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In the previous units you have beenexposedto Input/Outputinterfaces,control and
technique®tc. Thisunit coversinput/Outputdevicesandtechnologieselatedto them.

Thebasicaspectzoveredinclude:
2 Thecharacteristicef the Device
2 How doesit function?

2 How doesit relatewith the Main computingunit?

4.1 Objectives

At the endof this unit you will beableto:

2 Describethecharacteristicstypes,functioningandinterfacingof Keyboards.



2 Describethe characteristicgechnologyandworking of Mice.

2 Describecharacteristicstechnologyandworking of Video Cardsincludingvar
ious parametersyideo Memory; interfacesandGraphicaccelerators.

2 Describethecharacteristictechnologyandworking of Monitors.

2 Describethecharacteristicgechnologyandworking of Liquid CrystalDisplays
(LCDs).

2 Describethecharacteristictechnologyandworking of SoundCards.
2 Describethecharacteristictechnologyandworking of Printers.

2 Describethecharacteristictechnologyandworking of Modems.

2 Describethecharacteristictechnologyandworking of Scanners.

2 Describethethe purposeof Paver Supplyandexplain SMPS.

4.2 Keyboard

The keyboardis the main input device for your computer It is a fastand accurate
device. The multiple characterkeys allow you to senddatato your computerasa
streamof characterén a serialmanner Thekeyboardis onedevice which canbeused
in public spacesr offceswhereprivagy is not ensured.The keyboardis efEcientin
jobslik e dataentry. Thekeyboardis onedevice which shall stayon for yearsto come,
probablyevenafter powerful voice basednput deviceshave beendeveloped.

The precursorof the keyboardwasthe mechanicatypewriter, hencejt hasinher
ited mary of the propertiesof the typewriter.

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 dishto help you placeyour £ngers. Most designshave the keys curvedin a
concae cylindrical shapeonthetop.

4.2.1 KeyboardLayouts

A keyboardlayoutis the arrangementf the arrayof keys acrosghekeyboard. There
is onekeyboardlayoutthatanybodywho hasworked on a standardkeyboardor type-
writer is familiar with; thatlayoutis QWERTY. However, thereareotherlesspopular
layoutsalso.

QWERTY

g,we,rt,y arethe£rstsix lettersof thetop row of thealphabet®f the QWERTY layout.
the QWERTY arrangementvas given by Sholes the inventorof the typewriter. The
Ersttypewriter that Sholescreatedhad an alphabetidayout of keys. However, very
soon,SholesdesignedQWERTY asa superiorarrangementhoughhe gave no record
of how hecameuponthis arrangement.



QWERTY basedkeyboards

Besideghestandardilphabekeyshavingthe QWERTY arrangemeng computekey-
boardalsoconsistof the control (alt, Del, Ctrl etc. keys), thefunctionkeys (F1,F2 ..
etc),thenumericalkeypadetc..

PC83-key andAT 84-key Keyboards

The PC 83-key wasthe earliestkeyboardofferedby IBM with its £rstPersonabom-

puters(PC).Thishad83keys. LaterIBM addedonemorekey with its PCAT computer
keyboardsto male it a 84-key keyboard. The specialfeatureof thesekeyboardswas
thatthey hadfunctionkeysin two columnsontheleft sideof thekeyboard.

101-key Enhance&eyboard

With its newer rangeof PCsIBM introducedthe 101-key Enhanced/Adancedkey-

board.This keyboardis thebasickeyboardbehindmodernQWERTY keyboards.This

hasthe function keys alignedin a separateow at the top of the PC, to correspondo

thefunctionkeys shavn by mary softwareonthemonitor However, this hasalsobeen
criticisedattimesfor having a smallenterkey andfunctionkeys onthetop!!! .
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Figurel: IBM 101-key Keyboardlayout

Windows 104-key keyboard

This is one of the enhancementsf the 101-key keyboardwith specialkeys for Win-
dows functionsandpopup. Individual vendorssometimesnake changedo the basic
keyboarddesignfor example,by having alargerenterkey.

Dvorak-Dealeykeyboard

Thiswasonekeyboardlayoutdesignedo beachallengetotheQWERTY layout. This
wasdesignedyy AugustDvorakandWilliam Dealey aftermuchscienti£cresearchn
1936. This layouttriesto malke typing faster The basicstrat@y it triesto incorporate
is calledhandalteration. Hand alteration implies thatif you pressonekey with the
left hand thenext key is likely to be pressedby theright hand thusspeedingip typing
(assumingyou typewith bothhands).

However, the Dvorak hasnot beenableto competewith QWERTY andalmostall
systemaow comewith QWERTY 101-key or 104-key basedkeyboards. Still, there
may be a possibility of designingnew keyboardsfor specifcareas,say for Indian
scripts.



Figure2: Dvorakkeyboardlayout

4.2.2 Keyboard Touch

Whenusinga keyboard,the mostimportantfactoris the feel of the keyboardi.e. how
typing feelson that particularkeyboard. The keyboardmustrespondoroperlyto your
keypress.This notonly meanghatkeys mustgo down whenpressedndthencomeup
but alsothattheremustbea certainfeedbacko your £ngersvhenakey getsactivated.
This is necessaryor you to develop a faith in the keyboardand allow fast, reliable
typing.

Lineartravel or lineartouchkeyboardsincreasaesistancdinearly with the travel
of thekey. Therefore,you have to pressharderasthe key goeslower. Therecanbe
audiblefeedbackasa click andvisual feedbackasappearancef characteon screen
letting you know whena key getsactivated.Betterkeyboardsprovide tactile feedback
(to your £ngers)out suddenlyreducingresistancevhenthe key getsactuated.This is
calledanover-centerfeel. Suchkeyboardsarebestfor quick touchtyping. Thesewere
implementeddy usingspringsearlierbut now usuallyby usingelasticrubberdomes.
Keyboardsalso differ in whetherthey “click’ or not (soundless)force requiredand
key travel distanceto actuatea key. The choiceis usuallyanissueof personaliking.
Laptopsusuallyhave shorttravel keys to save spacewhichis ata premiumin laptops.

4.2.3 Keyboard Technology

Eachkey of a keyboardis like an electric switch changingthe cow of electricity in
someway. Therearetwo maintypes— capacitve basedandcontactbasedeyboards.

Capacitor basedkeyboards

Thesekeyboardsarebasedntheconcepiof CapacitanceA simplecapacitorconsists
of a pair of conductve plateshaving oppositechagesandseparatedby an insulator
This arrangemengenerates £eld betweerthe platesproportionalto the closenessf
theplates.Changingthe distancebetweerthe platescausesurrentto aow. Capacitve
keyboardshave etchedcircuit boardswith tin andnickel-platedcopperpadsactingas
capacitoraindereachkey (akey is technicallycalleda station).Eachkey presspresses
asmallmetal-plasticircle down causingelectricaow. Thesekeyboardswvork well but
have the drawbackthatthey follow anindirectapproactthoughthey have longerlife
thancontactbasedkeyboards.Thesekeyboardswereintroducedoy IBM.



