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ABSTRACT

The monitoring and controlling of temperature is imperative to many
applications both in engineering generally and in an industrial process.
In most cases, the use of thermometer as the primary sensing element is
inappropriate and this gives way to the discovery of transducers that
can actually measure physical variables and correspondingly converted
theminto a formsuitable for most industrial and engineering application.
In some industrial processes like determining the temperature of a
pasteurizer (a high temperature cubicle in Breweries, where Beer is de-
natured) is mostly determined by a Thermocouple or Thermopile but it
has limitation due to its poor sensitivity arising from the non-linear
response of itstwo dis-similar metalsto temperature change. Thermistor
are particularly best suited for measuring temperature and produce a
changein resistance proportional to the temperature change. This paper
however discovered that the location of the measured object in relation
to thelocation of the observer determinesthe best mediumthat will enable
easy reading and analysis of the measured temperature. However, to
allow for flexibility and ease of location, air as a medium of
communication is preferred over cablewhichisthemajor pre-occupation
of this paper. This paper extensively discussed the method of employing
an electronic thermometer embedded with a very sensitive temperature
sensor as transmitter placed with the measurand and a highly sensitive
detecting element asreceiver with the receptionist. Theidea of this paper
would be best applied in the hospital where the measurand is the patient
on the sick bed and the receptionist is the medical doctor.

Keywords: Temperature Monitoring System, F. M. Transmission,
Reception, Hospitals

INTRODUCTION
Worldiscurrently experiencing aparadigm shift from obsol ete or traditional ly based
approach to technical issuesto digitally or modern based information exchange
owingtoincreasein modern civilization. By themotive of this paper, thefield of
medicine hasbeen amg or beneficiary of thistechnology with the current spate of
riseininnovation being introduced into itsequipment. Oneof such discoveriesis
thise ectronic temperature monitoring device, which isadaptablefor measuring the
temperature of apatientinthehospital. Theadvent of thistechnology hasgradually
phased out and faulted many temperatures measuring devicewhich hasbeenin
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existencefor anage. Typica exampleof thesetemperatures measuring deviceis
themercury-in-glassthermometer (clinica thermometer) for measuring temperature,
it operateson the principleof the changein volumeof mercury inacdibrated glass
columnwithtemperature. ltsshortcomingistheerror whichit normally introduced
into measurement asaresult of differencein expans on between mercury and glass
tothesameleve of temperature, otherwiserefersto asnon-linear error. Another
temperature measuring deviceof interest in thiscategory is‘thermometer’ which
usesthe characteristic changein length of some sel ected dissimilar metalswith
temperature. 1t hasamajor disadvantage of low sensitivity to small changein
temperature. Theseerrorsarediminated by thise ectronic thermometer embedded
with avery sengtivetemperature sensor circuit to convert temperatureto measurable
el ectrical analog and a so capable of presenting clear and distinct digital readouts.

The aspiration of this paper isbased chiefly on the development that a
Doctor will beableto monitor thetemperatureof hispatient right from hisconsulting
room or some distance away from the patient sick bed. This paper essentially
consists of sensitive temperature sensor circuit as Transmitter placed with the
measurand and another of highly sensitive detecting el ement asReception. The
block diagram of the system isas shown below (Olatunbosun, 2002).

Transducer Temp.To VCO FM :
> vol tage > | Transmitter

Fig. 1A: Block Diagram of the System: The Transmitting Side

y
y
A 4

EM Voltage Level Digital Decoder Display
A

A

Hold-Reset Alarm

Fig. 1B: Block Diagram of the System: The Reception Side

Transducer: Thissensesthetemperature and producesachangein resistance
proportional to the changeintemperature.

Temperatureto Voltage: The changein resistance of thetransducer isconverted
toachangeof voltage.

Voltage Controlled Oscillator (VCO): This convertsthe varying voltageto a
varying frequency of apulsewaveform.
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FM Transmitter: Inthisdevice, the output of thevoltage—controlled oscillator is
used to modulate ahigh frequency signal using FM modulation scheme, and the
modul ated signal istransmitted through the antennainto the air. At the reception
side, thesignal isreceived and processed to be displayed onadigital readout.

