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ABSTRACT 

Site-specific, assessmen t o f sola r an d win d energ y an d dat a analysi s ca n b e a 
tedious an d costl y task . However , th e recen t adven t o f lo w cos t "home " 
computers ca n provid e solution s t o bot h tediu m an d hig h cost . Thi s pape r 
describes a  lo w cos t dat a acquisitio n an d processin g syste m presentl y bein g 
assembled aroun d a  small , inexpensiv e "home " computer . 

INTRODUCTION 

Growing interes t i n alternativ e energ y usag e ha s resulte d i n a n increas e i n th e 
number o f location s worldwid e a t whic h sola r radiatio n intensity , win d spee d an d 
related parameter s ar e measured . Th e majo r requirement s o f a  suitabl e 
recording syste m ar e accurac y an d reliabilit y an d especiall y i n th e cas e o f 
developing countries , lo w cost . 

Many type s o f dat a recordin g instrument s ar e currentl y o n th e marke t an d thes e 
may b e place d int o tw o broa d categorie s -  thos e whic h stor e dat a a s recorde d 
and thos e whic h proces s dat a befor e storing . Th e forme r typ e require s tha t th e 
data b e fe d int o a  compute r fo r analysis . Th e latte r typ e als o require s anothe r 
instruments t o acces s th e dat a (Wyat t 1983) . 

Huge quantitie s o f dat a accumulat e i n a  relativel y shor t tim e (Munroe , 1978) , 
making i t necessar y t o exercis e som e degre e o f contro l ove r wha t dat a ar e 
actually stored . Th e adven t i n recen t year s o f relativel y inexpensiv e "home " 
computers ha s opene d u p possibilitie s fo r completel y computerise d dat a 
collection an d reductio n system s wit h efficien t dat a storag e capabilitie s an d a t a 
low cost . 

This pape r describe s th e organisatio n o f a  smal l dat a acquisitio n an d processin g 
system buil t aroun d a  low-cos t "home " computer . I t illustrate s ho w a n importan t 
research too l ca n b e assemble d a t relativel y lo w cost . 

DATA ACQUISITIO N AN D PROCESSING SYSTE M 

System organisatio n 

The organisatio n o f a  typica l dat a acquisitio n an d processin g syste m i s illustrate d 
in Figure 1 . Th e syste m consist s o f thre e majo r sub-systems : 

1. Instrumen t su b syste m 
2. Dat a managemen t sub-syste m 
3. Powe r sub-syste m 

Instrument sub-syste m 

The Worl d Meteorologica l Associatio n (1971 ) ha s comprehensivel y reviewe d th e 
types an d accurac y o f th e variou s instrument s availabl e fo r measurin g sola r 
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radiation an d win d energ y parameters . Thi s wil l no t b e repeate d here . However , 
as woul d b e expected , al l instrument s woul d nee d t o hav e a  compute r compatibl e 
output. Th e Kip p an d Zone n o r Lico r rang e o f pyranometer s woul d thu s b e quit e 
suitable fo r sola r radiatio n intensit y measurement . Similarly , fo r win d spee d 
measurement, a  suitabl e instrumen t woul d giv e a s outpu t eithe r a  voltag e o r a 
train o f pulse s proportiona l t o win d speed . Fo r th e win d directio n indicator , th e 
sensor shoul d giv e a  voltag e outpu t whic h i s proportiona l t o win d direction . 

Data managemen t sub-syste m 

The microcompute r 

The microcompute r i s th e mos t importan t componen t i n th e dat a managemen t 
sub-system. O f th e severa l microcomputer s availabl e a t price s belo w £150 , th e 
Sinclair Z X Spectru m wa s th e on e chosen . Reason s fo r choosin g th e Spectru m 
included: 

1. Lo w cos t -  aroun d £13 0 

2. Excellen t softwar e support-program s fo r statistica l analysis , linea r 
regression etc . ar e readil y availabl e commercially . 

