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Abstract: iIn ithis ipaper ia iMaximum iPower ipoint i(MPP) itracking 

isystem iis ideveloped  iusing  idual-axis iDC imotor ifeedback  itracking 

icontrol isystem. iAn iefficient iand  iaccurate iDC imotor isystem iis iused  ito 

iincrease ithe isystem  iefficiency  iand  ireduces ithe  isolar icell isystem icoast. 

iThe isuggested iautomated iDC imotor icontrol isystem ibased ion ithe 

iphotovoltaic i( iPV i) imodules ioperated  iwith ithe iμ-microcontroller. 

i This iservo isystem iwill itrack ithe isun  irays iin iorder ito iget iMPP iduring 

ithe iday iusing  idirect iradiation.  iA iphotometric icell iis iused  ito isensor ithe 

idirect isun iradiation iand  ito ifeed ia isignal ito ithe iμ imicrocontroller iand 

ithen iselect ithe iDC imotor imechanism ito ideliver ioptimum ienergy. iThe  

iproposed  isystem iis idemonstrated ithrough  isimulation iresults. iFinally, 

iusing  ithe iproposed  isystem ibased ion imicrocontroller, ithe isystem iwill 

ibe imore iefficient, iminimum icost, iand  imaximum ipower itransfer iis  

iobtained. 
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I. INTRODUCTION 

PV icells iare imade iof isemiconductor  imaterials, isuch  ias isilicon. 

iFor  isolar icells,  ia  ithin isemiconductor  iwafer iis  ispecially  itreated  ito 

iform  ian ielectric ifield, ipositive ion ione iside iand inegative ion ithe 

iother.  iWhen  ilight ienergy  istrikes ithe isolar icell, ielectrons iare  

iknocked  iloose ifrom  ithe iatoms iin  ithe isemiconductor  imaterial. iIf  

ielectrical iconductors iare iattached  ito ithe ipositive iand inegative  

isides, iforming  ian ielectrical icircuit, ithe ielectrons ican ibe icaptured  

iin  ithe iform  iof ian ielectric icurrent  iand igenerate ielectric ipower.  

iThis ielectric ipower  ican ithen  ibe iused  ito ipower  ia iload  i[1-3]. iA iPV  

icell ican  ieither ibe icircular  ior isquare  iin iconstruction.  iThe ipower  

ithat ione imodule ican iproduce iis inot isufficient ito imeet ithe  

irequirements iof ihome ior ibusiness.  iMost iPV iarrays iuse ian  

iinverter  ito iconvert ithe iDC  ipower  iinto ialternating  icurrent i that 

ican  isupply  iloads isuch  ias imotors,  ilights ietc. iThe i modules iin ia  iPV  

iarray  iare iusually ifirst  iconnected  iin iseries  ito iobtain  ithe idesired  

ivoltages; ithe iindividual imodules iare ithen  iconnected  iin iparallel ito 

iallow ithe isystem ito iproduce  imore  icurrent i[4]. iThe idifferent iPV  

isystem  iconfigurations iare idisplayed  iin iFigure i1. iPhotovoltaic  

i(PV) icells iare ibasically itransducers ithat idirectly  iconvert isolar  

ienergy  iinto i electrical ienergy. iThe iphysics ibehind  isuch  icells iis  

isimilar  ito ithat iof i the ibasic ip-n i junction  i[6, i7]. iIt ifollows ithat ian 

iappropriate  imodel iof ithe iPV  icell ishould  ibe iable ito i predict iits  

ielectrical icharacteristics iunder  idifferent iirradiance  iand  

itemperature  ilevels. 

Most iof ithe iwidely  iused  imodels iof iPV icells ifollow ithe 

iequivalent icircuit iapproach  iwhere ia iPV icell iis irepresented  i by ian 

iequivalent icircuit ithat iconsists iof ione ior itwo idiodes i [6,  i8, i9]. 
 

