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Keyboard 

A keyboard is the set of typewriter-like keys that enables you to enter data into a 

computer. Computer keyboards are similar to electric-typewriter keyboards but 

contain additional keys. The keys on computer keyboards are often classified as 

follows: 

  Alphanumeric keys -- letters and numbers  

   
Punctuation keys -- comma, period, semicolon, and so on.  

   

Special keys -- function keys, control keys, arrow keys, Caps Lock key, and 

so on 

 

 

http://www.webopedia.com/TERM/K/key.html
http://www.webopedia.com/TERM/D/data.html
http://www.webopedia.com/TERM/C/computer.html
http://www.webopedia.com/TERM/A/alphanumeric.html
http://www.webopedia.com/TERM/P/punctuation.html
http://www.webopedia.com/TERM/P/punctuation.html
http://www.webopedia.com/TERM/F/function_keys.html
http://www.webopedia.com/TERM/A/arrow_keys.html
http://www.webopedia.com/TERM/C/Caps_Lock_key.html


 

 

“Keyboards are of two sizes 84 keys or 101/102 keys, but now keyboards 

with 104 keys or 108 keys are also available for Windows and Internet.” 
 

 

Touch panels have become a part of daily life 

A touch panel is a piece of equipment that lets users interact with a computer by 

touching the screen directly. Incorporating features into the monitor like sensors 

that detect touch actions makes it possible to issue instructions to a computer by 

having it sense the position of a finger or stylus. Essentially, it becomes a device 

fusing the two functions of display and input. 



 

 

 

It's perhaps not something we think of often, but touch panels have integrated 

themselves into every aspect of our lives. People who enjoy using digital devices 

like smart phones interact with touch panels all the time in everyday life—but so 

do others, at devices like bank ATMs, ticket vending machines in railway stations, 

electronic kiosks inside convenience stores, digital photo printers at mass 

merchandisers, library information terminals, photocopiers, and car navigation 

systems. 

 

 

Light Pen 



 

Light pen is a pointing device which is 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. When the tip of a light pen 

is moved over the monitor screen and pen button is pressed, its photocell sensing 

element detects the screen location and sends the corresponding signal to the CPU. 

 

Joystick 

Joystick is also a pointing device which is used to move 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. 

The function of joystick is similar to that of a mouse. It is mainly used in Computer 

Aided Designing(CAD) and playing computer games. 

  

Scanner 



 

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

when some information is available on a paper and it is to be transferred to the 

hard disc of the computer for further manipulation. Scanner captures images from 

the source which are then converted into the digital form that can be stored on the 

disc. These images can be edited before they are printed. 

 

 Mouse 

Mouse is 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 mouse and sends corresponding signals to CPU when the mouse 

buttons are pressed. 

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

between the buttons. Mouse can be used to control the position of cursor on screen, 

but it cannot be used to enter text into the computer. 

Advantages 

 Easy to use 

 Not very expensive 

 Moves the cursor faster than the arrow keys of keyboard. 



 

 

Printers   

Printers are the most commonly used output device. They are used to print output 

on the paper. The output may be in the form of characters, symbols and graphics 

information printed on paper is called hardcopy 

 

Categories/Types of Printers 

Printers are classified into two main categories or types: 

       1- Impact Printers 

        2- Non-Impact Printers 



 

 

 

 

Non-Impact Printers 

The printers that produce output on paper without striking the paper are known as 

non-impact printers. They Use Electrostatic, inkjet, and thermal technologies for 

printing. 

Non-Impact printers are faster and produce high quality output than impact 

printers. They can print up to 24 pages per minute. They produce no noise during 

printing. These printers are costly than impact printers 

 

The Examples of Non-Impact printers are : 

      1- Laser Printer 

      2- Inkjet Printer 

      3- Thermal Printer 

 

Laser Printer 

Laser stands for Light Amplification by Simulated Emission of Radiation. A laser 

printer is the fastest and hight quality non-impact printer. It works like a 

photocopier. The laser printer transfers the image of output on paper using LASER 

technology and toner. Toner is an ink powder. It is used in laser printers and 

photocopiers also 

 

 

The laser printer has a special drum inside it. first the image of output is created on 

the drum, and then it is transferred from drum to paper. The image of output is 



 

created on the drum by throwing magnetic ink powder in the form of microscopic 

dots. These dots can be from 300 dpi to 1200 dpi (dpi means dots per inch and 

these dots refers to microscopic dots). 

 

The Laser printer can print both text and graphics in very high quality resolution. 

Laser printer prints one page at a time. The laser printers are, therefore also called 

page printers. The printing speed of laser printer is about 4 to 32 pages per minute 

for microcomputer and up to 200 pages per minute for mainframe computers. 

 

Ink Jet Printer 

Ink-jet printer is type of non-impact printer. It creates output on paper by spraying 

tiny drops of liquid ink. Inkjet printer has print-head that can spray very fine drops 

of ink. It consists of print cartridge filled with liquid ink and has small nozzles in 

form of matrix. Like dot matrix printer, the combination of nozzles is activated to 

form the shaper of character or image on the paper by spraying the liquid ink. 

These printers have resolution ranging from 300 to 720 dpi. 

 

 

The ink-jet printers have low price than laser printers. They are also slower and 

have low print quality than laser printer. However, They are faster and have hight 

print quality than dot matrix printers. The printing speed of ink-jet printer is from 1 

to 6 pages per minute. 

 

Thermal Printer 

Thermal printer is another type of non-impact printer. It can only print output on a 

special heat sensitive waxy paper. The image if the output is created on the waxy 

paper by burning dots on it. For coloured output, coloured waxy sheets are used. 

Plotter : 



 

A plotter is a printer that interprets commands from a computer to make line 

drawings on paper with one or more automated pens. Unlike a regular printer , the 

plotter can draw continuous point-to-point lines directly from vector graphics files 

or commands. 

