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ABSTRACT 

A simpl e syste m for  monitorin g win d wate r pumpin g performanc e whic h i s 
suitable fo r a  developin g countr y i s described . I t i s develope d aroun d a  low-cos t 
microprocessor system , Microprofesso r I B o f Multitec h Industria l Corporation , t o 
monitor th e win d speed , wate r flo w an d pum p strokes . I t ha s lo w initia l an d 
running costs , i s eas y t o operat e an d maintain , require s minimu m manua l 
attention an d ha s lo w an d simpl e powe r requirements . 

INTRODUCTION 

Wind energ y i s frequentl y use d fo r pumpin g water . Th e choic e o f th e windmill , 
the pum p an d th e volum e o f th e reservoi r depend s o n th e "win d regime " an d th e 
hydrogeological conditions . Therefore , t o determin e th e bes t system , a  pumpin g 
test wit h measurement s o f windspeed , pum p strokes , an d wate r outpu t ha s t o b e 
carried out . A  continuous monitorin g o f thes e parameter s is , in mos t cases , ver y 
appropriate an d sometime s necessary . I t i s usefu l t o kno w bot h th e distributio n 
of win d spee d an d th e averag e spee d a s a  functio n o f time . Sinc e th e powe r 
available fro m th e win d i s proportiona l t o th e cub e o f it s spee d (L e Gourie'res ' 
1982) knowledg e o f distributio n o f win d spee d i s ver y importan t t o estimat e th e 
available power . However , knowledg e o f win d spee d distributio n alon e i s no t 
sufficient t o full y understan d th e "win d regime" . 

A commo n metho d i s t o measur e th e win d spee d distributio n wit h a  compilato r 
(McGowan 1984) . Thi s sort s ou t th e win d spee d accordin g t o it s magnitud e an d 
stores th e informatio n i n "bins " a s th e numbe r o f tim e intervals . Thi s generate s 
a histogra m o f win d spee d distributio n fro m th e site . Eac h ba r o f th e histogra m 
represents th e amoun t o f tim e th e win d ble w wit h a  spee d i n eac h spee d rang e 
(bin). Fo r example , bi n n o 0  counts al l minute s whe n th e win d wa s blowin g wit h a 
speed i n th e rang e 0- 2 kmh - 1 , bi n n o 1  count s minute s i n th e rang e 2- 4 kmh - 1 

e tc . Th e las t bi n represent s th e numbe r o f minute s durin g whic h th e spee d wa s 
above a  certai n limit . Th e weaknes s o f thi s metho d i s tha t i t doe s no t tel l us , a t 
what tim e o f da y o r o n wha t da y o f th e week , th e win d spee d wa s maximum , 
minimum, productive , unproductive , e tc . Therefor e i t i s desirabl e t o hav e a n 
instrument whic h ca n recor d bot h th e win d spee d distributio n histogra m an d th e 
average spee d a s a  functio n o f time . 

A nationwid e networ k o f monitorin g stations , a s se t u p i n Botswana , i s 
sometimes necessar y t o gathe r th e dat a fo r th e prope r plannin g an d utilisatio n o f 
wind energ y o n a  nationa l scale . Th e instrumentatio n t o acquir e reliabl e dat a 
with minimu m leve l o f manua l attentio n ca n b e ver y expensive , especiall y fo r a 
developing country . Th e powe r requirement s o f th e dat a acquisitio n system , 
maintenance, dat a retrieva l an d analysi s ca n als o b e difficul t problems . 

Therefore, i t i s importan t t o choos e a  monitorin g syste m meetin g th e followin g 
criteria: 

1. Lo w initia l an d runnin g cos t 
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2. mus t b e eas y t o operat e an d maintai n 
3. require s onl y a  minimu m leve l o f manua l attention , an d 
4. lo w an d eas y powe r requirement . 

Various low-cos t microprocesso r system s (lik e hom e computers) , whic h requir e 
only a  ver y lo w leve l o f power , ar e no w available . Suc h a  microprocesso r syste m 
along wit h a  fe w easil y availabl e IC s ca n mee t mos t o f th e above-mentione d 
criteria. 

