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4.0 Intr oduction

In the previous units you have beenexposedto Input/Outputinterfaces,control and
techniquesetc.Thisunit coversInput/Outputdevicesandtechnologiesrelatedto them.
Thebasicaspectscoveredinclude:

² Thecharacteristicsof theDevice

² How doesit function?

² How doesit relatewith theMain computingunit?

4.1 Objectives

At theendof thisunit youwill beableto:

² Describethecharacteristics,types,functioningandinterfacingof Keyboards.
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² Describethecharacteristics,technologyandworkingof Mice.

² Describecharacteristics,technologyandworking of VideoCardsincludingvar-
iousparameters,VideoMemory, interfacesandGraphicaccelerators.

² Describethecharacteristics,technologyandworkingof Monitors.

² Describethecharacteristics,technologyandworkingof Liquid CrystalDisplays
(LCDs).

² Describethecharacteristics,technologyandworkingof SoundCards.

² Describethecharacteristics,technologyandworkingof Printers.

² Describethecharacteristics,technologyandworkingof Modems.

² Describethecharacteristics,technologyandworkingof Scanners.

² Describethethepurposeof PowerSupplyandexplainSMPS.

4.2 Keyboard

The keyboardis the main input device for your computer. It is a fast and accurate
device. The multiple characterkeys allow you to senddatato your computeras a
streamof charactersin aserialmanner. Thekeyboardis onedevicewhichcanbeused
in public spacesor of£ceswhereprivacy is not ensured.Thekeyboardis ef£cientin
jobslikedataentry. Thekeyboardis onedevicewhichshallstayon for yearsto come,
probablyevenafterpowerful voicebasedinputdeviceshave beendeveloped.

Theprecursorof thekeyboardwasthemechanicaltypewriter, hence,it hasinher-
itedmany of thepropertiesof thetypewriter.

The Keys

A full size keyboardhasthe distancebetweenthe centresof the keycaps(keys) as
19mm(0.75in).Thekeycapshave a top of about0.5in (12.5in)which is shapedasa
sort of dish to help you placeyour £ngers. Most designshave the keys curved in a
concave cylindrical shapeon thetop.

4.2.1 KeyboardLayouts

A keyboardlayout is thearrangementof thearrayof keys acrossthekeyboard.There
is onekeyboardlayoutthatanybodywho hasworkedon a standardkeyboardor type-
writer is familiar with; that layout is QWERTY. However, thereareotherlesspopular
layoutsalso.

QWERTY

q,w,e,r,t,y arethe£rstsix lettersof thetoprow of thealphabetsof theQWERTY layout.
the QWERTY arrangementwasgiven by Sholes,the inventorof the typewriter. The
£rst typewriter that Sholescreatedhadan alphabeticlayout of keys. However, very
soon,SholesdesignedQWERTY asa superiorarrangementthoughhegave no record
of how hecameuponthisarrangement.
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QWERTY basedkeyboards

Besidesthestandardalphabetkeyshaving theQWERTY arrangement,acomputerkey-
boardalsoconsistsof thecontrol(alt, Del, Ctrl etc. keys), thefunctionkeys (F1,F2 ..
etc),thenumericalkeypadetc. .

PC83-key andAT 84-key Keyboards
ThePC83-key wastheearliestkeyboardofferedby IBM with its £rstPersonalcom-
puters(PC).Thishad83keys. LaterIBM addedonemorekey with its PCAT computer
keyboardsto make it a 84-key keyboard. Thespecialfeatureof thesekeyboardswas
thatthey hadfunctionkeys in two columnson theleft sideof thekeyboard.
101-key EnhancedKeyboard
With its newer rangeof PCsIBM introducedthe 101-key Enhanced/Advancedkey-
board.Thiskeyboardis thebasickeyboardbehindmodernQWERTY keyboards.This
hasthe functionkeys alignedin a separaterow at the top of thePC,to correspondto
thefunctionkeysshown by many softwareonthemonitor. However, thishasalsobeen
criticisedat timesfor having asmallenterkey andfunctionkeys on thetop!!! .

Figure1: IBM 101-key Keyboardlayout

Windows 104-key keyboard
This is oneof the enhancementsof the 101-key keyboardwith specialkeys for Win-
dows functionsandpopup. Individual vendorssometimesmake changesto thebasic
keyboarddesignfor example,by having a largerenterkey.

Dvorak-Dealeykeyboard

Thiswasonekeyboardlayoutdesignedto beachallengerto theQWERTY layout.This
wasdesignedby AugustDvorakandWilliam Dealey aftermuchscienti£cresearchin
1936.This layouttriesto make typing faster. Thebasicstrategy it triesto incorporate
is calledhandalteration. Hand alteration implies that if you pressonekey with the
left hand,thenext key is likely to bepressedby theright hand,thusspeedinguptyping
(assumingyou typewith bothhands).

However, theDvorakhasnot beenableto competewith QWERTY andalmostall
systemsnow comewith QWERTY 101-key or 104-key basedkeyboards.Still, there
may be a possibility of designingnew keyboardsfor speci£careas,say, for Indian
scripts.
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Figure2: Dvorakkeyboardlayout

4.2.2 KeyboardTouch

Whenusinga keyboard,themostimportantfactoris thefeel of thekeyboardi.e. how
typing feelson thatparticularkeyboard.Thekeyboardmustrespondproperlyto your
keypress.Thisnotonly meansthatkeysmustgodown whenpressedandthencomeup
but alsothattheremustbeacertainfeedbackto your£ngerswhenakey getsactivated.
This is necessaryfor you to develop a faith in the keyboardandallow fast, reliable
typing.

Linear travel or linear touchkeyboardsincreaseresistancelinearly with the travel
of the key. Therefore,you have to pressharderasthe key goeslower. Therecanbe
audiblefeedbackasa click andvisual feedbackasappearanceof characteron screen
letting you know whena key getsactivated.Betterkeyboardsprovide tactilefeedback
(to your £ngers)but suddenlyreducingresistancewhenthekey getsactuated.This is
calledanover-centerfeel. Suchkeyboardsarebestfor quick touchtyping. Thesewere
implementedby usingspringsearlierbut now usuallyby usingelasticrubberdomes.
Keyboardsalsodiffer in whetherthey `click' or not (soundless),force requiredand
key travel distanceto actuatea key. Thechoiceis usuallyan issueof personalliking.
Laptopsusuallyhave shorttravel keys to savespacewhich is atapremiumin laptops.

4.2.3 KeyboardTechnology

Eachkey of a keyboardis like an electricswitch changingthe ¤ow of electricity in
someway. Therearetwo maintypes— capacitivebasedandcontactbasedkeyboards.

Capacitor basedkeyboards

Thesekeyboardsarebasedon theconceptof Capacitance.A simplecapacitorconsists
of a pair of conductive plateshaving oppositechargesandseparatedby an insulator.
This arrangementgeneratesa £eldbetweentheplatesproportionalto theclosenessof
theplates.Changingthedistancebetweentheplatescausescurrentto ¤ow. Capacitive
keyboardshave etchedcircuit boards,with tin andnickel-platedcopperpadsactingas
capacitorsundereachkey (akey is technicallycalledastation).Eachkey presspresses
asmallmetal-plasticcircledown causingelectric¤ow. Thesekeyboardswork well but
have thedrawbackthat they follow an indirectapproachthoughthey have longerlife
thancontactbasedkeyboards.Thesekeyboardswereintroducedby IBM.
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Contact basedkeyboards

Contact-basedkeyboardsuseswitchesdirectly. Thoughthey have a comparatively
shorterlife andarethe mostpreferredkind nowadaysdueto their lower cost. Three
suchkindsof keyboardshave beenusedin PCs:

1. MechanicalSwitches:Thesekeyboardsusetraditionalswitcheswith the metal
contactsdirectly touchingeachother. Springsandotherpartsareusedto control
positioningof the keycapsandgive the right feel. Overall, this designis not
suitedto PCkeyboards.

