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ABSTRACT 

This project presents a Computer Aided Measuring and ,Monitoring Devkx~, It 

is an integration of a software and peripheral hardware via the printer paralle! 

interface port of a Host microcomputer (the iBM PC). The process involves 

converting the !\nalogue quantity to be rneasured into its digital equivalent, 'Nhich is 

read and processed by the software, The resultant value is displayed on the v'isua\ 

Display Unit of the Host microcomputer, as the rneasured value. 

HOiNever, this development enhances greah-::r flexibility and speed in terrns of 

measurerflent. 

Hence, it is employed to replace human observers as a matter of convenience; 

as in monitoring industrial processes., 
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CHAPTER aNt: 

i ,Q 'NTRODVCT~ON 

to n"lost lJeoDk~ and thev think of desk"bD . . / ~ 

rnicrocornputers (Persorml Computers) tAicfccornputers vwy from single"ch1p 

systerns, such as pocket calculators through to industria! controHms and n:ulti"user 

applications \vhich Isquin:: the c:ornpuk~fs tn ;:'1.C:CfJpt input {lorn sources other than 

the computer for measurer-nen! throuqh Ih::· printer para!kd pod. 

Before <.,ve 1aunch inl0 a discussion on this project let us lake some hne to 

und€,rstand the topic of th2 projiJct which is "COfnputGr r\ided tv1easudng ! Monitoring 

Device". Fhst vvhat is rneas·uren)f~nf'( fv1eaSUf(,}!T12nt is the POC2SS used to answer 

the questions; how rn<.1.ny and hov! much'? r\.~easurerr"l2nts, bnmd!y defined can be 

lfJeights, temp,i3rabms, ldenWvinu and rnatchinq COIOlS, (·:.;tln:aOno touqhness bv ' . .." . .., v......~ 

touch, !n generaL 11Cl'::V2V"X, !"nan's capabHHies need io be both eXIGnded and 

tefined by in.sln.mlents, ?vb8sudng instrurnents refine hun:;Jn capabWHes by 

With the USt? of computer to aid in nmasurer:li::.nt, greate~· f!mdbiHty and speed 

nonlinearity of sensors, noise and inteffen;mcc are solved. Computer aided 

measurement art:: ernploy€d to replace human observ'ers as a maHer of 

, , 'I' < d 1'! conV2n!8nCf;J, as In rnOnltonnq In,. USdfHl r,roGt:~s:3es, ' . ~ 

The aim of this project is to pmduce a computer aided rneasurinq and 

monitoring device I,.,vhich can be used: 

1) /\s a rnulti~m8ter to !1128SurH voltage, ms!stancf~ and temperature 



2} To monitDr Hw temperatunJ of an enclosure or a system. 

to the outside VVDdd through its parDUe! printer POll. Hov-/ ai! the pieces of tho 

dE'~siQned for outputting data only into an input and output pOd. 

The Cornputer Aided MeasudnQlMnnitGrinq Device is an intelligent 

instrument deVi;:dclOed and used kn monitorinq and Drecise tncasurernenL ~ '.' , 

responsive ,modern sdence and technoioqy HJly on the dsvp!nprnenl of much 

GontroHing aB kind of phenornena.(paqe 33t{ of rFL 2), 

Sorne of the earliest inS1JUrnen!s of measun:nnen1 were used in f:)sh:mnrny 

. . ~. g '" , . ~ !'! ! t "'; • and ?V~vlgadorL ole Hrn1Hiary spnnre: I!k} (>CH·}s! 1mown as mn01T'l:Cai !1lSdtWnen(, 

drdes of the heavens. The armi!!ary spherG was knO'~vn in ancient China, !he 

astrolcbe, which could tel! the tirHe or length of day Of' niqht as \vei! as rneasure 

finding that did not make reference to the stars ,vms a striking advance in 

ins!n.unenialkm rnade about thf' 1I,f; centur:r The telescope, Ihe primary 

astronomicai instrument \-vas invented about 1608 by!he dutch q:>tiC18.n Hans 

Instrurnentation deve10Ded al rank) qace in the industria! revolution of the .. ~ f 

time requin:~(j fnstrurnents capable of achinvinq new standards of Enem 

The Industria! application of electricity requirod instruments to In(·;asure current, 

') 
'-



voltage, and resistance. A.nalytical methods using such instruments as the 

microscope and the spectroscope, beet·nne increasingly irnpnrtBnt; the light radiation 

giVen off by Incandescent substances, began to be used to idenHfy the cornposiUon 

of chemica! substances and stars. (page 334 of ref 2). 

fl1 H18 20th century the gro'yvth of modem industry, the introduction of 

cornputerlzatlon, and the advent of space exploration have spurred sOH greater 

development of ins!furnentation, particularly of electroniC devices. Often a 

transducer, an instrument that changes energy frorn one form into another (such as 

thermistor, photon::;!!, or microphone) is uSHd to transfonn a sample of the energy 

to be measured into electrical irnpulses that are more easily processed and stored. 

The introduction of the eledronic computer In the 1950s, with its great capacity for 

information processing and s!omf.:je: virtuaHy revolutionized rnethods or 

instrumentation, for it a!1mved the simultaneous comparison and analysis of large 

amounts of information. (page 334 of reL2). 

Today there ale Lots of computerized measuring instruments used in 

industrie:::L Instrument compuierization has been viR!he internal expansion slot 

inside the microcornputer, <.,vhich has the possibility' of damaging the entire cornputer 

when the instrurnent is vJrong!y operated. U::hapter 32 page 288 of reL4) 

computerization is also done via the printer port which is safer. But the limitation in 

usinfj the print.er POlt for instrument cornpu!:erization is that: there are a maximum 

of five Lines (5-bits) feeding back into {he computer. vVh!ch means instrument 

computerization involving the use of /\nalogue .. to .. DigHal converters, INhlch 

translates analogue information into eight .. bit Of more bytes, can not be efficient. 



This Limitation was broken in this pmjf~ct through the use of the 2-input 4··bH digital 

rHuh1p!exer, the 741 S l ~ntegrated circuit (Ie), together with the low level feature of 

the C++ progmnuning language used in this project VVhich now opens the vmy to 

instrument cornputerization through the !Sf\:1 PC printer port as presented in this 

project (page 28G of mfA, p8£Jes 274·279 of ref.S), 



1,3 PROJECT OUTLINE 

This project is written to report how a computer Aided ~>J1easurlng ! Monitoring 

Device (C/\Mi\,1D} was developed, C:;/\ivlMD is a development of peripheral hardware 

Hnd softvvare, for voltage resistance and temperature measurement via the fBtA 

AI! the information on how the G/\~Arv1D vvas developed is presented in four 

chapters. 

Chapter one, gives the genera! introduction oftne project Here, an insight em 

the 'Nhole research is discussed and this includes fnhodudion, Alms and 

objectives of the project, literature review and project outline, 

(":hapter two, deals \Nith the system desi9n Discussed here, is the procedures 

taKen in designing the various stages and modules of the project 

Chapter three, discussed the construction and testing of the project, and also 

the results obtained me discussed, 

C'::hapter tom contains the concluSion, recomrnendaUons and also references 

of textbooks consul!ett 

5 



CHAPTER TWO 

2JJ SYSTEM DES!GN 

The Comouter Aided Me8surinC! ! Monitoring. Device {C/\Mf\>1D} consists of d ~ .. 'J... . 

peripheral hanJvvarc, C{X1nflctBd te the printer intedac::c port of the IBht PC, and a 

shown in Figure 2.0, 

The quantity to be rneasumd, if not \ioHage, is First converted to a voltage 

signa! bV the rB0u!!"ed conversion circuits ,JS shnvvn in Fiqure 2JJ. The vo!t<:we '. ~ >.~ ~.. :;} 

. ." t~ ,".. . ! t 1'1 ! ". " • I' " ! I""' sIgna! is ,!m!"! comHdcme(. 0 .1e an2hopue mu!t~p!exer by die mgna conUHorHng 

HHedwgc and vc!tHGe anmHfical!oi). Next the mwlcoue rnu1tiolo::·a:::r, under sofh,vare .. ~. '''; ~ 

1t converls!hE' siqnal to its diqita! enuivalent Then, \:vith tlH:; nki of the DiGital ... ..,.... ' .. " 

mul!iplexer, the eight bit digHa~ signal Dutput of the ADC, is ffJei 4 bits by 4 bits as 

!n this char:ter, how the various block dlaomrrls \'V8re desioned wlH be tn:3akd t ...... ' .. / 

on tho I.,vorklng Limits of the prink): interface. Tha! is 'vvhy fl knowledge of thfJ printer 

2,1 OPERAT10N OF THE PRINTER ~NTER~ACE PORr 

The printer interface port is f~)und on (Jny of these tw<') p1ug-in·cards: 

Disp[ay adapter card 

(Some PC's \NiH have part of thls on Ihe mother board rather than as plug-in· 
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The PC addresses, or accesses, its various 110 ports by using a unique 

address code Each device Of board in the cmnputer has an address that no one 

Edse in the PC shares 'Nith it ' 

The printer port that comes on the rnonochrorne display adapter has a starting 

address of 956 in base 10 ntwnbering form, The parallel porl contained on the mutU .. 

