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ARSTRACT

This project presents a Computer Alded Measuring and Mondtoring Device, it
ig gn integration of a software and peripheral hardware via the printer paraliel
rtarface port of g Host microcomputer {the 1BM PC)L The prosess ivolves
corverting the Analogue guantity to be measured info is dightal equivalent, which ia
read and prooessad by the software. The resuliant yalue is displayed on the visual
Digplay Lini of the Host microcompuler, as the measured valus,

However, this development enhances greatsy flexibifity and speed inlerms of
megsurerment

Hence, it is smploved Io replane human observers as g matter of convenience,

a8 it monttoring industrial processes,
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CHAPTER ONE

1.0 %?\é?ﬁﬁﬁ_ﬁﬁﬁ{}?‘i

Montion Computers’ to most people and thay think of deskiop
microsompiters (Pereonal Compuiers), Microcomputers vary from s ingle-chip
systems, such as pocket caloulators s through o Indushial controllers and multi-uaer
office computers. Compulers are, of course, used I sclence and industyy for
applications which reguire the computers fo accept input from sources other than
a seyhoard or disk, and respond by cont trofling electronic, elecirical, or mechanical
equipment diractly, Here in this project we are going to ook at a new way of using
thee comptder for measurement through the oriter parafle! pon

Belore we launch iio a discussion on this prolest Ist us take some time io
understand the topio of the project which fs “*Computer Alded Measurin iy / Monitoring
Device”. First what is measurement? Measuement is the preoess ussd {6 answer
the gquestions: how many and how ruch? Measurements, brogdly detined oan he
madde by the unaided human senses and braie for exgmpie, iy estimating distance
welghts, temperatures, identifying and matching colors, satimath g roughness by
tuch, I general, however, man's capabiiities need 1o be hoth sxtended ard
ned by istruments. Measwing instruments refine human capabiffes by
providing greater sensibility, rangs, acouracy, precision, and apead,

With the use of computer to ald It measurement, greater Hexibil ity and spoed
atz oblained. However, most problems encountered in maas surgmernt such as
nolinesrity of sensors, noise and inferderence are solved. Computer aided
measurement are employed o replace human observers as g maller of

nonvenience, as in monftorng industrial processes,

1.1 AMS AND OBJECTIVES

The aim of this project is 1o produce 2 co mpuier aided measuring and
moritoring device which oan be used:

£ As g multb-meter to messure voltags, resistance and iemperature




2} Fo monitor the temperature of an erwlosirg or a system,

o alao abms al re vealling the deep sacrsts of Inlerfac g IBM personal compute

o the oulside world thrm wh s parafiel printer port. How al the plece
trtertacing and control puzzie it t gedher, fning the paratle Ppinder-pon which wag
designed for outputiing data aoly fvto art input and output pornt,

1.2 LITEBATURE REVIEW

i3

the Computer Alded Megsur ring/ddonitoring Devine is an irteiigent

natrumant developed and usad for monitonng and precise measurerment

34

Although the senas oy organs of the wanan body can be oyl remely sensitive and

St d

responsive modem sclance and teching ogy rely on the development of much

more precise meastring and ana ytical toole for studs ving monitoring or
conirolling afl kind of phenomena.(page 334 of et 23,

Some of the sarfiest instruments of measument were used in astronomy

and navigation. the srmil Hary sphere, the oldest knewn astronomizal Insirument,

consist essentinlly of 2 skelats! celastial

whose rings represent the great

citcles of the heavens, The atroiffary sphere was known in ancient Ching, the

oW
ancient CGiresks were also familiar with Hoand modifisd i o produce the
asiroinbe, which could tell the Hime or tength of day or night as well as measwre
zoiar and lunar sitfudes. The on WTREsE, the earliest insrument for dirartion
finding that did not make reference 1o Ihe slars wag a shiking advance in
nstrumentalion made aboul the 119 century. The telescope, the primary
astronomical instrument, was invented about 1608 by the dulch optician Hans
Lippershery and first used exiensively by Galilen Apage 334 of rel 2
fnstrumerntation developed af rapid pace in the industial revolution of the
and 19" centuries, particilarly in the areas of dimensiongt meastrament,
swrement, and physical analysis. Manidacturi W procesaes of the
mstrumends capable of achieving rew standards of Bnear

part by the screw micromater, special modsels of which could

Pt

precision, me

attain o precision of 0.00085mm

»

The indusirial application of sleetie ty required Instruments to measure currant,




vollage, and resistance. Ansblical methods using such instrumenis as the
microscops and the speclroscope, becames increasingly important; the light radistion
given off by incandasosnt substances, began (o be used to Kentify the compuosition
of chermical substances and stars. {page 354 of ref 23

iy the 20" century the growth of modern industry, the inbroduction of
cormpiterization, and the advent of space sxploration have spurred ofiff grealsr
deveinpment of insbumentation, parficularly of eleclronic devices, Dfien a
ranaducsr, an instrument that changes energy from one form into another (such as
thanmistor, phaotocel], of mivrophone) iz used to ensform g sample of the snegy
to be measured into electrical impulses that sre more easily processed and storsd
The introduction of the slectronin computer in the 19580, with s great capactty for
information  processing  and  slorage,  virtually  revolgtionized  methods  of
instrumentation, for # allowsd the simullgneous compsrison and analysiz of large
armounts of information. {pags 334 of ref 3}

