
DESIGN AND CONSTRUCTION OF A 
MICROCONTROLLER-BASED 

TEMPERATURE DATA ACQUISITION 
AND LOGGING SYSTEM 

BY 

SULE EZEKIEL ANDREW 
2003/15363EE 

DEPARTMENT OF ELECTRICAL AND COMPUTER . 
ENGINEERING , 

SCHOOL OF ENGINEERING AND ENGINEERING 
TECHNOLOqy, 

FEDERAL UNIVERSITY OF TECHNOLOGY, MINN A. 

NOVEMBER 2008 



DESIGN AND CONSTRUCTION OF A 
MICROCONTROLLER-BASED 

TEMPERATURE DATA ACQUISITION 
AND LOGGING SYSTEM 

BY 

SULE EZEKIEL ANDREW 
2003/15363EE 

A THESIS SUBMITTED TO DEPARTMENT OF 
ELECTRICAL AND COMPUTER ENGINEERING, 

FEDERAL UNIVERSITY OF TECHNOLOGY, MINNA. IN 
PARTIAL FULFILLMENT OF THE REQUIREMENT FOR 

THE AWARD OF THE BACHELOR OF 
ENGINEERING(B.ENG) DEGREE IN ELECTRICAL AND 

COMPUTER ENGINEERING. 

NOVEMBER 2008 



DEDICATION 

f dedicatc this thesi s to the Almighty God. the 1~lthcr or our lord and sa\'ior Jesus 

Christ. wholll by his grace lind mercy, I have enjoyed surricicnt divinc protcction. 

guiuancc. pro\·is ion. before. during and after this \"lork . I also dedicatc it to my able 

p"rcnt 1''1'11'. and rvlrs. Sule Kalan gu lor both moral and l11t1ter i~t1 support given to lIle Oil tltc 

courSe or thi s \\ork . Not rorgctting Ill)' Uncle Mr. Dik ko K \\'ab\\'aga ami his l~lI11ily \\ 'htl 

help mc in sc\'craf ways during this \Vork. I wish helll an abundant llf' (iou's hlessings. 

II 



ATTESTATION/DECLARATION 

I sule Ezekiel Andrew hereby declare that this project is presented in partial 

fulfillment of the requirement for the award of bachelor of engineering(B .eng) degree., it 

has not been presented before either who lly or partially for any other degree elsewhere. 

Information hereby obtained from public or unpublished works of others are 

acknowledged accordingly. 1 also relinquish he copyright to Federal University Of 

Technology. 

",-5 
SULE EZEKIEL ADREW ENGR. ~ MOHAMMED 

(Name of student) (Name of supervisor) 

(Signature and Date) ( Signature and Date) 

ENGR(DR). Y.Adediran 

(H.O.D) (Name of External Examiner) 

(Signature and Date) (Signature and Date) 

HI 



ACKNOWLEDGEMENT 

I am grcatly indebted to the almighty (jod I'm prl' sl'n 'in g my lik ami his provi sions rnll11 

lhc hcgilllling to this tilllc . I I' it were l10t Ii))" (;mr s gracc, I \yould IJa\'c \yould ha\T hccll 

nowhere today . TO CiOI) HI ·: '1'111 ': (iI .ORYI 

tvly prof()lllld gratitude gocs to my able supen'isor 1\ II' . S. I\ Mohammed fl.)(" hi s 

honcst supcn·ision. guidance. cncouragement and co nstructive criticism. " 'ithout " 'hich 

thi s projL'ct " 'ollid ha\ 'c not bcen sllccessful. I also want to express my proround gratitudc 

to the OIlC anu unly head of department Engr(Dr) Y.A Adcdirall f()!· his f~lthcrly ,l(hice 

alld 1'01' making me to enjoy my stay in the uepartmcnt. 

i\ Iy appreciation also goes to my parents Mr.aml l\'lrs Suk Kalal1gll. my siblings. 

uncles ami aunties ror their supports morally. prayerrully. financially anu so on . GO!) 

BI.LSS YOLJ ALI. . 

I cal1not rorget Mr.chris ror knowledge or this project. I al so ;Icknowlcdge the 

supports or anu encouragements or Mr. Uimclech Bitrus. 

1\' 



ABSTRACT 

Data acquisition is an ancient practice. (hn the ages. data acquisitions ha\"c 

bcen implemented using diflerent methods and eqlliplllcnts. like ~ensors around \·chicles. 

telemctry . recording dcvices and so on . The llcsign and construction or a microcontroller

based telllpcrature data acquisition and loggillg system . as tlL-scrihed in this project reporl. 

is intended to produce a simplc means 01" acquiring. ;lIl aly;.iIlg and storing data obtained 

rrom certain systems. in a simple better a III I more accurate \\ay. Thl' project is di\'idcd 

into six nHldules namely. the control unit. the sensing and con\'crsion unit. the indicator 

unit and thc pO\\'er unit. The control unit is the central pr(lcessillg unit orthe projcct. It 

has a rnicrocontroller i\TX9CSI and thc program soti\\"(lre \\Titten in i\ssembl y Ianguagc. 

a logic len: I translator Illr a P( ' RS232(' serial port (I )13<». TIlL' sensing ami con\"l:rsioll 

unit consist or a temperature sensor (I ,/\lUS) and an analog to di!..'.illli COIl\ 'el"tcr 

(i\I)COXO~). the indicator unit is made up or dri\"Cr transistors (/\ I () IS) in \\hich relays 

\\'ith heaters arc connected to . 

Finally the pO\\'er unit has a 240 to 12V step-down transformer and a f"ull-\\ '<\\"C 

bridge rectilier circuit as the \'oltage source. This \\ 'as reg ulated to SV lIsil1!.!. a Uvl no) 

\'ollllge rcglll;ltor Ie. On intl'gration. the Illl"llls the microcontrpller-based temperature 

data acqlli~ition and logging s;,stem. 
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CHAPTER ONE 

INTRODUCTION 

This is;1 project report on design ;1 III I <"oll strllllipn Or;1 lllicrdcontrollcr-hased 

temperature data acquisition and logging systelll , I he reptlrl g i\ 'es an accpunt or the \\prk 

c:lrried put during the \arious stages ol ' the pro,jec\. 

/\ data acquisition and logging system is a de\ 'ice dc signl'd to measure and log 

some par;llllc1ers , Thl' purpose ol' the data acquisition S:'StClll is generally the ;Inalysis or 

the logged data and the improvemcnt oj' the ob,iect ur measuremen\. The system is 

nurnwlh' electronic based a III I is made up orhardware allli Sl)I'!\\'are , 

Although. little was known about the dclail ur data acqui sition in thc prehi storic 

lTas. but it \\as disC()\'ered that in C\'lT)' culture some pco ple \\L'I'e preoccupied \\ 'ith the 

aCljuisitipn. analysis ;lI1d storing on data's collected !'rom celt:lin acti\ 'ities, ;\nciellt 

ci\ili/,atioll relied on rainl~dl. usc ol'sticks and other ohjects to collect data's , 

For instance. an obelisk which was built by the Lgyptians \\'as used to determine 

timc , The obelisk divided their day into parts some like our hours , Obelisks (slender 

I<.lpei'ing. rour-sided monuments) \\ ere buill as early as J5 0() nc. Their moving shado\\s 

Il)J'll1ed a kind or sundial. enabling people to partitioll the day into morning and aJ'tertloun 