!lO card has a starting address of 888 or 632 aU in base 10 numbering, UsuaHy, you 

specify the address of the port vvhen you instal! the board. So depending on the 

adapter or card, the starting address can be 956, 888 or 632, There are up to three 

ports in the printer interface .. output status and control ports. ThereforE! the starting 

address as mentioned above Is used for the output port The next address 957, 8S9 

or 633 1s used for the status pmt. \llhBe the nmd address to the status address, 958, 

890 or 634 Is used for the control pmt Figure 2..1 sho\vs the pod map of the printer 

interface ped. 

rA:OD'RE'ss" ........ _ ..................... -
PORT 

.~..CD!~L ... . _ ... , ................ _________________ ~..j 
956 

or 888 

or 889 

or633 

958 
c=I:T~I~-=()'rP=T:::Im n:::J 
./7 ./,/,,,,. /""" ::",.,_,,,- ~ //3 1· 1,.,......., """"'" 

~ k- _, "pj ~--'-- , /, ' , ' .i. out\)- cl -',- ! 
r-, v '-' ,~.;,f_ ~~_:_ .. ~"'_"'_ .. _ ... !2:?~.~.~~:.~!.::~::::!.~ ___ .l:.U:.~~.~.:~.~ .. _ .... _.J.:~.~~:f:~~ ............. ~~C??~ .. ! 

or 890 

or 634 

.fi,slJIJ- 2..1 Pnfl~f?;;,r v.£.~.L r·n'.lp 

The printer port on the !8tA PC is a 25 pin connector, often referred to as a 08 

-25 connector. Figure 2.2 shows the r}in .. out desionations for the connedor and the , ~ ~ 

meaning of the pins, Note that on!y a litHe more than half of the pins are use. The 

others am not connected lnskle the computer or are grounded to the chassis. 
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The data output is cornprised of eight binary bib as shown in figure ~L3. The 

control port is also an output port The output lines me Latched, meaning that 

whatever data you place on them stay there unW you changB H or turn off he 

computHf. As shovm in figurH 2.3, thE! control has four out going lines. The status 

Hne;; are the only ones that feHd back into the computer. There are fh,<e status lines 

as shown in figure 23. 
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2,2 THE TRANSDUCER AND ITS CIRCU!T 

Transducers have the function of converting non .. e!eddc input variables to 

electrical, usually analogue form. As mentioned in previous sections the quantities 

being rneasursd are: te rn perature , msist<=mce and v'dtage. Only temperature is ncn 

temperature, is used. 

Thermistors are made by sintering mbdmes of oxides of nkke! and 

10 



frlanganese, bonding bNO eiectrica! leads to the sintered materia!. and en dosing the 

unit in 8 prOtective coating see Fio 2.4. The devices . ~ ~ 

Figure 2."1 Typica! thermistor for ternpemtum sensing purposes 

1 
rlt 

'I'>~' /~ ·~t / 
........ ..,. 

I 
Therrnistn{' Symbol 

(the ~ 1" indicates a negative ternperatum 

characteristic) 

it;') 
\ l 

Disc type Lacquer coated 

thermistor 

are made in a wide variety of srmpes {beads, discs: rods, and flakes), are very 

inexpensive: and very compact Thermistors me semiconducting devices V,f!"lose 

resistance depends exponentially on temperature. This means that the thermistor 

is very sensHive to ternperatum: but it also means that its tmnperature range is 

limited. fv1md types have a negative temperature coefficient and some with a positive 

temperatum coefficient are availab!e. 

The therrristor used in this project have a nf';gatlve ternperatum coefficient 

!J'jhich means that the resistance of the thermistor decreases when temperature 

increases. 

One of the features of thermistors is that the resulting electrical output per una 

change of temperature is invariably tiny, It is about a few rniIHvolts, at best, i.1 1'n V. 

This sma!L possibly slowly varying signa! wiH be contained wit.hin noise and 

interference at frequencies beyond 1 Hz, Therefore the signa! is handled as 

differentia! signa!, vvhich require two signa! v':!res. That is the inforrnaUon bearinq 

signa! is the difference between the voltages on the two wires. each measured \1'1Hh 

respect to wound .. 

ConsenuenUy the thermistor is wired into one ann of a \Nheaistone Bridge, as • , v . 

shown in figure 25, and the circuit is suppHed v'/lth a voltage, V Tin :;:·l·5\( The output 

voHage is given by 



\/out ::;:; ( R., , ,.R .. ,." .. : ....... . ! ·R·.······:;"R"- v ri:: - ~.. ... V "':(~ 
\ ':1 . '2 R; .;.. R, 

R" or R~ can be 
v /. 

trimrned so that at 40"(;, the chosen lower limit for the project, the output from the 

bridge is exactly zero volts, Hence 

at 40"'c: 

( ..... B} ....... ) \f.. .. ( ..... ~L ... J \! .' 
l R .J. R !' f:" l R .~ r' ! 'l:n 
" ;:~. 7:" '. "r .. \., 

therefore, 

P f:> , ' .. ,o..: \'<:" " , ..................... - ................ _ .. _ .. . 

This implies that 

~} ... Rr 
H2 Rl 

But at 4iYe F~l ~ 129100, Therefore R;; ~ 129'100 

with H1 ~ 'WkO, the current flmvlng through the lhennistor is glven by 

\ I ,~ ""'0 "'n'< '·L·::::1", 
·R· .......... ·~ .... '" '1"'{j"{')",,0";''':;'"9-10 ~ O.22mA 

~+:"'T \. ·.)u-v:::1.. '.-.. 

Therefore the rna.xlmurn power dissipated across the thermistor is given by 

12 



Since this does not exceed the maximum power rating of the Hwrmlstor v>Jhk:h 

is ·i2mw. Therefore R1 ::-:R2 -::: 10KD IS used, 

In the context of digital SystEH'!lS the expression "signa! conditioning;' covers the 

shaping, mnplificaUon, buffering and rHtHring of any signal so that it comes vvith1n thp 

range and band'Nkith requirements of the systern input Norma!!y this entails bringing 

the signa! level up to the input span of an ADC, typicaHy OV to + SV How these '.vere 

achieved for the three measuring quantities in this project v,;H! be discussed in this 

section. 

2.3,1 FOR TEMPERATURE 

It has been rnentioned in section 2.2, the reason v;hy the thermistor signa! is 

handled as a differentia! signa! and how it \N8S shifted to zero at 4-0 "c which is 

opUonaHy the !mvest temperature to be measured. 