2. RubberDome:In rubberdomekeyboards,bothcontactandpositioningis con-
trolled by a puckeredsheetof elastomer, which is a stretchy, rubber-like syn-
theticmaterial.This sheetis mouldedto have a dimpleor domein eachkeycap.
Thedomehousesa tabof carbonor otherconductive materialwhich servesasa
contact.Whenakey is pressed,thedomepressesdown to touchanothercontact
andcompletethe circuit, the elastomerthenpushesthe key back. This is the
mostpopularPC keyboarddesignsincethe domesareinexpensive andproper
designcangive thekeyboardsanexcellentfeel.

3. Membrane:Thesearesimiliar to rubberdomesexceptthat they usethin plastic
sheets(membranes)with conductive traceson it. Thecontactsarein theform of
dimpleswhich arepluckedtogetherwhena key is pressed.This designis often
usedin calculatorsandprinterkeyboardsdueto their low costandtroublefree
life. However, sinceits contactsrequireonly slight travel to actuate,it makesfor
apoorcomputerkeyboard.

ScanCodes

A scancodeis the codegeneratedby a microprocessorin the keyboardwhena key
is pressedand is uniqueto the key struck. Whenthis codeis received by the com-
puterit issuesaninterruptandlooksup thescancodetablein theBIOS and£ndsout
which keys have beenpressedand in what combination. Specialmemorylocations
calledstatusbytestell the statusof the locking andtogglekeys e.g. Capslock etc. .
Eachkeypressgeneratestwo differentscancodes- oneonkey-pushdown calledMake
code,anotheron its poppingbackcalledBreakcode. This two-key techniqueallows
thecomputerto tell whena key is heldpresseddown e.g. theALT key while pressing
anotherkey, say, CTRL-ALT-DEL .
Therearethreestandardsfor scancodes:Mode1(83-key keyboardPC,PC-XT),Mode2
(84-key AT keyboard),Mode3 (101-key keyboardonwards). In Mode1 Make and
Breakcodesarebothsinglebytesbut differentfor thesamekey. In Mode2andMode3,
Make codeis a singlebyte andBreakcodeis two bytes(byte F0(Hex) + the make
code).

Interfacing

The keyboardusesa specialI/O port that is like a serialport but doesnot explicitly
follow theRS-232serialport standard.Insteadof multiple dataandhandshakingsig-
nalsas in RS-232,the keyboardusesonly two signals,throughwhich it managesa
bi-directionalinterfacewith its own setof commands.
Usingits elaboratehandshakingmechanism,thekeyboardandthePCsendcommands

6



Mode1 Mode2 andMode3
Key KeyNo. Make Break Make Break
A 31 1E 9E 1C F01C
0 11 0B 8B 45 F045
Enter 43 1C 9C 5A F05A
Left Shift 44 2A AA 12 F012
F1 112 3B BB 07 F007

Table1: SomeScanCodes

anddatato eachother. TheUSB keyboardswork differentlyby usingtheUSB coding
andprotocol.

Connections

5-pin DIN connector This is the connectorof the conventionalkeyboardhaving 5
pins(2 IN, 2 OUT andonegroundpin), usedfor synchronizationandtransfer.

PS/2connector(PS/2keyboards) Thesewereintroducedwith IBM' s PS/2comput-
ers and henceare called PS/2connectors.They have 6-pins but in fact their
wiring is simply a rearrangementof the5-pin DIN connector. This connectoris
smallerin sizeandquitepopularnowadays.Dueto thesimiliar wiring, a 5-pin
DIN caneasilybeconnectedto aPS/2connectorvia asimpleadapter.

ErgonomicKeyboards

Ergonomicsis the study of the environment,conditionsand ef£ciency of workers1.
Ergonomicssuggeststhat thekeyboardwasnot designedwith humanbeingsin mind.
indeed,continuoustyping canbehazardousto health. This canleadto painor some
ailmentslike theCarpalTunnelSyndrome.
For normaltyping on a keyboard,you have to splayyour handsapart,bendingthem
at thewristsandhold this positionfor a long time. You alsohave to bendyour wrist
vertically especiallyif you elevateyour keyboardusingthe little feetbehindthekey-
boards.Thisstressesthewrist ligamentsandsqueezesthenervesrunninginto thehand
throughtheCarpaltunnel,throughthewrist bones.
To reducethestress,keyboardscalledergonomickeyboardshavebeendesigned.These
split thekeyboardinto two andanglethe two halvessoasto keepthewristsstraight.
To reduceverticalstress,many keyboardsalsoprovideextendedwrist rests.
For thosewho indulgein heavy, regular typing, it is recommendedthat they usemore
ergonomicsbasedkeyboardsandfollow ergonomicadvicein all aspectsof theirwork-
place.

4.3 Mouse

The ideaof theMousewasdevelopedby DouglasC. Engelbartof StanfordResearch
institute,andthe £rst Mousewasdevelopedby Xerox corporation.Mouseitself is a
device which givesyou a pointeron screenanda methodof selectionof commands

1OxfordAdvancedLearner'sDictionary
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throughbuttonson thetop. A singlebuttonis usuallysuf£cient(asin Mousewith Ap-
pleMacintoshmachines)but Mice comewith upto3 buttons.

Typesof Mice

Mice canbeclassi£edonthebasisof thenumbersof buttons,positionsensingtechnol-
ogyor thetypeof Interface:

SensingTechnology

TheMice canbeMechanicalor Optical.

Mechanical
MechanicalMice have a ball madefrom roughrubberymaterial,therotationof which
effectssensorsthatareperpendicularto eachother. Thus,themotionof theball along
thetwo axisis detectedandre¤ectedasthemotionof thepointeron thescreen.
Optical
OpticalMice candetectmovementwithout any moving partslike a ball. The typical
opticalMouseusedto haveapairof LEDs(Light EmittingDiodes)andphoto-detectors
in eachaxisandits own Mousepadonwhichit slided.However, dueto themaintenance
needsof theMousepad,thiswasnotverysuccessful.Recently, opticalMice havemade
acomebacksincethey cannow operatewithoutaMousepad.

Interface

Mouseis usuallya serialdevice connectedto a serialport(RS232),but theseconnec-
tionscanitself takevariousforms:-

Serial Mouse
Mice thatusethestandardserialport. SinceSerialports1 and4 (COM1,COM4under
DOS, /dev/ttyS0 and/dev/ttyS3 underUnix/GNU-Linux systems)andports2 and3
(COM2, COM3 or /dev/ttyS1,/dev/ttyS2) sharethe sameinterruptsrespectively, one
shouldbe carefulnot to attachthe mouseso that it sharesthe interruptwith another
device in operationlikeamodem.
BusMouse
TheseMice haveadedicatedMousecardandport to connectto. Recently, USBmouse
have becomepopular.
Proprietary
Mouseportsspeci£cto somePCse.g.IBM' sPS/2andsomeCompaqcomputers.