An exampl e o f a  monito r buil t aroun d a  low-cos t microprocesso r system , 
Microprofessor MP F I B (Multitec h Corporation ) i s describe d here . Thi s desig n 
can b e adapte d t o othe r Z80  microprocesso r system s lik e th e Sinclai r Spectru m 
without muc h difficulty . Specia l car e i s take n t o minimis e th e numbe r o f 
components an d t o us e easil y availabl e ICs . Th e numbe r o f channel s ar e limite d 
to thre e (whic h ca n b e increase d i f necessary) , t o monito r win d speed , pum p 
stroke an d rat e o f flo w o f water . 

The softwar e (detail s availabl e fro m th e author ) provide s histogram s fo r eac h 
parameter a t ever y fourt h interva l wit h a  samplin g interva l o f on e second . Thi s 
has th e advantag e o f continuou s monitorin g t o giv e th e averag e dat a a s a 
function o f time , whil e providin g a  detaile d histogra m o f th e distribution . A t 
this rate , a  C9 0 audi o cassett e (on e side ) ca n ru n fo r abou t a  mont h withou t an y 
attention. A s indicated late r i n thi s paper , th e softwar e ca n easil y b e change d t o 
have an y convenien t histogra m an d samplin g intervals . 

Following a  genera l descriptio n o f th e system , th e hardwar e an d th e softwar e o f 
the syste m ar e discussed . Thi s i s followe d b y a  descriptio n o f th e loadin g o f th e 
program, dat a acquisitio n an d retrieva l an d th e powe r requirement s o f th e 
system. Finally , th e initia l an d runnin g cos t estimate s ar e presented . 

DESCRIPTION O F THE SYSTEM 

Figure 1  show s a  bloc k diagra m o f th e system . Th e sensor s use d i n th e presen t 
system are : a  cu p anemomete r fo r win d speed , a  flo w mete r fo r th e wate r 
output, an d a  microswitc h fo r th e pum p stroke . Th e cu p anemomete r ha s a  ree d 
switch operate d b y a  se t o f fou r magnet s rotatin g wit h cups . Th e switchin g "on " 
and "off " o f th e switche s withi n al l th e thre e sensor s ar e converte d int o standar d 
TTL pulse s b y Schmid t triggers . Th e numbe r o f pulse s produce d i n a  give n tim e 
interval i s proportiona l t o th e magnitud e o f th e paramete r monitored . Thre e 
separate 8-bi t binar y counter s coun t th e pulse s fo r a  pre-determine d interva l o f 
time (on e secon d i n th e presen t case ) referre d t o her e a s th e samplin g interval . 

At th e en d o f thi s interval , th e count s ar e transferre d t o som e temporar y storag e 
called "buffer" . Withi n a  fe w microseconds , th e counter s arecleare d an d 
counting start s again . I n th e meantime , th e microcumpute r read s th e buffers , 
one afte r th e othe r (an d onc e i n th e samplin g interval) , an d increment s th e 
content o f a n appropriat e "bin " whos e positio n represent s th e magnitud e o f th e 
parameter monitored . Eac h "bin " i s assigne d t o tw o successiv e byte s o f th e 
memory, s o tha t th e maximu m numbe r eac h bi n ca n hol d i s 65,636 . A  block o f 6 6 
memory location s ar e reserve d fo r eac h parameter , representin g 3 3 bins . I f th e 
magnitude o f th e paramete r i s greate r tha n 3 2 count s pe r second , i t wil l als o b e 
registered i n bi n N o 32 . 

The dat a recorde d i n bin s 0-3 2 thu s represen t a  histogra m o f th e distribution . 
The histrogra m dat a fo r th e thre e parameter s ar e recorde d automaticall y o n a n 
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audio cassett e tap e a t regula r interval s o f t ime . Thi s interval , denote d i n th e 
text a s "histogra m interval" , i n th e presen t setu p i s 4  hours . Afte r thi s interva l 
the memor y i s cleare d an d a  ne w histogra m i s recorded . I n thi s way , a 
continuous recor d i s obtained , whil e keepin g th e advantag e o f histogra m records . 
The cassett e recorde r switche s o n automaticall y onl y si x second s befor e th e 
recording an d switche s of f whe n th e recordin g i s over , t o sav e o n power . 