Figure i1: iPhotovoltaic isystems i[5] 

A isimple iand ipopular  imodel iof ithe iPV icell iis ithe ione irepresenting 

iit iwith ian i equivalent icircuit iconsisting iof ia isingle idiode i[10-12]. 

iIn isuch  ia imodel, ithe iohmic ilosses i can ibe itaken  iinto 

iconsideration  iby iincluding  ia iseries iresistance iand/or  ia ishunt 

i resistance. iWhen  iboth  ithe iseries iand ishunt iresistances  iare 

iconsidered,  ithe imodel iof  ithe i PV icell, iwhich  iis ishown  iin iFigure i2 

i(a), irequires icomputation  iof ifive iparameters iin  iorder  i to 

iestablish ithe icurrent-voltage  irelationship  ithat icharacterizes ithe 

icell i[13].  iThe inumber i of iparameters ibecomes ifour  iwhen  ionly 

ithe iseries iresistance iis itaken  iinto  iconsideration i [5, i14-17]. iThe 

ifour  iparameters imodel iis ishown  iin iFigure i2 i(b). iAn  iattractive 

ifeature iof ithe iaforementioned  imodels iis ithat imost iof ithe 

icalculations ionly irely  ion  ithe idata iprovided  iby ithe imanufacturer. 

iAnother  iimportant ifeature  iis ithe ifact ithat ithese imodels ican ibe 

iused  iin irepresenting  ia isingle icell, ia imodule iof iconnected icells, ior 

ieven  ian iarray  iof imodules.  i The isingle idiode imodel iis i suitable ifor 

isystem-level idesigns.  iHowever, iexperiments irequiring  ihigh 

iaccuracy  iat ithe iexpense iof icomplication  ican iuse imore 

icomplicated  imodels isuch  ias ithe itwo  idiodes imodel i[11,  i18]. 
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Figure i2: iThe iequivalent icircuit  iin isingle idiode iPV imodels. 

i(a) iFive iparameters imodel. i(b) iFour iparameters imodel. 

Energy  ineeds iare igrowing  iin imany iinstances ito iaid iand 

ifulfil ithe iboom iof iworld  ineed.  iMany  inevertheless idepend 

iheavily  ion ithe inatural igas, icoal iand icrude ioil ias ithe imajor ipower  

iresources.  iHowever, ithese ifossil ifuels iwhich  ican ibe icategorized 

ias inon-renewable istrength  iare ifinite iand iwill  iburn  iup ieventually  

i[19,  i20]. iAs ithey  iare idepleting,  iit iwill ibecome igreater  ihighly  

ipriced  iand iinternational ilocations iwill ibe icompeting  ifor ithe 

ireserves ithat iare ileft. iThe iphoto  ivoltaic ielectricity  ihad  ibeen iused  

idated  iagain  ibecause i seventh icentury  iB.C. iThroughout  ithe 

icentury  ithe imethod iof iharnessing  iphoto  ivoltaic ipower ihad 

iadvanced  isuch  ias i having  iphoto  ivoltaic ithermal ienergy, iphoto 

ivoltaic itower  i and iphotovoltaic  itechnologies. iSolar ielectricity  iis  

ithe imost  ipromising  irenewable ienergy  ias iit  iis inaturally  ihandy  iand  

iclean  iderived  ifrom  ithe isun. iSolar  ienergy  ican ibe iproduced  isilently 

iwith  iminimal imaintenance,  ino  ipollution  iand ino idepletion  iof 

iresources.  iThere iare itwo itechniques ito iproduce  ielectrical ienergy 

ifrom  ithe isolar iwhich  iare ivia iconcentrating  isolar ithermal ior 

ithrough  ia iphotovoltaic i(PV) icell  i[21-23]. iThe imost ifrequent iway 

iuse ifor igenerating  ielectrical ienergy i is iphotovoltaic itechnology 

iwhich  iwill  iconvert imild ienergy  i(photons)  iat ionce iinto ielectrical 

ienergy  i(voltage) ivia ithe iaids iof  iphoto  ivoltaic icell imade iup  iof 

isilicon. iIt iis iextensively  iinstalled  iin ithe iresidential ibuildings 

iusually  iat  irooftop  iand iopen  iarea  ithe iplace iavailability  iof idaylight 

iis ihigh. i However, ithe iprimary  ichallenges iof isolar istrength  

iapplication  iare idecrease ielectricity  idensity iand irole i exchange 

iof isun. iThus iit iinflicting  ilengthy  ilength iof itime ito iattain ihigher 

ienergy  iconversion  ito ielectricity.  iConsequently,  iexploring  

iexcessive iefficiency  iphoto  ivoltaic itracking  itechnological iknow-

how iis iblooming  ias iit iis iseen ias  inecessary  iand irealistic  imethod  ito 

iachieve imost iexcellent ieffectivity  ifor isolar-to-electric 

iconversion.  iJust ilike iin idifferent  iinternational ilocations iin ithe 

iworld,  ithe ineed iof ipower  iin ithe  ideveloping  iuse isuch  ias  iKuwait 

iturns iinto iforemost iconcern.  iThe iessential idealer iof ielectricity  iin 

iKuwait iis icome ifrom  ioil iand igas[24,  i25]. iNowadays, ithe iuse iof ioil 

iand  ifuel iis iviewed ias ithe iessential imotive iof ithe i carbon  iemission  

iwhich  iwill ilead  ito ithe igreenhouse  ieffect. iApart ifrom  ithat, ithe ioil 