Contact basedkeyboards

Contact-basedeyboardsuse switchesdirectly. Thoughthey have a comparatiely
shorterlife andarethe mostpreferredkind nowvadaysdueto their lower cost. Three
suchkindsof keyboardshave beenusedin PCs:

1. MechanicalSwitches:Thesekeyboardsusetraditional switcheswith the metal
contactdirectly touchingeachother Springsandotherpartsareusedto control
positioningof the keycapsand give the right feel. Overall, this designis not
suitedto PCkeyboards.

2. RubberDome:In rubberdomekeyboards both contactand positioningis con-
trolled by a puckeredsheetof elastomer which is a stretcly, rubberlike syn-
thetic material. This sheetis mouldedto have a dimple or domein eachkeycap.
Thedomehousesatabof carbonor otherconductve materialwhich senesasa
contact.Whenakey is pressedthe domepresseslown to touchanothercontact
and completethe circuit, the elastomerthen pusheshe key back. This is the
mostpopularPC keyboarddesignsincethe domesare inexpensve and proper
designcangive thekeyboardsanexcellentfeel.

3. MembraneThesearesimiliar to rubberdomesexceptthatthey usethin plastic
sheet{membranesyith conductve tracesonit. Thecontactsarein theform of
dimpleswhich arepluckedtogethemwhenakey is pressedThis designis often
usedin calculatorsand printer keyboardsdueto their low costandtroublefree
life. However, sinceits contactgequireonly slighttravel to actuatejt makesfor
apoorcomputerkeyboard.

ScanCodes

A scancodeis the codegeneratedy a microprocessom the keyboardwhena key
is pressedandis unigueto the key struck. Whenthis codeis receved by the com-
puterit issuesaninterruptandlooks up the scancodetablein the BIOS and£ndsout
which keys have beenpressedandin what combination. Specialmemorylocations
calledstatusbytestell the statusof the locking andtogglekeys e.g. Capslock etc. .
Eachkeypresggenerateswo differentscancodes oneon key-pushdown calledMake
code,anotheron its poppingbackcalled Breakcode. This two-key techniqueallows
thecomputerto tell whenakey is held pressediown e.g.the ALT key while pressing
anotherkey, say CTRL-ALT-DEL .

Therearethreestandard$or scancodes:Mode1(83-key keyboardPC,PC-XT),Mode2
(84-key AT keyboard), Mode3 (101-key keyboard onwards). In Model Make and
Breakcodesarebothsinglebytesbut differentfor thesamekey. In Mode2andModes3,
Make codeis a single byte and Break codeis two bytes(byte FO(Hex) + the make
code).

Interfacing

The keyboardusesa speciall/O port thatis like a serial port but doesnot explicitly
follow the RS-232serialport standard.Insteadof multiple dataandhandshakingig-
nalsasin RS-232,the keyboardusesonly two signals,throughwhich it manages
bi-directionalinterfacewith its own setof commands.

Usingits elaboratéhandshakingnechanismthe keyboardandthe PC sendcommands



Model Mode2 andMode3
Key KeyNo. Make Break| Make Break
A 31 1E 9E 1C Fo1C
0 11 0B 8B 45 F045
Enter 43 1C 9C 5A FO5A
Left Shift 44 2A AA 12 FO12
F1 112 3B BB 07 FOO07

Tablel: SomeScanCodes

anddatato eachother The USB keyboardswork differently by usingthe USB coding
andprotocol.

Connections

5-pin DIN connector This is the connectorof the corventionalkeyboard having 5
pins(2 IN, 2 OUT andonegroundpin), usedfor synchronizatiorandtransfer

PS/2connector(PS/2keyboards) Thesewereintroducedwith IBM's PS/2comput-
ers and henceare called PS/2connectors. They have 6-pinsbut in fact their
wiring is simply arearrangementf the 5-pin DIN connectar This connectolis
smallerin sizeandquite popularnowadays.Dueto the similiar wiring, a 5-pin
DIN caneasilybe connectedo a PS/2connectowia a simpleadapter

ErgonomicKeyboards

Ergonomicsis the study of the environment, conditionsand efEcieny of workers'.
Ergonomicssuggestshatthe keyboardwasnot designedwvith humanbeingsin mind.
indeed,continuougtyping canbe hazardougo health. This canleadto painor some
ailmentslike the CarpalTunnelSyndrome.

For normaltyping on a keyboard,you have to splayyour handsapart,bendingthem
at the wrists andhold this positionfor along time. You alsohave to bendyour wrist
vertically especiallyif you elevateyour keyboardusingthe little feetbehindthe key-
boards.This stressethewrist ligamentsandsqueezethe nenesrunninginto thehand
throughthe Carpaltunnel,throughthewrist bones.
Toreducethestresskeyboardscalledergonomickeyboardshave beendesignedThese
split the keyboardinto two andanglethe two halvesso asto keepthe wrists straight.
To reducevertical stressmary keyboardsalsoprovide extendedwrist rests.

For thosewho indulgein heavy, regulartyping, it is recommendethatthey usemore
ergonomicshasedkeyboardsandfollow ergonomicadvicein all aspect®f theirwork-
place.

4.3 Mouse

Theideaof the Mousewasdevelopedby DouglasC. Engelbartof StanfordResearch
institute,andthe £rst Mousewas developedby Xerox corporation. Mouseitself is a
device which givesyou a pointeron screenand a methodof selectionof commands

1Oxford Advanced_earners Dictionary



throughbuttonsonthetop. A singlebuttonis usuallysufEcient(asin Mousewith Ap-
ple Macintoshmachinesput Mice comewith upto3 buttons.

Typesof Mice

Mice canbeclassi£ednthebasisof thenumbersof buttons,positionsensingechnol-
ogy or thetype of Interface:

SensingTechnology

TheMice canbe Mechanicabr Optical.

Mechanical

MechanicaMice have a ball madefrom roughrubberymaterial the rotationof which
effectssensorghatareperpendiculato eachother Thus,the motionof theball along
thetwo axisis detectedandrerectedasthe motionof the pointeronthescreen.
Optical

Optical Mice candetectmovementwithout ary moving partslike a ball. Thetypical
opticalMouseusedto have apairof LEDs(Light Emitting Diodes)andphoto-detectors
in eachaxisandits own Mousepadnwhichit slided.However, dueto themaintenance
needoftheMousepadthiswasnotvery successfulRecentlyopticalMice have made
acomebaclsincethey cannow operatevithouta Mousepad.

Interface

Mouseis usuallya serialdevice connectedo a serialport(RS232) but theseconnec-
tions canitself take variousforms:-

Serial Mouse

Mice thatusethestandardserialport. SinceSerialports1 and4 (COM1,COM4 under
DOS, /dev/ttyS0 and /dev/ttyS3 underUnix/GNU-Linux systems)and ports2 and 3

(COM2, COM3 or /devittyS1,/de/ttyS2) sharethe sameinterruptsrespectiely, one
shouldbe carefulnot to attachthe mouseso thatit shareghe interruptwith another
device in operationlike amodem.

Bus Mouse

TheseMice have adedicatedMousecardandportto connecto. RecentlyUSB mouse
have becomepopular

Proprietary

MouseportsspeciEdo somePCse.g.IBM' s PS/2andsomeCompagcomputers.