HARDWARE 

Figure 2  show s a  detaile d circui t diagra m o f th e monitorin g system . Th e outpu t 
of IC I (7413 ) i s counte d b y tw o 4-bi t binar y counter s (7493 ) i n serie s formin g a n 
8-bit counter . Th e clear/coun t contro l signe d i s provide d b y PA O -  bi t 0  of Por t 
A o f th e Z80  PI O chip . Th e outpu t o f th e 8-bi t counte r i s latche d b y th e 
respective tri-stak e buffe r -  I C 4 , 5 , o r &  (74LS373) a t th e en d o f th e samplin g 
interval. Th e latchin g i s don e b y th e signa l fro m PA L Th e tri-stat e buffer s ar e 
enabled b y th e contro l signal s fro m PA2 , PA3 , an d PA 4 on e afte r th e other . Th e 
data o n the dat a bu s ar e rea d b y th e microprocesso r fro m Por t B  of th e Z8 0 PI O 
chip. Contro l signa l fro m PA 5 control s th e powe r suppl y switc h o f th e tap e 
recorder throug h a n opto-isolato r IC 7 an d a  relay . 

Microprofessor MP F I B i s th e microcompute r controllin g al l th e operation s an d 
storing th e dat a temporarily . I t i s a  simpl e syste m base d o n th e micr o -processo r 
Z80 an d havin g 2 K RAM , 2 K ROM , a  hexadecima l keyboar d (wit h som e functio n 
keys), an d a  si x digi t read-out . Th e 2k-RO M hold s a  sophisticate d monito r 
including routine s fo r tap e writ e an d read . A  complet e listin g o f thi s progra m i s 
available wit h th e system . Th e Syste m als o ha s socket s fo r a  EPROM , th e Z8 0 
counter-timer I C (CTC) , an d th e Z8 0 Paralle l Input/Outpu t I X (PIO) . Th e CT C 
and PI O ar e daisy-chaine d wit h th e CT C havin g th e highe r interrup t priority . 
The CT C an d PI O signal s ar e accesse d throug h th e edg e connecto r P 2 o n th e 
system board . 

The functio n o f th e Z8 0 CT C i n thi s desig n i s t o interrup t th e micro - processo r 
at regula r interval s o f time , t o perfor m th e Interrup t Servic e Routin e (ISR ) 
which acquire s th e dat a fro m PI O Por t B  an d increment s th e coun t o f a n 
appropriate bi n (two-byt e memor y locations) . Th e CT C ha s fou r independen t 
channels whic h ca n operat e eithe r i n th e counte r mod e o r time r mode . I n th e 
counter mode , th e CT C accept s an d count s pulse s fro m a n externa l source . Th e 
CTC ca n b e se t t o interrup t th e microprocesso r afte r a  certai n numbe r o f count s 
have occured . I n th e time r mode , th e CT C count s th e pulse s fro m th e syste m 
clock. I n th e presen t design , channe l 2  i s programme d t o operat e a s a  time r an d 
channels I  presen t an d 0  respectively . Channe l 0  send s th e interrup t signal s t o 
the microprocessor . Th e interrup t perio d (samplin g interval ) is , thus , give n b y 
(system cloc k period ) x  (Pr e Pascala r o f channe l 2 ) x  (Tim e constan t o f channe l 
2) x  (Tim e constan t o f channe l 1 ) x  (Tim e constan t o f channe l 0) ; in thi s progra m 
one second . 

The Z8 0 PI O ha s tw o bi-directiona l ports , Por t A  an d Por t B . I n th e desig n 
described here , Por t A  i s se t i n th e contro l mod e an d Por t B  i n th e inpu t mode . 
Only 6  out o f 8  available contro l signal s fro m Por t A  (PA0-PA5) ar e use d here . 