III , 

Temperature measuring history can be traced from /\l1llcrs ('elsiu s \\'ho livcd 

het ween t he years I 7() I I 74,L carly. hecame cngagcd in the gl'lleral problem or weights 

and mcasures . including temperature nll';ISUrl'Il1Cnt 121, 



/\Illlllu gh. thcrc 11<1\'C hccn a Int nr clT(lrl h~ ' \! i~l'rian rc scarchers to dC \'l:lop a 

cost L' l'Il:l'l i\l' ll1e ~l n S (II' 1l'1l1peraturl' d ;l t ~ 1 acquisition ~ l1ld I ng!!in~ sys tclll using di gital 

electronic method , llo\\c\'er. looking at 1l1nst or these (d ll: rn ~ lti\ cs. it is ob\'iolls that there 

is still ~ l need I'l l I' a Ill()J'C lind accuratc tl'll1peraturc dat ~l acquisition and logg ing system 

design by our local engincers , 

It is LIS II rcsult oj' the abo\'c si tuation that thi s prnj cct is dimll1cd at de\ 'C loping a 

microcontrol1cr- hased tcmperature data acqui sition SystL' 11l that shall opcratc to climi nate 

i ndlic ien cy in the previ ous and ex i st i ng de\'; ces 0 r t hi s k i Ild, 

1.1 OBJECTIVES 

11 The lllicrocontrol1cr-hased tempel'llture data acqui sition and logg ing system is aimed a' 

so l\'ing the problems or inaccuracy in the cmlier mct hods or data acquisition and logging 

sys tems throu gh thc use or microcontrollcr lind integrated circuit s or high cfTiciency a 11(1 

accuracy , 

21 /\Iso. c,lrlier data acqui sition system s \\'eIT large in s i/e. complex in cOllstruction and 

expensi\c to huild . hut thi s project is designcd to O\ 'cl'Come the Prohlem or cost 

complexity. portahility ami accuracy, 

31 To anal)'/e and impro\'(: on the object ol·llleasllJ'cmenl. 

1.2 METHODOLOGY 

The method <Idopted ill this projcct is based on thc picmeicctric propcrty of qU<lrt l 

crystal. Iran elcctric field is app li ed to thc crystal. it changes it shape and irit is squcCI,ed 



or bent it generates an electric lield IJ I, The pulse generated 11:- ' the crystal is uscd to 

clock the mierocontrollcr 

The microcontroller is a programmable electronic component that determines the 

\'millus lelllperature ol ' the sensors hased on :11e (1mgr,lI11 \\ritlell illtll it and illlplements 

the set-p(1ints \\hich is relkcted hy the indicators ami the data acquisition solh\'are, 

;\ssemhly ltInguage is lIsed in the programming ol'thc microcontroller I'or easy 

progranlilling and repl'llgramllling, Thus, this project is designed 10 Illeet the uni\'ersal 

need ol ' an accurate temperature (hlta acquisition and loggi ng syslcm, 

1.3 SCOPE OF WORK 

This project is designed to collect or ohtain temperature \',tlues any system ,It 

di Ilerent se t-points dependillg on the nature or the sys tem ill\'ohul. Thus, a temperature 

SL'l- point Gill he chosen to soo th the situation, This Iw s a lot or application in rood 

industries ,lIld places \\here the iIlSt,lIlt,IIlL'OUS lcmperature or the surrounding or coolillg 

Illediulll or machines me monitored , 

/\ precision integrated-circuit temperature sensor( 1.f'v1.l:') is used in this project 

due to the 1 ~lc t that the sensor has a range or temperat me measurement rrom -55"(' to 

I 150"C ami \\ 'ith an accuracy or O,5"C guarantahle, /\Iso, a Illicrocontroller (;\TX<)C5~) 

\\'ith the logic translator forms the central processing unit. Thl' microcontroller is 

progranlilled in assl'mhly language , ;\n analogue to digittl C(lll\ 'l'rter (;\I)C OX(4) with a 

lour channel multiplexer (('1)4052B) \Vas alsu used to COll\'crt the output of' the I.M35's 

to digital signals , The heating unit is made up or heaters conllected to relays \\'hich \\'LTC 

(li'i\'l~n bv transi stors , 

3 



1.4 IMPORTANCE OF TilE PROJECT 

Ila\ 'ing a precise accurate data's orthe tClllpcrature of an em 'ironmellt is ol"grl'at 

necess ity hecause or its wide applicatiun ill placcs like. hospital s. in \\'hich the lire' s 

or premature babi cs dcpcnds on t tempcrature at \\'hich the incubator is ' kept. 

lahoratories rcq uirc thc usc or precise readout in carrying out analysis and test \\hich 

requires spl'Cilic tcmperatures. 

P()ultr:. 1 ~1rI11 S arc me,lIlt to bc kept at cert~lin reasonable tcmperatures . Therci"ore. 

ha\ 'ing :1 readout temperature is nccessary . Industries like pharmaccuticals. 

petrochemicals and pctroiL-UIl1 also require preci se casi I)' readout temperatures. Thc 

Ill'Cl'ss ity or ha\ 'ing a ll'lIlpcraturc data acquisition and I()ggi ng system is so 

numerous that it cannot be cxhausted in thi s report. 

4 



CHAPTER TWO 

LITERATURE REVIEWITHEORETICAL BACKGROUND 

2.1 BI{I EF IIISTORICAL BAC}«(;ROllND 

Data acquisition and logging system is a practiCl.' that has being in cxistence ror 1I 

long time even right form the prehistoric era. This is rellccted in the in\'cntion or 

merchcts. the oldest knO\m astronomical tool. by the Egyptians around (,OOBe, A pair or 

nlarchet \\as used to cst;d)lish a north-south linc (or meridian) hy aligning them the pole 

stand, They could then be used to mark ofT nighttimc hours by determining when ccrtain 

other stars crosscd thc meridian,I 2 1, 

David A,Cirecr and David E, SchweIkert on August nih. 1995 invented an event 

recorder and a method ror recording data n:lating to a distinct c\ 'ent which pertains to 

operation llra mechanism 141, 

20tl.' lhiti sh t ir<1lld prix is another gll(ld mcthod lli' data acquisitillll ror critical 

data acquisition system ill motor sports. in \\-hich engineers in pit obsen'C thc loss of 

prcssure i'rom one or coulthards tyres , The data acquisition system allo\\'cd the teal1l tll 

recall him rrom his practicc. rcsolving the f~llIlt bcf'ore a dangerous situation occurred. 

likely saving propcrt y and lilClSl , 

Today various type or data of data acquisition ;11\.' ill existencc stich as: 

Pi('o lo~ data acquisition and logging systelll: thi s is ror wind(l\\'s \\'hich work 

in t\\ 'O l11odes: player mode i'or displaying previously rcc\lI'ded data and recorder mock . 

i'or recording nc\\' data , Pico log can collect data from multiple cOll\erters at thc sallle 

time, This not only no\\'s a mix or voltagc input units to be used on the same Pc. bu t also 



allO\\s ,I l1li" or \'oltagc input units to hc uscd nn thl' S~ lllll' P( '. hut also aIIO\\'s other PC 

bascd instrum cnts such as '1'( '-OX (tcmperaturc mcasurl'lllent ami thc J\ f) C-200 

osc i II OSCOpC to be used at the same ti me) I () I 

;\nnthcr type I)AS is thc pncision instrulllcntation cquipmcnt (PIE): this 

ulili/,cs hardware for rca l-timc data ga thering or ruel storage cOll(litions under largc 

underground (USr s) or above ground (AST's) tan ks and so liware ror thc loca l ami rcal 

di splay and anal ys is of thi s inl()J'Jnation . PI F systcms perl()J'Jlls the central runction 01' 

co llectin g all o rthe li\ 'c dynamic data rcbti\'C to tank s, PIL collects its data rcal-time and 

stores it to a real-time RAr-.,'l database for current. li\e data and to a hard di sk as on 

hi storical databasc , Thi s sys tcm \\'()I"Ks in a sC I'\ 'er/c li cnt modc un: r a secure. isolatcu 

LAN tlwtlransl11it bidirectional li'om the se l'\ 'c r tu the 1'l.'molL' clients , PIL is completcly 

oper~ltor indcpendcnt. i,e , IW operator intcrracc is rcq uired \\'hat sOl:\'er 171, 

1\'17 data acquisition and logging systcm: this allows I() r the monitori ng or 

di gita l camcras. gi\ 'in g :24hollrs survcillance as \Veil as d ~lta collection and moni toring. 

thi s lend it se ll' ideall y to water bom'us and c()mpanies who nced to he proacti ve o rlicc 

IXl se personn el can monitor rrom a distance through attached camera system without thc 

neeu o r costly se rvice personnel to interrogate I ~d se alarms or other issucs \"ith in pl ant 

equipmcnt I X I, 

Data lynx data collcction softwa,'c is an inc"pensi\ 'e data collection and uata 

logg ing ~ lIld storage package ror programmable logic con tro lkrs (PI .Cs) us in g a Pc. Thi s 

data acquisition so liware package is an idea data logger so lution for wlleeting data rrom 

remote loca tion or relay ing data rrom multiple locations hack to a single loca tion to be 

storeu , I <) I 



2.2 LITERATURE REVIEW 

The mi crocontrollcr-based tcmperature data acqui s ition and logging system is an 

electrolli c dev icc designed to mcas l\l'C amI log some parameters usually temperatl\l'e 

based . It is usually pO\\'ered rrom a dc suppl y \\'Ili ch nwy he a h;lttery or the host de\ice 

\\hen in line \\'ith other devices or equipment ('or dat a acqui sitidn e.g. machines. cars elc. 