MouseProtocols

The mouseprotocolis the digital codeto which the signalfrom the mousegetscon-
verted.Therearefour majorprotocols:Microsoft,MouseSystemsCorporation(MSC),
LogitechandIBM. Mostmouseavailabledosupportat leasttheMicrosoftprotocolor
its emulation.
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ResolutionversusAccuracy

Resolutionof mouseis given in CPI(Countsper Inch) i.e. the numberof signalsper
inch of travel. This meanstheMousewill move fasteron thescreenbut it alsomeans
thatit will bemoredif£cult to controltheaccuracy.

Check Your Progress 1

Q1. Discussthemeritsanddemeritsof Dvorak-Dealey keyboardvs. QWERTY key-
board?
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q2. Why is keyboardtouch important? What kind of touchwould you preferand
whichkind of keyboardwill give thattouch?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q3. Whatprecautionsshouldbetakenwhile attachingaSerialMouse?. . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q4. Youenter̀ a' asleft-shift + `A' ?Whatwill bethescan-codegeneratedin Mode-3
by thekeyboard?
a)2A1E9EAA b)1CF01Cc) 121CF01CF012 d)1CF01C5AF05A

4.4 VideoCards

Beforediscussingin detailaboutvideohardwarelet ushaveabrief overview of graphic
display technology. The purposeof your graphicdisplay systemis to display bit-
mappedgraphicson your monitor. Theimagedisplayedon your systemthusconsists
of small dotscalledpixels (short for `pictureelements')andyour video systemcon-
tainsa descriptionof eachof thesedotsin the memory. At any moment,the display
memorycontainsthe exact bit-maprepresentationof your screenimageandwhat is
comingnext. This is like a time-sliceof what you seeon your monitor. Therefore,
displaymemoryis alsocalleda framebuffer. Theseframesarereaddozensof timesa
secondandsentin aserialmannerthroughacableto themonitor. Themonitorrecieves
thetrainof dataanddisplaysit on thescreen.Thishappensby ascanningrastermove-
mentfrom up to down onerow at a time. A CRT (CathodeRayTube)basedmonitor
will light its smallphosphordotsaccordingto this rastermovement.In this repsect,it
is likea television,which is alsoaCRT baseddevice.

Themorethenumberof dotsi.e. thehighertheresolutionof theimage,thesharper
thepictureis. Therichnessof theimageis alsodependantonthenumberof colours(or
graylevelsfor amonochromedisplay)displayedby thesystem.Thehigherthenumber
of colours,the moreis the informationrequiredfor eachdot. Hence,the amountof
memory(framebuffer) requiredby asystemis directlydependentontheresolutionand
colourdepthrequired.
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Figure3: RasterDisplay

4.4.1 Resolution

Resolutionis the parameterthat de£nesthe possiblesharpnessor clarity of a video
image. Resolutionis de£nedasthe numberof pixels that make up an image. These
pixelsarethenspreadacrossthewidth andheightof themonitor. Resolutionis inde-
pendentof thephysicalcharacteristicsof themonitor. Theimageis generatedwithout
consideringtheultimatescreenit is to bedisplayedupon.Hence,theunit of resolution
is the numberof pixels, not the numberof pixels per inch. For example,a standard
VGA native graphicdisplaymodehasa resolutionof 640pixels horizontallyby 480
pixelsvertically. Higherresolutionsmeantheimagecanbesharperbecauseit contains
morepixels.

Theactualon-screensharpnessis givenasdots-per-inch,andthis dependson both
the resolutionandthe sizeof the image. For the sameresolution,an imagewill be
sharperon a smallerscreeni.e. animagewhichmaylook sharpon a 15” monitormay
bea little jaggedona17” display.

4.4.2 Colour Depth

It is clearthatanimageconsistsof anarrayof pixels. If we tell which pixelsare`on'
andwhichare`off ' to themonitor, it shouldbeableto displaytheimageasapureblack
andwhite image.But whataboutColourandContrast?Clearly, if only a singlebit is
assignedto apixel, wecannotgiveany additionalquality to theimage.It will look like
a blackandwhite line drawing. Sucha systemis typically calleda two-coloursystem.
Suchblack andwhite picturecanbe convertedto gray levels bu assigningmorebits
e.g. with two bits we cange the following levels: White, Light Gray, Dark Grayand
Black.

To addcolourto animage,wehaveto storecolourof thepixel with eachpixel.This
is usuallystoredasintensitymeasuresof theprimarylight colours— Red,Greenand
Blue. Thatmeanswe have to assignmorethan1 bit to describea pixel. Hence,1 bit
perpixel implies2 coloursor 2 gray-levels,2 bits perpixel 4 coloursor 4 gray-levels
andson bitsperpixel meansadisplayof 2n coloursor gray-levelsis possible.

Colour Depth( or the numberof Colour Planes) is the numberof bits assigned
to eachpixel to codecolour information in it. ThesearealsocalledColour Planes
becauseeachbit of a pixel representsa speci£ccolourandthebit at thesameposition
on every pixel representsthesamecolour. Hence,thebits at thesamepositioncanbe
thoughtof asformingaplaneof aparticularcolourshadeandtheseplanespiledontop
of eachothergive the£nalcolourat eachpoint. Thus,if eachpixel is describedby 3
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bits,oneeachfor red,greenandbluecolour, then,thereare3 ColourPlanes(oneeach
for red,greenandblue)and6 colourplanesif thereare6 bits— seeFigure4.

Figure4: 6 ColourPlanes

What Colour depthsarepractically used?
Practically, the numberof coloursare an exponentialpower of 2, sincefor Colour
Depthn, 2n colourscanbe displayed. The mostpopularcolour modesaregiven in
table2

ColourMode Depth(bits/pixel)
1 Monochrome 1
2 16-Colours 4
3 256-Colours 8
4 High Color 16
5 TrueColor 24

Table2: Major ColourDepths

The Bad News?
The bad news is that most monitorscan only display upto a maximumof 262,144
colours(=218 i.e. 18 bits/pixel Colour Depth). Theotherbadnews is that thehuman
eyecanonly perceivea few million coloursat themost.So,evenif youhadlotsof bits
perpixel andvery advanceddisplaysystems,it would beuseless.Maybe,this is good
news ratherthanbadnews for hardwaredeveloper!
This also implies that 24-bit colur bit-depthis the practicalupperlimit. Hence,this
Depthis alsocalledtrue colour becausewith thisdepththesystemstoresmorecolours
thancanever beseenbythehumaneye andhence,it is a truecolourrepresentationof
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the image. Though,24-bit colour or true colour systemshavemore colour thanpos-
sibly useful,they are convenientfor designers becausethey assign1 byteof storage
for each of the threeadditiveprimary colours (red,greenand blue). Somenew sys-
temseven have 32 bits per pixel. Why? Actually, the additionalbits arenot usedto
hold coloursbut somethingcalledanAlphaChannel. This 8-bit AlphaChannelstores
specialeffect informationfor theimage.

Why areall resolutionsin theratio of 4:3?Theansweryou'll £ndsomewherein a
latersection.

4.4.3 VideoMemory

As statedbefore,video memory is also called framebuffer becauseit buffers video
framesto bedisplayed.Thequality of a videodisplaydependsa lot on how quickly
canthe framebuffer be accessedandbe updatedby the video system. In early video
systems,video memorywas just a £xed areaof the systemRAM. Later, therewas
video RAM which camewith the video cardsthemselvesandcould be increasedby
putting additionalvideo RAM. underthe UMA (Uni£ed Memory Architecture), video
RAM is again partof thesystemRAM. UMA is whatyou get in themodernlow-cost
motherboardswith on-boardvideoandsoundcardsetc.