The desi9f1 of the signa! conditioning circuit depending on the rneasurernent 

requirernents. Here it is required to produce a highly sensitive temperature 

measuring device. Therefore the change in output of the thermistor circuit for a unit 

change in temperature, 1. irn\/r'c, is amplified to the smallest change in voltage, 

20m\) which the f1DC can detect This, couple vlith the fad 1hat noise interferes 'NHh 

the required signa!, lead to the use of a differential amplifier system with a filter drcuit 

as shown in figure 2, G 

!3 



Vod ~ 

R,~ /' :;"1d Rt, // if the ratio of '" w -/R~ /R,j 
are made equal we have 

\/od 

Therefore the gain Ad of the differentia! amplifier is given by 

SInce the signa! is contained '>;vithin noise and interference slg1"18!5. t.he 

bandwidth of the signal must be HrnHed to reduce noise and minimize any a!ais!ng 

effect. So, band~\iidth limiting of the differentially an1plified system is set to i Hz by 

a sanen .. and - l\e'1" second"order !o\N-pass filter named after its inventors, where the 

characteristic frequency is given by 

Fe 

1 
'2( 3, '14 '16)( '1xki::e"x'1'3i~:i'or) 

12Hz 

wi1h this circuit a transfer function that is maximaBy flat In the passband is achieved 

The gain of the Wter drcuit whlch is a non .. lnverting amplifier is given by: 

Therefore the overall gain of the amplifier system from equation (2,2) is given 

by 

14 



with A :;; 1 B, the final output is then 20rn\l/",c which is suitable to drive an B ~ bit A!JC, 

Although, there exist an appreciable cornnm!l mode voltage output of about 11 GrnV' 

in this ease, it does nol irnpose any problem since softv'i8re takes care of its effect 

through the use of kmk up table. Another !imitation of this differentia! amplifier is Hs 

!ovv differentia! input impedance which is only 2F5 This irnpedance loads the 

differentia! signa! source (the bridge circuit) and can attenuate it Thls problem was 

differentia! amp!ifieL The hNO input buffer arnp!if1ers provide 'Jety high hnpedance to 

t.he bridge circuH, 

2.3.2 FOR VOL rAGE 

The VJorK of the signa! conditioning circuit hem IS to reduce any high voltage 

range signa!, so that it conlee within the range of the ADC, (] t (] 5v, So a predskm 

mdal- film resistor network is used, This permits higher voltages to be rneasured, 

The ne!:\,vork and hovv it is switched is shu'Nn In fiqure 2,7. 



The voltage division dOV,tn the nehvork is not uniform, since the design was 

based on 8vaOabHity of components, But, this pos(';s no problem since the corred 

vQltage is ca!culated in the software, Voltage diviciE'r rule is used to ca!cdate the 

voltage at any posHion down the resistor network, depending on the range se!ected 

through the software program. The voltage at position "a" is given by 

:;:;; {O.195m Vin , , 

Therefore, the input voltage (Vin) that win produce a maximum of 5 volts as 

required by the AOC is given by 

Vir: 

:::: 25.6V 

consequently to measure voltages less or equal to 25\1, position "a'< is seleded. Like 

respectively is selected. The voltage measurement, then has four ranges: 5, 25, 100 

and 500'",', 

To avoid loading of the network, a unit·gain buffer ampnfler through a 

sl.Nitching system, passes on the required voltage to the next stage for further 

processing. The s\NHching system does the range switching by cornputer control of 

some relay s>Nitches arranged to select the required mnge position. 

2,:t3 FOR RESfST ANCE 

Hes!stance Gan be measured with the circuit of Figure 2.8 



In thls circuit "10:;;; VzRx / (Rx .; R,<o, j, so since Vz .:z 4.8\/ and up to 90kO Is 

to be rneasured that is R:< ~ 90kO, T!lf~refore Rref is given by 

Rref ::::: 

:.:: 2kO 

This means that \,',lith this circuit a mmdrnurn output voltage (Vo) of 4,7 occurs 

a!: the rnaximum measurable resistance of 90kO 

2.4 THE ANALOGUE MUL T~PLEXER 

!n a n1uHiehannel data acquisition system. as in this pn)jed, the various 

analogue signals from each of the output of the signa! conditioning circuits, are 1:0 be 

converted to thek various digital equivalents for further processing by the subsequent 

dl~jital systems, /"n analoGue rnuHiplexer selects a particular signa! for Hs conversion 

to digital code by' an analogue to digital converter. 

The analogue multiplexer ernp!o~ied in this proJect was designed vvith the 4~ 

pole 1 \Nay analogue sV'Jitches integrated circuit (Ie) shown in Figure 29, The!e 

contains four separate hi··directionaL 

Figure 2.9 40® Ct'l10S 4-.201e t~way analogue s'Nltches Ie 

f _._ ~.~ If Vc.c 
i 
L __ ~~ •. « 

off!on switches in one package each vv'ith Hs ovm control input, as shown in figure 2, fJ. 

l\ swHch is off With its control wke at low !evel ard on at h1gh !eveL 

The resistance across each s'Nikh 'Nhen dosed is caHed its on resistance. 

This on resistance depends on the supply voltage and should be as low as possible 

!7 



to avoid dropping part of the signa!, so, the Ie !s supplied with a high voltage of + 12V 

to obtain an on res1stance of 800. But this requires a control voltage up to the supply 

\/01!.8ge \f,fhich is then higher than the norma! Transistor Transls10r logic (TTL) high 

state voltage leve! employed in this project C:;onsequently an opHn collector output 

IOQic control circuit is required to puH up the contred VOltage to about ,;,1 iV, and 

ensure that only one switch is dosed at a tiroe as rBcOfnmended by the manufacturer 

of the chip. These led to the use of a .! -out··of ··4 decoder and an inverter with open 

co Hector output, in driving the multiplexer. 

The overall analogue multiplexer drcuit is shown in figure 2.10. The open 

coHedor outpui inverter here is determined from the 7403 N!\ND gate vdh open 

colledor output by the biVO input lines of each NAND gate conneded together 8S 

ShOV1f1 in figure 2.10. The decoder used is one of the bl/O decoders contained in the 

74139 Dua! 1 " out ~ of -4 Decoder Ie. The 

decoder ensures H18t only one of its outputs 1s active in the low state at a time 

depending on the combined state of its input lines, v,fhich are set by the sofivJare, 

VVhile the NAND gates, doing the work of inverters, invert the decoder's output so 

that only one is active in the high state of + 12V, to ciose only one s'Nltch al a time, 

as required by the manufacturer. VVHh this muHip!exBf arrangement 1he required 

analogue input or channel, under sof!:wme control IS selected to pass on its signa! to 



the next stage of processing. 

2,5 ANALOGUE ~ TO N DtGIT AL CONVERTER 

J\n AD(: takes the Instantaneous value of an analogue input siana! and then .... . ...... 

produces as Hs output a coded digital word with a vJeight that corresponds to the level 

of the analogue. J\[)C lNlll always contain some uncertainty over the convHrslon. 

This is because the analogue input is a continuous signa! and can take any value 

within a defined range, vvhereas the digital output can only exist as 8 fixed number 

of codes. The uncertainty for an AOC is called quantising error and wi!! be ± 0.5 LSB, 

Consider an 8- bH I\DC with an input span of 5\} used in the project The 

digital OUtput, an 8 - bit code, takes values from GOOO 0000,0000000'1, 00000010 

and so on up to '11 '11 11'11, '.vhich means that it has 256 quantlsaHon levels, 

Suppose the analogue input is '1.25\/, then the digital code is 001 i 1111. \Nhen the 

input is 'L2Tv, this diglta! code changes fo 0100 0000, that is one LSB step. 

However an ana~ogue value of '126\1, just half'Nay bHtween 125\1, and 127"1, could 

9ive a digital code of OOn1 '11"1 or 0100 0000. This is >,Nha! is meant by !:he 

uncertainty of an /\DC. 

!\n important parameter of an ADC is the conversion time: the time interval 

behvf;en the command, being given to the ADC to begin the conversion, and the 

appearance at the output, of the complete digital eqUivalent of the analogue value 

The speed of conversion varies vvith the type of ADC and can be as short as a feN 

nano seconds for the ultra fast types or as slmv as SB\lera! miHiseconds, 

2.1:),1 PRACTICAL AOC CiRCWT 

/\ wide variety of methods are used in analogue ~ to-digital conversion, These 

range from the skrN and inexpensive to the very fast types \f>ihich are therefore 

relatively costly. The common methods are 

'voltage to frequency 

Parallel or flash camiersion 

Single ramp and counter 

DuaUhiple ramp 

Successive approximation 



The method used in this projBclis t.he successh,,'€, approximation converkn. 

This is a popular method for use In microprocessor systems since it is re!atively fast, 

has good accuracy, ('.md can be software contmHed. A typical successlve 

., ~ " . F' 2 -1" approximation converter IS snmvn In Igme .!l 
.J {t S'~ t'mt. 

Figure 2,11 Successive approximation ADC.-/"·/ L<;v<-' fk.".. Vi?/;'" VbAC 

Ue tr,~_,,~;::.:..~,:,p~¥a.b>Y ,""_,,_~,,,' h0t--, r~-r V;~ :> V-PAC 
i ""'~ k' E tp}?, I t. ! 
npM.t r//" P(,"'j-{<.~M;~'::;J J r Y/T~"a1"" 

i Ua>l J I d.3l~-r 
~ ~~ ~ 

_.;or~'~~"'~·· 

n- kIt 

1 
-----'v 

'0 r:::-
} bAG aUT}) ~4r -c-'=:1::·F·-~-.L1 L_......... (_~m .... ~_ : 

!)l\L I 
_ ~m~" I. 