I. J\ microcontrollc r based temperature data acqui si tion and logginL'. system 

has it operation controlled by tile microcontroller \\'ith the aid or thc 

program writt en to control it operatiolls . 

There h;I\ 'c bccn companics engaged in constructing and marketing data 

acC] u isi t i on anc! logg i ng sys tcms. but thei r desi gn met hods or tee hn i q lies used is usuall y 

not ayailable ror analysis. Ilo\vever, the usc ,"' rmicrocon trolkr and pro\'isilln for 

expansion or temperature channel s is not \Try comnllln. that is wily this project is meant 

to reducc the cost or production and increase the efli cie ncy llr perrormance by thc use 0" 

pmgranllllahk miuocontroller in the llesign hecause. k\\"er component s arc used . 

In the coursc o r designing the microcont ro ll er-based temperature data acq ui sition 

and logg ing system . the proj ect is anal yzed. Tile proj ect consis ts or the roll ow ing unit : 

The CO lltroJ unit. whi eh is the central process ing unit or the system comprising o r 

l1li crocontroller i\TR9C51 and the program so fhv,tn: \\"I·ittcn in asscmbly. a logic 1e\"C1 

translator ror PC RS 232C se rial por t. The sensin g and con\'ersion lInit made up of a 

temperature sensor I.M1S and an analog to di gital converter (i\])COX() .. n. The hcating 

unit consis tin g o r transistor rcl ays and heaters. 

]-"illall ). the pO\\'er unit has a 24 0- 12V stcp-110\\"l1 tran srormer. \\·hose output is 

rcgul atcd to 5V by using I.M7XOS voltage regulator 1('. 

7 



2.3 TI-IF.ORF.TICAL BACKGROUND 

2.3.1 POWEI{ SUPPLY 

In order to make the project portable and bec<l use or the need ror cons tant 

po\yer supply. the project was powered through a 240 -1 2\1 a,c step-d(l\\'Il transformer. 

Thi s \Vas rurther regulated to 5V de in order to Illeet the \ollage range or the 

ll1icropwcessor \yhieh is 5V, 

2.3.2 VOLTAGE REGULATOR 

The rq'.ulation or a pt)\\,er supply is its ahilit y to ho ld output steady under 

conditions orchangillg input or ch'II1ging load I()I , [\!any s imple DC pom,:r supp lies 

regulate the \'oltage using regulator such as I,ener diode. :\\ ',t1allche hreakt)(}\\'Il diode. or 

vo ltage regulator tube 1101 , Fach of these ue\'ices begiJls conducting at a specified 

yoltage illld \\ill conduct as Illuch currellt as required to hold its terminal voltage to that 

speci li ed \'oltage , 

Ihe PO\\'cr supply is designed to only supply a maximum amount or current that is 

\\ilhin the salC tlperating capability or the shunt regul at iJl g de\ 'ice( commonly. by using a 

sL"I'ies resistor), III shunt regulators. the \'oltage rekrellce is also regulatin g de\ 'ice , 

Similarly. an illtegrated-circuit vt) !tage regulator (1 ' [\'1 7XO)) \\as used , This \\'as supplied 

ill the TO-:~2() case and has three leads. The pass transisto r. the pass transistor. error 

amplilier. rclCrellce circuit. and protection circuitry arc al l on the chip 1<)1, 



2.3.3 MICROCONTROLLER 

the Illicrocontroller is an (lth'(lllced electronic de\ 'ice \\hich has ri sen out orlogic 

integrated circuits. The rate or de\'Clopmen t has ;lrg uahly heen greater than any 

other electrical device . Its introduction c()mlllenced \\'ith the microelectronic 

de\'Clopmenls /01' integrated circuits. but it has reached Ille point of'creating 

circuitry with a density of 20,000 transi stors pCI' square centimeter of the 

sl'miconductor sliee 1111. 

The l1licmcontroller can perfOl'm the f'oIIO\\'in g principal ranges or operations : 

.:. Con tm I. 

.:. Calculation . 

• :. /\dlllil1istratiol1 . 

2.3A I\IICROCONTROLLEH. OPERATION 

The lllicrocol1trollcr consists or thousand s of' electronic s\\'itclling circuits. As 

\\ith any logic operatiolls. each circuit call either he ON or OI ·T. i.e .. IllCiI I (11' 

I 'oW. Instructions led into a Illicrocontrollcr are ill hinary digits kll()\\'11 as bits. 

The rorm orthe instruction must be a series or ones and I.eros \\ 'hi ch relate to 

circuit being closed or open. i.e .. ON or OFF. or I IIC)II or I.OW. Typically. a 

circuit \\hich is ON will supply a signal or about 5V ami a circuit which is OFF 

will supply a signal or about OV . an eight hit in struction is termed a hytc . The 

hyte is !'cd into the microcontrollcr either by a sequence or pul ses. which is kllO\\ n 

as asynchronous action (or sCI'ial opcration) or all pulses at once. which is 

knO\\'J1 as synchnmous action (or panlllcl opcl·ation). 
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Inrormation is iCd in to a microprocessllr in t\\O distinct rorms: 

instnldiolls and data. 130th arc e:'\pressed ill hinary lill"ln , The instructions relalL' 

to a particular section or mcmory arrangemellt. called the Read Only Mcmory 

tIH)l\I), It has a set or instructions l11anul ~ l c t u red into it which cannot be changL'l\. 

when the microcontroller is switched-orr. It is called non-volatile memory. There 

is another memory in which inlormation call he temporary stored. called Randolll 

Access Memory (RAM ), A RAM comprises ofa larger number orstores. cach 01 ' 

wh ic h has an add rcss. there fore. whcn we insert an information byte. we rcq u i rc 

an associated address indicating the particular location in which it is to be stored, 

Silllilarh'. \\ 'e nel'd to kno\\' the address should \\'l' llCL'd to recall the information 

byte, RJ\ I\l1 is \'olatile , i,c ,. the information stored in it is lost \\"hen it is de-

cnerg i In\. 

The microcontroller can be seen to operate on the interaction of a number 

lll ' illtcr~lcting processes, At the heart of these ill te ractiolls is the accull1ulatol'. 

This can he considered as the section whL'l"e thc main acti\'ity takes place, Thus 

\\hell it is proceeding through a series of operations. the changes in the 

information process takes placc in thc acculllulator. Typically. a sequence of 

evcnts could requirc t\yO or thrce changcs, at \\hich stagc the processor would 

ha\e gonc as 1~lr as it could, The result can then be stored in the RAM. clearing 

thc accuillulator rcady for the next scries of opcrations. The control of the 

scqucnce Illay comc either from the ROM or ("rom another section of the RAM in 

cOlljunction with the ROM , 
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Figure 2.1 A simple block diagram of a microcontroller system. 
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In the diagram above, the central processing unit CPU is the micontrolkr 

chip containing the accumulator. It is connected to ROM and to the RAM b)' three sets or 

circuits or buses. the nddress bus and dnta bus, and the control bus. 