Theamountof videomemoryrequiredis dependanton theresolutionandcolour-
depthrequiredis dependanton the resolutionand colour-depthrequiredof the sys-
tem. Let us seehow to calculatethe amountof video memoryrequired. The video
memoryrequiredis simply the resolution (i.e. the total numberof pixels) multiplied
by the Colour Depth. Let us do the calculationsfor a standardVGA graphicsscreen
(640£ 480)using16colours.

Total numberof Pixels= 640£ 480 = 307,200
ColourDepth(16-colours) = 4 bits
TotalminimumMemory = 1,228,800 bits
Totalminimummemory(in bytes) = 153,600 bytes

¼ 153KB
Minimum VideoRAM requiredandavailable= 256KB.

Therefore,16-colourVGA needsat least153,600bytesof memorybut memoryis
only availablein exponentialpowersof 2, hence,thenext highestavailablememoryis
28 = 256KB.
What is a goodresolution?Actually, dependson your hardware. So, the maximum
yourhardwarecanallow you. However, oneodd-lookingresolutionwhichhasbecome
popularis 1152£ 864 pixels. Canyou judgewhy this shouldbe so? (Hint: Think of
this resolutionat8-bit colour).
If youcan't wait any longer, hereis theanswer:1152£ 864is nearlyonemillion pixels.
Since8-bit colourdepthmeans8 million bitsor 1 MB, this is thehighestresolutionyou
canget in 1 MB videomemoryat 8-bit colourdepth,plus this still leavesyou square
pixels(in theratio4:3) to allow easyprogramming.

Theabovecalculationsholdgoodfor only two-dimensionsaldisplaysystems.This
is because3-D systemsrequiremuch more memorybecauseof techniquessuchas
`”DoubleBuffering” and”Z-Buffering”.
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4.4.4 RefreshRates

A specialcircuit calledtheVideo Controller scansthevideomemoryonerow ata time,
readsdatavalueat eachaddresssendingthedataout in a serialdatastream.This data
is displayedby a processcalled Scanningwherethe electronbeamis sweptacross
the screenone-line-at-a-timeandleft-to-right. This is controlledby a vertical anda
horizontal£eldgeneratedby electromagnets— onemoving thebeamhorizontallyand
anothervertically.

The rateat which horizontalsweepstake placeis calledhorizontalfrequency or
horizontal refresh rate andtherateatwhichverticalsweepstakeplacearecalledvertical
frequency or vertical refresh rate or simpy refresh rate or frame rate. The term frame
rate is usedbecauseactuallyoneverticalsweepmeansdisplayof asingleframe.Since
eachframecontainsseveral hundredrows, horizontalfrequency is hundredof times
higherthanvertical frequency. Therefore,theunit of horizontalfrequecny is KHz and
thatof verticalfrequency is Hz.

Themostimportantthing is maintainingthesamefrequenciesbetweentheVideo
systemandmonitor. Themonitormustsupporttheserefreshrateshencethesupported
refreshratesaregivenwith themanualof themonitor. More aboutthis topic will be
discussedin thesectiononMonitors.

4.4.5 Graphic Acceleratorsand 3-D Accelerators

A GraphicAcceleratoris actuallyachip, in fact,themostimportantchip in yourvideo
card. The GraphicAcceleratoris actually the moderndevelopmentof a mucholder
technologycalledthe Graphic Co-Processor. The acceleratorchip is actuallya chip
that hasbuilt-in video functions. Thesefunctionsexecutethe algorithmsfor image
constructionandrendering. It doesa lot of work which would otherwisehave to be
doneby themicroprocessor. Hence,theacceleratorchip is actuallyoptionalbut very
importantfor goodgraphicsperformance.

The graphicacceleratordetermineswhetheryour systemcanshow 3-D graphics,
how quickly yoursystemdisplasadrop-down menu,how goodis yourvideoplayback
etc. It determinesthe amountand kind of memoryin the framebuffer and also the
resolutionyour PC candisplay. The £rst major graphicacceleratorsweremadeby
the S3 corporation. ModernGraphicacceleratorshave internal registersat least64-
bit wide to work on at least2 pixels at a time. They canusethe standardDynamic
RAM (DRAM) or the moreexpensive but fasterdual-portedVideo RAM (VRAM).
They supportat leastthestandardresolutionsupto1024X768 pixels. They oftenuse
RAMDACsfor coloursupportgiving full 24-bitor 32-bitcoloursupport.A RAMDAC
(RandomAccessMemory Digital-to-AnalogConverter) is a microchip that converts
digital imagedatainto the analogdataneededby a computerdisplay. However, the
highertheresolutionrequired,thehigheris thespeedatwhichthechiphasto function.
So,for a resolutionof 1280X1024,thechip operatesat 100MHz. At thecuttingedge
of technology, chipsnow runevenasfastas180or 200MHz.
Whatis a3-D Accelerator?
3-D Acceleratoris nomagictechnology. It is simplyanacceleratorchip thathasbuilt-
in ability to carryout themathematicsandthealgorithmsrequiredfor 3-D imagegen-
erationandrendering.A 3-D imagingis simply anillusion, a projectionof 3-D reality
on a 2-D screen.Thesearegeneratedby projectionandperspective effects,depthand
lighting effects,transparency effectsandtechniquessuchasRay-Tracing(Tracingthe
pathof light raysemittingfrom alight source),Z-buffering(A buffer storingtheZ-axis
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positions)andDouble-Buffering (Two buffersinsteadof one).

4.4.6 VideoCard Interfaces

A videointerfaceis thelink of thevideosystemto therestof thePC.To enhancevideo
performance,thereis soughtto beanintimateconnectionbetweenthemicroprocessor
andthevideosystem,especially, theframebuffer. In moderndisplays,only in theUMA
systemis theframebuffer actuallyapartof themainmemory;in theresttheconnection
is throughabus,whichmaybePCIor AGP. Let usbrie¤ydiscusstheseinterfaces:

PCI

PCI standsfor Peripheral Connect Interface. It is therevolutionaryhigh speedexpan-
sionbusintroducedby Intel. With thegrowing importanceof video,videocardswere
shiftedto PCI from slower interfaceslike ISA. The PCI standardhasnow developed
into theevenmorepowerful AGP.

AGP

AGPstandsfor Advanced (or Accelerated) Graphics Port. It is aconnectorstandardde-
scribingahighspeedbusconnectionbetweenthePCvideosystem,themicroprocessor
andthemainmemory. It is anadvancementof thePCI interface.AGPusesconcepts
suchaspipelining to allow powerful 3-D graphicacceleratorsto function whenused
in conjuctionwith fastprocessors.AGPusesthreepowerful innovationsto achieve its
performance:

² PipelinedMemory:Theuseof Pipeliningeliminateswait statesallowing faster
operation.

² SeperateAddressandDataLines.

² High speedsthrougha special2X modethat allows runningAGP at 133 MHz
insteadof thedefault 66MHz.

ThroughAGP, thevideoboardhasa directconnectionto themicroprocessorasa
dedicatedhigh speedinterfacefor video. ThesystemusedDMA (Direct MemoryAc-
cess)to move databetweenmainmemoryandframebuffer. Theacceleratorchip uses
themainmemoryfor executionof high level functionslike thoseusedin 3-D render-
ing.