FM Receiver: Thetransmitted modulated signal isreceived through the antenna
into the FM receiver circuit for demodulation and our desired signal isobtained.

Voltage Level Detector: The zero-level detector convertsthe output of the FM
receiver to apurely digital waveform by acting asacomparator, setting asignd
level that correspondsto ahigh and alow vauesfor another stages.

Counter: Thedigital counter circuit countsthefrequency of thedigital signal and
sendsthe output to the decoder.

Decoder: The decoder block made up of aBCD (Binary Coded Decimal) to
seven-segment decoder countsthe binary codesfrom the counter output into the
seven-segment representing ON and OFF that feed the different ssgmentsof the
dislay.

Diplay: Thisgivesan actual numerical representation of thetemperature being
measured.

Alarm Circuit: Thisisacomparator that respondsto apredetermined condition by
sending an output Signa whenthisconditionissatisfied. Thisisdesignedtotrigger-
off when the temperature being sensed rises above or falls below certain pre-
determined values.

POWER SUPPLY

A 12V direct current (dc) voltageissuitablefor thissystem and could be
generated from the 50Hz, 220Vac main. Hence, the block diagram of the power
supply suitableto drivethedifferent modulesthat congtitutesthistemperature—
monitoring deviceisasshown below(Alan S. Morris, 1993).

> > > » >
Trancsfaormer Rectifier Filter Resulator

AC input OQutput of O utputof Outputof Outputof

Fig. 22 Block diagram of the Power Supply stages and the Waveforms at each
output stage

Journal of Chemical, Mechanical and Engineering Practice, Vol. 3, No. 1 - 3, 2013 3
ISSN: 2141 - 6745



Rectifier: Theconversion of theac voltageto apul sated dc voltageisachieved by
rectified circuit whichisaccomplished by the bridge arrangement of diodes. Itis
however pertinent to note that, the current rating of the diode should exceed the
secondary current of thetransformer.

Filter: Theoutput of therectifier still containsripplesdueto presenceof little or
infinitesmal ac components. The capacitorsfilter thesignal toremoveacripple.
Thedc voltage output of the capacitor is

V,.= Vmax Q)

And Vmax isthe peak value of thetransformer secondary voltage.

Regulator: Voltageregulationisnecessary to keep the samedc va ueat theoutput,
evenif theinput dc voltage varies or theload connected to the output dc changes.
Thisisessentially achieved by aregulator |C unit which containsthereference
source, the comparator, amplifier circuit, control devicesand overload protection
embeddedinasinglelC chip.

Theobjectiveof thisresearch are:

@ To convert temperatureto asuitableform for wirelesstransmission.

(b) Totransmit thesigna through Frequency Modulation (FM) transmission
scheme

(© To capturethesgnd at therecelving end using frequency modulation (FM)
reception scheme.

(d) Todisplay thetemperatureon adigital readout.

(e To makean damto sound when temperature exceedsor fallsbel ow some
pre-determineval ues.

METHOD

This paper focuses its research attention on three major aspects of electronic
engineering as; instrumentation, telecommunication and digital electronics. The
amplified block diagram that showsthevariouspartsof thistemperaturemonitoring
systemisasdepictedinfigurel, dividedinto two modulesastransmission sideand
thereceptionsde. Thetransmissionsdeisthemodulethat will bewith the patient
for sendng and transmitting thetemperature dependent sgna. Thereceptionmodule
will dlow thedoctor to haveadigita representation of the patient’sbody temperature,

SENSING AND TRANSMISSION

Transducer: Asit hasbeen previoudy eucidated infigure 1, asuitabletransducer
hereisthetemperature sensing transducer, which has some aspect of itsproperties
changing withtemperature. Transducer adaptsasignal to another sgna whichis
then processed to givean output. A sensor isavailablewhich behavesasatransducer
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that providesinput to asystem whilethe embedded actuator providesoutput from
asystem. Itishowever worth of mention that an active transducer needsapower
supply for itsoperation (previoudy provided) whilesapassive onedoesnot require
apower supply. A transducer isconsidered to be efficient provided it possessed
thefollowing qualities (Olatunbosun, 2002): sengtivity —it givesanindication of the
speed of response of the transducer and system; Linearity —ameasure of the
degree of the output dueto therelationship between theinput fed into aparticular
transducer and the output fromit. Reliability —ameasure of the period or time
during which thetransducer operatesaccurately or satisfactorily.