The rnetl10d requires some programrning !oglc (sofh,vare 1n the microprocessor 

if required), a register to hold the result, a OAC and a fast microprocessor, as sho\<vn 

in figure 2, 'I 1 

AJ the start of the conversion, the fv1S8 of the register is set to logic 1 by the 

programming logiC so that for 8-bits the register reads WOO OOGO. This In turn is 

converted by the DAC and the value compared with the analogue input. Suppose H 

is less than vin, then the !ogb 'I in that position is retained and the next most 

Significant bit. is also set to 1 (register holds O'liD OOOO) and used for comparism. 

This process continues until all bits have been tried and a point of balance is 

reached; that is, '<Nhen \lin is just greater than tile D!\C output voltage. Then, the 

resultant digital code on the register IS latched to the output of the fsJD converter 

2,52 AN AID CONVERTER Ie 

In this project ADC0801 8-blt A/D converter !e was used. The pin diagram of 

the Ie is shovvn in Figure 2 -.12 (a) and a Hst of the narne and function of each pin or~ 

the !G is shmvn in figure 2, 'I 2 (b). The f ... DC 0801 fVD converter vvas designed to 

interface directly with the 8080, 8085, or zeo microprocessors. Some pin labe!s on 

the ADC0801 H-:: correspond to pins on popular rnk:;,roprocessors. For instance, the 
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,A'[}C0801 uses RD, ViR and !NTR as pin labe!s which correspond to the RD, \NR 

and !NTH phs on the 8085 microprocessor. The ADC 0801 can also be interfaced 

\,vith other popular 8-bit microprocessor s such as tile 6800 and £3502. The is control 

input 10 the A[)C0801 /VD converter receives its signa! (chip select) from the 

microprocessor address-decode. 

F1qure 2, '12 ADC0801 !vTJ CONVERTER !e 

, 

! Pin t:;~;"''' "'symbo! I !np~~!(;~;~;~;~"~'~"p~wer Desc;'!;~;'i~;~"""w~ ······ ...... · .......... ·········· .. 1 
?_................... ........ --.. +1 ................ : .............. ~ .............................. . ................................ . 

1 I CS Input Chip select Line frorn up·contro! 

1_ : -j~~~:=, :~~~:;;~:: ~~~~~~:~lcontlOI ----~:I 
. 4 .. · ..... · ... i .. ~:;·LK!r\l ; -..... ·i;~·;;~~~·m~ C!;~i~ .. ·· ........ · ... ·M .............................. , 

j ; 

G \/in(+) I Input Ana!ogue VO!t8q8 (+) 
.~~, _........................ ........... .. ................ ··· ...... ~~_ ........... •·· ..... ····· .. ·M· ..... ·~ __ ........ • .. ·•········ ..... . 

; 
'7 , !VinH 

Vreff:2 Input 
............................ ~~~-............................... . 

Pdternative voltage reference (.1-) . , . 
i 

'10 DGND Power Digital ground 
1< ...... ~.~.~ ... ~ ........ ~~ ;......·--~~· .. 1· ...... ~ ...... · ~ ~1~ 8 .. d .... ~····· .. · .. · .. ;~t~--................ ················· .. ~ .. ·1 

! ;~-~~- I ~~!::;IL;:a ~t:~;u:p:: ~~ __ .~ .... _ .... _ .... _ ... ~~~~~~.~ .... :.-.:.:1 

r '17 DB 1 ; Output Data output 
~ I 

R~j~:~~F~-~~:~:i~:~;~:~I~-~r~,?~:= 
2i 



ib) Pin Labels and Functions ,. ) 

ing circuihy, 

THE ADC080'! is a CMOS 8~bH successive approx:irnatkm AiD converter It 

has three staie output so that it can interface directly with a microprocessor based 

sysfern data bU::'L The AOC0801 has binary outputs and features a short conversion 

time of only 1 DO/.m. Its inputs and outputs are both fA()S - and TTL ~ compatible it 

has an on ~ chip dock generator. The on-chip generator does need two external 

component (resistor or capacitor) to operate. The ADC080 i !e operates on a 

standard + 5\/ dc power supply and can encode input analogue voltages ranging from 

o to 5V. 

The ADC080 1 AID converter IC in this project was conflgureaas shO'Nn in 

figure 2.13. The function. 

Figure :2 .13 'Hiring diagram for the ADC0801 CMOS ADG IC 

+1:5\/0-. ................ , 
..... - f •. ! 

r

·· .. ~-.. · .. ··--.. ····-...... ~ .. ~· \ '. ; r: IV\( n(". '() 
v "* ~<... $ S i)~T~" .. /() ..... 

J .... _.......... (! kR 
I IOkv5 r::: 1 .~. " 

i r 
f·--...... · .. · 

! n):,~ J .. ~ (. > 

l.-- rt '/'r' ... ; 
! 

.. -4..~ 

t--··-····· ... -.-.---···<····~---.~ ....... ____ ..... ~~rrr ...... ~·~rr .............. ~rr~.:--r~ ... ~~ .................. r __ .. ~ ... ~< 1\112. OF Hv~ 
Pr·tr;i:.U· pr;rt 

: 

of the circuit is 10 encode the difference in voltaGe beflN8€n 'lin (+ i and V!nH .. " . " ~ , 

cornpared to the reference voltage, 5\/, to a corresponding bbary value, For 

instanCE!, the resolution ofthe hDC080'! Ie is 8 .. bits or 039 percent. This means that 

forf'!Bch OJJ2V (5V x 0.39 percHnt;;; O.02V) increase in voltaqe at the analogue inputs 

the binary count increases bY'j , To start conversion, a signal of l to H transition is 
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applied at the V"1R input this starts the AGe conversion rroces~L \Nhen the 

conversion is finished, the binarf output is updatf:~d, in the project the \,iVH is clocked 

by one of the data Lines of the parall€! pdter port (pin 2) as shmvn jn figure 2, '13, 

The I\DC080'1 has a high conversion mte because it uses the successive 

approxhl1a1bn technique in the conversion process, The resistor (R '0 and capacitor 

(C'n connected to the ClKR and ClK IN inputs to f\OCOBO'! !e cause the !nterna! 

dod; to ope rat€- The frequency of the dock can be calculated as foHows 

r 

1 

1 Oxi 03 xi 50x1 0"\7. 

=666.7KHz. 

f\ccuracy of the process is assured at clock frequencies up to 640KHz 

2,6 THE DlG'T AL MUL T!PLEXER 

'The interface characterisUcs of the input port of the printer interface, the status 

pwt is such that only five lines feed back into the computeL The /\DC converter 

translates analogue infonnafkm into eight,bit bytes. This means an interface circuit 

is required 10 conned the ADC to the printer port This was achieved !n this project 

by uSing a 2-lnput 4-bit multiplexer: the 74'! 57 !e shovvn in figure 2,14 

s,ivhich takes the 8-blt byte of the ,1,DC, >1 bits into the printer pod \Nith the aid of the 

input-,output program executed by the computer. 

The l41~)I, 2. ~ input 4-bit multiplexer vms designed from the smaHesz 
.2,3 



multiplexer, the 2-input 1 ~bit multiplexer. Considering the block diagram of a 2~!nput 

'1 bit rnultip!exer shown in fjgure 2,15, 

Figure 2.15 .A 2~ input 'I-bit multip!eXB1' 

(a) black diagrarn 

r INPUT A---"""'~ A 

~
i 0 (.) t" ,t Q 

-----~ .. -........... - '. u pu 

INPUT B· ...... · .. ··· .. ···· .. · .. ·-- , B c" J' 
"-~. 

(b) The Truth Table 

, ............ ~. J 

SELECT S 

,..........---"" ... r .............................................. ~nn ••• ~r .. _ .. ··r .... ___ .. _ ...... ~ .................... ~..-..-..~ .. -.--

Select (8) ! Input(A) Input (8) Output (0) 
•••• nn.nn ........... nron.~ •• $ ........ ~ ___ ......... ...... 

o 

o 

o 

o 

1 

1 

, , 
I 
~. , 

I 
o 

i 

1 

o 

o 

1 

o o 

o 

o 

1 

o o 

1 

[) o 

(c) The Logic circuit Diagram A--r~Q 
B l~~~1/}~ 

S 
when the select line is in logic 0, input A passes to the output Q. This produces the 

truth table s!1mvn !11 figure 2,15 (b). Therefore the output Q is given by 
Nv. y;,;,o .-;no' ~ 

\] ~ S A B + S A8 + S A 8 + S A B 

"""" .,.,.,.. .!'.IV 

." Sf:>, (B+B) + S8 (A+I\) 

-~ S/\ + S8 

So the logic circuit inv:o!ementation of the loalc function is shown in figure 2. 'i!:3 .. t~~ .. " .. 