3. Excellen t hardwar e suppor t -  peripheral s whic h ar e readil y availabl e 
include flopp y dis c drive s fo r mas s storag e o f data , analog-to-digita l 
interfaces, real-tim e clock , etc . 

4. Goo d literatur e suppor t -  severa l book s ar e availabl e o n th e Sinclai r rang e 
of computers , fo r programs , hint s an d tips , etc . 

5. Goo d "technical " suppor t -  ther e ar e book s an d a t leas t on e magazin e 
devoted t o project s fo r th e Sinclai r computers . Thos e hand y i n 
electronics ca n buil d an d calibrat e thei r ow n win d spee d an d directio n 
indicators etc . 

6. Dat a storag e capabilit y -  th e compute r ca n stor e dat a alone , withou t 
having t o stor e th e entir e program . Thi s increase s th e storag e efficienc y 
of an y storag e mediu m chosen . 

7. Ca n b e operate d fro m a  singl e voltag e sourc e -  unlik e som e other s whic h 
require thre e separat e voltag e sources . Th e compute r ca n thu s b e 
efficiently operate d fro m a  singl e 12-vol t battery . 

The Z X Spectru m i s a n 8-bi t microcompute r designe d aroun d th e Z80A , 8-bi t 
microprocessor. Th e unexpande d machin e wit h 1 6 kilobyte s (16K ) o f memor y 
would b e quit e adequat e fo r thi s application . However , a  48 K machin e i s 
currently bein g used , t o allo w extr a spac e fo r progra m development . Th e 
computer i s reasonabl y eas y t o progra m an d simpl e program s ar e require d fo r 
control o f instruments , dat a channe l selectio n an d dat a capture , analysi s an d 
reduction. I n operation , th e compute r read s al l th e channel s ever y fiv e minute s 
and processe s th e dat a i n th e tim e interva l betwee n successiv e readings . Storag e 
of th e summar y o f th e result s take s plac e onc e eac h hour . 
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Analog-to-digital converter/multiplexe r 

The analog-to-digita l converte r (A/ D converter ) convert s th e voltag e outpu t o f 
the sensor s t o a  for m whic h i s acceptabl e t o th e computer . Thi s i s availabl e a s 
an off-the-shel f ite m fo r th e Spectrum , bu t ma y b e assemble d fro m scratc h usin g 
any o f severa l design s available . Th e syste m shoul d hav e facilitie s fo r channe l 
selection o r multiplexing , s o tha t onl y on e A/ D converte r i s require d fo r al l th e 
channels used . On e channe l i s require d fo r eac h senso r an d th e multiplexe r 
switches th e A/ D converte r t o an y channe l selecte d fo r measurement . Th e uni t 
plugs int o th e compute r an d i s powered fro m th e computer' s powe r supply . 

Data processin g an d storag e 

Data storag e ca n b e o n a n ordinar y cassett e tap e recorder . However , problem s 
can aris e whe n tryin g t o ru n th e compute r an d th e tap e recorde r fro m th e sam e 
set o f batteries . A  bette r solutio n woul d b e t o us e flopp y disc s fo r storage . 
While thi s ca n cos t fro m fou r t o te n time s a s muc h a s a  tap e recorder , i t offer s 
the followin g advantages : 

1. I t ca n b e plugge d int o th e expansio n por t o f th e compute r an d receiv e 
power fro m th e computer . 

2. Informatio n store d o n th e dis c ca n b e accesse d i n a  rando m manner , 
rather tha n onl y th e seria l o r first-in , first-ou t basi s o f th e cassette . 

3. Th e syste m i s ver y fas t an d a  larg e amoun t o f dat a ma y b e rea d (o r 
stored) i n seconds , a s compare d t o minute s o n th e cassett e recorder . I f 
the cassett e recorde r i s used , the n som e additiona l circuitr y woul d b e 
required t o star t an d sto p th e recorde r b y computer , s o tha t th e syste m 
can b e completel y automatic . 