iand  igas iassets iare igetting  ilower  iand ihold idecreasing.  iIn isuch  

isystems, ia inumber  iof iinputs iare itransferred ito ia imicrocontroller 

ifrom  ithe isensors ithrough ithe ifeedback  iwhich idetect irelevant 

iparameters iinduced  iby ithe isun, imanipulated  iin ithe 

imicrocontroller  iand ithen  iyield idesired  iposition. 

 

II. SYSTEM iARCHITECTURE:  iSUN iPOWERED 

iTRACKER iCOMPONENT iDESIGN 

There iare itotal i3 iconceptual  idesigns igenerated  iand iwill iexplain  iin 

idetail ias ithe ifollowing.  iFirst iof iall, ithe idark  iblue icolor irepresents 

ithe istand ibase. iThe iorange  iis ithe ibase ifor i the iPV ipanel iand igrey 

icolor irepresent ithe iPV  ipanel. iIn ithe iFigure i3(a)  iis  ione iof ithe 

iconceptual idesigns iwhich  iare i "Rigid iBase" iconcept idesign. iIn 

ithis iconceptual idesign,  ithe ibase iis iperpendicular  ito iupward. 

iNext, ithe isecond  i conceptual  idesign  iis  ishown  iin  ithe iFigure  i3 i(b) 

iThis iis  ia i“Single iAxis  iBase” iconcept idesign  iwhich  iis  ithe  ibase ican 

irotate ionly isingle iaxis. iThe ibase ican ionly irotate iup iand i down  ifor 

ithe iwhole ibase iwith iPV ipanel. iAfter  ithat, ithe ithird  iconcept idesign 

iis ishown  ion ithe iFigure  i3(c)  iwhich  iis imore idifferent iwith ithe 

iprevious iconceptual idesign.  iThis iconceptual idesign  iis ibuilt iup iby 

i"Dual iAxis iBase" iwhich  ithe iPV ipanel ican imove iup iand idown, ileft 

iand iright. iThis iable iPV  ipanel ito irotate i360 idegrees iand ialways 

iperpendicular  ito ithe isunlight ito iensure imaximize  ithe isolar 

ienergy  iharvesting  iprocess.  iFinally, iall ithe i3(d)  idifferent 

iconceptual idesigns iare igenerated  iand idrawn  iby  iusing  ithe 

iSolidworks isoftware.  iThe  inext istep iwill ibe ithe iselected  imethod 

ito ifinalize ithe imost  isuitable  ihybrid  iharvesting  isystem  idesign  iin 

ithe idesign  ievaluation. 

 

Figure i3: iConceptual iDesign iof iSolar iTracking iSystem 

Figure i4 ishows ithat ithe iexploded idrawing iof ithe idual iaxis 

isolar itracking isystem.  iAll ithe istructure iand idesign 

can ibe iviewed iin idetail ibased ion ithe idrawing 
 

Figure i4: iThe iExploded iDrawing ifor iSolar iTracking iSystem 
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Firstly, ithe i6 iunits iof ithe iLDR ion  itop iof ithe itilt ibase ineed  iidentify  

ithe iname ias ishown  iin ithe iprogramming ibelow. iAll ithese i6 iunits  

isense ivalues  iwill igive ia  iname ito iindicate  i the iposition  iof ithe iLDR. 

iThere  iare i3 iunits ifor ileft ihand iside iand i3 iunits ion ithe iright-hand  

iside.  iThe iname ion ithe ihorizontal  iwill idifferentiate iby itop i(Top), 

imiddle i(Mid) iand ibottom  i(Btm).  iAll iunits iof iLDRs itotal  

iarrangement  ias i shown  iin iFigure  i5. 
 

Figure i5: iThe iArrangement  iof iLDR 

In iprototype  iof isolar itracking isystem, ithe iDC imotor  i is 

icontrolled  ifor ithe itilt ito iensure ileft ihand  itotal ivalue iand iright-hand  

itotal ivalue idifferent iless ithan  i200ohm. iTo i achieve iless ithan  ithis  

ireading,  ithe iDC imotor  iwill iturn  ito ileft ihand  iside ior iright iside iuntil 

iachieving  ia isteady imode ifor ithe itilt ibase i[24].  iThe imovement iof 

ithe iDC imotor  ias ishown  iin ithe iFigure  i6. 