2.3.5 OSCILLATOR 

For an exceptionally high degree of frequency stability. use crystal oscillator is 

essential. The quartz crystal has peculiar properties when mechanical stress is applied 

across its two opposite faces, a potential difkrence is applied across them. It is called 

piezoelectric effect. Conversely, when a potential difference is applied across its two 

opposite lilces. it causes the crysta l to either expand or contract. If an alternating vo ltage 

is applied. the crystal wafer is sct into vibrations . The frequency of vibration v equals the 

natural resonant Ij'equcncy of the crystal, as determined by its structural characteristics. 
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Where the frequenc y of the applied a.c. voltage equals the natural resonant frequency of 

the crystal, the amplitude of vibration will be maxim um. 

As a general rule, the thinner the crystal, the higher its frequency of vibration. The 

electrical cqui\'aicnt circuit. shown in the figure below. consist of series RI ,C I circuit in 

parallel with a capacitor C2 

L 
(1 

C2 

Figure 2.2 Electrical cquivnlcilt circuit of a crystnl 

Thc circuit has two resonant frequcncies: 

• The lower series resonance frequency fl. which occurs when XL == Xc In that 

case. 

Z = R i.e 

F I "" 1 1 2JJ'JLC I 

• The other is the parallel resonance frequency Ii which occurs when reactance 

of the series leg equals the reactance of C2, At this frequenc y, the crystal 

offcrs very high impudence to the external circuit. 

f2 = 1/ 2JrJLC 
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Crystals are available at frequency ISK I Ii'. and above 1121 . At 

frequenc y above lOaMI Iz. they become so s'11all that handling them becomes a problcm. 

2.3.6 TI':MPERATURE SENSING TECHNIQUE 

A tempcrature sensor is a device that senses temperature, the variation 

in an environment and gives it value in electrical form. The thermal sensors in usc 

include. thermocouples, res istancc temperature detcctors (RID). thermistor and 

integrated circuit sensors. 

Thermocouples. measure temperature difference using voltage 

developed by the junction of two dissimilar metal s. !\.nl)ther temperature sensor in usc is 

the thermi stor. It could either be negative tcmperature eocfficient (NTC) or positive 

tempera ture coefficient (PTC) therm istor. The resistance or the NTC decreases with 

increase in lL:mperature \",hile that of PTC increases as the temperature as tempcrature 

increases. Thermistors are fabricated in disk/rods, beads and washers covering resistance 

106 ohms and a variety.of temperature coefficient. 1101 . 

However in this project, the temperature sensor in usc is The LM3S 

preci s ion integrated - circuit temperature sensor. whose output vo ltage is linearly 

proportional to the CcJsius( centigrade) temperature . The LM 3S docs not require any 

essential calibration or timing to provide typical accuracies or, 1/4"C at room 

temperature and +3/4('C over a full -S5°C to "' ISO°C temperat ure range. The LM 3S has a 

low output impedance. linear output. and preci se inherent calibration which makes 

interfaci ng to readout or control circuitry especially easy. The LM3S has an advantage 
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over linear temperature sensors calibrated in Kelvin and the user is not required to 

subtract a large constant voltage form its output to obtain centigrade scaling. I 131 . 

Features: 

.:. Ca librated directly in Celsius( centigrade) 

.:. Linear 1 10.0111 V 1°C scale f~le tor 

.:. O.50C accuracy guaranteable (at ·1 25 1 C) 

.:. Suitable for remote applications 

.:. Operates from 4 to 30volts 

.:. I,ess than 60uA current drain 

.:. 1,0\\1 sci f-heating O.ORIlC in still air 

.:. Nonlinearity only 1-1/41lC or -1/4()C typical. 

.:. I,ow impudence output 0.1 ohms for I 111 A load . 

2.3.7 ANALO(; - TO-DIGITAL CONVEHSION 

An analog- to-digital converter (abbreviated AD. AID) is an electronic device that 

converts an input analog voltage (or current) to a digital number (a series of Is and as) 

and eventually to a digital number (base 10) for reading on a meter, monitor or chart 1131. 

There various types of Af)C in usc namely : voltagc-to-frcqucncy ADC which converts 

the arising input voltage pulse train with the frequency proportional to the amplitude of 

the input. The pulses arc converted over a fixed period to determine the frequcncy. and 

thc pulse counter output, in turn, represent the digital voltage. Another type of ADC is the 

slIccessive-approximations converter which is compose of a digital -to-analog (DAC). a 

single comparator, some logic, some control logic and registers. When the analog voltage 
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to be measured is present at the input to the comparator, the system control logic initially 

set all hit to l.ern .11 J I. 

In this report , ADC 0804 a monolithic complementary metal oxide 

semiconductor (CMOS) device is used. The }\DC is an X-bit converter, I-channel 

multiplexer and l11icrocontroller compatible control logic. It uses successive 

approximations as the conversion technique. the converter features a high impendence 

chopper stabi91ized comparator, a 256R voltage divider with analog switch tree and 

sLiccessive approximation register. The device eliminates the need for external zero and 

full-scale adjustment. 

2.3.8 LOGIC LJ~VEL TRANSLATOR 

The device is a distance part that docs not respond to logic levels more than OV, a means 

of interfacing the controller with the bipolarity signaling voltages on the RS232 interrace 

\vas needed. }\ converter that translate the CMOS level OVI5V signal to -· 12 / 1 12V signal 

and the computer serial port. 

2.3.9 INTERFACING UNIT 

This is a serial (RS232) pin OLit and signals for the PC RS232 connector. It receives and 

transmit signals from and to the PC from an electronic system. 

The pin arrangement is shown bellow: 

1 5 

~,--~ __ O_O __ o_O_ o----,7 
6 7 
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Fig 2.3 0139 serial (RS232) port pin arrangement 

Pin Namc Direction I )cscri ption 

- ._- -------------------_ .- ---_ .. 
CD Carricr Detcct 

-.. - - ---1-------------- ----.- - -- - -- -. ------
2 RXD Receive data 

~ 

3 
.. - -- ----1---------- ----.---- ------------.---

TXD Translll it data 

- - .- _._-. --- ---------------- ----_ ... _. --------------
4 DTR Oata terminal ready 

5 
-------.-If----.--------j- -----: 

GND System ground 

6 
-- ------ ----------_·-----1----

DSR Data set ready 

-_. .- --- --_._-- -------------j-------
RTS ----. Request to send 7 

- .... __ .. -- ------------------
8 CTS . ~ 

Clear to scnd 

---- --.-.-- --_._------------_._-- - - --- --_. 
9 RI Ring indicator 

- _._._----,,---'------------_. -----_._-----_. ---- .. 
Fig 2.4 pin description of RS232 

2.3.10 PROGRAMMING 

programming languages vary greatly in their sophistication and their 

degree of versatility. Some programming languages are written to address a particular 

kino of computing problem or for use on a particular model of computer system. For 

instance programming languages such as FORTRAN ano COBOL wcre written to solve 

certain general types of programming proble:l1s-FORTRAN lor scientific applications. 

and COnOI , for business applications. 