Hence, atransducer should be ableto generateidentical responseto the
sameinput stimulusover itsentireworking life. Temperature sensing transducers
arecf differenttypes. They differ intherangeof temperaturestowhichthey respond,
their different levels of sensitivity and stability. To be ableto overcome some
inadequaci es presented by sometransducers, | have chosen to useathermistor as
the sensing devicein this paper sinceitsres stance changeswith temperature non-
linearly and aboveall, it hasvery good sensitivity and measures awide range of
temperature.

Thermistor: The resistance — temperature relationship of a Thermistor is
approximated by therelation:

R=Ae" (2) (Green, 1998).

Where: Ristheresistanceat temperature

T Kelvin. A and dare constantsfor aspecific thermistor.
Thermistor are madeintheform of very small beadsand duetoitssmall size, it
can beinsertedinto regionswhere other larger temperature sensing devicesmight
not fit. A resistanceisconnected in serieswiththethermistor tolimit thecurrent
throughit asindicated thus,
Vcc

Ry

Figure4: A SmpleThermistor Potentiometer
However, voltage acrossthe thermistor at aparticular temperature isexpressed.

R
V =_ "TH \V/e'e (
TS5 Lo Y 3)
RTH + Rl
Journal of Chemical, Mechanical and Engineering Practice, Vol. 3, No. 1 - 3, 2013 5

ISSN: 2141 - 6745



Temperatureto Voltage Conversion: The arrangement below asyou can seeisa
potentia divider connected to an operationa amplifier ina*voltage—follower”
modeto convert the resistance changes of athermistor (temperature) to voltage
change(V.,).
Vee

Rl -

v

RTH VTH

Figure5: Temperatureto Voltage Conversion Circuit Diagram

Thevoltage devel oped isfed into the voltage controlled Oscillator (V CO)
circuit in such amanner that the voltage changeisnot affected by theVCO since
the op-amp hasprevented it from | oading and drawing too much current from the
potential divider circuit (Jamesand Robert, 1989).

Voltage Controlled Oscillator: In order to efficiently convert the voltage output
of thethermistor into pul sesthat ismore suitablefor radio transmission, we used
VCO. Here, thefrequency of the output waveform varieswith the gpplied voltage.
Therearedifferent typesof oscillator circuitsfor generating different typesof sgnd
waveform. For the purpose of this paper, apulsewaveform generator isrequired
sinceadigital input isneeded at the output end. Thecircuit employed for thisis
built around the classical 5551 C chip (JamesBignell, Robert Donovan, 1989).

555 Timer ICasaVCO: Thisisafunctiona block that containstwo comparators,
two transistors, two resistorsof equal rating, aflip-flop and an output stage. The
series connection of thethreeresistorswas used asavoltagedivider, that setsthe
referencevoltagelevel at thetwo comparatorsasthreshold level andtrigger level
of voltages. Atypical 555 TIMER IC for thisimplementation is shown below
(JamesBignell, Robert Donovan, 1989).

Waveform Characteristics of 555 Timer IC: When power was applied,
Capacitor C chargesthrough R, and R, towardsVcc. Asthe voltage acrossC
goesabovethethreshold level, the output of comparator 1 becomes* high” theflip
flopisreset toreducetheoutput. Whentheflip flopisset, the output of capacitor
2 becomes high and the dischargetransistor isturned off. Inthisbehaviour, the
capacitor chargestowardsV cc again and the cycle continue.
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Figure7: Output Waveform of theVCO

RECEPTION SIDE

Frequency Modulation Receiver (FM Receiver): The FM receiver here
capturedtheair-bornsgnd tranamitted withitsantenna. Radio Frequency Amplifier
(RFAmMp) tuned thissigna to the carrier frequency of thetransmitter. The mixer
mixed thissignal with the signal from another oscillator called local oscillator.
I ntermediate frequency isthe output of theinner which was subsequently fedinto
thelimiter to give constant amplitudeof theinput and isconsequently amplified asit
can be seenintheblock diagram below in accordancewith Simon Haykin, (1989).
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Voltage L evel Detector: Aswe had known that the output of FM receiver might
have been corrupted with noise dueto transmission through theair, hence, voltage
level detector used in thisresearchisacomparator OP-AMPwhichisahighly
digitalized device (an extract of Paul Hurowitt and Winfield Hill, 1989).
ANTENNA