Today thers are Lote of compulerized messwing instruments used in
industries.  Instrument compulerization has besen vis the injermnal expansion slof
inside the micrceomputer, which has the possibility of damaging the entire computer
when the instrument s wrongly operaled.  {Chapler 32 page 288 of el4)
compiterization is also dons via the prinder port which is safer. Bul the imitation in

using the printer post for nstrument compulerzation is thal: there are 3 maximum
of five Lines (5-bitg) fesding back into the computer. Which means instnamsant
computerization involving the use of Anzlogue - - Digital converters, which

ranstates analogus information info sight - bt or more bytes, can not ba efficiant,




This Limitation was broken in this project through the use of the 2-input 4-bit digits!
mititiplexver, the 74167 Integrated ciroult (103, together with the low lovel feature of
the C++ programming language used in this project. Which now opsns the way o
mnstrumaent computerization through the 1BM PC printer port as presented in this

M L5 TN

profect. {page 288 of ref 4, pages 274.278 of ref 5




1.3 PROJECT OUTLINE
This project is written to report how a computer Alded Measuring / Monftoring
Device (CAMMED) was developed. TAMMID iz g development of periphers! hardware
and software, for voltage resistance and temparature measurement via the 1BM
parsonsl computer,
Al the information on how the CAMMED was developed is presardad in four
- Chapter one, gives the general infroduction of the project. Here, an insight on
the whole research is discussed and this includes Introduction, Alms and
ohigctives of the project, Herature review and project outline,
- Chapter two, deals with the system design. Disoussed here, s the procedures
taken in designing the varlous slages and modules of the project.
Chapter three, discussed the construction and testing of the project, and algo
the results oblsined are discussed,
- Chapter four contains the conclusion, recommendatinns and algo refergnces

of texthnoks consulied




CHAPTER TWO

20 SYSTEM DESHINM

The Computer Alded Measiring / Monltoring Devics (CAMMD yoonsists of 5
peripheral hardware, connected o the printer interface port of the IBM PO, and &
software which the PO runs fo operate this hardwars, 5o # hag two principal
anpecls Harz_ﬁ vare and software. The block disgram of the hardware as zpect is
shown in Figure 2.0,

The guantily 1o be measured, § not vollage, i First converted to g voltage
sigrial by the required conversion cirouils as shown in Figure 2.0, The voltags
signat is then conditionsd o the analogue multiplexer by the signal conditioning

cuite. Typloal Functions performerd by the slgnat - conditioning ciroults are nolse
Btering and voltage amplificalion. Next, the analogus multiplexer, under sollwars
conitol through the decnder, selects the appropriate channel for the si el to be fed
te the Analogue-to-Digital Corverter (ADC). The ADC iz also software condroliern,
it converls the signal to #s digial equivalent.  Then, with the aid of tha Diigital
mudtiplexer, the eight bit digiial signal output of the ADO, is fed 4 hits by 4 bits s
reguired inte the printer port. The digital data iz then processed by the soffware and

the value measured s displaved on the monitor scrsen,

\.2‘

In this chapler, how the various block diagrame were designerd will be reated

i more detalis. However, the principles smph syed during the design were bassd

(:“:

ot the working Limits of the printer interface. Thal is why a knowled ige of the prinder
frderince operation will e made known belore further discussions on the varous
ock diagrams.

21 OPERATION OF THE PRINTER INTERFACE PORT

The printer inferface port is found on any of these two plug-in-cards:

- Display adapter card

- FMult-input/ouput (170} cand

{Some PO's will have part of this an the mother board rather than as pitg-in-

cards). Blots in the motherhoard accent theas adiiary cards and you are relatively

free to put any type of card in any sioh
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The PO addresses, or acoesess, s varlous J/0 porls by using 2 unigue

address code. Fach device or board in the computsy hag an address that no one

The printer port that comes on the monochroms display adapter has a sharling
addresz of 956 In base 10 numbering form. The paraiel port contained on the mull-
¥ card has g starting address of 888 or 832 afl in base 10 numbering, Ususlly, you

specify the abddrass of the port when you install the board. Bo depending on the

N

adapier or card, the starting address can be 858 BEB or 832, There are up o three
novis in the printer intedface - oulpul, siatus and control porte. Theretore the starting
address as mentioned above i used for the output port. The next address 857, 889

or 633 Is usad for the status port. While the next address o the status address, 958,