Although these languages were designed to address specific categories 

of computing problems. they arc highly portable, mcaning that they may be used to 
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prograJll Jllany types of computers. Other languages. such as machine languages, are 

designed to be used by one specific model of computer system. or even by one specific 

computer in certain research applications . The nh)st co mmonly used programming 

language arc highly portable and can be used to clTeclively solve diverse types of 

computing problems. Languages like C. PJ\SCJ\L, and BJ\SIC fall into this 

category ·lI41· 

Programming languages are classified into three: 

.:. Machine language 

.:. Assembly language 

.:. Iligh level language 

2.3.11 MACHINE CODE 

In machine language, instructions are written as sequences of 1 s and Os. 

called bits, that a computer can understand directl y. J\n instruction in machine 

language generally tells the computer four things: (I) where to find one or two 

numbers or simple pieces of data in the main computer memory ( Random J\ccess 

Memory. or RAM), (2) a simple operation to perform, such as adding the two 

numbers together, (3) where in the main memory to put the result of thi s simple 

operation. and (4) where to find the next instruction 10 perform. While all executable 

programs are eventually read by the computer in machine language, they are not all 

programmed in machine language. It is extremely difficult to program directly in 

machine language because the instructions are sequences of I s and as. 
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2.3.12 ASSEMBLY LANGUAGE 

Programmers use assembly lan guage to make machine-language 

programs easier to write. In an assembly language. each statement corresponds 

roughl y to one machine language instruction . An Jssembl y language statcment is 

composcd with the aid of easy to relllcml.er commands. Assembly languages share 

ccrtain fcatures 'with machine languagcs . For instance. it is possible to manipulate 

specific bits in both assembly and machine languagcs. Programmers use assembly 

languages \vhen it is important to minimize the time it takes to run a program, 

because the translation from assembly language to machine language is relatively 

si mple . 

2.3.13 IIIGII LEVEL LANGUAGE 

IIigh-level languages are relativel y sophisticated set of statements 

utili:l.ing words lind syntax from human language. They are similar to normal human 

languages than assembly or machine languages and arc therefore easier to use lor 

writing complicated programs. These programming languages allow larger and more 

complicuted programs to be developed faster. 

However, high - level languages must be translated into machine 

language by another program called a compiler before a computer can understand 

them. For this reason, programs written in a high-level language may take longcr time 

to execute and use up more memory than program written in an assembly languagc 

1141· 
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CHAPl cR THREE 

DESIGN AND IMPLEMENTATION 

3.1 INTRODUCTION 

The design of the microcontroller-based data acquisition ,1Ild logging system 

consist of the following subunits: 

1. Regulated 5-volt systems of DC supply voltage. 

II. LM35 temperature to - voltage converters. 

JIJ. 4-channcl CD4052 analog multiplexer 

IV. J\f)COX()4 X-bit analog - to-digital converter. 

V. RS232 logic level translator 

VI. 8-bit 8952 system controller. 

V II . I.oad power swi tches 

The design was done in six modules namel y. power supply unit, temperature 

sensing unit. analog to digital conversion unit, contro l unit. and the heating unit logic 

level translator. This is shown in figJ.O below: 
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Contr·ol unit 

.... .... .... e: Conlrol e: e: = = 
~ 0- e: 

~ c: e 
c "-
C rJ. I-

c: C1< 

rJ. ~ ;.. l11icro~"lllrollc rJ. e: 
l- e: e ~ Coo t ~ E 
e Q; ~ ( ' I,,~ k source 

0- f- ---<! 

LOl!ic level tl'alls lator 

Fig 3.0 Hl ock diagram of micro control ler - based· data acquis ition and logging system. 

3.2 PO\VER SU PPLY UNIT 

The digital and analog subsystems required a high ly regulated 5 volt Dc supply for 

ope ration. This supply voltage was derived Ii'om a ) 2V, 0 .5/\ step-down transfo rmer. a 4-

diode full-wave bridge rectifier and a 7805 5 V Dc electronic stahilizer as shown in fig 

3. 1 

240v 
50Hz 

01-04 IN5392 

D2 
D4 

.... 
c 
::l 
:;L 
C 

-~ 
J: 

3300u 5v DC 

12v 
O. SA 
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Fig 3.1 systcm powcr supp ly ullit circuit. 

The 12V rms J\C voltage on the seCOtH.Iary winding orTI was converted to a 

pulsating DC voltage at 100 I [z (twice the frequency of the means), by a 4-cliocle full

wave bridge rectifier. The amplitude of the DC vo ltage was given by the relation : 

VJ)C(pcak) = I(Vrl11 ~ ~2) - I.4j V ... ........ . ...... . ... . ... (I) 

For a 12V (at 240V line voltage), 

VJ)C (peak) (12 "2) . 1.4 ~ 15 .5 V 

The DC voltage is pulsating. going [rom zero to maximum to zero every 10ms. 

The DC vo ltage was smoothened by a capacitance of value deduced [rom the expression: 

CV :o- It .... ... .... ............. .. .... (II) 

J\ 7805 regulator was useclto provide the required 5 volt DC supply. The mil1ir1lltlll 

input voltage for the regulator for a 5V regulated output was 7V. On a 15.5 peak input 

vo ltage. this corresponds to a maximum allo ·vable AC ripple voltage of 15 .5 -- 7 ~ R.5V 

Using CV~: It where 

C =-. va lue or the smoothening capacitance 

V 0- maximum load current 

I - maximum load current 

t ~. period or the pulsating DC voltage 

21 



( IIF: HWR; 1/2F: FWR). 

The peak system operating currcnt was computed by the summution or 

the current drawn by the principal sub systems: 

.:. M icrocontroller 15mJ\ (max) 

.:. J\DC0804 5mA (max) 

.:. Rclays(4) 60mA (max) 

.:. I,ogic level converter 

.:. Power indicator 12mJ\ 

II :- 90mJ\ 

Hence: C = [tiV = 0.09* III 00 

8.5 

= 0 .0009/8 .5 = 106 )IF 

This value of capacitance was increased to 3300pF to improve system performance 

Oil low i\C line voltagcs . 

J\ capacitor was chosen [or a 25V working voltage. The smoothelled DC 

voltage was regulated down to +5V DC by 7805 5v DC regulator. The 5V DC supply 

was huffered by a 16V, 2200~lF capacitance and fed into the circuit. 
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3.21 POWER ON INDICATOR 

/\ LIm power on indicator was provided across the rectifier output. The LED was 

connected to a currcnt limiting res isto r as depicted in fig 3.1 

+15.5v 

) 13.8v 

) 
1.7v 

Fig 3.2 power 011 indictor 

The I YD was operated on a 13m/\ continuous forward current (minimum: 

Sm/\. maximum : 20m/\). 

R~ were calculatcd using: 

Rs o YS -' Yu:1)1 11.1 :1) 

,.,- 15.5 - 1.7 / 0.013 = 1061n 

Thus 1 H2 res istance was used. 
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~.~ TEMPERATURE SENSlN(;-'!'O- VOLT;\(;!-: CONVERSION l lNI'!' 

Four I.M3S tClllpcr:lture cL'lltigr:ltle to- \'ultage tr:lI1 sduccr \\ 'cre used as the 

system surrounding il1terf~lce, The I.M35 is a preci sion integrated circuit \\'hose 

output \oltagL' is ill\ 'C rse ly proportiOll:lItO tire ('el s ills (ceilligrade) temperature, TIll' 

subunit was used to detect the ambiellt telllpl'l'ature ill the Illollitored locati nn and hilS 

the electrical speci ficatiol1 s stated below: 

.:. Ca librated directly ill Celsius (celltigrade) 

.:. I. i Ileal' 1 I 0,0111 V /"C sca Ie 

.:. O,S"C accuracy guaratcable (of' 125"(,) 

.:. R:ltcd lill ' I'ull -S,'i"C to 1 ISO"C range 

.:. Suitable f'or rCll10te applications 

.:. Operates Il'om 4 to ]0 volts 

.:. I,ess thall ()Op/\ currcnt drain 

.:. I.ow se l r heating (l.OR"C in still air. 

.:. Non lincarity only -joY-I"C typical. 

.:. I.o\\' impedance output 0. 1 n ror Im/\ load, 
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Fig 3.3 tii<lgralll oCan I.M 35 
IVe. voul GNIJ showing the pinsThe rour sensors were interraced 

with an AJ)C0804 single-channel analog-to-di!;!ital converkr \'ia a ('1)4052 dual I to 4 

analog switch. The sensors were wireclto the:' multiplexer as shO\m in fig] .] behm': 

+5v 
+vs 

Out 
LM35 

+ 

47KO 
lOOuf To Mux 

gnd 

h g. 3.4 I.M 35 interfaccu conncction 

J.JI DUAL -t-CIIANNEL I TO" MULTIPLEXER 

Since 1I singk- channel AI)C \vas used and 4 sensors \\cre required to hc 

interfaced. a means of individually addressing and selecting the sensors was needed. 