To cu t dow n o n th e amoun t o f storag e require d pe r channel , som e contro l shoul d 
be exercise d ove r wha t informatio n i s stored . I f informatio n i s require d hourly , 
then th e followin g dat a i s stored eac h hou r fo r eac h dat a channel . 

1. Maximu m valu e 

2. Minimu m valu e 

3. Mea n valu e 

4. Standar d deviatio n 

5. Tota l (i f applicable ) 

6. Cumulativ e frequenc y distributio n (i e wha t percentag e i s greate r o r les s 
than a  give n value) . 

7. Hou r o f th e da y 

This procedur e woul d drasticall y reduc e th e amoun t o f informatio n t o b e stored . 
Values fo r an y give n da y ma y b e synthesise d fro m th e hourl y values . Th e 
computer i s quit e suitabl e fo r thi s tas k an d woul d perfor m th e require d 
calculations rapidl y an d accuratel y thoug h onl y withi n th e limit s o f accurac y o f 
the origina l data . 
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Real-time cloc k 

The real-tim e cloc k ca n b e rea d an d se t b y th e computer . I f measurement s ar e 
to b e mad e ever y fiv e minutes , the n th e compute r wil l tak e it s tim e fro m th e 
clock whic h i t frequentl y reads . Dat a i s the n processe d onc e eac h hou r o n th e 
hour an d stored . 

The cloc k woul d hav e it s ow n rechargeabl e nickel-cadmiu m batter y an d onc e set , 
would continu e runnin g independen t o f th e res t o f th e sytem . 

Visual displa y uni t 

An ordinar y televisio n se t i s adequat e fo r thi s purpose . Thi s doe s no t nee d t o b e 
operating continuousl y whe n th e syste m i s full y operationa l bu t i s necessar y fo r 
monitoring an y communicatio n wit h th e computer . 

Power sub-syste m 

The powe r sub-syste m i s quit e straigh t forward , an d consist s o f a  12-vol t batter y 
and a  batter y charge r connecte d t o th e main s supply . I n operation , th e main s 
charges th e batterie s a s wel l a s supplyin g powe r t o th e computer . I n th e even t 
of a  powe r failure , th e batterie s tak e ove r automaticall y an d syste m operatio n 
continues unaffected , sinc e th e powe r sub-syste m constitute s a n uninterruptibl e 
power supply . Th e siz e o f th e batter y determine s ho w lon g th e syste m ca n 
continue operatin g afte r a  prolonge d main s failure . 

Sealed nicke l cadmiu m o r lead-aci d rechargeabl e batterie s ar e idea l fo r thi s 
application, sinc e the y requir e virtuall y n o maintenance , e g toppin g u p wit h 
distilled water , etc . 

SYSTEM PERFORMANC E 

It i s no t possibl e t o giv e a  repor t o n th e performanc e o f th e syste m a s i t i s no t 
yet finished . I t ha s undergon e som e desig n modification s whic h ar e stil l t o b e 
acquired. Fo r example , whe n th e syste m wa s firs t conceive d i n 1983 , ther e wa s 
no flopp y dis c driv e compatibl e wit h th e Spectrum . No w ther e ar e severa l t o 
choose from . 

Sensors fo r sola r radiatio n monitorin g hav e bee n acquire d an d wil l shortl y b e 
mounted. Sensor s fo r win d spee d an d directio n ar e bein g designe d an d buil t 
locally. The y ar e t o b e calibrate d agains t a  meteorologica l intrumen t whic h i s 
expected t o b e locate d a t th e Universit y i n th e ver y nea r future . I t i s hope d tha t 
a repor t o n syste m performance , cos t an d componen t availabilit y ca n b e give n 
soon afte r th e syste m i s completed . 

CONCLUSION 

The syste m describe d her e demonstrate s tha t a n inexpensiv e "home " compute r 
can b e converte d a t relativel y lo w cos t t o a  dat a managemen t syste m fo r sola r 
and win d energ y studies . 
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Figure 1: Organisation of the data acquisition system 
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