 

Figure i6: iThe iRotation ifor iDC iMotor 

 

III. EXPERIMENTAL iSETUP: iSUN iPOWERED 

iTRACKER iCOMPONENT iDESIGN 

Setup  i has i two i parts i (i) i Electronic  i sensors i (ii) i Mechanical 

imechanism. 

Mechanical imechanism  iis imanaged  iby iusing  iLDR ibased 

isensors. iA iDetailed idescription  iis igiven  ibelow iin  iFigure i7. 

iElectronic iSensor’s iCircuit: iIn ithis isetup itwo icomparable  

icircuits ihave ibeen  iused.  iEach  icircuit ihas itwo iLDR isensors i as  

iproven  iin iFigure ithree  iCircuit i1 iand icircuit i2 iare icomparable  ito 

ievery  iother. iA isingle icircuit ihas imany  isemiconductor  ielements 

iwhich  iare itwo iLDR isensors i(10K iat ifull iillumination,  ilimitless iat 

itotal idarkness),  i4 itransistors i(TIP i31 iC, iTIP i32 iC), i4 iDiodes 

i(1N4007),  itwo iregisters i(10K,  i 33K), i two  i presets 

i (P1=220K,  i P2=22K), i 1 i IC i (IC 

324), i1 iDC iMotor. iThe  icircuit iis ifabricated  ias iproven  iin iFigure 

ithree iArduino  iis irequired  ifor iprogramming  iand imanage ipurpose. 

 

Figure i7: iMicrocontroller  iTracking iCircuit 

A. PV IPOSITION ICONTROL ISYSTEM 

A iPV iposition  icontrol isystem iillustrated  iin iFigure  i8 iused ifor 

iorienting  ia isolar iphotovoltaic  ipanel itoward  ithe isun. iPV  iposition 

icontrol isystem ican iincrease  ithe ieffectiveness iof isuch  isystem 

iover  iany ifixed  iposition.  iA ihigh  idegree iof iaccuracy  iof ithe iPV 

iposition  icontrol isystem  iis ito iensure ithat  ithe iconcentrated 

isunlight iis idirected  iprecisely  ito ithe iPV ipanel. iThe iPV ipanel iis 

iadjusted  iaccording  ito ithe idifference  ibetween  ithe idesired  iand ithe 

iactual ipanel iposition. iThe imicrocontroller  ioutput iwhich  iis ithe 

iactuating  isignal iis iapplied  ito ithe  idriving  icircuit iwhich  idrives ithe 

iservomotor  iin iorder  ito imaintain  ithe ipanel iin ithe idesired  iposition 

ithat i enable ithe iphoto  isensors ito ireceives ia imaximum  ipower. 

 

 

Figure i8: iPV iPanel iPosition iControl iSystem 
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B. MICROCONTROLLER ITRACKING ISYSTEM 

Solar  itrackers iare iconstructed  iusing  ia imix iof ihardware imodules 

iand  iSoftware icontrol isystems. i The iset-up iinvolves imicro-

controller  icircuits, isensors, icomparators,  igenerators iand 

ielectrical imotors. i In igeneral, istepper-engines ior iservo- iengines 

iare itypically  iused. iThe iplatform  ion iwhich  iPV icells iare iinstalled  iis  

iassembled  iand iprogrammed. i Any iof ithese ielements iare 

ireplaced  iby ithe iArduino  iboard  iconcept idiscussed  iin ithis ireport. 

i The ischeme iof ihow ithe imonitoring  idevice iworks iis ishown  iin 

iFigure  i9. i The idevice ihas ibeen  ideveloped  iusing  ian ielectric ipower  

isupply  imachine,  ian iArduino  iboard  iand ia iservo  imotor iand  ian 

iLDR, ithat ican ibe iused  ias ilight isensors ito idetect ilight ifrom  ithe isun. 