A CI)4052 low-speed dual I or 4 allalog tllultipkxer \\as utili/cd. The device is 

I () ill 1)1 i> . alld has the pin nut shown in fig 3.4 belo\\': 
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X- OUT 

V-O UT 
C04052 

i nh 

V AO ss 

VEE 
Al 

Fi g 3.5 Cf)L)O 'i2 /\\"ilos Illultiplexer 

The device has a two bit addn:ss inputs (1\0.1\1)' the logical stall' 

01' which detcrmines thc scnsor that is conncctcd to the converter input. The 

Illuitipk:-;.cr \\', IS run on a I S/OV supply. It \Vas c()nncclL'd t() thc systclll controller 

()n~ r 1> 3. the controllcr gcnerating the rcquired logic IC\'cls required for device control. 

Thc inhibit pin of thc devicc was disabled permanently as it \\'as not needed . 

3.3.2 ANALO(;-TO-DICITAL CONVERTER 

To translate thc analog vo ltagc cquivalent or the sl'nscd lL'lllperaturc to a digital \',lIUl' 

that can bc manipulated by so ftwarc. an interl~ll;ed dC\'ice capable of translating the 

mcasurcd quantity (tcmperature) from (he analog domain (0 digital is nceded . This 

\\'as reali/cd using <1n 1\\)(,OR04 8-bit analog to -digital con \"Crter.Thc I\f)COS04 is a 



CMOS sLlccessive approximatinn register ;\ / \) CO!1 \'erle r that uses a differential 

pOlelllioll1elrie ladder It)!" conversion. The de\iee h ~ls a logic interface that allc)\\"s 

direct connection to most processors/controllers. requiring. 1111 intern:nin g. Ihl' logic. 

hg 3.() di<lgnlill or Al)C0804 

B414_ 

BSll 

B612 
B7ll 

The device has the specification listed below: 

.:. X-hilS resolution 

.:. lotal error ofL 'I1 LSB. :1'h LSB and I I I.SH 

.:. Conversion time of 1 OO~s 

.:. I-input channel 

.:. Parallel interl~lccd type 

.:. Minimum supply voltage of 4.SV 

.:. Maximum supply voltage 0('(>.3 V 



.:. Lxtcrnal reCerencc source 

.:. rviinillllllll tcmperature or _40"( '1151 

The cOIl\'Crlcr \\as connecteu to the C])4052 tl1liltiplc.\er as shO\\I1 ill Jig 3.5 behm: 

It was also interfaced with the system controller 0\'(:1' P 1.(130 137). \\'ith P3.2. P3 .3 

IJrO\·iding. the 1;\1)(' CS and /!\J)C_ WR control rllnctionaliti cs respecti\·e ly. 

+5v 10K 1~~ 

1411 = 
V BD " fJl. 0 r lCHO 

Ib 19 B1 ... pl.l 
B2 " Pl. 2 -,;;> 

B3 " Pl. 3 
2CH1,.. B4 "Pl. 4 

v Aoc0804 B5 .... PI. 5 

41:.112,., 
B6 .... PI. 6 

C04052 v 13 6 ~in(+) B7 pl.7 

SCH3 
'" 
r-~ 8951 
/--7 r tvin( -) /--~ Al AO 

-'::::-
j'l WR CS I 

~ 

r p3.2 
p1.3 

I 
p3.4 
p3.5 

l-'ig 3.7 circliit connection between CDt.1052, !\f)COXO-1 anu X951 controller 
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The con verter was \yi red I'or operat illll on a c I ()c k I'req ucney determ i ned by the 

RC components connected to Pin 4. 

The I'rcqllency or operation is obtained tllllS: 

I: 1/ 1.IRe 

R C". typicall y I OkO. connected between pin 19 and 4 

(' I OOpF connected between pin4 and ()V 

The co nverter was sct lip I'm operation \\'itll a 1'1I11 scale ( 11111111 2) inplIt 

\oltage ol' :2.56V. thi s was reali:t.ed by a potenti al di\ 'idcr connected to pin t) (Vrc!) 

ul'the i\J)C as shown in fig 3. 8 heil)\\ : 

SKO 9 

ADC0804 

1. 28v 

I: ig 3.R t\\)C rc\C rcllce voltage 

With <I 2.5 () illput voltagc COITCSpol1dillg t() I·Th hC:\<ldccilllaL thc /\1)(' output 

\'oltage therefo re , has a 1: 1 relationship betwec n any applied input Dc voltage and 
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the output binary valuc i,e ., the ;\I)C e,\hih its a I , SI~ output change Cor a I (l Ill V 

Input charge corresponding to ~I LSI{ chargd'C. 

I he temperature \',tlue "rom the con\'e rter \\as con\'erted to ASCII decimal 

\ ', t1UL' a III I sent ()\'er the serial link to the host sys tem \\'hcre it was compared 

;!ga in st presc\ upper alld lo\\'C r thresholds respecti\'e ly. The result oCthe 

cO Il1I~ari so n is then translated into cOlllmands that are sent dO\\'n th e serial 

interf~tce fi 'o m the host PC to the control bo.\: . Thi s is to either kccp the heater unit 

ill the locatiun under l1Jonituring un or hoI. 

.. ~..t RS2J2 LOG IC LEVEL T RANSLATOR 

Because the de\ 'ice is a di st;!nce part that docs not respolld to 

log ic k\ 'C ls more Ilcga tive than OV , a means ofinterf;lcin g the controllcr with the 

bipolarity signaling vo ltages on thc RS 232 interl ~lce \\'as needed . A converter that 

translate the Ct'dOS level OV/ 5V signal to -12 / I 12V signal and the computer scrial 

pmt. 

A tntns istor implementation \Vas used as depicted in fi g3 .') helow: 
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lIo st 
PC 

RDX 

TDX 

lOu f 

-I- SV 

J . 1_. _____ . ___ _ 

Fig -'I) RS 232 logic levcl tran s lator. 

:t40 CONTROL UNIT 

J.41 MICROCONTROLLER 

41118 

I _______ I ~XD 

Q2 
C90l4 

;\n X-bit i\TS95 2 Illic rocontrollcr was uscd ror coordinating system functi onali ty , 

The l!c \'ice has the 1{) lIowing speci fication s: 

.:. Compatib le \\ith ivieS -5 1 Ti\ t products 

.:. Xkbytes or in-system rcprograml11ablc nash IllCIllCory 

.:. I ~ nclurance of 1000 write/crase cycles 

.:. hilly static opera tioll : Oll/', to 24r-- 111 /', 

.:. Thrcl'-leyc i program mcmory lock 

:I I 



.:. 256* X-hit internal RAM 

.:. ~~ pro!..'.r<lmmahk 110 lincs 

.:. Thrce I C)-bi t timcr/counters 

.:. I·~ ight interrupt sources 

.:. Programmable scria l channcls 

.:. I.(l\\'-po\\'cr idle and powcr-down modes· 11 <II 

The controller pin out is shown in fig 3. 10 below: 

p1.0(T2) V ee 

p1 . 1 (T2E'x) ( I\DO) pO .O ~ 

p1 2 (AD1) pO 1 ~ 

p1 3 ( I\D;:» pO ;:> J.L 

p I -I ( 1\1)3) pO 3 ~ 

p1 5 (1\0-1) pO -I ~ 

p1 6 ( 1\0 5) pO 5 ~ 

~ p1 7 ( I\(6) pO G n.-
~ RST (AD?) pO 7 ~ 

W-. p3 .0(RXO) EA I Vpp 

p3.1(TXD} ALE I PROG 

p3 .2( )NTO } [" SE N ~ 

p3 . 3() NT1} ( 1\ 15) p;:> 7 ZJ:L 

p3 . 4(TO} (1\1-1)p26 2L-

p 3 ~(T1) (1\13) p2 5 2!L. 