 There are a number of different types of plotters:  

  

Drum plotter draws on paper wrapped around a drum which turns to produce one 

direction of the plot, while the pens move to provide the other direction; 

 Flatbed plotter draws on paper placed on a flat surface; 

 Electrostatic plotter draws on negatively charged paper with positively charged 

toner. 

Plotters were the first type of printer that could print with color and render graphics 

and full-size engineering drawings. As a rule, plotters are much more expensive 

than printers. They are most frequently used for CAE (computer-aided 

engineering) applications, such as CAD (computer-aided design) and CAM 

(computer-aided manufacturing). Hewlett-Packard is the leading vendor of plotters 

worldwide. 

Display Hardware - 

• There are 2 categories of display hardware – 

1. Video Display Devices 

2.  Hard Copy Devices  

1. Video Display Devices 

http://whatis.techtarget.com/definition/printer
http://searchwindevelopment.techtarget.com/definition/vector-graphics
http://searchcio-midmarket.techtarget.com/definition/CAE
http://whatis.techtarget.com/definition/CAD-computer-aided-design


 

 

Cathode Ray Tube – 
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Raster Scan Display – 



 

 



 



 



 



 

 

Raster Scan System- 



 

 



 



 



 



 



 



 



 



 

Random Scan System- 



 



 

Difference Between Raster Scan And Random Scan- 

Base of Difference  Raster Scan System    Random Scan Sy

Resolution  It has poor or less resolution 

because picture definition is 

stored as a intensity value  

It has high resol

because it stores

definition as a s

commands  



 

Electron Beam  Electron beam is directed 

from top to bottom and one 

row at a time on screen but 

electron beam is directed to 

whole screen  

Electron beam is

only that part of scr

where picture is

be drawn, one l

so also called vec

Cost  Less expensive  Costlier  

Refresh Rate  Is 60 to 80 frame per second   It depends on t

of line to be dis

Refresh rate is 3

times per secon

Picture Definition  It stores picture definition in 

refresh buffer also called 

frame buffer.  

It stores picture 

as a set of line co

called refresh di

Line Drawing  Zig -zag line is produced  Smooth line is pr

because directly

path is followed

Realism in display  It contain shadow advance 

shading and hidden surface 

technique so gives the 

realistic display of scenes  

 it doesn’t contai

and hidden surfa

technique so it can’
realistic display



 

Image Drawing   It uses pixels along scan 

lines for drawing an image  

It is designed fo

drawing applicat

uses various mat

function to draw

Example  TV Sets, camera  CCTV , HDTV

 

 

 



 

Color CRT Monitors – 

• A color CRT monitor displays color picture by using a combination of 

phosphors that emit different colored light. 

• By combining the emitted light a range of colors can be generated. 

• Two basic methods for producing color displays are: 

Beam Penetration Method— 

• Random scan monitors use the beam penetration method for displaying 

color picture. 

• In this, the inside of CRT screen is coated two layers of phosphor 

namely red and green. 

• A beam of slow electrons excites only the outer red layer, while a beam 

of fast electrons penetrates red layer and excites the inner green layer. 

• At intermediate beam speeds, combinations of red and green light are 

emitted to show two additional colors- orange and yellow. 

 



 

Advantage And Disadvantage – 

• Advantages  

• Less expensive 

• Disadvantages  

• Quality of images are not good as comp ratable with other methods 

• Four colors are allowed only 

Shadow Mask – 

• Raster scan system are use shadow mask methods to produce a much 

more range of colors than beam penetration method. 

• In this, CRT has three phosphor color dots. 

• One phosphor dot emits a red light, second emits a green light and third 

emits a blue light. 

• This type of CRT has three electrons guns and a shadow mask grid as 

shown in figure below:  



 

 



 

 



 

 



 

 

Continued… Shadow Mask – 

• In this figure, three electrons beams are deflected and focused as a 

group onto the shadow mask which contains a series of holes. 

• When three beams pass through a hole in shadow mask they activate 

dot triangle as shown in figure below: 

 



 

 

 

Advantage And Disadvantage- 

• Advantages  



 

• Produce realistic images 

• Also produced different colors and shadows scenes. 

• Disadvantages  

• low resolution 

• expensive 

• electron beam directed to whole screen 

Difference Between Beam Penetration And Shadow Mask – 

Base Of difference  Beam Penetration   Shadow Mask  

lectron gun  1 e- gun is used  3 e- gun are used  

rrangement  2 players of ph are coated on the screen  Guns and ph are arranged in triangular 

pattern(delta – delta).  

orking  To avoid flickering, colors are displayed 

one by one.  

All the 3 beams are to be focused and 

deflected simultaneously to make it 

pass through same hole  

Shades   3-4 (R, Y, O,G)  Millons  

ypes Of Monitor  Random Scan  Raster Scan  

  

Beam Penetration method  Shadow Mask method  

here Used  It is used with Random Scan System to 

display color.  

It is Used With Raster Scan System to 

display color.  



 

Colors  It can displays Only four colors i.e. Red , 

Green, Orange and Yellow.  

it can display Millions of colors.  

Color Dependency  Less colors are available because the 

colors in Beam Penetration depends on 

the speed of the electron beam.  

Millions of colors are available 

because the colors in Shadow 

Mask depends on the type of the ray.  

Cost  It is Less Expensive as compared to 

Shadow Mask.  

It is More Expensive than other 

methods.  

Picture Quality  Quality of  picture is not so good i.e. Poor 

with Beam Penetration Method.  

Shadow Mask gives realism in picture 

with shadow effect and millions of 

color.  

Resolution  It gives High Resolution.  It gives Low Resolution.  

Criteria  In Beam Penetration method, Color 

display depends on how far electron 

excites outer Red layer and then Green 

layer.  

In Shadow Mask Method, there are no 

such criteria for producing colors. It is 

used in computers, in color TV etc.  

