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1.0 Introduction 

The rescarch project l.esign and l.;valuatio of a ILow Cost llectroiiie How Sensor and Its Ap
plication of Microcomputer Aided Irrigation Systems Management in the Dry Zone of Sri Inlnka"
is a collaboralive reseaich pr.j,!ct between the I)eparflueint of Agricultural Fnginecring, IUniversity
of I'eradeniya (Ii.'), Sri ianka and tle I)epatlnci of Agricultiural Enigineering, Virginia
Polytechnic and State Univci sity (VII), ISA. Work onil le project was begun in April 1987. The 
purpose of this ieport is to document the acc(mplishments to Seplember 1988 and to provide a 
revised schedule of activities. 

2.0 OierallAim and Speciflic Ohjecti'es 

The principal goal of Ihis iivest igation is to design a low cost data acquisitior device, cvallnate its
application to improved irrigatinn water mnagemen, aml transfer of this technology to thc less 
dcvelopcd countries, II,)C. Specific objectives of tile investigations will be to: 

. 'erform a coniprcliensive review of the available low cost compoients for the design of waler 
stage sensor. 

2. Design and (evclop a low cost water slage sensor for innuiloring of water stage inopen 
chalnels. 

3. Test the device and evaluale its performan(e nad adaptabilily under IDC conditions. 

4. 1-vahuite ai irrigation systcii incorporalinp tile device to delcr ine its potential application 
to irrigation systcm management in Sri Lanka aod other II)Cs. 

5. Tra in l)C personnel inthe development aid use of the tcclilology. 

3.0 'rog'ess J"Ifrk 

Many dilficuilties were encountered which delayed tle proposed work plan. Despite these setbacks 
much has been accomplished by September 1988, and the project is scheduled to finish by the 
December 1999 coimpletion (late. 

first
I'hiane I I'lie ph ase (oftile projecl is planned to Jil'et objeclives I, 2, and 5 of tle specific ob
jectives of tile proiecf. ()bjcctive I was to review tle en'i leicially available low cost conmponcrfs
fir the syst ci, olijccti v,2 was to desigil and(cvChip a low cost wafer stage sensor for monitoriog
water stage in opcn chanils, and objeclive 5 was to Irain ,DCpersonnel in the devehopnil aid 
use of tlie necessary technology. 'Ilie following tasks were phiined for phase I of tile project: 

TASK STATUS
 

I) A romipeirnoive revieiw of 1,,11,Co.t ealu/,onelts available for /lie Comleted 
de.rign of water rtage irwsor will hr undertaken. 

The operation of available water level sm'isiJig devices and tlicir cost-performaice trmle-off 
was st ldied. The constctiii ciit and feasibilil of connectiig vtilha d(la logger were prime
considerations ii selecling the devices for tst iiig. Ifwas felt thal much lower cost devices 
could be developed wih siltable accuracy. It was decidcd to carry oilt fu rther tests with two 
typLc3 of seiisors: 

I) capacilive level transdueer, and 
2) float aid weight wilh a variable resistance. 

2) 1)esign anddevei;i several low, cost alteinatiresfar an electronic Under Way 
water stage sensor ianddata logger. 



After doing a Itheocetical anmlysi of lic capacitivc type sensor, to allow proper imilcrsttilding
of the device, laboratory experihents were carried mt to obscrve tire operation of tilc device. 
Fixcd capaciinces which were c(plil to valuhs expected in the transducer from calcrhaions
based on tle dielectric propcrties of air and water ,,,ere um¢d to test tlie prototype dtesign of 
(tic electronic circuitry. 

Next, capacitor plates ws'ere corstnictled From aliminom pipes. These plates needed to be
electrically iniilated from water. Paint was tested as tile insulating malcrial. Several types
of paint were testeI for their water resistlivily and electrical coienlu.tivity properties. 'lhestests are on-going bt it appears Ihat a coal far epoxy is a stitable ,aint. See tile appeidix
for a photograph of several of (lie test at1um iiin pipes xitli different test paints atppliect. 