MouseProtocols

The mouseprotocolis the digital codeto which the signalfrom the mousegetscon-
verted.Therearefour majorprotocols:Microsoft, MouseSystemsCorporation(MSC),
LogitechandIBM. Most mouseavailabledo supportatleastthe Microsoft protocolor
its emulation.



ResolutionversusAccuracy

Resolutionof mouseis givenin CPI(Countsper Inch) i.e. the numberof signalsper
inch of travel. This meanghe Mousewill move fasteron the screerbut it alsomeans
thatit will bemoredifEcultto controltheaccurag.

Check Your Progress 1

Q1. Discusghe meritsanddemeritsof Dvorak-Dealg keyboardvs. QWERTY key-
board?

Q2. Why is keyboardtouchimportant? What kind of touchwould you preferand

Q3. Whatprecautionshouldbe takenwhile attachinga SerialMouse?. ..........

Q4. Youenter a' asleft-shift+ A" ?Whatwill bethescan-codgenerateéh Mode-3
by thekeyboard?
a)2A1E9EAA Db)1CF01Cc) 121CF01CF012 d)1CFO1C5AF05A

4.4 VideoCards

Beforediscussindgn detailaboutvideohardwarelet ushave abrief overview of graphic
display technology The purposeof your graphicdisplay systemis to display bit-
mappedgraphicson your monitor. Theimagedisplayedon your systemthusconsists
of small dotscalled pixels (shortfor “picture elements')andyour video systemcon-
tainsa descriptionof eachof thesedotsin the memory At ary moment,the display
memorycontainsthe exact bit-map representatiof your screenimageandwhat is
comingnext. Thisis like a time-sliceof whatyou seeon your monitor. Therefore,
displaymemoryis alsocalleda framebuffer. Theseframesarereaddozensof timesa
secondandsentin aserialmannethroughacableto themonitor Themonitorrecieves
thetrain of dataanddisplaysit onthescreen.This happendy ascanningastemrmove-
mentfrom up to dowvn onerow atatime. A CRT (CathodeRay Tube)basedmonitor
will light its smallphosphoidotsaccordingto this rastermovement.In this repsectijt
is like atelevision,whichis alsoa CRT basedlevice.

Themorethenumberof dotsi.e. the highertheresolutionof theimage thesharper
thepictureis. Therichnesf theimageis alsodependanbn thenumberof colours(or
graylevelsfor amonochromelisplay)displayeddy thesystem.Thehigherthenumber
of colours,the moreis the informationrequiredfor eachdot. Hence,the amountof
memory(framehuffer) requiredby a systenis directly dependenon theresolutionand
colourdepthrequired.



Figure3: RastemDisplay

4.4.1 Resolution

Resolutionis the parametethat de£neshe possiblesharpnessr clarity of a video

image. Resolutionis deEnedasthe numberof pixels thatmake up animage. These
pixels arethenspreadacrosshe width andheightof the monitor Resolutionis inde-

pendenbf the physical characteristicef the monitor. Theimageis generateavithout

consideringhe ultimatescreerit is to bedisplayedupon. Hence the unit of resolution
is the numberof pixels, not the numberof pixels perinch. For example,a standard
VGA natie graphicdisplaymodehasa resolutionof 640 pixels horizontallyby 480

pixelsvertically. Higherresolutiongmeantheimagecanbe sharpebecausét contains
morepixels.

Theactualon-screersharpnesss givenasdots-pefinch, andthis depend®n both
the resolutionandthe size of the image. For the sameresolution,animagewill be
sharpeion asmallerscreeri.e. animagewhich maylook sharpona 15" monitor may
bealittle jaggedona 17" 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
assignedo a pixel, we cannotgive ary additionalquality to theimage.It will look like
ablackandwhite line drawing. Sucha systemis typically calleda two-coloursystem.
Suchblack andwhite picture canbe cornvertedto gray levels bu assigningmore bits
e.g. with two bits we cange the following levels: White, Light Gray, Dark Gray and
Black.

To addcolourto animage we have to storecolourof the pixel with eachpixel. This
is usuallystoredasintensitymeasure®sf the primarylight colours— Red,Greenand
Blue. Thatmeanswe have to assignmorethan1 bit to describea pixel. Hence,1 bit
per pixel implies 2 coloursor 2 gray-levels, 2 bits per pixel 4 coloursor 4 gray-levels
andson bits perpixel meansadisplayof 2" coloursor gray-levelsis possible.

Colour Depth ( or the numberof Colour Planeg is the numberof bits assigned
to eachpixel to codecolour informationin it. Theseare also called Colour Planes
becauseachbit of a pixel representa speci£ccolourandthe bit atthe sameposition
on every pixel representshe samecolour Hence the bits at the samepositioncanbe
thoughtof asforming a planeof a particularcolourshadeandtheseplanespiled ontop
of eachothergive the £nal colour at eachpoint. Thus,if eachpixel is describedy 3
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bits, oneeachfor red,greenandbluecolour, then,thereare3 Colour Planes(oneeach
for red,greenandblue)and6 colourplanesf thereare6 bits— seeFigure4.

Figure4: 6 ColourPlanes

What Colour depthsare practically used?

Practically the numberof coloursare an exponentialpower of 2, sincefor Colour
Depthn, 2" colourscanbe displayed. The most popularcolour modesare givenin
table2

ColourMode | Depth(bits/piel)
1

1 | Monochrome

2 | 16-Colours 4
3 | 256-Colours 8
4 | HighColor 16
5| TrueColor 24

Table2: Major ColourDepths

The Bad News?

The bad news is that most monitors can only display upto a maximumof 262,144
colours(=2'8 i.e. 18 bits/pixel Colour Depth. The otherbadnews is thatthe human
eye canonly perceve afew million coloursatthemost.So,evenif you hadlots of bits

per pixel andvery advanceddisplaysystemsit would be uselessMaybe,this is good
news ratherthanbadnews for hardwaredeveloper!

This alsoimplies that 24-bit colur bit-depthis the practicalupperlimit. Hence,this

Depthis alsocalledtrue colour becausavith this depththe systemstoresmorecolours
thancanever be seenbythe humaneye andhencei|t is atrue colourrepresentationf
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theimage. Though,24-bit colour or true colour system$iavemore colour than pos-
sibly useful,they are corvenientfor designes becausehey assignl byte of storage
for eadh of the three additive primary colours (red, greenand blue) Somenew sys-
temseven have 32 bits per pixel. Why? Actually, the additionalbits are not usedto
hold coloursbut somethingcalledan Alpha Channel This 8-bit AlphaChannelstores
specialeffectinformationfor theimage.

Why areall resolutiondn theratio of 4:3? Theansweryou'll £ndsomevherein a
latersection.

4.4.3 VideoMemory

As statedbefore, video memoryis also called framebuffer becauset buffers video
framesto be displayed. The quality of a video displaydependsa lot on how quickly
canthe framebuffer be accesse@dndbe updatedby the video system. In early video
systemsyideo memorywasjust a £xed areaof the systemRAM. Later, therewas
video RAM which camewith the video cardsthemselesand could be increasedyy
putting additionalvideo RAM. underthe UMA (Unifed Memory Architecture), video
RAM is again partof the systemRAM. UMA is whatyou getin the modernlow-cost
motherboardsvith on-boardvideoandsoundcardsetc.