800 or 534 iz used for the conlrol prrt. Figure 2.1 shows the port map of the printer

witerface porl

 ADDRESS PORT
o
7
(Dec) |
G54 Printer Culput Port
or 588 e | & P — P a— 5
ar 832 {daba  biks T {3
GE7 Frintor status Port
oy BRG g E E I I % g '3
LA - -,? . i,'e /f 5’ - pras yg 2 g A/g
A - 3 e
o134 wudy 7 egelt b
srkapsiadar 7 errol f”s,{‘zil'(g
{}Lﬁt — QF ?‘QF“?} {;gt:‘v-
gh8 . | | FPrinter control pont
. 2 o b L]
o BY0 G wETTIETTTTTY % S g
N W T 7T i T t (1 .
of 534 rigk-usect o ok 5802 0E iaitihisw ’zs‘fa"d Tpkepbe

The printer port on the M PO ig g 258 pin conngolor, often referred to gs a DB
25 connector. Figuwre 2.2 shows the pin-out designations for the connsclor and the

meaning of the pins. Mot that only s Bitle mors than half of the ping are uss. The

}33

others are not connected inside the computer of ara grounded 1o the nhagals
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The datz oulput is comprised of eight binary bits as shown In figure 2.3, The

cordrol port s also an oudpul port, The oulput lines are Latched, meaning that

whatever data vou place on tham stay thers until you change # or fum off the

computer. As shown in figure 2.3, the condrol has four out going ines, The slalus

fineg are the only ones that feed back into the computer. There are five slatus ines

as shown in figire 2.3

k%

e
P

Figure £.3: The Printey Port
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fmmpeargture, is used,

THE TRANSDUCER AND TS CIROUHT
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Transducers have the funchon of converting non-electric input varlables to
stectrical, usually analogue form. As mentioned in previous sections the quanditiss
being measurad are lemparature, resistance and voltage. Only tempsralure is non

-glactric, therefore g ransducer called thermistor, whose resistanne changas with

Thermisiors are made by sinlering mistures of oxides of nickel and




manganese, honding two electrios! leads to the sinfered material, and enclosing the
uil in & prifective coating see Fig 2.4, The devices

Figure 2 4 Typical thermistor for lemperaturs sensing purposes
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@y Thermistor Symbol sy Disc type Laoouer coated

thenmiator
the - ¥ indicates a negative temperaturg
characieristic)

are made In a wide variety of shapes (beads, discs, rods, and fizkes), are very

ingxpensive, and very compact. Themmistors wre semiconducting devices whose

rasiatance depends exponentiziiy on temperature, This means that the thermistor

in very sensitive fo temperature, bul # also means that is temperalure rangs s

~

Hrafted . Most types have a negative temperature coefficient and some with a positive
wmpersture coefficlent are available,

The thermistor usad in this project have a negative tempersture coefficient

Which msans that the resistance of the thermistor decrsases when lomperalure
noreases.
Oine of the features of theemiztors is that the resuling elechical cutpul per unll

;

change of termperalre is invariably Hry, It s about g few milllvolis, atbest, 1.0

.

Thiz small, possibly slowly varying signal will be conlained within nolse and
interference 3! freguencies bevond 1Hx. Therefore the signgl i handled as
diffsrential signal, which require two signal wirss, That is the informatlion bearing

gignat is the difference belwseen the wltages on the two wires, each measured wilh

ragpact o grovnd,

Consenuenily the thermistor is wired into one anm of g Whealslone Hridge, ss

5

shown in figure 2.5, and the oircultis supplied with a voltage, V o, =+8V. The oulpud

vedinge is given by




Figure 2 5 'E'?mrm%aim beidge clroylt  4BY
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Offael adiushment i g bridos arrangement s stralghWorward, B or B, canbe
'r - > Ve ra

frimmed so that a1 40°c, the chosen lower Hmil for the project, the oulput from the

hridge is exactly zerc volts, Hence

at 407

Thersfors f Rz = B, then Ra = Hy
Bt at 407 By = 128100, Therefore Ry = 128900 = 12 Gkl

with Fr = 10k(3, the current Howing thiough the thenvdstor is given by

= 23mb

"‘QITW *"'% 99

RoAR, 10000+ 13810

Therefore the masimum power dissipated aoross the thermistor iz given by

B = LR, = (022X107 112910 watts = 0.612mw

Traax &7

2




Since this doas not excesd the maximurm power rating of the thenmislor whinh

s 12mw. Thorefore By =Ry = (0K is used,

2.3 BIGHAL CONDITIONING CIRCUT

in the context of digital systems the expression “signal conditioning” covers the
shaping, amplification, buffering and filtering of any signal so that # comes within the
range arnd bandwidth requirements of the system input. Nommally this entalls bringing
the signal level up to the input span of an ADC, typleally OV o + 8Y. Howthese wers

achieverd for the three measuring guantiies in thig project witl be discussed in this

zaciion,

231 FOR TEMPERATURE

it haz been mentioned it section 2.2, the reason why the thermistor signal is

handled as a differential signal and how it was shifted to zero 8t 40%c which i

spHonaily the lowest temperature 1o be measurad,

The design of the signat conditioning drouit depending on the measurement
requirements. Here I s required to mroduce g highly sensiive lemperalire
mzasuring device, Thersfors the change in oulput of the thermistor oiroult for g unil