A set of mliimn pipes 2 feel iii lenriti werc preparect for testing. "Ilie pipe dliamieter varied
from 2 to 5 inches. A ca €aitor vas formed by plachig two pipe sections connvtric wilh 
water and air as the dhiecttic ,aedim. See the appemlix for a photograph of thIe detail of (lie
construction of Ire capaciti,,e im nsitucer. 

It wvaF il,servel tha there was a direct relatioshlip Itween tie eapacitance acld the sob
merged heighti of tile pipC. It showin in theoly tie ti icwas th11alt taken by tile composite
capacitor to chnrgc to a certaii thireshold voltage ,as- liieaily relatcd to tle capacitaice aid 
hene to the wilter lceel. 'I herefore, IIr d'lav tiine of a vollage pulse applied to fle capacitor 
was a gool indicator of tlic water level. 'I is Iecliriq, showed tile potentint for a sinplc
iniciface ti digital circuitry because the Irai ducer converts tile change il wnter level to a
ciange iii a piise lengih. 'Ilie device did ifit incorporate aiiy rlovirrg parts which may lead 
to errors (tile to mechanical lag and fricton. 

Several ecombiiations of charginig resistors alid applied vollages weNe tried iin lile experi mciti. 
The upper limil of file frcqrieicy of the apilied sigiia was critical iii gettinig ali accurate
reading. It was observed that as tile supply lieiluelicy was ite of 61)1lz noisedecrensea tefect 

been confparativel'v Iigh. 
 'I his effect v.as found not to be in impoirtant problem when the 
frequency vas prcperly chosen. 

A controi circuit was designed al constructed to gercrate tlie required clock pulses and to
incaso re the limre taken for charging. A minimm clock fiequency if 10 Mllz was necessary
to achieve tle iieted accuracy ili time ieasireicin.riI. Fu rtrlter expcriments were carried oit 
to perfecl IIre irienslireitiert 11t recordiniig of time. See file a ppernlix for photographs of lile 
experimental circuit lised ill testing the sysciii. 

Th'Ie previous circtit was improvcd so thait it cll aclivac two eap,cilive seisors alternatively.
t his meollrd oif having a re ference capa citor was leveloped to eliminate any errors due to
changes iii dielcctric properties (if water which is considerci to ibe dependarit i factors such 
as nr peraltiic and chm-ical a(ditivcs. The mdified circril had tlie capability of generating 
sampling pulses also. 

A secornit water level scmising systetm was also develhpeit. it incoi polaterd a variable resistairec
conliecled toi1a hriiy1l icy type water level scrisir. 'I lie ou tl was digit izel rsing tlie same
tecliiqiue of "'apacilive liar.gihng, bil ill Iis cae tile resistance varied prop(rtionally to tie 
wat er level and thie capacitnce remainied eoistant. 

3) 7'dir I.JC pat'ici/ptslr. i tie de.stigLa.Virrct their'tattoniht f ti (.ntmp'ltcd 
(tchmnobgj. S'ee I'hate II 

Mr. Nlihinda Alahakoon (i'lectricat anil Ilcctrunics F tngincer) was recmited as ali Assistiait
Lecturer ii Ifie l)cparmelit of Agriciliira I1'rigiictiiig, I1P. IlIe .as sent to VI I ill October 
1987. Ile Iis now completed 87% of flie ruiirse Woik required foriraISI dtegrcc at ViP.
le is cr1riettly eirolled iin lile reliniirder iif tie reqiiired c'ourse wvork aml sluld finish it by
tile end of I)ecember IORS. See tie appendix for a spe,:ilie list of his; course work. Mr. 
Alahikotn has carried onll mcli of file eilitiment deqigr and developieit inder tle direc-
IIon of all(! with tile assist aire of I)r. iByler aind I)r. Nioslaghimi. 
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4) Preliminray selection (if a location and study qf irligaion maln- Under lWay
agentent (?f ai the irrigation .cwme in Sri L.anka will he made. 