2. Direct View Storage Tube -- 

 

  



 

 

 

3.Flat Panel Display – 

I. Emissive  ( Plasma Panel , electro-luminescent display , LED) 

II. Non – Emissive (LCD)  

Plasma Panel – 

• Plasma displays are bright, have a wide color gamut, and can be produced in 

fairly large sizes, up to 262 cm (103 inches) diagonally. They have a very 

low-luminance "dark-room" black level, creating a black some find more 

desirable for watching movies. The display panel is only about 6 cm (2½ 

inches) thick, while the total thickness, including electronics, is less than 10 

cm (4 inches). 

• Plasma displays use as much power per square meter as a CRT or an 

AMLCD television. Power consumption will vary greatly depending on 

what is watched on it. Bright scenes (say a football game) will draw 

significantly more power than darker scenes. The xenon and neon gas in a 



 

plasma television is contained in hundreds of thousands of tiny cells 

positioned between two plates of glass.   

• Long electrodes are also sandwiched between the glass plates, in front of and 

behind the cells. The address electrodes sit behind the cells, along the rear 

glass plate. The transparent display electrodes, which are surrounded by an 

insulating dielectric material and covered by a magnesium oxide protective 

layer, are mounted in front of the cell, along the front glass plate. Control 

circuitry charges the electrodes that cross paths at a cell, creating a voltage 

difference between front and back and causing the gas to ionize and form a 

plasma; as the gas ions rush to the electrodes and collide, photons are 

emitted. 

• In a monochrome plasma panel, the ionizing state can be maintained by 

applying a low level voltage between all the horizontal and vertical 

electrodes – even after the ionizing voltage is removed. To erase a cell all 

voltage is removed from a pair of electrodes. This type of panel has 

inherent memory and does not use phosphors. A small amount of nitrogen is 

added to the neon to increase hysteresis. In color panels, the back of each 

cell is coated with a phosphor.  

• The ultraviolet photons emitted by the plasma excite these phosphors to give 

off colored light. The operation of each cell is thus comparable to that of a 

fluorescent lamp. Every pixel is made up of three separate sub pixel cells, 

each with different colored phosphors. One sub pixel has a red light 

phosphor, one sub pixel has a green light phosphor and one sub pixel has a 

blue light phosphor. These colors blend together to create the overall color 

of the pixel, analogous to the "triad" of a shadow mask CRT. 

Thin film electro-luminescent display – 

• Electroluminescence is the result of radioactive recombination of electrons 

and holes in a material (usually a semiconductor). The excited electrons 

release their energy as photons - light. Prior to recombination, electrons and 

holes are separated either as a result of doping of the material to form a p-n 

junction (in semiconductor electroluminescent devices such as LEDs), or 

http://ecomputernotes.com/fundamental/input-output-and-memory/what-are-the-different-types-of-ram-explain-in-detail
http://ecomputernotes.com/fundamental/introduction-to-computer/what-is-semiconductor


 

through excitation by impact of high-energy electrons accelerated by a 

strong electric field (as with the phosphors in electroluminescent displays).   

• Powder phosphor-based electroluminescent panels are frequently used as 

backlights to liquid crystal displays. They readily provide a gentle, even 

illumination to the entire display while consuming relatively little electric 

power. They do, however, require relatively high voltage. Recently, blue, 

red and green emitting thin film electroluminescent materials have been 

developed that offer the potential for long life and full color 

electroluminescent displays. In either case, the EL material must be enclosed 

between two electrodes and at least one electrode must be transparent to 

allow the escape of the produced light. 

  

• Glass coated with indium oxide or tin oxide is commonly used as the front 

(transparent) electrode while the back electrode is or is coated with reflective 

metal. Additionally, other transparent conducting materials, such as carbon 

tubes coatings or PEDOT can be used as the front electrode. Unlike neon 

and fluorescent lamps, EL lamps are not negative resistance devices so no 

extra circuitry is needed to regulate the amount of current flowing through 

them. In principle, EL lamps can be made in any color. EL devices have low 

power consumption when compared with neon signs, and have a wide range 

of applications such as their use on advertising boards and safety signs. 

Liquid Crystal Display (LCD)-  

• Liquid Crystal Display (LCD): LCD displays utilize two sheets of 

polarizing material with a liquid crystal solution between them. An electric 

current passed through the liquid causes the crystals to align so that light 

cannot pass through them. Each crystal, therefore, is like a shutter, either 

allowing light to pass through or blocking the light. This shutter along with 

the others provides the color which you want. 



 

 

 

Light-emitting diode ( LED )- 

     an electronic device that lights up when electricity is passed through it. 

LEDs are usually red. They are good for displaying images because they can 

be relatively small, and they do not burn out. However, they require more 

power than LCDs. It consists of tiny bulbs which emit light and these bulbs 

give a more realistic display as compared to others. It is more power 

consuming. Local dimming LED display consumes more power than LCD 

display. Therefore, the tradeoff seems to be between economizing your 

energy bill and better picture quality. But the edge lit LED displays use less 

power than an LCD of the same size. Sony, Samsung and Philips have 

launched LED display models. Similar to LCD monitors, LED screens do 



 

not have screen burn-in problem, and are therefore, suitable for computer 

use. 

 

 

 MEMORY 

Memory in a computer system is required for storage on subsequent retrieval of the 

instructions and data. Memory measured in bytes. 

8 bits - 1 Byte 

(BIT stands for Binary Digit. That means 0 and 1) 

1024 Bytes - 1 KB (Kilo Byte) 

1024 K Bytes - 1 MB (Mega Byte) 

1024 M Bytes - 1 GB (Giga Byte) 

1024 G Bytes - 1 TB (Tera Byte) 

In computers there are two types of memories. 



 

1). PRIMARY MEMORY (OR) MAIN MEMORY: 

Primary memory consists of semiconductor memory chips and is used to store the 

data and programs currently in used. Each storage element of memory is directly 

(Randomly) accessible and can be examined and modified without effecting other 

cells and hence primary memory is also called RAM (Random Access Memory). 