changs in femparature, 1.9mY/0e, is amplified to the smallest change in vollags,

20y which the ADC candetect. This, couple with the fact that noisa inferferes with

the required signal, lead 1o the use of o differential amplifier systerm with a fiter clroult

gz shown in figure 2.8

Figure 2.6 DIFFERENTIAL AMPLIF] ft:?%f?ii?‘&ﬁ CIRCLHT
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The output voltags of the differential amplifier is given by

i




e o=

N . i L F P
if the ratio of g‘g/gz syl ﬁ,g«, are made squal we have
7 A7

. ',2.( I . N
s §/;;? ) (v, - Wy}

Therefora the gain Ad of the differential amplifier is glven by

“y -

;‘j:,‘ PR - - - p -~ wn - - ~2 i

3 fincs i
5,

Since the signal iz contained within noise and interference signals, the
pandwidih of the signal must be limited 1o reduce nolse and minimize any alaising
effect. So, bandwidth imiting of the diferentially amplified system is sel to tHx by
a sallen - ard - key second-order low-pass filfer named after fis inventors, whers the

charactenstc frenueney is given by

Fo = s
21y CORH,
1
= M.

HIMBH AT 13310°y 7

= 1.2z
with this cirouit a ransfer fJunclion that is maximally fiat in the passband is achleved
The gain of the fifter ciroult which s a nondinverting amplifier is given by

..
A i

Ly
?""3’:

Therefore the overall gain of the amplifier system from equation (2.2} s ghen

by

A u : Bty = ol




e 0k g’ 430K) ¥
Tk L i 1500 /

with 4 = 18, the final oulput is then 20my/7°c which is suitable 1o dive an 8- bit ADOC

Although, thers exist an appreciabla commaon mode vollage oulput of shout 110mY

in this case, # does nol impose any problem since software akes care of g effect
through the use of look up able. Another imitation of this differential amplifier is ig

ow differential nput impedance which is only 28 This impedance loads the
differential signal source {the bridge oircud!) and cap atfenuate 1 This problem was
sobvad by the provision of two bufler amplifisrs belween the bidge cirouit and the
differeniial amplifier. The bwo Inpul butfer amplifiers provide very high impedance io
the bridge ciroul
2.3.2 FORVOLTAGE

The work of the signal conditioning cirouit hare is to reduce any high vollags
rangs signal, 5o that # comes within the range of the ADC, 0410 8v. B0 a pracision
mstal - Hiny resistor network §s used. This permils higher voltages o be maeasured,
The network and how it is switched is shown In figure 2.7

Figure 2.7 Range swilching/Potential divider resistor Natwork

3
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The voltage division down the network is not unifonm, since the deslgn was
based on avallablily of componenis. Bul, this poses no problem since the coited
voliags s ealoulated in the soflware. Vollage divider rde is used o caloulate the
voitage al any position down the resistor network, depending on the rangs selected

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

I
. Rm + RM * ?2215
VR e Ry e F e Ry

Wiry

?4‘3 k4 4(3?4 a8.8k
8230? P 40k 98 ‘Si

t

= {0 1950} Vin
Tharefore, the Input vollage {Vin that wilt produce g maddmum of 5 volls as

renuired by the ADC is given by

WD m B el

H

conssguently to measure vollages lsss or equal to 38Y, position “a”is selertsd. Like
wige, to measure vollages less or equal fo 100v or 8500y, position “b” or ¢
respectively s selected. The voliage measurement, then has four ranges: 5, 25,100
and HR0Y

To avold foading of the network, a unil-gain buffer amplifier through 2
switching system, passes on the mequired vollage to the next stage for further
processing. The switching system does the range switching by computer control of
sormne refay switches armanged o select the required rangs position,
£.2.3 FORREBISTANCE

Hesistance can be measured with the cirout of Figure 2.8

Figure 2.8 Reséiﬁmc@ Measurermaent Clroul

= 0 4L,

FEYVAN

s n a3 mnin
Fepmeeenod

i




inthis creuit Vo = VR IR, + R, sosince V= 4.8V and up fo 80k( s
o be measured that s R 800G, Therefore Fref iz glven by

Rref

i

{4 fxnn )
R e s dgr Ty P
VR UL
w @RS

This means that with this cireuit o mendmum output vollage (Vo) of 4.7 soours

at the maxdimurn measurshie resinlance of S0kD

24 THE ANALDGUE MULTIPLEXER

<8y

in 8 muitichanned data soquisition system, as in this project the varoy

analogue signals from each of the oulput of the signal conditioning circuits, are fo be
converted to thelr various dightal equivalents for further processing by the subsequent

digital systems, An analogus mulliplexer selects a particular signed for #is conversion

i digital code by an anslogus o digial converter,

The analogue multiplexer emploved In this prolect was designed with the 4-
pote 1 way snalogue switches infegrated oireult (0 shown in Figure 2% The 10
coniaing fsvz,;g' sepgrale bi-dirsctional,

F

gure 2.9 40885 CMDE 4-pole 1 way anslogue swiltches 10
’ bl @ W ce

M ,
gmj R
{3 by

oy

. T Bl
E{’:Wj ? % J wma
- - L

[ —— -
4 s
G pis éz‘ - L

offfon switches In one package eachwith # neordrol input, a8 shown infigire 2.9,

E‘@i{"ﬁ

A oawiich s off with s conbrol wire at low level and on at high level,

The resistance across each swilch when olosed iz called s on resisiancs.