RF — —> IF =Y —> —>
AMPLIFIER MIXER AMPLIFIER LIMITER D"\lsg%’g'- AMPLIFIER
LOCAL
OSCILLATOR

Figure8: Block Diagramof an FM Receiver

INPUT (}

OUTPUT

Figure9: Voltage Level Detector

Counter Hold And Reset: Thedigital output of our comparator isnext to passto
thecounter. Thereisavailable NOR gatethat reset the counter to zero before start
counting afresh for anew temperaturereading. The counter countsthefrequency
output of the zerolevel detector and presentsit in abinary form. We consider the
useof XK flip-flop asthebuilding € ement of the counter inthisresearchand withits
descriptioninbrief (Ronald, 1985). Since, aflip-flopisamemory devicewhose
output depends on itsinputs combination, hence, thereason for the choice of JK
flip-flop because of itsefficient counter implementation.

CLOCK J K OUTPUT
! 0 0 NO CHANGE
! 0 1 1
! 1 0 0
! 1 1 TOGGLE
Figure9: K FLIP-FLOP Table 1: Truth Table of JK Flip-Flop
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Display Unit: Thesignal at thislevel is presented to the seven-segment LED
display, appropriately quantified and displayed in decimal digits. The counter, the
BCD to seven-segment decoder and the seven-segment display areusedto achieve
thisfeet.
Alarm Control Circuit: Themain aspiration of thisresearch isto enableadoctor
to monitor thetemperature of the patient. In order to ensure aproper monitoring
processwhen the doctor loses concentration onthedigital display, anaarmcircuit
isincorporated to sound when thetemperaturerisesto acritical value.
Theresultsobtained from thetest showsthat astemperature changes, the
counter and display responded promptly withvery littledelay. AHOT PLATE and
AMETAL ROD wasusedto carry out thetest whereA HOT PLATE wasused to
generate heat whichisequivaent to temperaturerise. AMETAL ROD was used
to produceacooling effect. Thethermistor (the primary sensor) was brought near
the hot platefor ashort period of time, say 10 seconds. Theresponsewasnoticed,
and then the thermi stor was allowed to make contact with the M etal Rod for the
same period of time. Thethermistor was again allowed to heat up for alonger
period of time, up to 60 seconds and al so madeto cool down for the samelength
of time. Theresponseof the sysemwasobserved. Thethermistor wasthen allowed
to remain at room temperature and the response of the system was al so observed
for changes. It was observed that the system responded qui ckly to sudden changes
intemperature, and at relatively constant temperature, the counter held almost the
samevalueswithin+1°C. At room temperature, the counter holdsatemperature
valueof 25°cwithina+1°C variation.

CONCLUSIONAND RECOMMENDATIONS

Temperature monitoring isamajor discovery in many applicationsranging from
industria processmonitoring systemtoaclinical or medical application (whichis
the target of this research). It is so pellucid that the proper functioning and
performance of asystem (beit human or machine) can easily be assessed and
analysed based on itstemperature characteristic over-time. Remote operations
and management of systemsismade possibleby theability totransmit thisrelevant
temperature readings to alocation where it can be monitored, anaylysed and
recorded to giveatrue picture of the characteristics of the system being observed.
However, it isrecommendabl e that thisfinding should be properly funded and
universally accepted as the most efficient means of monitoring or measuring
temperature since some propertieserrorsor shortcomingsintroduce by someold
temperature measuring deviceshave been diminated. Hence, thisresearch serves
asarich foundation upon which sophisticated data-acquisition, analysisand storage
gpplicationscanbedeve oped. Further improvement can beincorporated by making
it possiblefor thedeviceto monitor morethan one system (beit human or machine)
at atime, by implementing acpu or microprocessor and memory inthedesign.
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Thiswill greatly increasethe speed of operation of the deviceand theaccuracy of
thetemperature reading obtained.
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