Main memory stores a variety of critical information required for processing the 

CPU. The memory unit stores all the information in memory cells also called 

memory locations in binary digits. Each memory location has a UNIQUE address. 

The RAM is a volatile memory. 

2). SECONDARY MEMORY (OR) AUXILIARY MEMORY: 

Secondary memory is used to store the information permanently. It is non-volatile 

memory. This is also called auxiliary or permanent memory. The devices which 

are used for permanent memory are called as secondary storage medias. Which is 

external to a computer. The following are some of the commonly available 

categories of secondary  

storage devices. 

MAGNETIC TAPES: There are used as external storage devices apart from being 

used as high speed input and output devices. These devices use a tape which is 

about 12.5mm to 25mm wide and about 500 meters to 1200 meters long. This tape 

is usually made of a plastic known as mylar. This tape is quite similar to the audio 

cassette tape. The tape is coated with very thin layer of iron oxide, a magnetic 

material. 

MAGNETIC DISKS: Magnetic disks are very popular means of secondary 

storage. A magnetic disk is usually made up of plastic like material called mylar 

coated with ferromagnetic materials. These disks come in various sizes. These 

magnetic disks can be divided into two major categories. They are: 

a). floppy disks (b). fixed or hard disks 

All these disk surfaces are composed on concentric circles called tracks. Data is 

stored on these tracks. The tracks are further divided into sectors. 

OPTICAL DISKS: Optical disks are alternate mass storage devices with huge 

capacity. In optical storage devices the information is written using laser beam. 



 

These devices which are memories can store large amount of data.Ex: CD 

(Compact Disc), DVD (Digital Versatile Disc) 

FLOPPY DISKS: 

A floppy disk is small, flexible, faster and cheap alternative to storage using 

magnetic film. This was developed in early 1970's, is one of the popular media for 

data storage. This disk is made up of flexible plastic material, coated with magnetic 

materials like ferrous oxide. The floppy disk is packed in protective paper or 

plastic envelope. All the disks have two sides. Floppy diskette comes in two  

basic sizes at present as follows: 

a). 5 1/4 inch floppy disk (mini floppy) 

b). 3 1/2 inch floppy disk (micro floppy) 

The floppy's surface has to be divided into tracks and sectors. 

a). MINI FLOPPY: These floppy's are again divided into two tydependends upon 

their storage capacity. 

1. DSDD (Double Sided Double Density) 

2. DSHD (Double Sided High Density) 

DSDD DSHD 

The maximum capacity is 360 KB The maximum capacity is 1.2 MB 

40 tracks per side (TPS) 80 tracks per side (TPS) 

9 sectors per track (SPT) 15 sectors per track (SPT) 

Each sector can store 512 Bytes Each sector can store 512 Bytes 

b). MICRO FLOPPY: Micro floppy's are again divided into 2 types. 

1. MF2DD (Micro Floppy Doublesided Double Density) 

2. MF2HD (Micro Floppy Doublesided High Density) 



 

MF2DD MF2HD 

The maximum capacity is 720 KB The maximum capacity is 1.44 MB 

80 tracks per side (TPS) 80 tracks per side (TPS) 

9 sectors per track (SPT) 18 sectors per track (SPT) 

Each sector can store 512 Bytes Each sector can store 512 Bytes 

HARD DISK 

Hard disk also called as fixed disk. These fixed disk is usually made from 

aluminum or other materials instead of mylar or other plastic like material. These 

are non-removable disks,which typically holds 10 MB to 160 GB of data. These 

are provide substantially fasterdata access compared to floppy disk and provide 

very large data storage for on-line retrieval. These disks have multiple platters, 

which are stacked vertically, normally at a distance of an inch. This is known as a 

disk pack. A disk pack can contain multiple heads mounted with the same arm. 

This entire pack is called as Hard Disk Drive. 

COMPACT DISC 

The compact disc is creating revolution in the secondary storage media. In CD's 

the information is stored evenly across the disk in segments of the same size. As 

discussed earlier, the data is stored sequentially along a spiral track. In this disc 

random access becomes more difficult because locating a desired address involves 

first moving the head to the specific area then adjusting the rotation speed and then 

reading the address, and then to find and access the specific sector. 

Unit - 2 

Scan Conversion Algorithm – 

This refers to the operation of finding out the location of pixel to be intensified and 

then setting the values of corresponding bits, in the graphics memory , to the 

designed intensity code. Each pixel on the display surface has a finite size 

depending on the screen resolution and hence a pixel can’t represent a single 

mathematical point. 

Line generation algorithms – 



 

Line Drawing Algorithm – 

There are 2 line drawing algorithm – 

1) Digital Differential Analyzer (DDA) 

2) Bresenham’s  Algorithm  

 Remark :  Condition Of Line Equation –  

Line Equation –  

Y = mX + C  

Where  m = (y2 –y1)/(x2 – x1)  

 

Unit -3 

Projection :- 

 A Projection transform points in n-space to m-space, where m<n 

  Projection Plane – 2D projected images are formed by the intersection 

of lines called projectors with a plane called the Projection plane. 

 Center Of  Projection : Projectors are lines from an arbitrary point 

called center of projection through each point in an object. 



 

 

Diagram Of Projection Plane – 

 



 

 

 

Types Of Projection :- 

 

1. Parallel  Projection :- 

Projection 

Parallel 

Oblique 

Cabinet Cavalier 

Orthographic 

Multi view 

Front View Side View Top View 

Axonometric 

Isometric Dimetric Trimetric 

Perspective 

One Point 

Perspective 

Two Point 

Perspective 

Three Point 

Perspective 



 

• If the distance between the center of projection and projection plane is 

infinite then the projection is parallel.  

 

 

Image of Parallel Projection :- 

 

(i)Oblique Projection :- 

• When the angle between the projectors and the plane of projection is 

not equal to 90 degree then the projection s called oblique projection.  