The amountof video memoryrequiredis dependanbn the resolutionandcolour
depthrequiredis dependanbn the resolutionand colourdepthrequiredof 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 usdo the calculationsfor a standardV GA graphicsscreen
(64CE 480)using16 colours.

Total numberof Pixels= 64CE 480
ColourDepth(16-colours)

Total minimumMemory

Total minimummemory(in bytes)

307,200
4 hits
1,228,800 bits
153,600 bytes
% 153KB
Minimum VideoRAM requiredandavailable= 256 KB.

Therefore 16-colourVGA needsatleast153,600bytesof memorybut memoryis
only availablein exponentialpowersof 2, hencethe next highestavailablememoryis
28 = 256KB.

Whatis a goodresolution? Actually, dependson your hardware. So, the maximum
your hardwarecanallow you. However, oneodd-lookingresolutionwhich hashecome
popularis 1152 864 pixels. Canyou judgewhy this shouldbe so? (Hint: Think of
this resolutionat 8-bit colour).

If youcant wait ary longet hereis theanswer:1152 864is nearlyonemillion pixels.
Since8-bit colourdepthmeans8 million bitsor 1 MB, thisis thehighestresolutionyou
cangetin 1 MB video memoryat 8-bit colour depth,plus this still leavesyou square
pixels (in theratio 4:3) to allow easyprogramming.

Theabove calculationshold goodfor only two-dimensionsatlisplaysystemsThis
is because3-D systemsrequire much more memory becauseof techniquessuchas
“"Double Buffering” and”Z-Buffering”.
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4.4.4 RefreshRates

A specialcircuit calledthe Video Controller scanghevideomemoryonerow atatime,
readsdatavalueat eachaddressendingthe dataout in a serialdatastream.This data
is displayedby a processcalled Scanningwherethe electronbeamis sweptacross
the screenone-line-at-a-timeand left-to-right. This is controlledby a verticalanda
horizontalEeldgeneratedby electromagnets— onemoving thebeamhorizontallyand
anothewertically.

The rate at which horizontalsweepsake placeis called horizontalfrequeng or
horizontal refresh rate andtherateatwhichverticalsweepgsake placearecalledvertical
frequeng or vertical refresh rate or simpy refresh rate or frame rate. The term frame
rate is usedbecausactuallyoneverticalsweepmeanglisplayof asingleframe.Since
eachframe containsseveral hundredrows, horizontalfrequeny is hundredof times
higherthanvertical frequeng. Therefore the unit of horizontalfrequecry is KHz and
thatof verticalfrequeng is Hz.

The mostimportantthing is maintainingthe samefrequenciedetweerthe Video
systemandmonitor The monitormustsupporttheserefreshrateshencethe supported
refreshratesare given with the manualof the monitor. More aboutthis topic will be
discussedn the sectionon Monitors.

4.4.5 Graphic Acceleratorsand 3-D Accelerators

A GraphicAcceleratoiis actuallyachip, in fact,themostimportantchipin yourvideo
card. The GraphicAcceleratoris actuallythe moderndevelopmentof a much older
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 the microprocessorHence the acceleratorchip is actually optionalbut very
importantfor goodgraphicsperformance.

The graphicacceleratodeterminesvhetheryour systemcanshav 3-D graphics,
how quickly your systemdisplasa drop-davn menu,how goodis yourvideoplayback
etc. It determinegshe amountandkind of memoryin the framehuffer and also the
resolutionyour PC candisplay The £rst major graphicacceleratorsvere madeby
the S3 corporation. Modern Graphicacceleratorhave internalregistersat least64-
bit wide to work on at least2 pixels at a time. They canusethe standarddynamic
RAM (DRAM) or the more expensve but fasterdual-portedvVideo RAM (VRAM).
They supportat leastthe standardresolutionsupto 1024X768 pixels. They oftenuse
RAMDACSsfor coloursupportgiving full 24-bitor 32-bitcoloursupport.A RAMDAC
(RandomAccessMemory Digital-to-Analog Corverter)is a microchipthat corverts
digital imagedatainto the analogdataneededby a computerdisplay However, the
highertheresolutionrequired thehigheris the speedat which the chip hasto function.
So,for aresolutionof 1280X1024,the chip operatesat 100MHz. At the cuttingedge
of technologychipsnow run evenasfastas180or 200MHz.

Whatis a 3-D Accelerator?

3-D Acceleratolis no magictechnology It is simply anacceleratochip thathasbuilt-
in ability to carry outthe mathematicendthe algorithmsrequiredfor 3-D imagegen-
erationandrendering.A 3-D imagingis simply anillusion, a projectionof 3-D reality
ona2-D screen.Thesearegeneratedby projectionandperspectie effects,depthand
lighting effects,transpareng effectsandtechniquesuchasRay-Tracing(Tracingthe
pathof light raysemittingfrom alight source) Z-buffering (A buffer storingthe Z-axis
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positions)andDouble-Bufering (Two buffersinsteadof one).

4.4.6 VideoCard Interfaces

A videointerfaceis thelink of thevideosystento therestof the PC.To enhancerideo
performancethereis soughtto be anintimateconnectiorbetweerthe microprocessor
andthevideosystemgspeciallytheframebuffer. In moderndisplaysonly in theUMA
systemis theframehuffer actuallyapartof themainmemory;in therestthe connection
is througha bus,whichmaybePCl or AGP Let usbrienydiscusgheseinterfaces:

PCI

PCI standdor Peripheral Connect Interface. It is the revolutionaryhigh speedexpan-
sionbusintroducedby Intel. With the growing importanceof video,videocardswere
shiftedto PCI from slower interfaceslike ISA. The PCI standarchasnow developed
into the evenmorepowerful AGP

AGP

AGPstanddor Advanced (or Accelerated) Graphics Port. It is aconnectostandardie-
scribingahigh speedusconnectiorbetweerthe PCvideosystemthemicroprocessor
andthemainmemory It is anadwancemenbf the PCl interface. AGP usesconcepts
suchaspipelining to allow powerful 3-D graphicaccelerator$o functionwhenused
in conjuctionwith fastprocessorsAGP usesthreepowerful innovationsto achieve its
performance:

2 PipelinedMemory: The useof Pipeliningeliminateswait statesallowing faster
operation.

2 SeperatdddressandDatalines.

2 High speedghrougha special2X modethatallows running AGP at 133 MHz
insteadof thedefault 66 MHz.

ThroughAGR thevideo boardhasa direct connectiorto the microprocessoasa
dedicatechigh speednterfacefor video. The systemusedDMA (Direct Memory Ac-
cess)to move databetweermain memoryandframeluffer. Theacceleratochip uses
the main memoryfor executionof high level functionslike thoseusedin 3-D render

ing.