UMA

UMA standsfor Uni£ed Memory Architecture. It is anarchitecturewhich reducesthe
costof PCconstruction.In this, a partof themainmemoryis actuallyusedasframe-
buffer. Hence,it eliminatestheuseof a busfor videoprocessing.Therefore,it is less
costly. Thoughit is notsupposedto performaswell asAGPetc.,in somecases,it may
giveabetterperformancethanthebusbasedsystems.It is theinterfaceusednowadays
in low-costmotherboards.
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Figure5: AGPVideoArchitecuteandits working

4.5 Monitors

A Monitor is thetelevisionlikeboxconnectedto yourcomputerandgivingyouavision
into the mind of your PC. It shows what your computeris thinking. It hasa display
which is technicallyde£nedas the image-producingdevice i.e. the screenonesees
anda circuitry thatconvertsthesignalsfrom your computer(or similiar devices)into
theproperform for display. Monitorsareor werejust like television setsexceptthat
televisionsetshaveatuneror demodulatorcircuit to convert thesignals.However, now
monitorshave branchedbeyond television. They have greatersharpnessandcolour
purity andoperateathigherfrequencies.

4.5.1 CathodeRay Tubes

Cathoderay tubeis themajortechnologyonwhichmonitorsandtelevisionshavebeen
based.CRT is a partially evacuatedglasstube£lled with inert gasat low pressure.A
speciallydesignedCathode(negatively chargedelectrode)shootsbeamsof electrons
at high speedtowardsananode(positively chargedelectrode)which impingeson the
screenwhich is coatedwith smallphosphorcoateddotsof the threeprimarycolours.
This cathodeis alsocalledanElectronGun. In fact, therecanbe threeseperateguns
for thethreecolours(Red,GreenandBlue)oronegunfor all three.

Four factorsin¤uencethequalityof imageof themonitor:

1. ThePhosphorcoating. This effects the colour andthe persistance(The period
theeffectof asinglehit onadot lasts).

2. TheCathode(ElectronGun). Thesharpnessof the imagedependson thegood
functioningof thisgun.

3. Shadow Mask/ApertureGrill . This determinesthe resolutionof the screenin
colourmonitors.

4. TheScreen,glareandlighting of themonitor.

4.5.2 Shadow Mask

The Shadow Mask is a metal sheetwhich has£ne perforations(holes) in it and is
locatedashortdistancebeforethephosphorcoatedscreen.ThePhosphordotsandthe
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holesin theshadow maskaresoarrangedthat thebeamsfrom thegunof a particular
gunwill strike thedotsof thatcolouronly. Thedotsof theothertwo coloursarein the
shadow. In anattemptto overcomesomeshortcomingsof Shadow masksdueto their
roundholes,Sony introducedAperturegrills (in their Trinitron technology)which are
slotsin anarrayof verticallyarrangedwires.

Figure6: Shadow MaskandAperture

4.5.3 Dot Pitch

Dot Pitch of a CRT is the distancebetweenphosphordots of the samecolour. In
Trinitron screens,thetermSlotPitchis usedinsteadof Dot Pitch— this is thedistance
betweentwo slots of the samecolour. Dot Pitch is a very importantparameterof
monitorquality. Foraparticularresolution,youcangettheminimumdotpitchrequired
by dividing the physical screensizeby the numberof pixels. Therefore,for smaller
screens,you require£nerDot Pitch.

4.5.4 Monitor Resolutions

We have discussedaboutresolutionsandvertical andhorizontalrefreshratesin the
sectionon VideoCards.Let us refer to themfrom themonitorpoint of view. So,we
havethefollowing de£nitions(Fromthemanualof amonitoravailableion themarket):
HorizontalFrequency: The time to scanoneline connectingthe right edgeto the left
edgeof thescreenhorizontallyis calledtheHorizontalcycle andthe inversenumber
of theHorizontalcycle is calledHorizontalFrequency. Theunit is KHz (KiloHertz).
VerticalFrequency: Like a Flourescentlamp,thescreenhasto repeatthesameimage
many timespersecondto displayanimageto theuser. Thefrequency of this repetition
is calledVerticalFrequency or RefreshRate.
If the resolutiongeneratedby the video cardand the monitor resolutionis properly
matched,you geta goodquality display. However, theactualresolutionachieved is a
physicalqualityof themonitor. In coloursystems,theresolutionis limited by Conver-
gence(Do thebeamof the3 coloursconvergeexactly on thesamedot?) andtheDot
Pitch. In monochromemonitors,theresolutionis only limited by thehighestfrequency
signalsthemonitorcanhandle.
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4.5.5 DPI

DPI (DotsPerInch) is a measurefor theactualsharpnessof theonscreenimage.This
dependson both theresolutionandthesizeof the image.Practicalexperienceshows
that a smallerscreenhasa sharperimageat the sameresolution,thandoesa larger
screen.This is becauseit will requiremoredotsper inch to displaythesamenumber
of pixels. A 15-inchmonitor is 12-incheshorizontally. A 10-inchmonitor is 8 inches
horizontally. To displaya VGA image(640£ 480) the 15-inchmonitor will require
53DPIandthe10-inchmonitor80DPI.

4.5.6 interlacing

Interlacingis a techniquein which insteadof scanningtheimageone-line-at-a-timeit
is scannedalterenatelyi.e. alternatelines arescannedat eachpass. This achievesa
doublingof theframeratewith thesameamountof signalinput. Interlacingis usedto
keepbandwidth(amountof signal)down. Presently, only the8514/Adisplayadapters
useinterlacing.SinceInterlaceddisplayshave beenreportedto bemore¤ickery, with
bettertechnologyavailable,mostmonitorsarenon-interlacednow.

4.5.7 Bandwidth

Bandwidthis theamountof signalthemonitorcanhandleandit is ratedin MegaHertz.
This is themostcommonlyquotedspeci£cationof a monitor. TheBandwidthshould
beenoughto addresseachpixel plussynchronizingsignals.

Check Your Progress 2

1. Redraw £gure-4 showing Colour-Planesfor a true-coloursystem.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q2. What is a FrameBuffer? Discusstheplacementof theFrameBuffer w.r.t. to the
differentVideoCardinterfaces.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q3. What is the differencebetweenShadow Mask andDot Pitch for Trinitron and
non-Trinitron monitors?
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q4. How muchVideo-RAM would you requirefor a high-colour(16-bits)Colour-
Depthat 1024£ 768 resolution?What would be the sizeof the corresponding
singlememorychip you would get from themarket? a) 900KB, 1MB b) 1.6
MB, 4MB
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c) 12.6MB,16MB d)7.6MB,8MB

Q5. Thereis an imageof resolution1024X768.It hasto bedisplayedon a 15-inch
monitor ( 12-inch horizontal,9-inch Vertical display). What is the minimum
Dot-pitchrequiredfor this image?(minimumheremeansthe largestusefuldot
pitch). a)1:4£ 10¡ 4 inches b) 2:8£ 10¡ 4 inches
c) 1:4£ 104 inches d) 1:2£ 10¡ 2 inches

4.6 Liquid Crystal Displays(LCD)

LCD's arethescreensof choicefor portablecomputersandlightweightscreens.They
consummevery little electricityandhave advancedtechnologicallyto quitegoodres-
olutionsandcoloursupport.They weredevelopedby thecompany RCA in the1960s.
LCDs functionsimplyby blockingavailablelight soasto renderdisplaypatterns.