 

 

 

 

 

Types Of Oblique : 

• Cabinet Projection : Direction of projection that makes an angle of  63.4 

degree with the projection plane 

• Cavalier Projection : Direction of projection that makes an angle of  45 

degree with the projection plane  

(ii) Orthographic Projection : 

• Orthographic projection occurs when the direction of projection is 

perpendicular to the plane of projection. 

 

Types of Orthographic Projection : 



 

(A) Axonometric Orthographic Projection :  

are orthographic projections in which the direction of projection 

is not parallel to any of the three principle axes. 

The Sub categories of axonometric projections are --- 

 Isometric Projection :the direction of projection makes equal angles with 

all three principle axes 

 Dimetric Projection : the direction of projection makes equal angles with 

exactly two of the principle axes 

  Trimetric Projection : The direction of projection makes unequal angles 

with the three principle axes.  

  

 



 

 

(B) Multi view Orthographic Projection: 

The Sub categories of axonometric projections are --- 

 Front View  

 Side View 

 Top View 



 



 

 

 

2.Prespective Projection : 



 

• If the distance between the center of projection and projection plane is 

finite then the projection is parallel. 

Vanishing Point :- 

• Under perspective projection, any set of parallel lines that are not 

parallel to the projection of plane will converge to a vanishing point.  

 

 

Image Of Perspective Projection:- 

 



 

Images Of Perspective Projection : 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

UNIT : 5 

Hidden Line And Surface Ellimination Algorithm : 

Visible-Surface : 

Problem : 

Given a scene and a projection,  

what can we see? 

 

No Lines Removed: 



 

 

Hidden Lines Removed : 

 

Hidden Surface Removal : 



 

 

Visible-Surface Detection : 

Terminology: 

Visible-surface detection vs. hidden-surface removal 

Hidden-line removal vs. hidden-surface removal 

Many algorithms: 

• Complexity scene 

• Type of objects 

• Hardware 

Visible-Surface Detection : 

Two main types of algorithms: 

Object space: Determine which part of the object are visible 

Image space: Determine per pixel which point of an object is visible  



 

 

Image Space : 

 

 

Object Space: 

 

Visible-Surface Detection : 



 

Visible-surface detection = sort for depth 

• what and in what order varies 

Performance: use coherence 

• Objects 

• Position in world space 

• Position in image space 

• Time 

Visible  Surface Detection : 

• Four algorithms: 

• 1.Back-face elimination 

• 2.Depth-buffer(Z- Buffer) 

• 3.Depth-sorting(Painter’s Algorithm) 

• 4.Ray-casting 

• But there are many other. 

1.Back-face elimination : 

We cannot see the back-face of solid objects: 

Hence, these can be ignored 

 



 

 

We cannot see the back-face of solid objects: 

Hence, these can be ignored 

 

Back-face elimination : 

 Object-space method 

 Works fine for convex polyhedra: ±50% removed 

 Concave or overlapping polyhedra: require additional processing 

 Interior of objects can not be viewed  

 

2. z-Buffer ( Depth Buffer) : 



 

 

2.Depth-Buffer Algorithm : 

 Image-space method 

 Aka z-buffer algorithm 

 

Depth-Buffer Algorithm : 



 

 

Depth-Buffer Algorithm : 

+ Easy to implement 

+ Hardware supported 

+ Polygons can be processed in arbitrary order 

+ Fast: ~ #polygons, #covered pixels 

-  Costs memory 

-  Color calculation sometimes done multiple times 

-  Transparancy is tricky 

 

Painter’s Algorithm(Depth Sorting) : 



 

 

 

Painter’s Example : 

 



 

3.Depth-Sorting Algorithm : 

 Image and Object space 

 Aka Painter’s algorithm 

1. Sort surfaces for depth 

2. Draw them back to front  

 

 

Depth-Sorting Algorithm : 

Simplistic version sorting: 

 Sort polygons for (average/frontal) z-value 



 

 

Depth-Sorting Algorithm : 

A polygon S can be drawn if all remaining polygons S’ satisfy one of the following 

tests: 

1. No overlap of bounding rectangles of S and S’   

2. S is completely behind plane of S’  

3. S’ is completely in front of plane of S 

4. Projections S and S’ do not overlap 

Fig:- 

1. No overlap of bounding rectangles of S and S’   



 

 

2. S is completely behind plane of S’ 

Substitute all vertices of S in plane equation S’, and test if the result is always 

negative. 

 

3.    S’ is completely in front of plane of S 

Substitute all vertices of S’ in plane equation of S, and test if the result is always 

positive 



 

 

4. Projections S and S’ do not overlap 

 

 

If all tests fail: Swap S and S’, 

and restart with S’. 



 

 

Problems: circularity and intersections 

Solution: Cut up polygons. 

 

 



 

- Tricky to implement 

- Polygons have to be known from the start 

- Slow: ~ #polygons
2
  

 

4.Ray-casting Algorithm : 

 Image-space method 

 Related to depth-buffer, order is different 

 

Ray-casting Algorithm : 

Acceleration intersection calculations: 



 

Use (hierarchical) bounding boxes 

 

Ray-casting algorithm : 

+ Relatively easy to implement 

+ For some objects very suitable (for instance spheres and other quadratic 

surfaces) 

+ Transparency can be dealt with easily 

-  Objects must be known in advance 

-  Sloooow: ~ #objects*pixels, little coherence 

+ Special case of ray-tracing  

 

Illumination and Shading : 

Photorealism in Computer Graphics : 

• Photorealism in computer graphics involves 

– Accurate representations of surface properties, and 

– Good physical descriptions of the lighting effects 

– Modeling the lighting effects that we see on an object is a complex 

process, involving principles of both physics and psychology 



 

• Physical illumination models involve 

– Material properties, object position relative to light sources and other 

objects, the features of the light sources, and so on 

Illumination and Rendering : 