Dr. (;oorrasekera has iade arrangements wili the International Irtigalion Mangement Ilslilute IlNtI, to condulct our work at one of their research sites. IIM! has three years of itafor tire site and will coopictale by sliminrg thait data with i us. Dr. Mostaghirni is planning tovisit the site in October, 1998 to finalize the site selection. 

5 conduct a field in1e. tigaio at tie seleled locatin Ionasrss Planned fin October 19,98ihe 001011 /Wfinniance o the irrigalin s. trm and p ridefeed
back infnrmationfar the design of ihe device. 

I)r. Mostaghimi will assist in tile planning and management of this investigation during hisvisit to Sri Ianka in ()ctober. It is assonuned Ihat tile threie years ofdala which tine IINII has 
will he invaluable iii this task. 

lPhase If The activities (if tile seconid phase conceintrale o objectivcs .1 mid 5. )urirg this phasetesting of tile devices was plancd to be cariied ol at VlPt and the trainig of I1DC personnel wasto conrtintie. Tihe followirg tasks are to be accomplished dmiig the sc--rnd phase: 

I)Eraiatethe devices in the IS. fr .miabiityfar applcations Colpleted

in irtigation nianagenentanl hj'drniny.
 

The Microprocessor based logger onils have beci redesignicd aidimodified. Several of Ihelogger units have been uider coiilinillis field test arid tire lesling period has ntow passed 4000)logger days. The esimills of tIhese tests have been (liiite favorable. Ninor errors in Ilie sofhwarehave becel detecled anrd corrected. Several iii p ovetents have ieen made to the hardware.New boards are curicnily nder design, based on Iie field testing. lhese boards incorporateall of tile design iiiprovernits aidicesll ill a smaller I-ond. Several of tlie loggers have failedduring field Iise due to a detail of tine powei supply. 'Ilie required repair is fairly simple bita change iii power supply design will lihminate this proNen. Se ie append ix for photo
graphs (if a typical circuit board and box usrd in tile field tests of ihis prolotypc device. 

The capacitive stage sensiig devices wmer used in a field lest with favorable restilts. The systeir Clock was sel at 500 k liz so Ili CI()S digital devices ciuld be used. 'Ihe re(uired levelof aecimacy was pr, seved by chanlging Ile icsislor and capacitor valies appropliately. Severalfu1ll size units have bei collsti cteilld. A special lest sland for field testing tire full size urits
has bcei designled al is under coisructirn. 

2) fleverap the miio ocmpiitrr compatible data oultput. tinder 11'a' 

Work on tinir portion oft lie diala collectlhn systeni was liegii for ile ield testing of the loggerunil. Seveli coors were rhietcteilmaid co rectcd. Soflware for tile data transfer to persoal
tonipiiers is being tested. 

3) Select tie tiwr mospt;rni.vin device fi rfield idirtallationin ('omlteted

Si i Lanka.
 

A systemi haed (oill lie capacilive Iravisducr and aiotiher based on a float and weight c(rinectled to a variable resistor Irave becn Clime', for filrlher testlig ii Sri Ia.anka. These two
measirement ;yfttl.q will be comipared to a commercial systemi. 

4) Caonliuc training the Sri L.aukin prrsonnel in the iicessar1, U/nder l|a'
technnhg,. 

Mr. Alahrakon is conlinuiig h make progiess on tire completion oif his course work and isinvolved ill tire design arid (eveopvnit of tire electronic transduclion system. 

Phase Ill 'Ilie activities of the lihhd phase will c(iienlrale on objectives 4 ard 5. During this phase
tire systems are tribe tested ii tie field in Sri I arka ard usedi in air irrigation schemrle as part of tire 
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irrigation system cotrol. Trailing of tile Sri I ankao pcrsmnnel will conti tic. lhe following tasks
 
are to he completed during tlr third phase.
 

I) As.re.rs the field installation requirements of the derice and con- legun
itef .suitablesrintivres. 