(c). Figure 2.14 shows how four of these mu!Uph?XEH'S are inter connected to yield a 

2· input 4 bit multiplexer as contained in the 74157!C. 



2>7 THE SOFTWARE 

~n this proJect the peripheral Hardware is sending and receiving digital 

inion-nation (data) to and from the IBM FC rt1spedive!y. This is done throuQh the £lid 

FPO(3R/\MM!NG Language, C'H is a dovelopment of C and C came Gut of ihe 

(levek;rjrnent of the UNIX iYH::wtino svstem bv ReP Labs. C++ is the lanquane c/ ~. t- '--/." .~ v 

level to movkle a very Good sneed of execuUon. it puts detailed control of the ~ .. .... . . 

nwcl:1ne into the prograrnmer's hands and it is !rnrmpnrtnbie, 

The no\>v chad of lhe prograrn is shovvn in figure 2. H3 in the proqram five 

suecn displays ",vere rnade in other to rnake the progranl user f:iendly, Th: screens 

or to (lUi! (he nfo(]mm. In screen {3) Hw user seleeL; 1he r;:mpe if the CluanWv h be . ... ". " ... }.. ,( 

confirm th: choices rnade and decide \vhe!.her to go un dbplaying the ou(put, or 10 

make another chok:':R After the chf)lGf~ to display' en output is made, the GompUlm 

nms a subroutine (function) caHed Hanh.vw8 input This submtdin(~ does the input 

THE ~NPUTfOUTPUT SUBROUT~NE 

Ou{nuWnq of series of bit parlerns Hnouql1 {he dnl8 output port k.> select Ow • >.- • ..... 

cmred dwnne1 dependinq on the quantity se!eded on screen en to be 

/Vter a de h:iy , on cornp!eUon of convEH'siun. the e·bit hyk: output of the- !\DC 

is read in four by four bils starling fmrn the n:051 siqnificant 8it (iv1S8) 10 the 

least sionificant nit, throuGh the statm; .. t)()f? of the "" .. ohler hk:rface. -• ./ "0" f 



This varbble is called anavaiu8, 

The v3Jinb1e" anava!ue I is then displayed on the SCf,,:en as lhe measured 

va~ue. 

The entire program is shown in appendix 1 

.?r, 
;' .. 0 
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Screen 1 
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2JJ POWER SUPPLY 

The drcuit of the project requires hvo different de voltage suppHes of +5'1 and 

+'12V, It is necessary to supply the appropriate dJ:, voltages to the device from a 

I'nains electricity supply at 240V AC, The block diagram for this pov,;er supply is 

shmvn in figure 2,'! 8 it is cornposed of the foHolNing stages: stepping down with 

transforrner, ful! wave rectincation, smoathing circuit, nnd Regulation. The complete 

circuit diagram is shown in figure2.19. 

To caicuiate the voltage rating of the transforrner used in stepping dov,tn !he 

rflains and the peak Inverse voltage (PIV) of the diodes used in the full INave rectifier 

circuit Let the output of the transformer, \1s.(t), which is an a.c. Voltage as shown in 

figure 2.1 be given b~1 

Vs (t) :;:; V!n sin cd, 

where \,Im :::. peak of the alternating voHage. V'fHh fuH wave rectification empbyed, 

the output voltage of the mdifier, '10 (t) as shown in figure 2. '1 !s given by: 

\/0 {t} ::: 
f VMSinud< O:s t s n 

1, .. , VmSinm t, rr '< t < 2fJ 

Therefore the average output d,G voltage, Vdc, is given by: 
'f 

Vdc ~ + {VO(O dt 

;;; '* r \/m sh ()it d(mt) 

Integrating equation 2. '1 and substituting the knits gives 

with \/dc :;:; 12 V for this project 

'" but Vrms ~ ,~p., ,",13.3V 
v2 

2. i 

Therefore a 240v(13,3v rated transformer '>-Nas required, The Piv rating for a 

fuH 'Nave bridge rectifier is given by 

P!V;;; 2 xVm 

2 x 18.8 
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Po\>ver BUPP!')" circuits fonn an Interesting and quite important brfHlch of 

electronics in themselves, and the deSlfjf1 of a good pC!v,ff~r supply used to be ery 

dimcu!t Fortunately, '>Ne no\v have chf::ap and extremely reHable pawer~sL1pp!y 

regulator les which greatly simpHfy the Job, In this project regulator ks 7805 and 

7812 were used to provide the regulation, 
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CHAPTER THREE 

3J} CONSTRUCTION PROCEDURE 

On completion of the design of this project, cornponents, needed for its 

conshuction VJere bou~lht and assernbied together The construction stmted 'lAth the 

lrnp!ementat!on of the design on 8 breadboard. This vms done in modules 

proceeding from one module to another after due testing. The modules are as 

foHows 

The pov>ier supplV circuit 

AID conversion circuit 

Digita! multiplexer circuit 

Analogue multiplexer circuit 

Signa! conditioning circuits 

various aspect of the design ',vas then modified to obtain desirable working circuit 

befort~ it was constructed perrnanenUy on a v8foboard. 

VVHh the use of inshurnents such as soldering iron, soldering Lead, solder 

sucker, vemboard, connecting wire, cutter, scre\''/ driver, Analog and digital 

multirneter and long nose pliers, the following steps I/-Jere taken for the construction 

of each mudu!e on a veroboard. 

i. The Layout design plan of the components posiHon on the verobomd '>figS 

made. Unnecessary distance bebveen cornponents <y',lere avoided to reduce 

the !engt.h of \tAre used. Components ~Nere also no! placed t.OG dose to each 

other to avoid shorts. 

iL IG sockets were soldemd onto the veroboard in place aHneated to them in the 

layout. 

m. The discrete components:.· resistors. capacitors and diodes 'Nere soldered 

dime!!y to the board. 

Other cornponents of each rnoduie were soldered. 

\1. A.nd Ana!oq muithneter vvas then used to cheCK the contacts and conUrn.1ity 

v"here necessary. 

vi. VVHh the !Cs plugged into their sockets, each module VJas tested before 
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proceed!ng to the next 

On the other hand the software >'!>.las 'NriHen and debugged on a Turbo C·i·+ 

compHer. VVhen both sofhvme and hanhvare I,',/em ready testing and debuqglng wem 

carried out on them separate!y. Then the software was interfaced vAth the hard',vare 

v . .rith appropriate timing made. 

3,1 TESTING 

The testing of the hardware started from the construction stage, as each of the 

modules on GOfnpletionwas tested before moving on to the next one. The drcult ViaS 

in each case checked for continuity using a digital muIHnwter. .Mso the required 

behaviour of each cornponent after soldering vms tested. 

FinaHy, after interfacing both the sonviare and the hardv<j'me on the Host micro 

compu!er, the 18i\;1 PC, Om resultant measuring device was then tested. The voltage 

measmement I,vas tested by measming the voltage outputs of a vmbb!e power 

supply unH. 

The resistance rneasurement was tested by measuring different resistance 

values of resistors. Finally the temperatme rneasmement was tested by tneasudng 

the ternperatum of a hot water while corr:paring '\!vith a thermometeL /\11 measuring 

systems were tested, proper and accurate functioning of the device vms confirmed 

satisfactory. 