• An illumination model in computer graphics 

– also called a lighting model or a shading model  

– used to calculate the color of an illuminated position on the surface of 

an object 

– Approximations of the physical laws 

• A surface-rendering method determine the pixel colors for all projected 

positions in a scene 

Light Sources : 

• Point light sources 

– Emitting radiant energy at a single point 

– Specified with its position and the color of the emitted light 

• Infinitely distant light sources 

– A large light source, such as sun, that is very far from a scene 

– Little variation in its directional effects 

– Specified with its color value and a fixed direction for the light rays 



 

 

Light Sources : 

• Directional light sources 

– Produces a directional beam of light 

– Spotlight effects 

– Area light sources 



 

 

Light Sources : 

• Radial intensity attenuation 

– As radiant energy travels, its amplitude is attenuated by the factor 

– Sometimes, more realistic attenuation effects can be obtained with an 

inverse quadratic function of distance 
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– The intensity attenuation is not applied to light sources at infinity 

because all points in the scene are at a nearly equal distance from a 

far-off source 

Light Sources : 

• Angular intensity attenuation 

– For a directional light, we can attenuate the light intensity angularly as 

 

 

Surface Lighting Effects : 

• An illumination model computes the lighting effects for a surface using the 

various optical properties 

– Degree of transparency, color reflectance, surface texture 

– The reflection (phong illumination) model describes the way incident 

light reflects from an opaque surface 

– Diffuse, ambient, specular reflections 

– Simple approximation of actual physical models 

 n
f cos)( 



 

Diffuse Reflection : 

• Incident light is scattered with equal intensity in all directions 

• Such surfaces are called ideal diffuse reflectors (also referred to as 

Lambertian reflectors) 

 

• Light intensity is independent of angle of reflection 

• Light intensity depends on angle of incidence 

 



 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

Ambient + Diffuse  : 

 

 

 

Specular Reflection : 

• Perfect reflector (mirror) reflects all lights to the direction where angle of 

reflection is identical to the angle of incidence 

• It accounts for the highlight 

• Near total reflector reflects most of light over a range of positions close to 

the direction 
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Specular Reflection: 

• Glossiness of surfaces 

 

 



 

 



 



 



 



 

 



 

Polygon Rendering Methods : 

• We could use an illumination model to determine the surface intensity at 

every projected pixel position 

• Or, we could apply the illumination model to a few selected points and 

approximate the intensity at the other surface positions 

• Curved surfaces are often approximated by polygonal surfaces 

• So, polygonal (piecewise planar) surfaces often need to be rendered as if 

they are smooth 

Constant-Intensity Surface Rendering : 

• Constant (flat) shading 

– Each polygon is one face of a polyhedron and is not a section of a 

curved-surface approximation mesh 



 

 

 

Intensity-Interpolation Surface Rendering : 

• Gouraud shading 

– Rendering a curved surface that is approximated with a polygon mesh 

– Interpolate intensities at polygon vertices 

– Procedure 

1. Determine the average unit normal vector at each vertex 

2. Apply an illumination model at each polygon vertex to obtain the light 

intensity at that position 

3. Linearly interpolate the vertex intensities over the projected area of the 

polygon 

Intensity-Interpolation Surface Rendering : 



 

 

 

Intensity-Interpolation Surface Rendering : 

 



 

 

 

Gouraud Shading Problems : 

• Lighting in the polygon interior is inaccurate 

• Mach band effect 

– Optical illusion 



 

 

Mach Band Effect : 

 

 

 



 

Normal-Vector Interpolation Surface Rendering: 

• Phong shading 

– Interpolate normal vectors at polygon vertices 

• Procedure 

1. Determine the average unit normal vector at each vertex 

2. Linearly interpolate the vertex normals over the projected area of the 

polygon 

3. Apply an illumination model at positions along scan lines to calculate pixel 

intensities 

 

 

Gouraud versus Phong Shading :-- 

• Gouraud shading is faster than Phong shading 

– OpenGL supports Gouraud shading 

• Phong shading is more accurate 



 

 

 

 

 



 

Surface Rendering Method : 

• Gouraud Shading 

• Phong Shading 

• Ray Tracing 

Flat Shading : A single normal vector is used for each polygon. 

• The object appears to have facets. 

 

Gouraud Shading : 



 

Phong Shading : 

 

 

Ray Tracing a World of Spheres : 



 

 

A rendered image can be understood in terms of a number of visible features. Rendering research 

and development has been largely motivated by finding ways to simulate these efficiently. Some 

relate directly to particular algorithms and techniques, while others are produced together. 

 shading – how the color and brightness of a surface varies with lighting 

 texture-mapping – a method of applying detail to surfaces 

 bump-mapping – a method of simulating small-scale bumpiness on surfaces 

 fogging/participating medium – how light dims when passing through non-clear 

atmosphere or air 

 shadows – the effect of obstructing light 

 soft shadows – varying darkness caused by partially obscured light sources 

 reflection – mirror-like or highly glossy reflection 

 transparency (optics), transparency (graphic) or opacity – sharp transmission of light 

through solid objects 

 translucency – highly scattered transmission of light through solid objects 
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 refraction – bending of light associated with transparency 

 diffraction – bending, spreading and interference of light passing by an object or aperture 

that disrupts the ray 

 indirect illumination – surfaces illuminated by light reflected off other surfaces, rather 

than directly from a light source (also known as global illumination) 

 caustics (a form of indirect illumination) – reflection of light off a shiny object, or 

focusing of light through a transparent object, to produce bright highlights on another 

object 

 depth of field – objects appear blurry or out of focus when too far in front of or behind 

the object in focus 

 motion blur – objects appear blurry due to high-speed motion, or the motion of the 

camera 

 non-photorealistic rendering – rendering of scenes in an artistic style, intended to look 

like a painting or drawing 

Two Types of Rendering: 

There are two major types of rendering, their chief difference being the speed at which images 

are computed and finalized. 