UMA

UMA standsfor Unifed Memory Architecture. It is anarchitecturewhich reduceghe
costof PC construction.In this, a partof the main memoryis actuallyusedasframe-
buffer. Hence,it eliminatesthe useof a busfor video processingThereforejt is less
costly Thoughit is notsupposedo performaswell asAGPetc.,in somecasesit may
give abetterperformancehanthebusbasedsystemsilt is theinterfaceusednowvadays
in low-costmotherboards.
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Figure5: AGP VideoArchitecuteandits working

4.5 Monitors

A Monitor is thetelevisionlik e box connectedo your computerandgiving youavision

into the mind of your PC. It shavs whatyour computeris thinking. It hasa display
which is technicallyde£nedas the image-producinglevice i.e. the screenone sees
anda circuitry that convertsthe signalsfrom your computer(or similiar devices)into

the properform for display Monitorsareor werejust like television setsexceptthat
television setshave atuneror demodulatocircuit to convertthesignals.However, nov

monitorshave branchedbeyond television. They have greatersharpnessnd colour
purity andoperateat higherfrequencies.

4.5.1 CathodeRay Tubes

Cathoderay tubeis the majortechnologyon which monitorsandtelevisionshave been
based.CRT is a partially evacuatedylasstube£lled with inert gasat low pressure A
speciallydesignedCathode(negatively chaged electrode)shootsbeamsof electrons
at high speedtowardsan anode(positively chagedelectrode)which impingeson the
screerwhich is coatedwith small phosphorcoateddotsof the threeprimary colours.
This cathodés alsocalledan ElectronGun. In fact, therecanbe threeseperatguns
for thethreecolours(Red,GreenandBlue)oronegunfor all three.
Fourfactorsinauencethe quality of imageof the monitor:

1. ThePhosphocoating This effectsthe colour andthe persistanc€The period
theeffect of a singlehit onadotlasts).

2. TheCathodgElectronGun). The sharpnessf theimagedependsn the good
functioningof this gun.

3. Shadev Mask/ApertureGrill. This determineshe resolutionof the screenin
colourmonitors.

4. The Screenglareandlighting of themonitor.

45.2 Shadov Mask

The Shadev Mask is a metal sheetwhich has£ne perforations(holes)in it andis
locateda shortdistancebeforethe phosphoicoatedscreen. The Phosphodotsandthe
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holesin the shadev maskareso arrangedhatthe beamsrom the gun of a particular
gunwill strike thedotsof thatcolouronly. The dotsof the othertwo coloursarein the
shadev. In anattemptto overcomesomeshortcomingof Shadev masksdueto their
roundholes,Sory introducedAperturegrills (in their Trinitron technology)which are
slotsin anarrayof vertically arrangedvires.

Figure6: Shadev MaskandAperture

4.5.3 Dot Pitch

Dot Pitch of a CRT is the distancebetweenphosphordots of the samecolour. In
Trinitron screenstheterm Slot Pitchis usedinsteadof Dot Pitch— thisis thedistance
betweentwo slots of the samecolour Dot Pitch is a very important parameterof
monitorquality. For aparticularesolutionyoucangettheminimumdotpitchrequired
by dividing the physical screensize by the numberof pixels. Therefore for smaller
screensyou require£nerDot Pitch.

45.4 Monitor Resolutions

We have discussedaboutresolutionsand vertical and horizontalrefreshratesin the
sectionon Video Cards. Let usreferto themfrom the monitor point of view. So,we
have thefollowing de£nitiong Fromthemanualof amonitoravailableion themarket):
HorizontalFrequeng: The time to scanoneline connectinghe right edgeto the left
edgeof the screerhorizontallyis calledthe Horizontalcycle andthe inversenumber
of theHorizontalcycle is calledHorizontalFrequeng. Theunitis KHz (KiloHertz).
VerticalFrequeng: Like a Flourescentamp, the screerhasto repeathe sameimage
mary timespersecondo displayanimageto theuser Thefrequeng of thisrepetition
is calledVertical Frequeng or RefreshRate.

If the resolutiongeneratedy the video card and the monitor resolutionis properly
matchedyou geta goodquality display However, the actualresolutionachievedis a
physicalquality of the monitor. In coloursystemstheresolutionis limited by Corver
gence(Do the beamof the 3 colourscorverge exactly on the samedot?) andthe Dot
Pitch. In monochromenonitors theresolutionis only limited by thehighestfrequeng
signalsthemonitorcanhandle.
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45.5 DPI

DPI (Dots Perinch) is ameasurdor the actualsharpnessf the onscreenmage. This
dependn both the resolutionandthe size of theimage. Practicalexperienceshowvs
that a smallerscreenhasa sharperimageat the sameresolution,than doesa larger
screen.This is becausét will requiremoredotsperinch to displaythe samenumber
of pixels. A 15-inchmonitoris 12-incheshorizontally A 10-inchmonitoris 8 inches
horizontally To displaya VGA image (64CE 480) the 15-inch monitor will require
53DPlandthe 10-inchmonitor80 DPI.

4.5.6 interlacing

Interlacingis a technigquen which insteadof scanningheimageone-line-at-a-timét
is scannedilterenatelyi.e. alternatelines are scannedat eachpass. This achievesa
doublingof theframeratewith the sameamountof signalinput. Interlacingis usedto
keepbandwidth(amountof signal)down. Presentlyonly the8514/Adisplayadapters
useinterlacing.Sincelnterlaceddisplayshave beenreportedio be morerickery, with
bettertechnologyavailable,mostmonitorsarenon-interlacedow.

4.5.7 Bandwidth

Bandwidthis theamountof signalthe monitorcanhandleandit is ratedin MegaHertz.
This is the mostcommonlyquotedspeci£catiorof a monitor The Bandwidthshould
be enoughto addres®achpixel plussynchronizingsignals.

Check Your Progress 2

1. Redrav £gure-4 shaving ColourPlanedor atrue-coloursystem.

Q2. Whatis a FrameBufer? Discussthe placemenbdf the FrameBufer w.r.t. to the
differentVideo Cardinterfaces.

Q3. Whatis the differencebetweenShadev Mask and Dot 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 size of the corresponding
singlememorychip you would getfrom the market? a) 900KB,1MB  b) 1.6
MB, 4MB
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c)12.6MB,16MB d)7.6MB,8MB

Q5. Thereis animageof resolution1024X768. 1t hasto be displayedon a 15-inch
monitor ( 12-inch horizontal, 9-inch Vertical display). What is the minimum
Dot-pitchrequiredfor this image?(minimum heremeanshe largestusefuldot
pitch). a) 1:4£ 10 #inches b)2:8£ 10 4inches
c) 1:4£ 10*inches d)1:2£ 10 ?inches

4.6 Liquid Crystal Displays(LCD)

LCD's arethe screen®f choicefor portablecomputersandlightweightscreensThey

consummevery little electricityandhave advancedtechnologicallyto quite goodres-

olutionsandcoloursupport. They weredevelopedby the compary RCA in the 1960s.

LCDs functionsimply by blockingavailablelight soasto renderdisplaypatterns.
LCDs canbe of thefollowing types:

1. Rezectve LCDs: displayis generatedby selectvely blockingrecectedight.
2. Backlit LCDs: displayis dueto alight sourcebehindLCD panel.
3. EdgelitLCDs: displayis dueto alight sourceadjacento the LCD panel.

