, etc.) 

is considered in the presented approach. This brings in several advantages. Since these surfaces 

are widely used in CAD and modeling systems a natural and consistent interface (at least in 

terms of geometric description of the surface) between the modeler and the mesh generator is 

ensured. All these surfaces enable relatively simple evaluation of surface normal and gradients at 

discrete locations on the surface. And finally, the parametric space of these surfaces allows for 

some procedures to be performed more efficiently than in 3D. 

In the presented study, only the set of rational Bezier surfaces has been implemented. Each 

surface to be discredited is bounded by four rational Bezier curves from which at most two (but 

not the two adjacent ones) may be collapsed into a single point. This allows for modeling of 

degenerated surfaces often used as transition patches. This simple data structure, which can be 

easily extracted from modeler allowing to handle rational Bezier entities, may be extended in 

terms of additional curves (again, reducible to a single point) fixed to the surface, for example to 

specify the mesh density source or to constrain the triangulation. 

Modeling Facilities Desired: 

The geometric modeling features. 

The editing or manipulation features 

The display control features 

The drafting features 

The programming facilities 

The analysis features 

The connecting features 
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