LCDscanbeof thefollowing types:

1. Re¤ective LCDs:displayis generatedby selectively blockingre¤ectedlight.

2. Backlit LCDs:displayis dueto a light sourcebehindLCD panel.

3. EdgelitLCDs:displayis dueto a light sourceadjacentto theLCD panel.

LCD Technology

The technologybehindLCD is calledNematic Technology becausethe moleculesof
theliquid crystalsusedarenematici.e rod-shaped.This liquid is sandwichedbetween
two thin plastic membranes.Thesecrystalshave the specialpropertythat they can
changethepolarity andthebendof the light andthis canbecontrolledby groovesin
theplasticandby applyingelectriccurrent.

PassiveMatrix

In a passive matrix arrangement,the LCD panelhasa grid of horizontalandvertical
conductorsandeachpixel is locatedat anintersection.Whena currentis recievedby
thepixel, it becomesdark.This is thetechnologywhich is morecommonlyused.

ActiveMatrix

This is calledTFT (Thin Film Transistor)technology. In this thereis a transistorat
every pixel actingasa relay, recieving a small amountandmakingit muchhigherto
activatethepixel. Sincetheamountis smaller, it cantravel fasterandhenceresponse
timesaremuch faster. However, TFTs aremuchmoredif£cult to fabricateandare
costlier.

4.7 Digital Camera

A Digital camerais a camerathat capturesandstoresstill imagesandvideo (Digital
VideoCameras)asdigital datainsteadof on photographic£lm. The£rstdigital cam-
erasbecameavailablein early1990s.Sincetheimagesarein digital form they canbe
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laterfed to acomputeror printedonaprinter.
Like a conventionalcamera,a digital camerahasa seriesof lensesthat focuslight to
createanimageof a scene.But insteadof this light hitting a pieceof £lm, thecamera
focusesit onto a semiconductordevice that recordslight electronically. An in-built
computerthenbreaksthiselectronicinformationdown into digital data.

This semiconductordevice is calledan Imagesensorandconvertslight into elec-
trical charges. Therearetwo main kinds of Imagesensors:CCD andCMOS.CCD
standsfor Chargecouplesdevicesandis themorepopularandmorepowerful kind of
sensor. CMOSstandsfor ComplementaryMetal oxidesemiconductorandthis kind of
technologyis now only usedin somelower endcameras.While CMOSsensorsmay
improve andbecomemorepopularin the future, they probablywon't replaceCCD
sensorsin higher-enddigital cameras.
In brief, theCCD is a collectionof tiny light-sensitive diodescalledphotosites, which
convert photons(light) into electrons(electricalcharge).Eachphotositeis proportion-
ally sensitive to light – thebrighterthelight thathits a singlephotosite,thegreaterthe
electricalchargethatwill accumulateat thatsite.

A digital Camerais alsocharacterisedby its resolution(likemonitorsandprinters)
which is measuredin pixels. Thehighertheresolution,themoredetail is availablein
animage.

4.8 SoundCards

Multimediahasbecomea very importantpart of todaysPC.Thehomeuserwantsto
watchmoviesandhearsongs.TheSoftwaredeveloperhackingaway at hercomputer
wantsto have thecomputerplayingMP3 or OGG(ThelatestFreeSoundformatstan-
dard)in thebackground.Thus,thesoundsystemis avery importantpartof thesystem.

As you musthave readin your high schoolphysics,soundis a longitudinalwave
travelling in a medium,usuallyair in the caseof music. Soundcanbe encodedinto
electricalform usingelectricalsignalswhich encodesoundstrengths.This is called
analog audio. This analogaudiois convertedto digital audio, which is conversionof
thosesignalsinto bits andbytesthroughthe processcalledSampling. In Sampling,
analog`samples'are taken at regular intervals and the amplitude(Voltage)of these
samplesis encodedto bits. Thesesoundsaremanipulatedby yourPCsmicroprocessor
etc. To play backthesedigital audiosounds,thedatais sentto theSoundcardwhich
convertsit to analogaudio,which is playedbackthroughspeakers.

TheSoundcard(Thecardis oftendirectly built into motherboardsnowadays)is a
boardthathasdigital to analogsoundconverter, ampli£eretc. circuitry to play sound
andto connectthePCto variousaudiosources.
A soundcardmaysupportthefollowing functions:

1. Convert digital soundto analogform usingdigital-to-analogconverter to play
backthesound.

2. May recordsoundto playbacklaterwith analog-to-digitalconverter.

3. May have built-in Synthesizersto createnew sounds.

4. May usevariousinput sources(Microphone,CD etc)andmixer circuits to play
thesesoundstogether.
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5. Ampli£ersto amplify thesoundsignalsto nicelyaudiblelevels.

Soundcardsaredescribedby the3Cs:Compatibility, ConnectionsandQuality.

Compatibility: Soundcardsmustbecompatibleatbothhardwareandsoftwarelevels
with industrystandards.Mostsoftware,especiallygamesrequiresoundcardsto
becompatiblewith thetwo main industrystandards:AdLib (A Basicstandard)
andSoundBlaster(anadvancedstandarddevelopedby Creative Labs).

Connections: Soundcardsshouldhave connectionsto allow variousfunctions. One
of the most important is the MIDI port (MIDI standsfor Musical Instrument
Device Interface).MIDI port allows you to createmusicdirectly with your PC
usingthe SoundCardssynthesizercircuit andeven attacha Pianokeyboardto
yourPC.

Quality: SoundCardsvarywidely in termsof quality they give. This rangesfrom the
frequency rangesupport,digital qualityandnoisecontrol.

4.9 Printers

Printersaredevicesthatput ink on paperin a controlledmanner. They manuallypro-
ducereadabletext or photographicimages.Printershave gonethrougha largetransi-
tion in technology. They arestill availablein a wide rangeof technologyandprices
from thedot matrix printer to Inkjet printersto LaserPrinters.Printerscanbedistin-
guishedasimpactvs. non-impactprinters(dependingon whetherprinting is doneby
impactof hammerson ribbon),characterform (Bit-mapor dots),Output(Serial,Line
or PagePrinter).
Let usseetheparametersthatcharacterizeprinters:-

4.9.1 Print Resolution

Print Resolutionis the detail that a printer cangive determinedby how many dotsa
printercanput per inch of paper. Thus,theunit of resolutionis Dotsper inch. This is
applicableto bothimpactandnon-impactprinterthoughtheactualqualitywill depend
on thetechnologyof theprinter.
The requiredresolutionto a greatextentdeterminesthequality of theoutputandthe
time takento print it. Thereis a tradeoff betweenquality andtime. Lower resolution
meansfasterprinting and low quality. High resolutionmeansslower printing of a
higherquality. Therearethreereadymaderesolutionmodes:draft, nearletterquality
(NLQ) andletterquality. Draft givesthelowerresolutionprint andletterqualityhigher
resolution.In Inkjet andLaserPrinters,thehighestmodeis oftencalled`best' quality
print.

4.9.2 Print Speed

The speedat which a printer prints is often an importantissue. However, the printer
hasto take a certaintime to print. Printing time increaseswith higherresolutionand
colouredimages. To aid printing, all operatingsystemshave spoolingsoftware that
accumulatesprint dataandsendsit at thespeedthattheprintercanprint it.
Themeasureof speeddependsonwhetherprinteris aLine Printeror PagePrinter. Let

20



usunderstandthese:

Line Printer: Line Printerprocessesandprintsoneline of text ata time.

PagePrinter: A pageprinterprocessesandprints onefull pageat a time. Actually,
it rasterizesthe full imageof the pagein its memoryandthenprints it asone
line of dotsat a time. For a line printer, thespeedis measuredin characters per
second(cps)whereasfor pageprinting,it is pagesperminute(ppm).Hence,Dot
Matrix usuallyhavespeedsgivenin cpswhereasLasershavespeedin ppm. The
actualspeedmayvary from theratingspeedgivenby themanufacturerbecause,
asexpected,theprinterchoosesthemorefavourablevalues.