p36(WR) l 1\ 1;:» p ;:> -I 25_ 

p3 7(RO') l 1\ 11 ) p? :1 L1.._ 

XTAL1 (Al0}p22 2.L 

XTAL2 ( A 9) p2 1 22_ 

Z!L G ND ( A 8)p 2 0 2..L. 

hg 3.1 () 1\ IW)(':'i ::! pill oul. 
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lie dc\'icc \\ 'as intcrfaced \\'ith the !\J)C o\D J> I. the P(' sc rial port o\ 'er ]>3 ,0.1>3,1 

and thc load control switches ove r 1>2, 

II \\'as connected to an 1I ,0592Mliz crys tal \\ 'jth ,I haud rale oi"()(jOOhps 

cO ITeSp(l llliill g 10 <)()O eharacter/secolld, The flo\\' chart 1<11' the pn>grall1 is SllO\\'Il : 
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~ ~ 
( ~Ti\ I~T ) 

~----,------

SLNSOR () 

])1(,1'1'11.1-: SENSOR VOLT!\(JI-: 

SLN]) TO SYSll ·: M 

SI ·: NSOR SLNSO R I 1 

SFNSOR> 
g 

YES 

SENSOR 0-. 0 

SFN]) "N"TO SYSTFM 

N() 



" /\ " " 

NO 

" If" 

y<: 
""C' 

NO 

NO 

~ NO 

"G' ~ 

~ 
NO 

'ITS 

~I 

'IT S 

~ 

YLS --. 
YI ·: S 

RII.AY 
I ()IT 

I{ 1:1 .1\ Y I 
() 

Ri: I .AY 2 ~ 

0 1·'1' 

RI ·. I .I\Y 2 
ON 

YES =-E" OFf 

YLS 

YLS 

I{I.I .AY] 
ON 

Ri:LA Y..J orr 

YI ·:S 

I /-.J'j 
'----____ --1 

RI·: I .AY ,I ON 
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The controller \\as used to : 

I. I''''ah' a correction ol ' the <llllhil'llt 1L'11lIlLT:ltllrl' !"r\1 1ll the allalog to digital domain 

\'ia the ;\f)COX()..J . 

2, I '~ xecute heater ONfOFF sequence under host P( ' control. 

~"".2 CLOCK SOl lRCE 

The clock source unit is made up o/" a I I.0592M I II. crystal. This unit gencralL'S 

the clock pul se for the microcontroller to execute its instructions. 

Thl' crysta l I I fl5<J 2M II /. gem:rall:S pulses ill olle second . Normally ,Ill X051 

compatihle ll1icrocontroller executes one instrllction ill 12 clock pulses . Therefore. the 

Illicrocontrolkr will he able to perflnll1 11 059200 d i\·ided by 12 instructions in olle 

second. 

3 ..... 3 HOST PC CONTROL SOFTW ARE 

i\ control software was written for the host PC. The so/'t\\'are \\'as written in 

V ISUAL BASIC (VB) for user intcracti\"ity. 

The sortware was writtell basically to : 

I. Read the rates or telllperature sensed hy the IlHlr senSllrs. 

II. Comp,II'C the sensed temperature with the user upper and 10\\'er preset 

telll peratures. 



I r the sensed temperature \'iulatc s the lI ser-lIL-lil1L'd temperature. the host P(' 

semis control commands to upen ()I' cluse thc rel ay l'IL-mcnt associated with the 

heating unit. 

Also . (\ log file was created ror stming the tempcraturc data scnt rrom 

the control unit 1'01' saf'c keeping, 

3.5 HEATER CONTROL UNITS 

OFF 

hHlr healers wcrc designed ror the interf~lce. hence f(Hlr powcr 

s\\itching units \\ere intcrfiICcd with R9C52, the Pll\\'CI' units \\'en: reali/,cd 

using () V lOA I)C electromcchanical relays drin.: n hy pnp tran sistors as 

sh()\\'n in fig3 . 11 bclow. 

R 

ON lKtl 

IN5392 

NO 6..------<0 

6v Relay 

He ater 
Control 

rig 3, 11 (,V IO!\ rci;\ \' , 

PNJ> silicon transi stors \verc used as acti\ 'aled s\\'itchcs to source current 

illto the relay coil winding causing acti\'ation, 

Thc relay currcnt was deduced from the c;.; press ion : 
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l e'n d V u,,1 / R cn d "' ." .,"""' ,.," " ', .. ,' , .,' , .. ,""'.""" . .. .. ,. III 

IClljJ () / 400 15m/\ .. , .... ... ..... , .. .......... ,', . , .. , .. .. .......... IV 

Thi s coil current therefore becol1le!' he collector currcnt of Q I Q-+ . 

1100\e\er relays t) pically need to h,l\e ahout y~ their ratet.! coil \'oltagcs 

maintain closure allcr initial cnergizing. Thus the minimum collector CUlTcnt 

needed ttlr ther relays was used . 

1111111 .1 / 40() 7.5m /\ ....... . ..... . .... . .. .. .... .. .... . . ..... , . . . ... .... . V 

The aho\'l: \'alue of'eoil current is thus he minimulll necded to keep the 

COllt;H.: ts closed at J V coil voltage . The rnur transistnrs \\'ere hiased on hy basc 

re sistances Ril of value deduced for the express ion . 

RI ! V Cl VI!I / II ! ..... . . .. ..... . .. .. .. .. .. ...... . .. .. . .. .. . .. .. .. .. ..... .. VI 

IIO\\L'\'Lr.11l 1( / 111\: .... " ....... .. ... .... . .... ... ............ .... ..... , .. V II 

The transistor selected has a typical IX ' current gain ot '200 

III 0.00751200 - 1X~l!\ .. .. .......................... .. , ..... .. ...... .. ...... \1] 11 

5 O.7 / JX ' 11 3kO ......... . .. .. ........... .... ....................... ... .. /X 

JX 



The implemenlalinn of Ihi s project was dnne by 1110 eonneeli nn nr Ibe varinns 

unilS as e,plained ah,nC. This aud ulhcr conneclinns arc indic
alcd 

,0' Ihe projecl 

circuit dia g.ra111 shown in li g,J. 1 2 below: 
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fig 3. 12 circuit diagram of microcontroller-bascd-tclllpcrnturc data acquisit ion and logging systcm. 
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CHAPTER FOUR 

TESTING, RESULTS AND DISC USSION 

.. L I TESTI NC 

The software for the /\'1'89(,5 1 microcontro ller \\LI S tested by running I 

prog studio 0.09 assembler. The program was debugged arter which. it \\ 'as burnt into 

the Illicrocontrollcr chip. The program ("or the interf~ l ce with the computer \Vas also 

tested and compiled. ,\rtcr proper desi gn or the circliit. the project \\as initially 

constructed on a hreadhoard and tested. II si ng a di gital Illllitilllcter. hcfeJrc it \\ 'as 

finally soldered to a yeroboard . 

Further testing was carried out usin g a set poi nt 0(" 37"C tt) measure the 

telllperature or fi.) trr students. /\ nother test \\'as carried out on tile project by 

examining the accuracy or the microcontroller hasc telllperaturc acquisition and 

logging sys tcm wi th a standard data acqu isi tion and logging s~·s telll. 
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4.2 RESULT 

The di splay on the data acquisition panel on the computer is shown bel ow at difll:rent 

set points oftcmperature. 

RECORDS 
'\"11", .. ,1 

''tfIT P ... '.IIJI'' ED l t fIlFl&I . tU11! Em T .. nl·~I~:UI" Eli 
IhlPt'lIrt " S .. IP oh I .1\ S~I />(1 'll 1." 