3,2 DiSCUSSiON OF RESULT 

The actual values (expected readings) of both voltage and resistance were 

compared with the actual readings on the multimeter aftm being tested. VVhile that 

of 1ernperatum '>Nas compared with the readings on a thermorneh?L All tests were 

confirmed to have faBen within the expected or acceptable reading of accuracy Hmlt 
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cHAPTER FOUR 

4,0 CONCLUSION AND RECOMMENDAT~ON 

The airn of the prcjHct was acf"lk:?v'E:'?d after much technical difficulties, like 

4,2 RECOMMENDATION 

to nB students of electrical nnd computer engineering depadrnent right horn their 

A!so,lhe DoparlJmml should endeavor 10 assist sludonts finandaHy in 

carryinq out nlini~!)IOI'ects and the fina1 veat proiec! that consume a lot of rnonev. - I . .. , 

rne lhe accfc:SS 

to the Depaltmental computm, 

Therefore final yenr projects shou1d be c·xecuted in the depmirnents1 

Laboratory bV the concerned students under the strict supervtsion of their 

sur.~ervtsors, 
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;; incJude<<;tJlib .h> 
#[ndllde<gmphics.h> 
#induck'·c:conh h> 
if inc! nd,,<d<)s .h> 
Hdefim: KEYC Ox2eCl 
iidefineESC {)xo 11 b 
fidd1ne ENTER 0:;, 1 cOd 
!!dd)n'~ UPARR Ox41:W() 
#dd!ne DOWN i\ RR OxSOOO 
#Jefine ZF Ox.:t{} 
#deflne TF tiE 1 
iidefim~ FALSE () 
iiddlne \'REF 5.G4 
iidefhl(~ TM 2S0 
!idd~l1e HD 2U 
typxlef stmd { 

ht x! ,yl ,x2,y2:, 
} \'ert??~peints; 

typedef 5tn.:;~t{ 
Cklf *sdiltl~ 

} st"ing<:hw; 
typedef $trud ( veriexpcht; ;<:cBt,reid:, 

int fColor, fpattem,b ko!or,trc()hr ,{hk,txtc(~lor,txtdir: 
ini hHi>nL!xt~i;.:(' ,:;j"(ing:lf.:l"(::. 

}animatedbar: 
:;tMic d::m' np;l.!I<TnUfB}····{ 

fOxdh,Ox7f,Oxdb,Ox{,f,(hdb,Oxfil,OdbJlxfe), 
{(h:,;:Uhfr3h;lH,0>: f[J;x,n,OxfU)'o;:dJ:<ff}. 
{OXf.1 f ,Ox 73 ~.Oxbe. Oxd7 ~Ox fa,OxS f,Oxe~.:~ Ox 7 d '} ~ 
< • 
j, 

chnr qlJa:ltf:''"l!.Wjo'{''V()LTS'',''DRG CEL","kOHf:..1S","V(H.."iS"i: 
s{rinwhla ,;df.33J: 
ani:nMfdb:u ab[20J; 

stM!C float vj601"(O,l::Ur I 5,02UJU6,035,OA2,OA8JU5,0.63JJ.71 , 
0.79)).86,0.95,! ,02, 1.09, 1, H< 1.24,1.32,1.40, l.4S, 1.%,1.65,1.7 j, i .n,! ,SH, 
1 (6).012 1 !,2.1 il2 2 3).302 A4,)A92 5B).662 .74,). S.O) .il9) 92 J .1)4, 

4.41,'i.S?); 
qati<:: flon! tf60 j:" t,1:<.(l,44.0A5.0,46.0,4f.O,c\8.{),49.0,50.05 1.0,52.053.0, 
5'~ .0,55 .0,56. 0,57.0 ,58.0.59.0,60,0,61.0,62.0,63 .O,M ,0,65.0,66,1),67 .0,68.0, 
69.C>J(l,(l,71.0,nn,.7:3.0,7-1.n,7S.o,76.0,77.0.n.o,79.0.800,g 1.0,820.,1\3.0. 
84.0,8S.0,86.o,n.U.8s.o,Wl .U,90.0,91.0,9J.O,93 OS,i.O,9S {},96.0,97.0.9fl.O, 

struct vh;·"~~1::()rtt:'}/pe vp; 
strHd RfGPACK reg: 
void cknri:!l!(verkxp"aintf< vps)n! f:llcokr,int fpaltern): 
void 'Nfb:string&t (int p,int s(g;ium); 
vGid bl(nkk,ti in! p)nt nam, in! hr:f.ill, 



void rkdgnh~1!(int pi; 
voU menuaiob{int njnt b); 
int nlnKcaci1r)kc(int s('n\ 
VGid dmw~creen(in! sen); 
'void \.~;rHeonSCfetn(in~ scn)~ 
int movecul":;{w(nf. nnv,;!!! old); 
v{Jid initia11iz~;gr( 'S/(~jd); 
void fHldala(v(,id); 
)of. pf<H:essscreen(lnt Ben); 
void body{void}; 
',oid fmme(void); 
v»id m:;cre(~n(voidJ; 
void stawB(vo!d);, 
',dd mGnitNfnn(vdd}; 
Fba! }-lardwl1n?inpw{"okl); 
ir~t nr~trncnu)~strr::? r:H ;-.C~H SG :-FG:~ t:"'i /or ang(\~~Cfe::::n nUfn~ rn J:\ X ~n~~:~!-: ):'; 
inl gdriver ,gmo(k,errmc()de,\v;.'$tt:,f0nnnt~(l;, 
flo::,t nnr,v;;luf7.\)(LflO; 
int datpnrt,stapmt,nextscn" 1; 
m,<;igned hh)b,dO-,d! ,d2 ,as,g,gl '''0; 
int lnHinO{ 

ht 1:. 
ini!ia1j~zegf(;; 

nlUataO: 
cin,cr\}: 
(k;{ 
next:.cn '" pr0c<.>%~(;n;('n(next:;,;n); 
J whik{nexf:::('.!1 !" O!; 
dOBcgraphO; 
p(intfCC-;oOnnVE").; 
getch()~ 
retHm 0; 

~./o~d initia;lizegr(,,:,,:oid) { 
in!: i: 
gUrlV;?f" DETECT; 
!n!lgn:ph(&gJr;'d:f,&gnwde,"!::\\tc\\hi:-\i"); 
enon::ode '" graphw:ot!O: 
in nrorcode h grOk H 

pdntfr~grap.h error : ~~'~~\n~' :>gf~ph~~rr(~nnsg{ f;;-rc{(:ode:)} 
prhlf("pres:; ,my key to ktlL"): 
gxkhO; 
(~:d1( l): 

tH::tXX -:-:-: gtt:nnx~{); 

rna;..:)" ::: g~?t~nH>~)-'()~ 
forti ~. 0 ; ! <'''' 10; iH ){ 

Hb[iJ,fct:>!m " UGHTGRA Y; 
;1bPl-trcolor ~ WTHTE; 
+(J.hbllor'-' DARKGRA Y; 
nh[iJ.f}>H!tem '" SOLID. FlLL; 

,. '''1 ,! I -, 
aPt~jJ? < =-:: .); 

Qbj,ij.t;.:tC(>kx 7., BLUE; 
abplJxUir '" IlORlZ..,l)IR; 
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ahUl,;xls!;:e '" 1; 
abPI,:;(dngmuH = 22; 
8bf.il,sent.xl ,c.-' 179; 
'l,,f;1 ''<''It 'i! co, t(';:> • . "'i'j")'( ~._., .~."/ .. ~ 

ab[i}.s<:l1t.x2 " '~59; 
Jhrq,s<:nLyl = 291; 
BhFl.reH:d ,7. 18:3: 
BhFl.reHyl ~7. j H; 
;lhFl,a,g, );2"45:): 
ahPl,[etd,y2 '" 197; 
< 
! 