4.9.3 Print Quality

Print quality dependson variousfactorsbut ultimately,thequality dependson thede-
signof theprinterandits mechanicalconstruction.

DotMatrix/InkJ et Printers

Threemain issuesdeterminethe quality of charactersproducedby DotMatrix/InkJet
Printers:-Numberof dots in the matrix of eachcharacter, the size of the dots and
theaddressabilityof thePrinter. Densermatrix andsmallerdotsmake bettercharac-
ters.Addressabilityis theaccuracy with which a dot canbeproduced(e.g. 1/120inch
meansprintercanput a dot with 1/120inch of therequireddot). Minimum dot matrix
usedby generaldot matrix printersis 9£ 9 dots,18-pinand24-pinprintersuse12£ 24
to 24£ 24matrices.Inkjetsmayevengive upto72£ 120dots.
Quality of outputalsodependson thepaperused. If ink of an Inkjet printergetsab-
sorbedby thepaper, it spreadsandspoilstheresolution.

Laser Printer

LaserPrintersarepageprinters.For print quality, they alsofacethesameaddressabil-
ity issuesasDMP/InkJetPrinters.However, someothertechniquesarepossibleto use
for betterqualityhere.
One of theseis ReT(ResolutionEnhancementTechnology)introducedby Hewlett-
Packard. It prints betterat the sameresolutionby changingthe size of the dots at
characteredgesanddiagonallinesreducingjaggededges.
A very importantrequirementfor LaserPrintersto print at high quality is Memory.
Memoryincreasesassquareof resolutioni.e. theDot densityi.e. thedpi. Therefore,if
3.5MB is requiredfor a 600dpi page,approximately14 MB is requiredfor 1200dpi.
Youneedevenmorememoryfor colour.
For ef£cienttext printing, theLaserprinterstoresthepageimageasASCII characters
andfontsandprintsthemwith low memoryusage.At higherresolutions,thequalityof
print toneralsobecomesimportantsincetheresolutionis limited by thesizeof toner
particles.

4.9.4 Colour Management

Therearethreeprimary coloursin pigments- Red,Yellow and Blue. Therearetwo
waysto producemorecolours:
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PhysicalMixing: Physically mix coloursto make new colour. This is dif£cult for
printersbecausetheir coloursarequick drying andsocoloursto bemixedmust
beappliedsimultaneously.

Optical Mixing: Mixing to give illusion of anew colour. Thiscanbedonein 2 ways:

² Apply coloursoneuponanother. This is doneusinginks which aresome-
whattransparent,asmoderninksare.

² Applying dotsof differentcolourssocloseto oneanotherthat thehuman
eyecannotdistinguishthedifference.This is thetheorybehindDithering.

3 or 4 colour Printing?

For goodprinting, printersdo not useRBY, insteadthey useCMYK (Cyan instead
of Blue, Magentainsteadof Red,Yellow, anda separateBlack). A separateBlack
is requiredsincethe 3 coloursmixed to producea black (which is calledComposite
Black) is oftennot satisfactory.

Dithering

CMYK givesonly 8 colours(C, M, Y, K, Violet= C + M, Orange=M + Y, Green=
C + Y, and the colour of the paperitself! ). What aboutothercolours? For these,
thetechniqueof Ditheringis used.Ditheringis a methodon which insteadof beinga
singlecolourdot, it is a smallmatrix of a numberof differentcolourdots.Suchpixels
arecalledSuper-pixels. Thedotsof agivencolourin aSuper-pixel decidetheintensity
of thatcolour. Theproblemwith ditheringis thatit reducestheresolutionof theimage
sincemoredotsaretakenby asinglepixel now.

ScreenviersusPrinter

Monitor screensandPrintersusedifferentcolourtechnologies.ThemonitorusesRGB
andthePrinterCMYK. So,how doesoneknow thatthecolourthatis seenis goingto
beprinted. This is wherethePrinterdriver becomesvery important,andwheremany
computermodelsandgraphicorientedmachinescore. For long, a claim to fameof
theAppleMacintoshmachineshasbeentheirverygoodcorrespondencebetweenprint
andscreencolours.

4.10 Modems

A Modemis onedevice that most computeruserswho have surfedthe Internetare
awareof. A modemis requiredbecausethoughmostof thetelecommunicationshave
becomedigital, mosttelephoneconnectionsat theuserendarestill theanalogPOTS
(PlainOld TelephoneSystems/Sets/Service).However, thecomputeris adigital device
and henceanotherdevice is neededwhich can convert the digital signalsto analog
signalsandvice-versa.Suchadevice is theMoDem.

MoDemstandsfor Modulator/Demodulator. Modulationis theprocesswhich puts
digital informationonto theanalogcircuit bymodifyingaconstantwave(signal)called
the Carrier. This is what happenswhenyou pressa button to connectto the Internet
or to a website. Demodulationis thereverseprocess,which derivedthedigital signal
from themodulatedwave. This is whathappenswhenyou receivedatafrom awebsite
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which thengetsdisplayedby yourbrowser.
Discussionof modulationtechniquesis outof scopehere(youcanreferto yourcourse
onComputerNetworks).

Modemsareavailableasthefollowing types:

1. InternalModems:InternalModemsplug into expansionslotsin your PC.Inter-
nal Modemsarethecheapandef£cient. InternalModemsarebus-speci£cand
hencemaynot£t universally.

2. ExternalModems:Modemsexternallyconnectedto PCthroughaserialor paral-
lel portandintoatelephonelineattheotherend.They canusuallyconnectto any
computerwith theright port andhave a rangeof indicatorsfor troubleshooting.

3. Pocket Modems:SmallexternalModemsusedwith notebookPCs.

4. PC-CardModems:PCandModemsarereadwith PCMCIA slotsfoundin note-
books.They arelike externalModemswhich£t into aninternalslot. Thus,they
givetheadvantageof bothexternalandinternalmodemsbut aremoreexpensive.

Modemscomeaccordingto CCITT/ITU standardse.g.V.32,V.32bis,V.42etc.

Modem Language

Modemsunderstanda setof instructionscalledHayesCommandSetor theAT Com-
mandSet. Thesecommandsareusedto communicatewith the Modem. Sometimes,
whenyou arein troublesettingup your Modem,it is usefulto know somebasiccom-
mandse.g. ATDT 17776will dial thenumber17776acrossa TonePhoneandATDP
17776to thenumber17776if it is aPulsephone.