This on resistance depends on the supply vollage and should be 3s low as posgsible
17
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o avold dropping part of the signsl, so, the 10 s supplisd with a high voltags of + 12V
to obdain an onresistance of 300, Bulthis reguires a control voltage up io the supply
voliage which is then highsr than the normst Transistor Transistor logio (TTL) high
state vollags level employved in this project. Conseguently an open collector culput
fogic controd circut is regulred fo pult up the control voltage to about +11Y, and
ensure that anly one switch is closed 2t g thoe as recommended by the manufacturer
af the chip. Thess lad o the uge of 3 Toub-of -4 decoder and an inverter with open
cofisctor output, in driving the mulliplexer.

The oversll anatogue multiplexser croult is shown In figure 2,10, The open
eoffector oulput inverler here i delsrmined fror the 7403 NAND gale with open

colleator outpul, by the bwo input lines of each NAND gate connecled together 23

shown i figure 2,10 The denoder usad s one of the hwo decoders contained inthe

74138 Dusl 1 - out - of -4 Decoder 1. The

Figure 210 The Multiplexer oiroulf .
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decodar ensures that only one of s oulpuls s aclive In the low sisle al a time
depending on the combined state of s input lines, which ara st by the software,

Wil the NAND gates, doing the work of Ivarters, ivert the decoder's oulpul o

b

that only one is active in the high state of + 12V, o close only one switch al a fime,

as regred by the manufaciurer, With this multiplexer amangement the required
analogus put or channel, undser software control is sslectsd o pass on s signatio

g




the next slage of processing,
25 ANALOGUE - TO - DIGITAL CONVERTER

An ADLC takes the instantsneous value of sn analogus input signal and then
produees a3 s oulput a coded digital word with o wasight that coresponds 1o the lavel
of the analogue. ADD will always conlaln some uncerainty over the conversion.
Thiz is because the analogue input s & continuous signal and can take any valus
within a defined range, whereas the dighial oulput can only exist a8 a fixed numbe
of codes. The uncerfainty for an ADC is called quantising error and willbe 2 DS LER

Donsider an 8- bit ADU with an inpud span of 5Y used in the projsct, The

digital sutpul, an 8 - bit oode, takes valuss from 0000 DODO, G000 0001, DODG 00140
and g0 on up fo 1111 1141, which means that # has 288 guantisation levels,
Suppose the anslogue inputis 1.28Y then the dighal code i3 0011 1111, When the
mput s 127V, this digital code changes to 0100 000D, that is one L3R step
However an anslogue valus of 128V, just halfway betwesn 125V, and 127V, could
give @ dugital code of 0011 1111 or 0100 D000, This is what is meant by the
uncsrtainty of an ADC

Arcimporiant parameter of an ADU s the conversion Hme: the fime interval
between the command, being given o the ADC 1o begin the conversion, and the
appearance st the output, of the complete digital equivalent of the analogus value.
The speed of conversion varies with the fype of ADD and can be as shorl as g faw
nano seconds for the ullra Tast vpes or as slow as several millssconds,
251 PRACTICAL ADC CIRCHT

Aowide variety of methods are used In analogue - fo-digital conversion. These
range from the slow and insxpensive to the vary fast ypes which are therelore
refatively costly. The common mathods are

voltage o frequency

- Parallal or flash conversion

- Bingle ramp and counter

- Liuaiftiiple ramp

- Suooessive approvimation

&3




The method used in this proiect s the successive approdmstion converler,
Thiz iz g popular method for use In microproosssor eysherms sinees its relatively fast,
has good accuracy, smd can be soffware conbrofled. A byploal sucoessive

approximation convarter s shown in Figure 2,11

rash s
Figure 2.11 Successive approdimation ix{)i" T s e Y imh DA
3{,{& &“ w’i’??&‘o‘ Q%}}‘?‘ _ B ] . %“32:"}&. ;‘i‘h{ S‘f{;“ } V&ﬁg &
T e Tiege §
///,/-"' ?{&3 Nl Ria R f’f}
o Sl

Pty g, AT ?;4?‘ vy btk
3

DAL |
The method requires same programiming logle (software in the microprocessor

if required), 2 register (o hold the result, 3 DAL and s fastmisroprocessor, 88 shown
in figure 2,11