LCD Technology

The technologybehindLCD is called Nematic Technology becausahe moleculesof
theliquid crystalsusedarenematici.e rod-shapedThis liquid is sandwichedetween
two thin plastic membranes.Thesecrystalshave the specialpropertythat they can
changethe polarity andthe bendof the light andthis canbe controlledby groovesin
theplasticandby applyingelectriccurrent.

Passie Matrix

In a passve matrix arrangementthe LCD panelhasa grid of horizontalandvertical
conductorsandeachpixel is locatedat anintersection.Whena currentis recieved by
thepixel, it becomeslark. Thisis thetechnologywhichis morecommonlyused.

Active Matrix

This is called TFT (Thin Film Transistor)technology In this thereis a transistorat
every pixel actingasarelay, recieving a smallamountand makingit muchhigherto
activatethe pixel. Sincethe amountis smaller it cantravel fasterandhenceresponse
timesare muchfaster However, TFTs are much more difEcult to fabricateand are
costlier

4.7 Digital Camera
A Digital camerais a camerathat capturesand storesstill imagesandvideo (Digital

Video Cameraspsdigital datainsteadof on photographicElm. The £rstdigital cam-
erashecameavailablein early 1990s.Sincetheimagesarein digital form they canbe
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laterfed to acomputeror printedon a printer.

Like a corventionalcameraa digital camerahasa seriesof lenseshatfocuslight to
createanimageof a scene But insteadof this light hitting a pieceof £lm, thecamera
focusesit onto a semiconductodevice that recordslight electronically An in-built
computetthenbreakshis electronicinformationdown into digital data.

This semiconductodevice is calledan Imagesensorandcornvertslight into elec-

trical chages. Therearetwo main kinds of Imagesensors:CCD and CMOS. CCD
standgfor Chage couplesdevicesandis the more popularandmore powerful kind of
sensorCMOS standsor Complementaryetal oxide semiconductoandthis kind of
technologyis now only usedin somelower endcamerasWhile CMOS sensorsnay
improve and becomemore popularin the future, they probablywon't replaceCCD
sensorsn higherenddigital cameras.
In brief, the CCD s acollectionof tiny light-sensitve diodescalledphotosites, which
convert photong(light) into electrongelectricalchage). Eachphotositeis proportion-
ally sensitve to light — the brighterthelight thathits a singlephotosite the greaterthe
electricalchagethatwill accumulatetthatsite.

A digital Camerds alsocharacterisedy its resolution(lik e monitorsandprinters)
whichis measuredn pixels. The highertheresolution,the moredetailis availablein
animage.

4.8 SoundCards

Multimedia hasbecomea very importantpart of todaysPC. The homeuserwantsto
watchmoviesandhearsongs.The Softwaredeveloperhackingaway at her computer
wantsto have the computemplayingMP3 or OGG (ThelatestFreeSoundformatstan-
dard)in thebackgroundThus,thesoundsystenis averyimportantpartof thesystem.

As you musthave readin your high schoolphysics, soundis a longitudinalwave
travelling in a medium,usuallyair in the caseof music. Soundcanbe encodednto
electricalform using electricalsignalswhich encodesoundstrengths.This is called
analog audio. This analogaudiois cornvertedto digital audio, which is corversionof
thosesignalsinto bits and bytesthroughthe processcalled Sampling. In Sampling,
analog 'samples'are taken at regular intervals and the amplitude (Voltage) of these
sampless encodedo bits. Thesesoundsaremanipulatedy your PCsmicroprocessor
etc. To play backthesedigital audiosoundsthe datais sentto the Soundcardwhich
convertsit to analogaudio,whichis playedbackthroughspealers.

The Soundcard(The cardis oftendirectly built into motherboardsowvadays)is a
boardthat hasdigital to analogsoundcorverter ampliferetc. circuitry to play sound
andto connecthe PCto variousaudiosources.

A soundcardmay supportthe following functions:

1. Corvert digital soundto analogform using digital-to-analogcorverterto play
backthesound.

2. May recordsoundto playbacklaterwith analog-to-digitatorverter
3. May have built-in Synthesizerso createnew sounds.

4. May usevariousinput source§Microphone,CD etc) andmixer circuitsto play
thesesoundgogether
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5. Amplifersto amplify the soundsignalsto nicely audiblelevels.

Soundcardsaredescribedy the 3Cs: Compatibility ConnectiongandQuiality.

Compatibility: Soundcardsmustbe compatibleatbothhardwareandsoftwarelevels
with industrystandardsMost software,especiallygamesequiresoundcardsto
be compatiblewith the two mainindustrystandardsAdLib (A Basicstandard)
andSoundBlaster(anadwancedstandardievelopedby Creatie Labs).

Connections: Soundcardsshouldhave connectiondo allow variousfunctions. One
of the mostimportantis the MIDI port (MIDI standsfor Musical Instrument
Device Interface). MIDI port allows you to createmusicdirectly with your PC
usingthe SoundCardssynthesizecircuit andeven attacha Pianokeyboardto
your PC.

Quality: SoundCardsvary widely in termsof quality they give. Thisrangesrom the
frequeng rangesupport digital quality andnoisecontrol.

4.9 Printers

Printersaredevicesthat putink on paperin a controlledmanner They manuallypro-
ducereadabldext or photographidmages.Printershave gonethrougha large transi-
tion in technology They arestill availablein a wide rangeof technologyand prices
from the dot matrix printerto Inkjet printersto LaserPrinters. Printerscanbe distin-
guishedasimpactvs. non-impactprinters(dependingon whetherprinting is doneby
impactof hammersnribbon), characteform (Bit-map or dots),Output(Serial,Line
or PagePrinter).

Let usseethe parametershatcharacterizgrinters:-

4.9.1 Print Resolution

Print Resolutionis the detail that a printer cangive determinedby how mary dotsa

printercanput perinch of paper Thus,the unit of resolutionis Dots perinch. Thisis

applicableto bothimpactandnon-impactrinterthoughthe actualquality will depend
onthetechnologyof the printer.

The requiredresolutionto a greatextent determineghe quality of the outputandthe

time takento printit. Thereis atradeof betweenquality andtime. Lower resolution
meansfasterprinting and low quality. High resolutionmeansslower printing of a

higherquality. Therearethreereadymadeesolutionmodes:draft, nearletter quality

(NLQ) andletterquality. Draft givesthelowerresolutionprint andletterquality higher
resolution.In Inkjet andLaserPrinters the highestmodeis oftencalled best' quality

print.

4.9.2 Print Speed

The speedat which a printer printsis often animportantissue. However, the printer
hasto take a certaintime to print. Printingtime increasesvith higherresolutionand
colouredimages. To aid printing, all operatingsystemshave spoolingsoftware that
accumulategrint dataandsendst atthe speedhatthe printercanprint it.

Themeasuref speedlepend®nwhetherprinteris a Line Printeror PagePrinter. Let
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usunderstandhese:

Line Printer: Line Printerprocesseandprintsoneline of text atatime.