SOFTWARE 

As mentione d befor e i t i s desirabl e t o kno w bot h th e distributio n an d th e averag e 
value o f a  paramete r a s a  functio n o f time . Th e softwar e describe d her e i s a 
compromise betwee n thes e tw o requirements . I t sample s th e dat a ever y secon d 
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and store s i t a s a  histogram . A  ne w histogra m i s generate d ever y fou r hours . 
Adding thes e histograms , i t i s possibl e t o ge t th e distributio n fo r a  day , a  wee k 
or a  month . Th e averag e valu e o f eac h distributio n als o provide s win d spee d a s a 
function o f time . Bot h th e sampin g interva l an d histogra m interva l ca n b e 
changed easil y t o sui t a  situatio n wher e on e o f th e abov e mentione d 
requirements become s mor e important . 

The progra m consist s o f thre e parts : 

1. Initialisatio n routin e 
2. Interrup t servic e routin e 
3. Th e routin e fo r recordin g o n a n audi o tape . 

Initialisation routin e 

This routin e reside s i n memor y location s 1800 H -  1 8 3 8 H , whe n th e progra m i s 
loaded int o th e machine . Th e firs t par t o f th e routin e allocate s memor y space s 
for th e thre e "compilators " -  win d (1A00 H -  1A40H) , pum p stroke s (1A44 H -
1A84H), and wate r flo w (1A88 H -  1AC8H) . Memor y location s 1A00 H an d 1A01 H 
are assigne d a s th e lo w an d hig h byte s o f bi n 0  o f th e win d compilator , 1A02 H 
and 1A03 H a s th e lo w an d hig h byte s o f bi n 1  of th e sam e compilato , e tc . 

The secon d par t specifie s th e samplin g interval , histogra m interva l an d th e en d 
of th e tape . A  software solutio n t o detec t th e en d o f th e tap e i s preferre d her e 
over a  hardwar e solution , a s i t i s safe r an d reduce s th e componen t count . B y 
changing th e samplin g locatio n (on e secon d here ) th e histogra m interva l an d th e 
total tim e fo r a  singl e ru n wil l als o b e changed . Fo r example , i f th e samplin g 
interval alon e i s change d t o 0.5s , th e histogra m interva l wil l b e reduce d t o 2 
hours an d th e tota l tim e fo r a  single ru n wit h a  C9 0 tap e wil l b e abou t 1 5 days . 

Interrupt service routin e 

This par t o f th e routin e scan s th e counter s o f th e wind , pum p strok e an d 
waterflow channel s an d receive s th e data . I f a  dat a ite m i s no t les s tha n 32 , a 
value o f 3 2 i s assigne d t o it . Th e processo r use s thi s numbe r «32 ) t o fin d a 
corresponding se t o f location s (bin ) an d increment s it s conten t b y one . Eac h bi n 
is 2-byt e wid e s o tha t i t ca n hol d u p t o 25 6 x  25 6 =  65,536 . Afte r readin g th e 
wind channel , i t passe s o n t o pum p strok e channe l an d the n waterflo w channel . 
During th e operation , th e counter s ar e stil l counting . Th e counter s sto p countin g 
only fo r a  fe w micr o second s betwee n th e instructions . Th e IS R i s repeate d 
every secon d (o r th e samplin g time) . 

Tape routin e 

When th e dat a counte r reache s zero , i e afte r 14,40 0 samplin g interval s =  4h , th e 
tape routin e take s over . Th e powe r o f th e tap e recorde r i s switche d o n an d th e 
system the n wait s fo r 6 s t o stabilise . A  fil e numbe r i s automaticall y assigned . 
The firs t fil e numbe r i s th e initia l settin g o f th e D E register-pair , 18 0 i n th e 
present case . Th e nex t fil e numbe r wil l b e 17 9 an d s o on . Instruction s fro m 
18FCH t o 1907 H specifie s th e memor y are a t o b e copie d o n t o th e tape . Th e 
program the n call s a  sub-routin e fro m th e Microprofesso r monito r (instructio n a t 
191H) t o recor d th e dat a o n t o th e tape . Afte r copyin g th e thre e histograms , th e 
tape recorde r switche s of f automaticall y an d th e memor y are a i n th e micr o 
computer i s cleared . I t the n return s t o perfor m anothe r four-hou r run . Durin g 
tape-recording whic h last s abou t 1  min, th e counter s sto p counting . 
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PROGRAMME ENTR Y 