4.11 Scanners

A Scanneris a device thatallows you to capturedrawingsor photographsor text from
tangiblesources(paperslidesetc.) into electronicform. Scannerswork by detecting
differencesin brightnessof re¤ectionsfrom an imageor objectusing light sensors.
Theselight sensorsarearrangedin anarrayacrossthewholewidth that is scannable.
Thispackingdeterminestheresolutionanddetailsthatcanbescanned.
Scannerscomein varioustypes: Drum Scanners,FlatbedScanners,HandScanners
andVideo Scanners.Drum Scannersusea rotatingdrum to scanloosepapersheets.
Flatbedscannershavemovablesensorsto scanimagesplacedona¤atglasstray. These
arethemostexpensive kind. HandheldScannersarethecheapestandmostportable.
They areusefulfor many applicationsbut aresmallin sizeandneedgoodhandcontrol
for high quality scanning.Video ScannersuseVideo technologyandVideo cameras
insteadof Scanningtechnology. Potentially, they cangive high resolutionsbut usually
affordablecamerasgive poorresolutions.
Oneexcitingapplicationof Scannersis OpticalRecognitionof Characters(OCR). OCR
softwaretriesto recognisecharactersfrom their shapesandwrite out thescannedtext
asa text £le. Thoughthis technologyis steadinglyimproving, it is still not completely
reliableesp.w.r.t. Indianscripts.However, it canbevery usefulto digitize theancient
textswritten in Indianscripts.
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4.11.1 Resolution

Optical Resolution

Optical resolutionor hardwareresolutionis themechanicallimit on resolutionof the
Scanner. For scanning,thesensorhasto advanceaftereachline it scans.Thesmallness
of this advancementstepgivestheresolutionof theScanner. Typically, Scannersmay
beavailablewith mechanicalresolutionsof 300,600,1200or 2400dpi. Somespecial
scannersevenscanat10,000dpi.

Inter polatedResolution

EachScanneris accompaniedby a software. This softwarecanincreasetheapparent
resolutionof thescanby atechniquecalledInterpolation.By this technique,additional
dotsareinterpolated(added)betweenexistingdots.This givesa higherresolutionand
smootherpicturebut without addingany additionalinformation. Theaddeddotswill
however leadto larger£lesizes.

4.11.2 Dynamic Range/ColourDepth

Dynamic Rangeis the numberof coloursa colour scanor the numberof graysa
monochromescannercan differentiate. The dynamicrangeis usually given as bit-
depthor colour depth. This is simply the numberof bits to distinguishthe colours.
Mostscannerscando256(8-bit),1024(10-bit)or 4096(12-bit)for eachprimarycolour.
Thisaddsup to andis advertisedas24-bit,30-bit and36-bit colourscanners.Actually
though,to utilisetheColourDepth,theimageunderscanningmustbeproperlyfocused
uponandproperlyilluminatedby thescanner.
Sincethe minimum colour rangeuseful for humanvision is 24-bits,morebits may
seemuseful. However, extra bits of scanninggive you £rm control for £ltering the
imagecolourto your requirements.

4.11.3 Sizeand Speed

Beforeactualscanning,aquick,low resolutionscancalledpre-scanis madeto preview
the imageandselectscanningarea. After this only doesthe actualscantake place.
Early colourscannersusedto take threepassesfor a scan- onepassfor eachcolour.
Now, Scannersusejust onepassandusephotodetectorsto detectthe colours. Then,
they operateasfastasmonochromeScanners.However, otherissuesarealsoinvolved.
High resolutionscansof large imagesresult in large £le sizes. Thesecanitself slow
down processingsincethey needHardDisk I/O for virtual memory. Hence,for large
scans,it is necessaryto have higherRAM in yourPC.

4.11.4 ScanningTips

² Do not scanat more resolutionthanrequired. This savesboth time andDisk
Space.

² Usually, it is not usefulto scanat morethantheoptical resolutionsinceit adds
nonew information.Interpolationcanbedonelaterwith Imageprocessingsoft-
wares.
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² If scanningphotographsfor Printers,it is enoughto scanatone-thirdtheresolu-
tion of printing,sincePrintersusuallyuseSuper-Pixels(Dithering)for printing.
Only for otherkind of PrinterslikecontinuoustonePrinters,youneedto scanat
thePrinterresolutionfor bestquality.

² For imagesto be seenonly at the ComputerMonitor, you may needto only
scansothattheimagesizein pixelsis sameasdisplayresolution.That is, Scan
resolution= Heightof imagein pixelsdividedby thescreensizein inches.This
maybesurprisinglysmall.

4.12 Power Supply

Computeroperateelectronically— either throughpower supplyobtainedfrom your
electricplug or batteriesas in the caseof portablecomputers.However, the current
comingthroughyourelectricline is toostrongfor thedelicatecomputercircuits.Also,
Electricity is suppliedasAC but the computerusesDC. Thus,power supply is that
equipmentwhich takesAC from electricalsupplyamsconvertsit to DC to supplyto
computercircuits. Early power supplieswerelinearpower suppliesandthey worked
by simplyblockingonecycleof theAC current.They weresupersededby theSMPS.

4.12.1 SMPS(SwitchedMode Power Supply

SMPSis theunit into which theelectricsupplyfrom themainsis attachedto your PC
andthis suppliesDC to the internalcircuits. It is moreef£cient, lessexpensive and
morecomplex thanlinearsupplies.
SMPSworksin thefollowing way:-Theelectricsupplyreceivedis sentto acomponent
calledtriac which shiftsit from 50Hzto a muchhigherfrequency (almost20.000Hz).
At thesametime,usinga techniquecalledPulseWidth modulation, thepulseis varied
to the needsof the computercircuit. Shorterpulsesgive lower output voltage. A
transformerthenreducesbackthevoltageto thecorrectlevelsandrecti£ersand£lters
generatethepureDC current.
SMPShastwo mainadvantages:-It generateslessheatsinceit wasteslesspower, and
it useslessexpensive transformersandcircuitssinceit operatesathigherfrequencies.

Thepower requirementof aPCdependson themotherboardandtheperipheralsin
yourcomputer. Still, in modernPCs,your requirementmaynot bemorethan150-200
Watts.

Check Your Progress 3

1. In whatwaysdoesadigital cameradiffer from aconventionalcamera.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q2. ExplainthetermResolutionandhow doesit applyto Monitors,Cameras,Print-
ers,Scannersetc.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

25



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q3. Explaintheprocessof Colourmanagementin Printers.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q4. CompareLaptopsmadeusingpassive matrix andTFT technology. Which are
cheaperin price?
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q5. To connectmy modemto an ISP, I have to dial to the Pulsephonenumber
26176661,whatHayesCommandsetcommandwould I give:
a)ATDT 1777626176661 b) ATDT 26176661
c) ATDP1777626176661 d) ATDP26176661

Q6. It is given that to print a 300dpi pageon a particularLaserPrinter, 2MB of
memoryis required.How muchmemoryis requiredfor a600dpipage?
a)2MB b) 4 MB
c) 8MB d) 16MB

Q7. Whichof thefollowing areSoundstorageformatstandards:
a)midi b) wave
c) mp3 d) OGG

Summary

In this unit, we discussedvariousInput/Outputdevices. We have coveredthe input
devices Keyboard,Mouseand Scanner. The output devices discussedare Monitor,
LCD andPrinter. Video cards,which control the displayon monitorsfrom the CPU
andtheir systemof displayhave beendiscussed.Modemis a communicationdevice
andtherebyanI/O device. ThePowersupply, which is actuallyinputof electricpower
for thecomputingunit hasalsobeencoveredfor thesakeof completeness.

Answer Key

CheckYour Progress1
Q4. Ans. (c)

CheckYour Progress2
Q4. Ans. (b) 1024£ 768£ 2Bytes= 1.6MB. RAM is/was available as 1MB, 4MB,
16MB etc.
Q5Ans. (a)Total screensize= 12£ 9 = 108inches.imagesize= 1024£ 768= 786432
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pixels.divide108inchesby 786432.

CheckYour Progress3
Q5. Ans. (d) ATDP26176661.
Q6. Ans. (c) 8MB. The memoryrequirementincreasesas a squareof the resolu-
tion(dpi),soanincreaseof two timesin thedpi leadsto anincreaseof four timesin the
memoryrequirement.
Q7. Ans. All of them.
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