PagePrinter: A pageprinter processegndprintsonefull pageat atime. Actually,
it rasterizeghe full imageof the pagein its memoryandthenprintsit asone
line of dotsatatime. For aline printer, the speeds measuredn characters per
secondcps)whereador pageprinting, it is pagesper minute(ppm). Hence Dot
Matrix usuallyhave speedgjivenin cpswheread asershave speedn ppm The
actualspeednayvary from therating speedyiven by themanufcturerbecause,
asexpectedtheprinterchooseshe morefavourablevalues.

4.9.3 Print Quality

Print quality dependson variousfactorsbut ultimatelythe quality dependsn the de-
signof the printerandits mechanicatonstruction.

DotMatrix/InkJ et Printers

Threemain issuesdeterminethe quality of charactergproducedby DotMatrix/InkJet
Printers:-Numberof dotsin the matrix of eachcharacterthe size of the dots and
the addressabilityof the Printer Densermatrix andsmallerdots make bettercharac-
tersAddressabilityis the accurag with which a dot canbe producede.g. 1/120inch
meansprintercanput a dot with 1/120inch of the requireddot). Minimum dot matrix
usedby generaldot matrix printersis 9£ 9 dots,18-pinand24-pinprintersusel2£ 24
to 24£ 24 matrices.nkjetsmayevengive upto 72£ 120dots.

Quality of outputalsodependsn the paperused. If ink of anInkjet printer getsab-
sorbedby the paperit spreadsandspoilstheresolution.

Laser Printer

LaserPrintersarepageprinters.For print quality, they alsofacethe sameaddressabil-
ity issuesasDMP/InkJetPrinters.However, someothertechniquesarepossibleto use
for betterquality here.

One of theseis ReT(ResolutionEnhancementechnology)introducedby Hewlett-
Packard. It prints betterat the sameresolutionby changingthe size of the dots at
characteedgesanddiagonallinesreducingiaggededges.

A very importantrequirementfor LaserPrintersto print at high quality is Memory.
Memoryincreasesssquareof resolutioni.e. the Dot densityi.e. thedpi. Thereforejf
3.5MB is requiredfor a 600dpi pageapproximatelyl4 MB is requiredfor 1200dpi.
You needevenmorememoryfor colour.

For efEcienttext printing, the Laserprinter storesthe pageimageasASCII characters
andfontsandprintsthemwith low memoryusage At higherresolutionsthe quality of
print toneralsobecomesmportantsincethe resolutionis limited by the size of toner
particles.

4.9.4 Colour Management

Therearethreeprimary coloursin pigments- Red, Yellow and Blue Therearetwo
waysto producemorecolours:
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Physical Mixing: Physically mix coloursto make new colour This is difEcult for
printersbecauséheir coloursarequick drying andso coloursto be mixed must
beappliedsimultaneously

Optical Mixing: Mixing to giveillusion of anew colour. This canbedonein 2 ways:

2 Apply coloursoneuponanother This is doneusinginks which aresome-
whattransparentasmoderninks are.

2 Applying dotsof differentcoloursso closeto oneanotherthatthe human
eye cannotdistinguishthedifference.This is thetheorybehindDithering

3 or 4 colour Printing?

For good printing, printersdo not use RBY, insteadthey useCMYK (Cyaninstead
of Blue, Magentainsteadof Red, Yellow, and a separateBlack). A separateBlack
is requiredsincethe 3 coloursmixed to producea black (which is called Composite
Black) is oftennot satishctory

Dithering

CMYK givesonly 8 colours(C, M, Y, K, Violet= C + M, Orange=M + Y, Green=

C + Y, andthe 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
arecalledSuperpixels Thedotsof agivencolourin a Superpixel decidetheintensity
of thatcolour Theproblemwith ditheringis thatit reducegheresolutionof theimage
sincemoredotsaretakenby a singlepixel now.

ScreenviersusPrinter

Monitor screengndPrintersusedifferentcolourtechnologiesThemonitorusesRGB
andthe PrinterCMYK. So,how doesoneknow thatthe colourthatis seenis goingto
be printed. This is wherethe Printerdriver becomewery important,andwheremary
computermodelsand graphicorientedmachinescore. For long, a claim to fameof
the Apple Macintoshmachinesasbeentheir very goodcorrespondendeetweerprint
andscreercolours.

4.10 Modems

A Modemis one device that mostcomputeruserswho have surfedthe Internetare
awareof. A modemis requiredbecausehoughmostof the telecommunicationbave
becomedigital, mosttelephoneconnectionst the userendarestill the analogPOTS
(PlainOld Telephonesystems/Sets/Servicdjowever, thecomputeiis adigital device
and henceanotherdevice is neededwhich can corvert the digital signalsto analog
signalsandvice-versa.Suchadevice is the MoDem.

MoDemstandgor Modulator/DemodulatoModulationis the processwhich puts
digitalinformationonto theanalogcircuit by modifyingaconstantvave (signal)called
the Carrier This is whathappenavhenyou pressa buttonto connectto the Internet
or to awebsite. Demodulatioris the reverseprocesswhich derivedthe digital signal
from themodulatedvave. Thisis whathappensvhenyou receive datafrom awebsite
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which thengetsdisplayedoy your browser
Discussiormnf modulationtechniquess out of scopehere(you canreferto your course
on ComputemMetworks).

Modemsareavailableasthefollowing types:

1. InternalModems:InternalModemsplug into expansionslotsin your PC.Inter
nal Modemsarethe cheapandefEcient. InternalModemsare bus-speci£and
hencemaynot £t universally

2. ExternalModems:Modemsexternallyconnectedo PCthrougha serialor paral-
lel portandinto atelephondine attheotherend. They canusuallyconnecto ary
computemwith theright port andhave arangeof indicatorsfor troubleshooting.

3. Poclet Modems:SmallexternalModemsusedwith notebookPCs.

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

Modemscomeaccordingo CCITT/ITU standarde.g.V.32,V.32bis,V.42etc.

Modem Language

Modemsunderstandh setof instructionscalledHayesCommandSetor the AT Com-
mandSet Thesecommandsare usedto communicatevith the Modem. Sometimes,
whenyou arein troublesettingup your Modem, it is usefulto knov somebasiccom-
mandse.g. ATDT 17776will dial thenumberl7776acrossa TonePhoneand ATDP
17776to thenumberl7776if it is a Pulsephone.

4.11 Scanners

A Scanneis adevice thatallows you to capturedrawvings or photograph®r text from
tangiblesourcegpaperslidesetc.) into electronicform. Scannersvork by detecting
differencesin brightnessof remectionsfrom animageor objectusing light sensors.
Theselight sensorsarearrangedn anarrayacrosshe whole width thatis scannable.
This packingdeterminesgheresolutionanddetailsthatcanbe scanned.
Scannersomein varioustypes: Drum ScannersFlatbedScannersHand Scanners
andVideo Scanners Drum Scanneraisea rotatingdrumto scanloosepapersheets.
Flatbedscannersiave movablesensors$o scanimagesplacedonaratglasstray. These
arethe mostexpensve kind. Handheld Scannersrethe cheapesandmostportable.
They areusefulfor mary applicationsut aresmallin sizeandneedgoodhandcontrol
for high quality scanning.Video ScanneraiseVideo technologyandVideo cameras
insteadof Scanningechnology Potentially they cangive high resolutionsut usually
affordablecameragyive poorresolutions.