Al the start of the convarsion, the MEB of the register is sal fo logic 1 by the
programming lfogic 5o that for 8-bits the register reads 1000 DODO. This ntum is
converted by the DAC and the value compared with the anglogus input. Buppose i
is lgrs than vin, then the login 1 in that position iz relaingd and the next most
significand bit is also set fo 1 {register holds 0110 0000) and used for comparism,
This process condinues untd all bits have been bed and a point of balance i
reached; that i, whan Vin is just grester than the DAG oulput voltage. Then, the
resuitand digital code on the regisler is lafched o the oulput of the A/D converter
2.5.2 AN AID CONVERTERIC

it this profect ADCOSOT 8-bit A0 converter 10 was used. The pin diagram of
the 10 s shown in Figure 312 {8) and g st of the name and function of each pinon
the 10 i shown in figure 212 (b, The ADD 0801 A/D converter was designed io
inderfaoe directly with the BOB0, 808, or 280 micraprocessors. Some pin labels on
the ADCOSDY 10 correspond to ping on popular microprocessors. For instance, the

20




ADCOROT uges RD, WH and INTH az pin

angd INTR pins

sith other popuba

inpul to the ADCCR0T A/D converter rece

r S-bit microproos

microprocassor address-decode,

o the BO8E microprocessor

zor s such as the

lahels which correspond o the R, WE,

The ADD 0801 can also be interfaced

ARO0 and 6502, Theis conlrod

wes #s signsl {chip select) from the

Figure 2 12 ADCOBOT A/D CONVERTER 1O
, Fsal in - Line Package
Voo (LEKE O DRSS DB, DRy DEs DBe DB DBe  DRo{M38)
J ADC 080!
Lo Pl Lo P La T e T e T T (o T e T8
5 RD W N TR Vin (6 Vin o) AGND Vime/ DD
{ay  Pin diagram )

P Mo, | Symibod fnpatOuienst or Power | Desordption
1 R fripst Chip select Line from up-control
Z R fripit Faad Ling From up - control
3 W fripest Wil fromm up-condrol
4 - OLEIN gt Clock
5 TH Ot interrupt line goes to up inferrupt ling
$ Wind+y input Anadoguse vollage {4}
7 Wi -} input Ana%czgus% vosttage {4
& AGRME Power Anatogue ground
g Wredi? frpast Alternative voliage referance {4}
1 DM P ower Digitad ground
11 07 {natpet MER data output
12 o8s Ohutpst Data oulput
13 [R5 Ot Data output
14 DE4 Ctput Drata oulput
e (A2 Capiput Data oulpu
Data | DB Ot Lrata oulput
17 DEY Crtput Diata output
18 D0 Crustprt .58 data oulput
1% fnpu Ouput Cannact extermnal resistor for clock
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20 Yomior Prosger Postitve of 5Y power supnly and primary refarence

voltage

ret)

by  Pin Labels and Funclions
iy chrouitry.

THE ADCOBOT iz g CMOS B-bit successive approdimation A comverder, i
has thres state oulput so that it can intarface directly with 2 microprocessor based
gystam data bus, The ADCOBOY has binary cudputs and fegtures g short conversion
Hme of only 100us. s inpuls and oulpuls ars both MOS - and TTL - compatible #
has an on - chip clock generalor. The on-chip generator does need o exdermal
component {resisior or capaction to operale. The ADCORDT IO operales on a
standard + BY do power supply and can encode inpul snslogue voltages ranging from
Ot 8y

The ADGDEDT AL converler 1C In this project was configured as shown in

Bgure 2,13, The function

Figure 313 Wiring dingram for the ADCOSED T CMOS ADCIC
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1 K ‘
fripuk w Ve B
< Vin {+) o ? L
by -‘ 1"%""3 kY . : -
o Wil B bz By
0 H ’J
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PV el fo vEy " Duepur
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MR :’sg A 4 '
. ~ )32 ""'?
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’a " : ---- TR e
[Okd Ry 1N S
AT A B
;5‘{)?3; e A Ly Ry %/»sswirf L5 £5

= 2 Pind opthe
Prinhed pork

%

of the cireult is to encode the diference in voltage between Vin (4} and Vinl)
compared to the reference voltage, 3Y, to g coresponding binary valie For
instance, the resclution of the ADCORCT 1T is 8-bils or 0 39 percerd, This means that
for each .02V (BY % 0.38 percent = 0L02V) increase In vollage at the analogus inpuls

the binary count inoreages byl To start conversion, 2 signal of Lo H transition iz

22




applied st the WR input, this slarts the ADC oohversion process, When the
conwversion is finished, the binary outpust is updated. In the project the WR s dodked
by one of the data Uines of the parslls! priter port (Pin 23 38 shown In figire 213,
The ADUCOB0OY has a high conversion rale because i uses the successive
approximation mchnigus in the conversion process. The resistor (B and capacitor
{C1) connecled to the CLKR and CLICIN inputs to ADCOBOY IC cauze the intemal

chock o operate. The frecusncy of the clock can be caloulated as foliows

e

N

10107 1 80x1077

=368 7K H:

Acourany of the prooess is assured gt clock frequencies up to B40KH:
2.8  THE DIGITAL MULTIPLEXER

The interface characteristics of the inpul port of the printer inferface, the slalus
put, is such that anly five ines fead back into the computer, The ADD converler
fransiates analogus information o eight-bit bytes. This means an interface oiroult
iz raquired to connect the ADC to the printer port, This was achisved in thiz project
by using g 2-input 4-bit multiplexer, the 74157 10 shown in figure 2 14

figure 214 DIGITAL MULTIPLEXER IC

Wee g A, i G 2, & Gk
s 3 . i ' o
= * R l o3 o 2 &

il

i
I ek j §

L~
Lt
Farmdd s

i
N S s

A A e e o

{ww §..., i...j’ ; § g,,,...m,.,,..