<;~!bh:01m(4); 
datpfJrt ~, 88g; 
s(~tpor( "889; 

'v'<)idmkht~!( voidH 
:::d!'Oj.:;da!a = "VOLTM'ETFH": 
<;;H!, ,;,.!"!'" '" "pnE"':':'':': [", 'rn i',()~,::'I'I},H ,f"'" .. ··.~t . .1'V''- < • . ~( ;...{\.. ,~J.~........ .... .. 0:.... .... ' . ~ 1'-. __ .,' ~ 

:;d[?l,sdil(n '" "ESC TO ABOR'!"; 
~xl!nsdat:l " "fdEASURE t'; 
<,,11 ,f l ... 1"',, ". "!"i('" '/()l T ,; re". 
··:.(}rt),:::~ ... .;(:~ . .; --- ,," ... ' ... ~~:. [ .... ,.J;.~ ~ 

<;df5.l-<;~bta 7.' "LOW DC VOLTM.'iE": 
';"lr'~1 ,,(1'1"<\ 'I' wr,n'i l'''',<1,/,Ti l!~l·:'" 
... 1'", :.vj".:>iJ .. ~~. ...l. ... 'ly ~ f./r·.~ -"- ~ '-.- ·,1 ..... " 

dl7J~d;:lL1", "RESISTANCE"; 
sd!8!,<;data ", "Ql..HT VOLTMETER"; 
<;,HQJ "rl',!';! '" ";:';f~'! 1"('1' '!'vr;F i"lf' ~vF;:' '';I J!·?!::~".H::I'.)r'" vv1./!.;:t,.<.... ..... " .... ..1..,. •• St .......... {",t·.;'.,." .... .".Jt"'"(J :-

sdpOJ.sdata·" "H/>J,l(iF \Y; 
$d111 J,dHtH '" "5 V(}L rs"; 
$d!f2'1-f;cbh'" "lD VOLTS"; 
dP}l.d;lb"· "1{}0 VOLTS"; 
<;dfJAj.sdata" "SOO VOLTS"; 
:.;d[lS1,:;:iab '" "BACK TO QUANTn''{ "hiENI)"; 
"dP61,s<i:ltn'''' "SELECT VOLTAGE RANC:;E"; 
sd!, 17kdatn" "READY F; 
d[ IS] ~dab '"" "OlJTPUT RFADJNG"~ 
sd[ 191,<;data = ,:;dt! 5l,:;;d;)za:. 

rlr">Yj ~. ,»'>1/" 
~'''i''::''':' .Sua~;1:-:-:- t)r).. ; 

sJ!13j",hta " :: "; 
, lr"l" I, :" .. "'!'l (' ''''NTi"'''' fl~ 'l~' c(,,'" 1'1"" fC":Nl '" S({t,,·~A·l.s{r:f.a-:-:: s ..... : .... .... ~~/·~ :{~ .. t-:,~< ... :-·;.r~ .... :.s .... .... Jf.". 1./; 
~r~ W',:j ,' .. '( 11'-; ,', l:n,- 'C Nr) "f ""T < \' Y (' H 'f'f"''' sUi/)l.sdHtn:-:-:: t::,J: .. '~C~ )cr.J {-',!~)$ (~ .. L .J'<!.f ~!_/ ; 

sdf261.sdnttl " "tdON!TOR"; 
:.;d[n].daf;>, ", "CHUSE n) IF RFA.DV FOR CHJP'UT": 
dpgj.sd8zr '" 'TRESS M·..!Y KEY Tti S[{}P"; 
sdf29!,::d:lt:" "'NAITT!NG,"; 
;:.dPOJ ,;rhh '" dj6'!f;cb.h ; 
<;d[} lJ,:;data '" "MOI',nrOR!NG"; 

int a; 
ifW1C"V>'" ftrs!mcm,)&:&:(n<:w <~, hstl~H~n;;"l)f 

if(c.,!d 1= O){ 
(kaffi!!{;lh[cUl rdd,ab[oldj. kolnr,abl,nldj.fi);l.tkW;; 
wrhest!!l:gil( i, c>jd,;)bf oHl,:;Hngn::m ):, 



'\ 
! 

abfnewJ,!x!ccb!" \VHITE; 
c1,~a:m!(ab!n<w;1,re!d,BUJE,(lbf ne','/j. 1j}<Hkrn): 

'NriteMdng;1i(nCvi,Clb!n<::w]. stringnnml: 
~~b[f!e9.?].txtco~or ::: r~iJtJf~; 
cur::;mrl}~tn '" 1:H;W:, 

;~ "'TRUE; 
{ 
! 

eh< 
~()Hnd(2G); 

(khy(TM}: 
no:w(lndO; 
11"' FALSE; 

n;tnm{a}: 
" 

! 
int iw::keachdceClnt ::;<::n) 

urdgned int <1:, 

in~ k. 
b '" nJevccursortou:ursorpostn,O}; 
de! 
dn{ 

it((Br.:: 1'" 5'l&&(scn !"-' I)) 
blinktcd{), f )tvl); 

1;Hnktext{8,1,TM): 
reg.r.,ax" Ox 1 « R:, 
(Btr(O:>;1 6,&reg): 

}\~'hild «:g f"Hag:; & ZF): 

was!.c = g<::tchO; 
if (;~""UPARR){ 

getch(); 
; it S('B'''''·1) 

b-:-:rn r;:· .. ·(tC~ fTsortO( c~lr:;orrostn ... 2=,C;l t :S(1q){~ ::;~n); 

b:.:-:nK~VeCtH·sorio(ct:f $orpo:.;tn· .. i ~cnrsorpo~;;t~l): 
lHtF"'(nr 

demfiH{ab[8 j.rdd,abt 81.kohr,abfS.I. i1:,a!tem j:, 
v~?ritestdng~~t( 8 .. 25); 
l' f? 

dse WZl'''''D()WNARR}{ 
gch::h(); 
ift:scn :::::: 4) 
b :.:.: :n~G"./ecufBor~o(c.t::rsorpo:>tn+?~("Hn!.:)fpD~tn)~ 
dsi.? 
b·" mny>:;(:(:r,;,)!to{ u:r<;';!F;s!n+ -r :,(:;)f?;C,1P:I:;j(:); 

if{b"" 0)( 
c\enrf1H(ClbPI.retC,abfS.!, kGkr.Clb! :;"[. fpClt!un): 
'Nri!u;~ringaj(P,,25); 

p 
else H(a~=KFYC:){ 

if ({sen ~:::.:: ! )n(~~('.tr::~::5)) { 



it(~;cn """ 5) 
cw-:=:orl:)();,tn '"" 5; 
return (C.H~ sorpostoy 

l} 
chi? if(u"''''ENTEH)f 

if(";(:B "" 5) 
cursorpostn ~~ 5: 
,'dum kmsl)q)(;~;:n); 

i?he If(a==FSC{ 
do:;q;n:phO; 
rrinUCGOODBYE"): 
geldl{); 
exit( 1 ): 
} 

ds,~ { 
ckarfill(ah[81.reld,ab[8]. h:dm,abf S .l.fl;<!itern):, 

sprintfZ~;d[2q.sd;lh/'READ n'-!STHUCnmJS OR USE !\RRU\'\' KEYS OR PfU:::::;S Ft·.rn-:.K KEY"): 
v.:-dtestdngat( 8:-/ ~)~ 
} 

I ,vTii!e(TR UFJ; 
} 

~~'(jid drH .... 9sCn?{~n(~nt 5cn){ 
wt H,b: 
U(;:;cn ~,,"'nl 

a'" 5:b "' 5: 

('1:3.., if((scn '''<?ll1(scn """ 3m 
a'" 3:,h = 7: 

dse it«~;en "'--!;)!!u;cn ,,-"- is})! 
'l.~' ·'!:h'" 6; 
I 

f<ct<;invpG:-t(0,0,max.';"maxy, I): 

if(scn !,,- I) 

budyO; 
iHsGl 1-:<:){ 

mC:1t!;1toh([L,h); 

if(scr; '''''4) 
deudlll(ub[ 51.sent,d:<[GJ !cub /tb!O!, rp;:\H(~m); 
l 
} 

eise 
de:;ignl:iarp); 
frarne(); 
if(f<cn L-1) 

m~crt:..m(); 

staius( ): 

...... oid v,idte(~ns.creenO·n~ B:cn) f 
in( ~l,i; 

<;'\v!tch(scni{ 
;~;3se I: 

\vdteMdnpr{ 1 ,01; 



br('ak: 

wdte<;tdng;1t(2, 3); 
f<x(i 'co <i ; i <co 8 ; j' ,) 
wdtcstringatIJ-·1 j):, 
\\'{ ftt;str~ng;~.t(8 /.~)~ 
CUf:30rp(:stn .:: 7~ 

brt<"!k: 
(;:;:;1;3: 

<'Hitestringat(2, 1 0); 
fmO"! 1 ; ; <" 1 5 ; Hi) 
,vdte<;tr in g;)t(i .g, i}: 
\<.:rite:;l:6ngat( 1i,! 61; 
("1.:rsorpo-:;o) :~-: 7; 
nrez,k; 

wrltestring;rtO,17); 
v;T1te;:;tdngjtO,! 8); 
\vrikdringA{6,! 9); 
ifYg ~,.,. 0) 