The machin e cod e i n hexadecima l notatio n i s firs t loade d manually , usin g th e 
hexadecimal key s o f Microprofessor . (Fo r detail s o f loadin g a  program , refe r t o 
the Microprofesso r User !s Manual. ) Onc e th e whol e progra m i s type d int o th e 
memory o f th e system , i t ca n b e copie d ont o a  cassett e tape . Sinc e ther e i s a n 
extra socke t provide d fo r a n EPRO M o n th e syste m board , th e progra m ca n b e 
copied an d store d permanentl y i n a n EPRO M IC . 

DATA ACQUISITIO N AN D RETRIEVA L 

After loadin g th e progra m fro m th e tape , alteration s necessar y t o assig n 
sampling interval , histogra m interval , an d tap e length , ca n b e mad e b y enterin g 
the appropriat e number s i n th e location s mentione d earlier . Th e dat a acquisitio n 
can b e stoppe d a t an y tim e b y pressin g th e rese t ke y an d th e store d dat a 
examined. Th e dat a recorde d o n th e tap e ca n b e rea d bac k int o th e memor y o f 
the system , on e fil e a t a  tim e (on e histogra m fo r eac h channel ) an d displaye d b y 
the six-digi t rea d out . A  low-cos t therma l printe r (PRT-MPF-1 ) i s availabl e 
from th e manufacture r o f Microprofesso r t o obtai n a  printou t o f th e data . A 
more efficien t metho d i s t o communicat e th e dat a directl y int o th e memor y o f 
another compute r (use d fo r analysis ) throug h a n interfac e betwee n th e Z8 0 P1 0 
and th e use r por t o f th e microcomputer . 

POWER SUPPLY 

Microprofessor require s onl y unregulate d powe r o f betwee n 7  an d 24V . Th e 
interface need s 5 V regulated powe r whic h i s obtaine d fro m th e sam e unregulate d 
power suppl y o f 7  t o 24 V usin g th e circui t show n i n Figur e 3 . Therefore , th e 
whole syste m ca n b e powere d fro m a  12 V ca r batter y whic h ca n b e charge d b y 
solar cells . Th e tap e recorde r require s a n additiona l 6 V source. 

CONCLUSION 

The complet e system , excludin g th e batter y an d th e audiocassett e recorde r 
weighs onl y abou t a  kilogra m an d ha s a  simpl e powe r requirement . Th e 
maximum curren t draw n i s 0.5A . Thes e factor s mak e th e syste m idea l fo r fiel d 
use. Th e component s use d ar e minimu m an d easil y available . Th e initia l an d 
running cost s ar e ver y lo w (Tabl e 1) . Wit h a  prope r housing , i t ca n accumulat e 
data fo r severa l week s withou t th e attentio n o f a n operator . A  prototype o f thi s 
system wa s buil t an d foun d t o ru n fo r severa l week s unde r laborator y conditions . 
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TABLE 1 : A n estimate o f initia l cost s 

£ 
Microprofessor MPF-I B 10 0 
ICs, Connector s an d Cabl e 2 5 
Tape recorde r wit h tape , an d recordin g cabl e 3 5 

Total £16 0 

(Anemometer, flowmete r an d batter y ar e no t include d i n th e abov e 
estimate) 

An estimate o f runnin g cos t 

No runnin g cos t i s expecte d othe r tha n th e cos t o f cassett e tape s an d chargin g o f 
batteries. 
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FIGURE 1 : Bloc k diagra m o f th e monito r 
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FIGURE 2: Circui t diagra m o f th e monito r 
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FIGURE 3: Powe r supply for th e monito r 
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