U) .... I ,mn ltl';lll' lim' I nwUrn~ ., 
HrghLrmrt .0 

., 
HIO ~ limt! .0 HI:n L,mt .0 

,AJa,", Huh! ,Ahlin Hiatt, Jl.hll '" Hu h" ........... uwuw - 4~-3"". -
f;rln'l'f~l= " S nIUUH'~' ~(tIl .. ,.rC. 

l emp" .. lule IIi1 r ' onj::tl atulf ED tNlP"·:"" Illm 
S"I PO'O! ~ ~ ~¥IP,I~I 21 "" .. , ~ v fll ., ., 
Low-ltmlt LO'NUmlf t ..... :.,",»1" 

Hli)hLrmlf .0 H'~' I LJ('llt '0 H,,) hLH11 .0 
' j' 

A1ilfn H",a l ~ 1 Ala an Hu!t, .t-h"n H~.l tr - -- .......,,, - - -C un t L'ol S .., n .nr I 1:",,,,,,,,,,, 
COH: IJ. r@II''''''' ' ~' lfl '' 1m 1I"fTlfl"U",t" 1m 

'J}, '.' f' ~, .. SetPOII,1 2S !' .. ,r llll! 2 ~ 

Low llmrt l~"" ~I "': 
s,~ 

' E~IT 
ioJlghU,HI: .0 Hi,t! l rr· I . 0 

.AJar", t-t .. ,,: .. , .AI .. " ,.. It ... I", 

~f'''R'!'(.I'(h 
.......... ... ....... - -

Fig 4. I project output display 

4.3 DISCUSSION OF RESULT 

The output display of the project shows that the project is suitable for 

the desired purpose of collecting, monitoring, analyzing and storing datas of system's 

temperature for the purpose of improvement and modification . 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

The performance of the design and construction of thi s project met the design 

specifications. It accomplishes he aims and objectives of the project, which is to 

design construct a prototype that can enable one to collect the various temperature 

values of four system. monitor them , allalyze them and store them for improvement in 

efficiency of performance of the systems. 

The project was constructed in such a way that it could be easily 

maintained and repaired. Moreover, the use of a microcontroller and a crystal 

oscillator in the design made the whole system efficient and accurate. 

5.2 RECOMMENDATION 

Thi s project wish to make the follo wing recomlllendations based on 

some areas of the design that can be improved upon. they arc: 

I) An alarm circuit should be included in the design to make the project more 

informative in place of the heaters. 

2) More sensors can be added to expand the numbers of systems to be monitored by 

introducing more channels through the usc or a Illultiple channel analog to dig ital 

converter (ADC) such as 0808(an eight channel ADC) so as to be able monitor more 

systems. 
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3) i\ hackup power supply system can be incorporated in case of any PIICN power 

interruption . 
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APPENDIX 1 

SOURCE CODE FOR TilE MICROCONTROLLER AT89C52 

INCLUDE R9c51.l11c 

adc_ write BIT p3.2 

adc_intr BIT p3.3 

rclay 1 BIT p2.0 

rclay2 BIT p2.1 

rclayl BIT p2.2 

rclay4 BIT 1'2.3 

stack EQU 60h 

acle .port LQU pI 

temp DATA 9 

COllnt 1 DATA 10 

count2 DATA I I 

tcmp2 DATA 12 

Sl:nsor I) A TA 1 3 

rl:ading I) /\TA 14 

hi DATA 15 

10 DATA 16 

46 



.*********************************** *************************** 

org OOOOh 

L.JMP start 

.*************************************************************** 

org 000311 

LJMP start 

.******************************* ****** **************** ********* 

org OOObh 

LJMP s tart 

.************************************ **** ********************* 

org 0013h 

UMP start 

.************************************* *********************** , 

org 001 bh 

UMP start 

:************************************************************ 

org 0023h 

serial isr: 

RETI 

PUSH ace 
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MOV /\, shut' 

CINE A,fI"a". go 

CLR relay! 

SJMP exit isr 

CJNE /\.fI"b". go_.2 

SETB relayl 

SJMP exit isr 

go _2: 

CLR relay2 

S.JMP exit isr 

go 3: C INE A,If. "d" , go __ 4 

SETB rc1ay2 

SJMP exit isr 

"0 4 : C' __ 
CINE /\,II"e", go_ 5 

CLR relay3 

SJMP exit isr 

120 5: c- _ 

SETB relay3 

SJMP exit isr 

go 6: C.INE /\ ,i1"g" , go_7 

CLR relay4 

SJMP exit i ~ r 

CJNE A,#"h", go_ 8 
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S [Tf3 rclay4 

exit isr: POP ACC 

CLR ri 

RETl 

.******** **************************************** * 

delay: 

dcJay_ lp: 

111 0 V count 1,1/0 

MOY cOLlnt2,ftO 

NOP 

NOP 

djnz cOLlnt2,$ 

DJNZ countJ, delnyJ p 

RET 

.* ******** ********************************************************* 

init serial : MOY tmod,fl22h 

MOV th I ,flOfdh 

MOY tIl ,IIOfoh 

MOY scon,1I50h 

SETBtri 

SETH es 
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SETH ca 

SETH REN 

CLRTI 

RET 

.****************************************************** , 

send Char: JNB ti ,$ 

CL R ti 

MOY sbuf,temp2 

RET 

.******************************************** 

MOY R7,IIO 

MOY R6,fJO 

100p._ I: NOP 

NOP 

NOP 

NOP 

DJNZ R6,loop_ 1 

D.JNZ R7, reset_loop 

RET 

.************************************************** , 

start : CLRea 
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MOY sp,#stack 

!\C!\LL rese. Delay 

MOY P 1.lIOnh 

MOY p2,tIOfOl 

MOY pO,tlOffh 

ANL p3,fIOOOOIIII b 

MOY sensor,ffO 

ACALL in it Serial 

ACALL delay_2_send 

.****************** ******* ******** *********** ** , 

mainloop: MOY A, sensor 

CJNE 1\,#8, chk_Again 

MOY sensor,lI-O 

chk. again: JNC skip_back 

skip_ on : MOY !\. sensor 

!\C!\LL scnd n 
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send n: MOV temp2.II"N" 

;\C;\I .L send char 

i\CALL delay 

RET 

.********.**************.***.** *** • ••• ** • • ** ••• ** **.*. , 

array: 011 "0" ,11 1 ","2",, "3","411 ,"5" ,"6" ,117" ,118" ,"9" 

.• ****** •• ****.*.****.*** **.* • • ••• •••••••• * •• * ••• • • * , 

send_Reading: MOV DPTR,#array 

MOV;\ ,reading 

MOV B,ff IO 

DIVab 

Move A,@a+dptr 

MOY hi ,;\ 

MOV A,S 

Move A,@a+dptr 

MOV 1·) ,;\ 

MOV temp2, hi 

ACALL send char 

MOV temp2, 10 

;\CALL send char 
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ANL p3,#OOOOllllb 

MOY A, sensor 

RLA 

RLA 

RLA 

RLA 

ORL p3,A 

MOY RO,UO 

DJNZ RO,$ 

CLR adc Write 

NOP 

NOP 

SETB adc Write 

MOV RO,//O 

D.lNZ RO,$ 

MOY reading,adc port 

ACALL send_Reading 

INC sensor 

SJMP mainloop 

.***** **** *************************************** *** *** 
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send n: MOY temp2.fI"N" 

ACAI L send char 

ACALL delay 

RET 

.***************** ***********************************~ 

array: DB "0" ," 1","211 ,113 ","4" ,"5","6","7","8",119" 

.*************************************************** , 

send_ Reading: MOY DPTR,#array 

MOY A,reading 

MOY B,1I 1O 

DIYab 

MOYC A,@a+dptr 

MOY hi.A 

MOY A,B 

MOVC A,@a+dplr 

MOY b,A 

MOY lemp2, hi 

ACALL send char 

MOY temp2, 10 

ACALL send char 

ACALL delay 2 send 



MOV tCl11p2,1I"." 

J\C J\LL scnd Char 

J\CJ\U-, dclay_ 2_ send 

RET 
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