E o wd E 26y g E B g e e o o
SELECT A 2 0 2 = ) L pfy

which takes the 5-bit byle of the ADC, 4 bits inlo the printer port with the aid of the
npub-ouiput program sxecubed by the computer,

Tha 74157, 2 - input 4-bit mulliplexsr was designed from the smaliest
23




multiplexer, the 2-input 1-bit multiplexer. Considering the block diagram of a 2-nput
1 hit multiplexer shown in figire 2,15,
Figure 2,15 A 2- input 1-0it multiplexer

{a} block diagram

HFUT A A

o Output O

(b The Truth Table SELECT S

ot (5} | lnput {8) Dinput 8) | Output ()
0 9 0

-
{
B

<o

{3 O 1 o

FEeN

ey The Logic circult Diagrarm T f o -, o
7 *g,.,.w:f; e

when the zelect ine s In logle O, Input A passes io the outpid & This produces the
truth fable shown In figure 2158 {b), Therefore the culpul (1 is given by
0 = SAB+BAB+SAB+GAR
= BA (BB + 8B (AA)

e N
= S/ LAY Sg

So the lnglo clroul implementation of the logle Tunction is shown in figure 2 15

{0, Figure 2.14 shows how four of these mulliplexers are inter comnected to yield a

Z - input 4 bit mulliplexsr as containgd in the 74158710,

24




2.7 THE BOFTWARE

o this project, the peripheral Hardware iz sending and receiving digital
nformation {data} to and from the 1IBM PC respectively. This is done through the aid
of a program which is able o send, accept and inlerpred theze dala. The software
used for the profect is cafled CAMD.  The program was witlen i Db
PROGRAMMING Langusge.  C+4 g a development of C and C came out of e
deveispment of the UNDC operating sysiem by Bell Labs. 0+4 iz the lan wgtiage of
chotee for most commersial and scientific applications, beosuse i is sufficiantly low
fevel to provide a very good speed of exsoution,  puls delailed conirol of the
machine into the programmes’s hands and it is bansportable.

The fow chart of the program iz shown i Houre 218 i the pr cofan five
surenn displays were made in other to make the program user fiendly. The soreens
are shown in figure 2,17, Boreen (1) enables the user fo decide whelher to Gy 0

with the operation or o ol e (2} enablas he user (o select the quantify lo be

measured, whether, devoltage, maximurn of 8V dovollags, lemperature, resistance,

oF i quit the program. In soreen (3) the user selects the range if the quantily fo be
meanured, an selactod i ger (23, iz do vollage. Screen (4) enables the uzer o

contity the choloes made and declile whelher (o go on displaying the oulpul, or lo
make another cholce, Afler the choloe io display o oulpul s made, the compuler
g 3 subrouting {function) called Hardware input. This subroutine does the input
ouipul operations makdng use of inpul output instructions. Screen (5), displays the
valie measured which is the returned value Torm the subrouting, Hardware input,

THE IMPUTIOUTRPUT SUBROUTINE

fry the Hardware Inpul subroutine the following operations were done

Chstputting of series of bil parteros through the dele oulput port, to select the

correct channel depending on the quantity selecled on soreen (2) o be
measured. Then analogue - to- digilal convergion commenoes.
o After a dalgy, on completion of conversion, the 8-bit byte cutput of the ADD
fa read in four by four bils starling from the most significant B (MBR) lo the

T

feast significant Bt through the stetus-port of the printer interface

A5




The bits are rearranged back into 2-bit byte as outpited from theADDT, Then,
the &bt binary data iz comverted back o fs eguivalent anslogue
represeniation and store In a varable which is retumed in main program,
Thiz variable iz called anavalue,

The variable, snavalue iz then displayed on the sosen as the measured
vaie,

The entire program s shown in appendiz 1

N
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2.8  POWER SUPPLY

The ciroult of the project requires two different de voltage suppliss of +8v and
+12¥. H s necessary o supply the appropriate d.o. vollages o the device from g
maing slectriclly supply af 2400 AC. The block diagram for this power supply 8
shown it figire 218 # s composed of the ollowing stages: siepping down with
fransformer, full wave rectification, smoothing cireult, and Regulation, The complel
sireuit shiagram is shown in figuwe? 14,