  Real-Time Rendering: Real-Time Rendering is used most prominently in gaming and 

interactive graphics, where images must be computed from 3D information at an incredibly rapid 

pace. 

 Interactivity: Because it is impossible to predict exactly how a player will interact with 

the game environment, images must be rendered in “real-time” as the action unfolds. 

 

 Speed Matters: In order for motion to appear fluid, a minimum of 18 - 20 frames per 

second must be rendered to the screen. Anything less than this and action will appear 

choppy. 

 

 The methods: Real-time rendering is drastically improved by dedicated graphics 

hardware (GPUs), and by pre-compiling as much information as possible. A great deal of 

a game environment’s lighting information is pre-computed and “baked” directly into the 

environment’s texture files to improve render speed. 

2. 2. Offline or Pre-Rendering: Offline rendering is used in situations where speed is less of an 

issue, with calculations typically performed using multi-core CPUs rather than dedicated 

graphics hardware. 

o Predictability: Offline rendering is seen most frequently in animation and effects work 

where visual complexity and photorealism are held to a much higher standard. Since 

http://en.wikipedia.org/wiki/Refraction
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there is no unpredictability as to what will appear in each frame, large studios have 

been known to dedicate up to 90 hours render time to individual frames. 

 

o Photorealism: Because offline rendering occurs within an open ended time-frame, 

higher levels of photorealism can be achieved than with real-time rendering. Characters, 

environments, and their associated textures and lights are typically allowed higher 

polygon counts, and 4k (or higher) resolution texture files. 

Rendering Techniques: 

There are three major computational techniques used for most rendering. Each has its own set of 

advantages and disadvantages, making all three viable options in certain situations.  

 Scanline (or rasterization): Scanline rendering is used when speed is a necessity, which makes it 

the technique of choice for real-time rendering and interactive graphics. Instead of rendering an 

image pixel-by-pixel, scanline renderers compute on a polygon by polygon basis. Scanline 

techniques used in conjunction with precomputed (baked) lighting can achieve speeds of 60 

frames per second or better on a high-end graphics card. 

 

 Raytracing: In raytracing, for every pixel in the scene, one (or more) ray(s) of light are traced 

from the camera to the nearest 3D object. The light ray is then passed through a set number of 

"bounces", which can include reflection or refraction depending on the materials in the 3D 

scene. The color of each pixel is computed algorithmically based on the light ray's interaction 

with objects in its traced path. Raytracing is capable of greater photorealism than scanline, but 

is exponentially slower. 

 

 Radiosity: Unlike raytracing, radiosity is calculated independent of the camera, and is surface 

oriented rather than pixel-by-pixel. The primary function of radiosity is to more accurately 

simulate surface color by accounting for indirect illumination (bounced diffuse light). Radiosity is 

typically characterized by soft graduated shadows and color bleeding, where light from brightly 

colored objects "bleeds" onto nearby surfaces. 

 

 In practice, radiosity and raytracing are often used in conjunction with one another, using the 

advantages of each system to achieve impressive levels of photorealism. 

Rendering Software 

Although rendering relies on incredibly sophisticated calculations, today’s software provides 

easy to understand parameters that make it so an artist never needs to deal with the underlying 

http://news.cnet.com/8301-13772_3-20068109-52/new-technology-revs-up-pixars-cars-2/


 

mathematics. A render engine is included with every major 3D software suite, and most of them 

include material and lighting packages that make it possible to achieve stunning levels of 

photorealism. 

The two most common render engines: 

 Mental Ray – Packaged with Autodesk Maya. Mental Ray is incredibly versatile, relatively fast, 

and probably the most competent renderer for character images that need subsurface 

scattering. Mental ray uses a combination of raytracing and "global illumination" (radiosity). 

 

 V-Ray – You typically see V-Ray used in conjunction with 3DS Max—together the pair is 

absolutely unrivaled for architectural visualization and environment rendering. Chief advantages 

of VRay over it's competitor are its lighting tools and extensive materials library for arch-viz. 

This was just a brief overview the basics of what it means to render an image. It's a technical 

subject, but can be quite interesting when you really start to take a deeper look at some of the 

common techniques. If you're interested in learning more, there's a lot of good reading around 

the web, and we'll continue adding more in the weeks to come. Be sure to subscribe to our 

newsletter to stay up to date! 

 

GRAY SCALE AND LINE ART 

 

In photography, Black & White photographs are actually shades of gray. In digital imaging these 

B&W images are called grayscale to differentiate them from black and white line art.  

Grayscale images store values for levels of brightness as opposed to color information. A typical 

grayscale image is 256 shades of gray ranging from 0 (black) to 255 (white).  

Black & White Line Art is typically 2-color (usually black and white) clip art, pen and ink 

drawings, or pencil sketches. Converting a photograph to line art (as seen in the illustration) may 

be done for special effects but with only black or white pixels, the details of photographs are lost.  

When converting a color photo to B&W, a grayscale image is the goal. 

  1. Shading “ Shading is referred as the implementation of illumination model at the pixel 

points or polygon surfaces of the graphics objects .”  
  2. Constant-Intensity Shading  

 A fast and simple method for rendering an object with polygon surfaces is constant 

intensity shading, also called flat shading. In this method, a single intensity is calculated 

for each polygon. All points over the surface of the polygon are then displayed with the 
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same intensity value. Constant shading can be useful for quickly displaying the general 

appearance of a curved surface, as in Fig(1).  

Fig(1). A polygon mesh approximation of an object (a) is rendered with flat shading (b) and 

With Gouraud shading (c). 

 

   Gouraud shading removes the intensity discontinuities associated with the constant-

shading model, but it has some other deficiencies. Highlights on the surface are 

sometimes displayed with anomalous shapes, and the linear intensity interpolation can 

cause bright or dark intensity streaks, called Mach bands, to appear  

 on the surface. These effects can be reduced by dividing the surface into a greater number 

of polygon faces or by using other methods, such as Phong shading, that require more 

calculations.  