We have gotlen perttiient informnation front "ri Ianknand are incorporating it with otherdesign factors of [lie Work is ongoiig onsystemn. tie more delailed design necessary for fileinstnllation of the ie'ices and Ithe mensurenent testing. Dr.Mostaghini will assist viiihstag 

this diring his visit to Sri I rmika inl October.
 

2) lTrain the ofield personnel in SriI.anka onl qf tile device for Planned for early 1989 
data colleftion. 

3) Evahate the dev;re, ;under Ircpicalfic/hlconditions. I'lanned/frmid 1989 

4) Data collection .rinq ti (let-ice. Plannedfor eat j and 
niid 1989 

5) l1re the data in ,'termanagement. Plaotredfirr mid 1989 

6) Der'ehp peronal cOrm/tuler basred stofivaato facilitate deci.sion Plamed fir early and
making regarding iwater conit ol and allocation, mid /989 

7) Sjuter ana lysis to imtore .rlt enpfjomanee. Platimed fir mid 1989 

4.0 Revired WF'ork Schedule 

The preceding section, broken down by PIhasend 'arge.s, inchrles the current work sd'eltle. Ithas been necessary to revise tie sehedile frort Ilie pievious report. ]toblerrs were cncoldered it)ordering some (if tire necessary cquip,'il, primarily he siairnlaid devices. After tircy were ordered,the manofacttier cold not deliver promptly. 'Ilicse delays necessitated tie delay of tie installa tion(if tire devices ii toe field irr Sri L.atka. The standard dala loggers have beci received at VI'i and
have been tested. 

Communicatio belwerin the IP and VI' coitiries to le a pioblei. 
 Icleis are a slow but reliable nielod or eoirtrintmieaion. We have Iied sevelal approaches wilh Telex,willi iited sttcess.
(olntrmicat inn from ireil I t VPI is good btnr VI trrfroi IIte lirisnot reliable by 'elex. It
been difficult
iars to pnrrclse ertiipmienit ill tie I IS with imney iii tire bdget for tie (llPbrit it now appears IhatIisproblem has been solved, antiera cotsiderable period of titrre.I)espite Illeseproblems muh progress has been made oi Ibe project anl il.eeigireering aspecls of the new deile promising. 

31, 1999 as planned. 
vice look (li We currentl atfici pale that t le proict will be (omplete by December 
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GRADUATE PROGRAM OF
 

PULATHISI M. K. ALAHAKOON
 

LEADING TO THE DEGREE OF
 
MASTER OF SCIENCE 

IN 
AGRICULTURAL ENGINEERING 

DEPT. AND COURSE TITLE YEA, TOTAL 

COURSE NO. PLANNED CREDITS 

AGE 5990 RESEARCH AND THESIS 15.0 

5000 AND HIGHER LEVEL COURSES 

AGE 5984 EXPERT SYSTEMS 88-89 4.5 *AGE 5114 PHYSICAL PROPERTIES OF AGRI. PRODUCTS 88-89 ° 4.5AGE 5974 INDEPENDENT STUDY 88-89 1.5 *STAT 5051 STATISTICS INRESEARCH 87-88 3.0STAT 5052 STATISTICS IN RESEARCH 87-88 3.0STAT 5053 STATISTICS IN RESEARCH 87-88 3.0 

4000 LEVEL COURSES 

AGE 4150 HYDRAULIC SYSTEMS AND CONTROLS 87-88 3.0EE 4501 DIGITAL SYSTEM DESIGN 87-88 4.0EE 4502 DIGITAL SYSTEM DESIGN 87-88 4.0EE 4503 DIGITAL SYSTEM DESIGN 87-88 3.0MATH 4531 APP. MATHEMATICS FOR ENGINEERS 87-88 3.0 

SUPPORTING COURSES 

AGE 4160 WATER RESOURCES ENGINEERING 87-88 3.0 

SUMMARY 

(a) 5990 and/or 7990 
(b) Courses 5000 or higher 15.0 
(c) Courses 4000 or higher 

19.5 

(d) Courses not approved for graduate credit 
17.0 

(e) Tolal credils for degree requirements 
3.0 

36.5(0 Total credits for supporting courses 3.0 
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