To caloulnte the vollags rating of the transformer used in slepping down the
maing and the peak nverse vollage (PR of the diodes used in the Tull wave rectifier
sireuit: Let the oulput of the ransformer, Ve (1), which is an a.c. Voltage az shown in
figure 2.1 be given by

Vg i) = Vm sin o,
whens Mm = peak of the alternaling vollage. With full wave rectification emploved,
the oulput vollage of the rectifier, vo (1) az shown In figure 2.1 s given by

[V, Sinet Octa

Vo= 3 oo i

Therefore the gverage culpul d.o vollage, Vdo, is glven by

Y A ; . §
vdo = £ Vol dt

= wf Vimsinat dief - - - 2.1

integrating eqgustion 2.1 and substituling the fmils gives

Yy

but Vrms = ,? = 13.3Y

Therefore a 240v/13.3y rated transformer was required. The Py raling for a
full wave bridge reclifier is given by
FB = 2 K Ym

# 2xiBs = A7V
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Power supply clroulte form an Inferesting and quite important branch of
glectronics in themselves, and the design of 3 good power supply used 1o be ery
difficult,  Forlunately, we now have cheap and extremely relinble powsrsupply
regutator los which greatly simplify the job. In this project regulator fos 7RO8 and

T8 were used o provide the regulation.
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CHAPTER THREE
2.0 CONSTRUCTION PROCEDURE
On completion of the design of this project, components, neaded for s
corstruction wera bought and sssembled together, The construction staried withthe
mplementation of the design on a8 breadbosrd. This wag dons in modules
proceeding from one modide to another after due testing. The modules gre ag
foltows

The powsy supply circuit

A conversion oiroudt

Dhigital mulliplexer cirouit

Anglogue mulliplexer oiroul

Signat conditioning circulls
vadous aspect of the desion was then modified to oblain desirable working clroult
before i was constructed permanently on g vercboard.

Yith the use of insbuments such as soldering ron, soldering Lead, solder
sucker, vervhoard, connecting wire, culler, screw diiver, Analog and digitsl
rrttimetsr and long nose pliers, the following steps were igken for the construction
of each mudule on a vercboard,

i The %.ayé;zi design plan of the components position on the verchosrd was
made. Unnecessary distance between components wers ayoided to reduce
the length of wirs uged. Components were also not placed oo dose {o each

other {0 gyvoid shorls

i, 2 anckets were soldered onto the veroboard in place sliccsted o them in the
fayout

fil, The disvrele components:- resistors, capacitors and diodes were soldered
directly to the board

By, Other components of each module ware solderad,

. Arud Anglog multimster was then used o check the contacts and contimily
where necessary,

v With the 0z plugged info thelr sockels, sach module was texled before

&%




proceeding to the next

Oy the other hand the software was wiitten and debugged on a Turbo 244
compiler. When both software and hardware were ready testing snd debugging were
sarred out on tham separately. Then the softwars was interfaced with the hardware
with sppropriste ming made.

3.4 TESTING

The besting of the hardware staried from the construction slege, gz sachofthe
maodules on completion was teated befors moving on to the nexi one. The circuitwas
it ench case checked for continuily using a digital multimeter. Also the required
bahgviowr of each component after soldering was tesled.

Finally, after inferfacing both the gsoftware and the hardware on the Hostmiom
cranputer, the IBM PO the resullant messuring device was then ested. The vollags
measurgment was tested by measuning the vollage oulpuls of 3 variable power
supply unl,

The resistance measurement was tested by measuring differend resistance
vatues of rasislors. Finally the temperalure measursment was {ested by measuring
the temperature of a hot water while comparing with a thenmometer. Al measuring
systems were fested, proper and sccurate funclioning of the device was confirmed
satisfactory.

3.2 DISCUSSION OF REBULT

The actual values {expecied readings) of both voltage and resistance were
compared with the aclual readings on the multimeter after being tested. While that
of temperature was compared with the readings on a thenmometer. Al tests were

confirmed to have fallen within the expecied or acceptable reading of accuracy limit




CHAPTER FOUR

4.8 CONCLUSION AND RECOMMENDATION

4.1 COMCLUSHON

The development of  Computer Alded Measuring / Monltoring Device Via
prirter port interface was presentad in this project
The aim of the prolect was achisved after much technical difficulies, ke
SO componegnts warg das

maged and were replaced sevaral tmes
4% HRECOMMENDATION

Design and consbruction of Electronics project s

shouded har g g‘egiﬁa?. ot
to afl studenis of electrioal and computer engineering depardy

er rght from thel
irtermediate level, 80 as 1o get them familiay with handiing projsct

works,
Alan, the

hee Deparment should endeavor b

ooaasist students fnancially in

L

carrying oul minkprofects and the final vear

orodect thal consume a ol of money,
i s quite unfortunate thal most of my work were done in g

omputer Busing
cenier were | was charged, because the Department denlad e e 800ess
o the Deparimental compuiser,

Thotefore final vesr orolects should be oxecuted In the departmentsal
Laborglory by the concemed students under the sbict supervision of thelr
supervisors
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