  12. Phong Shading  

 A more accurate method for rendering a polygon surface is to interpolate normal vectors, 

and then apply the illumination model to each surface point. This method, developed by 

Phong Bui Tuong, is called Phong shading, or normal vector interpolation shading. It 

displays more realistic highlights on a surface and greatly reduces the Mach-band effect.  

 A polygon surface is rendered using Phong shading by carrying out the following steps:  

o Determine the average unit normal vector at each polygon vertex.  

o Linearly & interpolate the vertex normals over the surface of the polygon.  

o Apply an illumination model along each scan line to calculate projected pixel 

intensities for the surface points.  

 

  

The RYB, CMYK, RGB, and HSV Color Models 

The RYB Color Model 

 The red, yellow, and blue (RYB) primary colors became the foundation of color theories 

that described how artists mixed paint pigments to produce colors. 

 These theories were summarized by Johann Wolfgang von Goethe (the famous German 

poet) in his document the Theory of Colors, published in 1810. 
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 In the late 19th century, German and English scientists established that a color model 

based on red, green, and blue (RGB) was better for describing human color perception 

because the cones in the human retina responded to these colors of light. The RGB color 

model is described below. 

 Here is the standard RYB color wheel. 

 The RYB Color Model is a subtractive system. A mixture of two primary colors is darker 

than the original colors. A mixture of all three primary colors should approximate black, 

although this is usually not precisely true. 

 A popular theory in Europe during the late 18th century was that the harmony of a 

painting required colors with equal saturation. Bright red and blue colors existed (for 

example carmine and ultramarine), but no equally bright yellow. This motived a large 

effort among chemists to develop a good yellow pigment. 

 Although the secondary colors orange and green can be created by mixing primary colors 

(orange = red + yellow and green = yellow + blue), the resulting colors are darker than 

the original primary colors; it is better to use orange and green pigments directly. 

  

The CMYK Color Model 

 Modern color printing prefers to use cyan, magenta, and yellow as primary colors instead 

of red, yellow and blue. 

 Cyan, magenta, and yellow are the secondary colors on the RGB color wheel. 

 CYM is a subtractive system like RYG. 

 Here is the Grands Tetons Image, decomposed into its CMY components. 

 Modern color printing systems use a four color system that includes black in addition to 

cyan, magenta, and yellow. 

 This system is called CMYK, where K represents the "key" color black. 

 Here is the Grands Tetons Image showing its CMYK components. 

 Black is used in addition to CMY for these reasons: 

Black ink is cheaper than mixing C, M, and Y to obtain black. 

Text printed in black has fine detail that would be blurred if printed with three 

different colors. 

A mixture of C, M, and Y produces an imperfect shade of black. 

Soaking the page with three different inks produces a page that is slow to dry. 

 To obtain white and light colors, halftoning is used. 

 In addition to alternative to half-toning, the six-color system CMYKOG and the seven-

color system CcMmYyK are used. (The colors c, m, and y are ligher versions of C, M, 

and Y.) 

 Jacob Christoph le Blon (1667 - 1741) is credited with inventing the three-color (CMY) 

and four-color (CMYK) printing systems. 
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The RGB Color Model 

 The RGB color model was first described by Thomas Young and Herman Helmholtz in 

their Theory of Trichromatic Color vision (first half of the 19th century) and by James 

Maxwell's color triangle. 

 In addition to providing a good description of human color perception, the RGB model is 

the basis for displaying colors in television and computer screens. 

 The RGB model is also used for recording colors in digital cameras, including still image 

and video cameras. 

 The RGB model is an additive system. 

 Here is the Grand Tetons Image, decomposed into its red, green, and blue color 

components. 

 In practice, the RGB model must be modified to account for the characteristics of each 

device. In many cases, the response of visual recording devices is nonlinear, which 

require some sort of gamma correction. 

 This is a closeup of a CTR monitor, and an even closer closeup of a single pixel. 

 To represent colors for a television or computer screen, each pixel of the screen is 

recorded as the triple (r,g,b) of numbers. One popular system uses numbers that range 

from 0 to 255 for each color. 

 Examples: 

Color Name  RGB Color Point HSV Color Point Color 

Red (255,0,0) (0,100,100)   

Green (0,255,0) (120,100,100)   

Blue (0,0,255) (240,100,100)   

Magenta (0,255,255) (300,100,100)   

Cyan (255,0,255) (180,100,100)   

Yellow (255,255,0) (60,100,0)   

White (255,255,255) (?,0,100)   

Black (0,0,0) (?,?,0)   

Gray (128,128,128) (?,0,50)   

Maroon (128,0,0) (0,100,50)   

Navy (0,0,128) (240,100,50)   

Purple (128,0,128) (300,100,50)   
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Orange (255,128,0) (30,100,100)   

Brown (128,80,0) (30,100,50)   

 Use this Color Display Webpage to display colors represented using the RGB model. 

  

The HSV Color Model 

 When artists began to use computers for graphic design, it was soon discovered that the 

RGB system is not a very intuitive way to represent colors. 

 Alvy Ray Smith in 1978 was the first to describe colors using hue, saturation, and value 

(HSV model). 

Hue is a saturated color on the outer rim of the HSV Color Wheel 

Saturation is the amount of white added to the color. 0% means that the color (at 

V=100%) is totally white; 100% means totally saturated with no white added (a 

fully saturated color is a pure hue on the outer rim of the HSV color wheel). 

Value is the brightness of the color. 0% means totally dark or black; 100% means 

full brightness, with the color is fully determined by the hue and saturation. 

 Graphic artists like the HSV color model because it is an intuitive way to modify the 

colors in a region of an image. For example: 

Add more green to a region translates to "rotate the hue towards 120 degrees." 

Make the color more of a pastel color translates to "decrease the saturation." 

Make the colors in the image darker translates to "decrease the value." 

 Try displaying colors in HSV color space using this Color Display Webpage. 
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