Oneexciting applicationof Scannerss OpticalRecognitiorof Character§OCR. OCR
softwaretriesto recognisecharacterérom their shapesndwrite out the scannedext
asatext £le. Thoughthis technologyis steadinglyimproving, it is still not completely
reliableesp.w.r.t. Indianscripts.However, it canbe very usefulto digitize the ancient
texts writtenin Indianscripts.
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4.11.1 Resolution
Optical Resolution

Opticalresolutionor hardwareresolutionis the mechanicalimit on resolutionof the

ScannerFor scanningthesensohasto advanceaftereachline it scans Thesmallness
of this advancemenstepgivesthe resolutionof the ScannerTypically, Scannersnay

be availablewith mechanicaftesolutionsof 300,600,12000r 2400dpi. Somespecial
scannergvenscanat 10,000dpi.

Inter polated Resolution

EachScanneiis accompaniedby a software. This softwarecanincreasethe apparent
resolutionof thescanby atechniquecalledinterpolation.By thistechniqueadditional
dotsareinterpolatedadded)etweerexisting dots. This givesa higherresolutionand
smoothempicture but without addingary additionalinformation. The addeddotswiill
however leadto larger£le sizes.

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.
Mostscannergsando 256(8-bit),1024(10-bit)or 4096(12-bit)for eachprimarycolour.

Thisaddsup to andis adwertisedas24-bit, 30-bit and36-bit colourscannersActually

though to utilise the ColourDepth,theimageunderscanningnustbeproperlyfocused
uponandproperlyilluminatedby the scanner

Sincethe minimum colour rangeuseful for humanvision is 24-bits, more bits may
seemuseful. However, extra bits of scanninggive you £rm control for £ltering the

imagecolourto your requirements.

4.11.3 Sizeand Speed

Beforeactualscanningaquick, low resolutionscancalledpre-scaris madeto preview
the imageand selectscanningarea. After this only doesthe actualscantake place.
Early colour scanneraisedto take threepassegor a scan- one passfor eachcolour
Now, Scanneraisejust one passandusephotodetectorso detectthe colours. Then,
they operateasfastasmonochromescannersHowever, otherissuesarealsoinvolved.
High resolutionscansof large imagesresultin large £le sizes. Thesecanitself slow
down processingincethey needHard Disk I/O for virtual memory Hence for large
scansijt is necessaryo have higherRAM in your PC.

4.11.4 ScanningTips

2 Do not scanat more resolutionthanrequired. This sares both time and Disk
Space.

2 Usually it is not usefulto scanat morethanthe optical resolutionsinceit adds
no new information. Interpolationcanbe donelaterwith Imageprocessingoft-
wares.
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2 |If scanningohotographgor Printers,it is enoughto scanat one-thirdtheresolu-
tion of printing, sincePrintersusuallyuseSupefPixels (Dithering) for printing.
Only for otherkind of Printerslik e continuoudonePrinters,you needto scanat
the Printerresolutionfor bestquality.

2 For imagesto be seenonly at the ComputerMonitor, you may needto only
scansothattheimagesizein pixelsis sameasdisplayresolution.Thatis, Scan
resolution= Heightof imagein pixelsdividedby the screersizein inches.This
may be surprisinglysmall.

4.12 Power Supply

Computeroperateelectronically— eitherthroughpower supply obtainedfrom your
electricplug or batteriesasin the caseof portablecomputers.However, the current
comingthroughyour electricline is too strongfor the delicatecomputercircuits. Also,
Electricity is suppliedas AC but the computerusesDC. Thus, power supplyis that
equipmentwhich takes AC from electricalsupplyamscorvertsit to DC to supplyto
computercircuits. Early power supplieswerelinear power suppliesandthey worked
by simply blockingonecycle of the AC current.They weresupersedely the SMPS.

4.12.1 SMPS(SwitchedMode Power Supply

SMPSis the unit into which the electricsupplyfrom the mainsis attachedo your PC
andthis suppliesDC to the internalcircuits. It is more efEcient, lessexpensve and
morecomple thanlinearsupplies.
SMPSworksin thefollowing way:- Theelectricsupplyrecevedis sentto acomponent
calledtriac which shiftsit from 50Hzto amuchhigherfrequeny (almost20.000Hz).
At thesametime, usinga techniquecalledPulseWidth modulation the pulseis varied
to the needsof the computercircuit. Shorterpulsesgive lower outputvoltage. A
transformethenreducesackthe voltageto the correctlevelsandrectiEersand£lters
generateghe pureDC current.
SMPShastwo mainadwantages:it generatetessheatsinceit wastedesspower, and
it usedessexpensve transformerandcircuitssinceit operatest higherfrequencies.
Thepower requiremenbf a PCdepend®nthemotherboarédndthe peripheralsn
your computer Still, in modernPCs,your requirementmay not be morethan150-200
Watts.

Check Your Progress 3

1. In whatwaysdoesa digital cameradiffer from a corventionalcamera.

Q2. ExplainthetermResolutionrandhow doesit applyto Monitors, CamerasPrint-
ers,Scannertc.
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Q3. Explainthe procesof Colourmanagemerin Printers.

Q4. CompareLaptopsmadeusing passie matrix and TFT technology Which are
cheapein price?

Q5. To connectmy modemto an ISR, | have to dial to the Pulsephonenumber
26176661whatHayesCommandsetcommandwrould| give:
a)ATDT 1777626176661 b) ATDT 26176661
c) ATDP 1777626176661 d) ATDP 26176661

Q6. It is given that to print a 300dpi pageon a particularLaser Printer 2MB of
memoryis required.How muchmemoryis requiredfor a 600dpipage?
a)2MB b)4 MB
c)8MB d)16MB

Q7. Which of thefollowing are Soundstoragdormatstandards:
a)midi  b) wave
c)mp3 d)OGG

Summary

In this unit, we discussed/arious Input/Outputdevices. We have coveredthe input
devices Keyboard, Mouse and Scanner The output devices discussedare Monitor,
LCD andPrinter Video cards,which control the display on monitorsfrom the CPU
andtheir systemof display have beendiscussedModemis a communicatiordevice
andtherebyanl/O device. The Pawer supply whichis actuallyinput of electricpower
for the computingunit hasalsobeencoveredfor the sale of completeness.

Answer Key

Check Your Progressl
Q4. Ans. (c)

Check Your Progress2

Q4. Ans. (b) 1024 768 2Bytes= 1.6MB. RAM is/was available as 1MB, 4MB,
16MB etc.

Q5Ans. (a) Total screersize= 12£ 9 = 108inches.imagesize= 1024 768= 786432
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pixels. divide 108inchesby 786432.

Check Your Progress3

Q5. Ans. (d) ATDP 26176661.

Q6. Ans. (c) 8MB. The memoryrequirementincreasess a squareof the resolu-
tion(dpi), soanincreasef two timesin thedpi leadsto anincreasef four timesin the
memoryrequirement.

Q7. Ans. All of them.
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