:.::prini.fhdf20JSlalj, "Hang'; is "·;,d" ,rnr:mw:); 
d"e 
;:;dl)Ol,scht.a '" ~dPTi·.s(hta : 
wdlc:.::tringal(8,20); 
t'~,rserrostn ::: 6; 
bre;lk; 

if(gl Le, l){ 
sprintl{:.::d{2! "j."dJt;:L:'(;,;,tHi2f <l+< ,,,m:v~d:.:;-;.,ql(:m(r gj): 
v.,:ritestf ;ngatU,21): 
\~'rhes!ringat(9 ,n); 
, .. vr!t:'?stringat(8.21); 
1 
i 

;?b;.{ 
writestri!lg:lt(2)9): 
\.vr~testr;ngat(9 )30); 
\).;'f ·~testring~~J(8.2 g) ~ 
monliorf'unO; 
g; ::·0; , 
J 

cW'<;orpe:~tn co, ! 0; 
break~ 

v.;ritestdngntO,6); 
writestring::,tt'U 8); 
v{6te~tringat( 5 ~2 6); 
w:'it(~slxing~!(6, t9 ):, 
..... v:·~testr~ng~:t.{ S ~2.7)~ 
c;:rsorrH'}stn ::: 6; 
break; 

d~f~~t::~t: 

t <2.. 
t+.~ .. ; 



\vhil::::Ckbhi10){ 

gdchO; 

n 

an<l\i;;;!ue '" }:brdv:"c;reinpu!(); 
D",,', tH·" .. :!') 11 ,.~,>,., "".,/),; .,,; ,,; <:" .,~:,.,.. p' · .. '1·,,' . . ,.: .. ,~,ld\ .. ·,,'vo ... S<.l",.,!, /,1 •.... ,,~, .'C., ,nn[h"h: .... q,,J,,,;S}.l. 

,j"" j'iH("b<Tl .>(.1 "h!,)1 ("., ' w ,'}'l"l ",.,,.,,,, ,\, c~ ....... ~r .!.! ,.~ ·t .. :. .~~~U:) ..... ··t .. :·~·!~·OH.n~..;L .... !.1 .. ,q.l{'~H·yd'l' 

W:'itf;~lr;ng"t(2,21 ): 

',v~:,$te ." g;c-:khO; 
r-1,··a,·f;'j'''(''Oj ~,,'(l ~',r91 <"'~'",. 'l.,f()) (",oJ'i,,,,,), ....... ·.;:.d \.;<.~ ... t .... },.:'v:.·u>..;~t-'~ ... h ... {d .. ;,~: ... t .. :.!;.~~ s.~ •.. q~/~ 

'Nriteslfingaf((>,22); 
ckarfili(al:( 8j.r:;t(.Lab[ rq. ko1or,ab[ B j. fp;'.U(TO); 

'>,ri!i?stringt.!( 8.2(1); 
} 

vdd dC-:$ignh~u(i[:t p) ( 
tnt d;uiy): 
s(~jlim%tyle(SUUI) .. Ln·.lE,(),NOfUA~ WIDTH); 
W.abfrltj)al:tem >", 12) 

"<,, n:lI"·>!'<"'''{''''<a'<f':p,L>b! .. ,d [""'J'·i,,,'! ... l ') 'f. "lj,r~1'j' ,.;...:},.,,'.')" _.'v~'.,--,,!.,<~ t~~b.\,"~?-'<"'" .'~/~"~:'''J .. ~ .... ~ .... ~.5 _~.:~"!-':_$_ ,$ .... ,.!,.~ "/ 

nW<i<:1o(gbfr.l.<;enud ., L~!hr pJ.~;(~nt.yl 'f i): 
sC1coior(ah[ p J.bk(lbr); 
f~nereh.O~dyAi·-:"2}~ 
!inere1(dx-i"'2,0\, 
f<etccb(lb[p j. tn;olofJ; 
nfH:rf:~(U .• ·{dyvi*·2 ))~ 
lh::'Td(--(dx· i"2),O): 

O'lb[p·l.reU.y2 ~ 
\ 

;)h[!ll. sent-x! + 
aHrJ ,$tnr. y 1:· 
gbfr.l senLX? .. 
1!!{pJ.~;<:f1Lyl .. 

) 

yl}id writesHllgut Om pJnt f<trgnum}l 
in! x,J; 
getvkwseHhgs( &vr); 

abfp}lhkH; 
'JHpj tflk·:· L . '.". ,~,.' l, '. .' 

<;e{vif~wpor!(;'..blrJ·r<~td.x! ,11b!plrdd.y 1 :.::lblpj:(;ld.x2,Hh[pl.r::'td.y~" 1): 
x '" (,+.[r) j.rdd,x2..;+ipj·r::,td.;..; 1)12:, 
y ," (ah!.p! !dd./;·"lh[pj.rdJ,ylY2; 
sdte\btyb(HNpJ,t'(ti0nt,abrr.l.l:-.:td(r,<:bfFI·t,,:t;in~); 
f<etti>br(;lbfp J. htc()k,r); 
inp i= 9){ 
S(:(!(;):tju::./ify(CENTER ... TEXT.CENTFR. TEXT): 
OBt! <? ~<txy( x,y ,:::<1 rstrgnHml.sd ;)ta ); 
I 
('he{ 

St!t::::xtJ!1;,nf}·{CEt··.iTER~TFXT,r-v)nO~d.JFX f); 
""I~",v;X"(X" ' .. H~''''(Jl''l~11; M},,"'\' ... ·.i··,:.,.·//>·! .. ~)'\·',:·~\'~~!...!t ..... ~-" 6 J{. - j'·:~··':':(:'·:~l .. 



Sd(extj\lStify{CU",lTER,JTXT,TOP"TEXT); 
0u1tf.x{;.;:;,(X .ypl!strgnum-} i J,sda!;:.): 

J 
t:.bfpJ.stdngmml = <;llg,m!',,; 
sep . .:it"v~/port(\'p, h~n, vp.tnp:. vp.dghc'!:p.bottoro!.l); 

vddHinkkxt(int p,int nom, int timdH 
int; :. 
Wnwn ",',,,,-, OJ{ 

y-.:hih,{tkbhi10l ( 
r-ka,,$~$li"'h[r\'l "f'l'! "Pl':j" j':",)I;-"',,:\f ,.,1 -r',,,,itOl"l'j' '.-. -.., . • s~~ ~.<~'" l'»" .. · .. ·~·:(· ... L· ,.· ... · .... _5~(.~ ~J-' .. J.~.:-;!~ ... , ...... ~ .... 

dtby(Hmed\ 
wrikdringHt(p,abfp j. ~lring!lum}: 
d{;hyUimed); 
'\ ~ 
~ { 

forO''''! ;i<>num;J++) ( 
r.bu'fi!!(ab[p J ,re!d:ab[r 1, Ih)jlx.::hj.pl, fpH!tem): 
dl?!ay(thned); 
\vdks1ringat{p,ab( pi, shngrmrn I; 
del<=,y(timd): 
'\ " 
j } 

H;id dtadl!l(v~~:'k::<pohts vps,int nlk;olor.lnt fp:ltl<:fn){ 
gt:tvkv,:,>cttlng,>t&vp); 
setviewport{vp5.S 1 ,vps,yl ,vps,x2,vps.y2" j); 
r.lenrvie~vport(); 
.s(~(deWp!)ft( "P, !dL vp.k:p, V(uighi. vp,hotwm, j}; 
ifiJi);::'!!f.nl >'-" L~) 

setfit1pt:.tlern{upattef;,ri!;aHern-l2l,nncok;'I, 
else 
,;'dnl!,;,ty!e(ifJattem,Hllco!o!'); 
b~H(\l~S. ~< i ~VP$.y; ~\."ps.x2:-)/p.::;,:·/2); 

';~rt proi~e~~s~~cr~eB{int s:'~n){ 

ht rS""'SGtL,crsrpns: 
dmwscreen(scn); 
'.,=',,'Y j t eo n$cre~;:n (s:cn); 
::;rsrpos :" makenchoicc(scn): 

5\V itch( cr:=;q;o:; J {' 
ca~~f~ 3: rs:~:3;g-:'~G~ 

bn:ak: 

c~~s:;.~ 5: dO:::199;dl ::: 196:d}~':~ 197;p:;~··6;g-:-:·1: 
break; 

r..a:;(~ 6: d{J:~1.31:d 1 '" 1)f{;d::?::P0:ps '4:g <'.:. 
hcik: 

~~a~~e 7: ps-:-:{;; 
bre~tk~ 

dehul1t c!rscr~); 
Fdn~ fC\:-:\n \Vrong :n~~a:~ur:~rne'nt chGice\n {')~ 
gdch): 
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