i In  iorder  ito iattain ithe iMPP ithe idevice  iis ipowered  iin icontrast ito ithe 

iheat. iTherefore,  ithe isolar icells iretain  itheir iperpendicular i(90  

idegree)  iposition  ito ithe isky ilight, iwhile ithe itracking  iunit ibends 

itowards ithe iperpendicular. i The iPV iLocation  iControl i(LDR)  iis 

ithe ielectrically  ioperated  isystem  ifor ipositioning  ithe isolar ipanel 

iperpendicular  ito ithe ihorizon.  iBy ithe ithe itime iof iradiant 

iabsorption,  ithe imonitoring  idevice  iincreases ithe iperformance iof 

ithe isolar  ipanel. i The isun's  imonitoring  iwith ithe igreatest ilevel iof 

iaccuracy  imeans ithat ithe isolar  ipanel iaccurately  ireceives 

iconcentrated  iradiant iradiation.  i The imicro-controller  iis ithe  

idecision-maker  iworking iwith ia ipowertrain, ilight isensors iand 

imotors ito iguide ithe isupport isystem  iof ithe isolar ipanel ito ithe ilight iof 

ithe isun. i The ilight ifrom  ithe iSun  iis  isensed  iby ithe iLDR  iand ithe  

icompartment  iis iconnected.  iThe  iLDRs iare iplaced  iopposite ieach  

iother  iin ithe icolumn. i The ifour i( i4)  iLDRs iare iused  iin ia isolar imulti-

axis itracking  idevice,  ieach ipair  ibeing  ilocated  iin ian iopposite 

idirection.  i The ivoltages iof ithe  ifour  i( i4) iLDRs  iare iequal iif i the 

isolar  ipanel iis ilocated  iperpendicularly.  i The iunequal ivoltage 

iproduced  iby ithe isensors ileads ito ia inew  ilocation  iof ithe  

imicrocontroller,  iconsistent iwith  ithe isun i's imotion.  i Figure  i9  

iillustrates ihow ithe isensors iare imounted  ion ithe isolar itracking  

idevice iwith idifferent iaxes. 

 
Figure i9: iPosition iof iLDR 

LDR isensors iare ihooked  iup iat ithe icenter iof ithe iside iedges iof ithe iPV  

ipanel ias  iproven  iin iFigure itwo  iIf  ithere iis iany idepth idistinction  iin  

ibetween  iLDR3 i& iLDR4 ior iLDR1 i& iLDR2 ithen  ia isignal  

iproduces.  iThis isign ireaches ito  ithe imanage igadget 

i(circuit1/circuit2)  iand iis ievaluated  ithere. iThen  irequired  

ieducation  isignal ireaches ito ithe imotor  i(motor2/motor1)  iwhich  iis  

iconnected  ito imechanism  iand ithe imotor  irotates ithe iPV ipanel.  

iLDR1  iand iLDR2  iship ithe iindications ito icircuit1 iand iLDR3  iand  

iLDR4  isend ithe ialerts ito icircuit2.  iCircuit1 iand icircuit2 isend ithe  

isignals ito imotor2  iand i motor1  i respectively,  i and i also i operate  

i them.  i The i panel 

rotates iin iaccordance  ito  ithis  imanage isignal iand ithe iaction  iof ithe 

iPV ipanel istops iat ithe irole iwhere iit iwithout ilengthen  i faces ithe 

iSun  ias ishown  iin iFigure i10. 
 

Figure i10:  iBlock  idiagram  iof ithe isetup 

 

IV. RESULTS iAND iDISCUSSION 

The iexperiment iis icarried  iout ibased ion isolar ipanel,  iwhich  ihas 

ibeen  iused  ito igenerate imaximum  ipower. iThis isun itemperature  

ihas ibeen  imeasured  iand  ia iconstant iirradiation  iof iapproximately 

i 1000W/m2.  i The i most i extreme i control i of 

4.64W iis igotten  iat ia ivoltage iof i16V. iThe ireadings iare iarranged, 

iand ithe iI-V iand iP-V ibends iare iplotted  ias iappeared  iin  iFigure i11 

iand iFigure12  idistinctly. 
 

Figure i11:  iPV icurve iof isolar ipanel 
 

 

Figure i12:  i IV icurve iof isolar ipanel 
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While ithe iattempt icomes ialmost iconducted  ifor ione imonth  ifrom  i1 

ito  i30 iJune i2018 ihave ishowed  iup  iin iFigure i13, iand i 14, i where ithe 

inatural iconditions icounting  itemperature,  isun ioriented  ilight 

iescalated, iand iwind ispeed iare inearly  ithe isame ias ithe ipast. iThe 

inormal  icontrol iincrement iof ithe iframework iis i47.16% icompared 

ito  ithe isettled  ione. iIt iimplies iamid  ithe idry  iseason ithat ithe imodel 

ican  imove iforward  ithe icontrol ieffectiveness iover  i47%, 

iparticularly  iin iKuwait iwhich  imay  i be ia itropical ination  iwith itwo 

iseasons. 
 

Figure i13: iNormal icontrol iyield iof itracking iPV iboards ifor 

ione- imonth 
 

 
Figure i14: iNormal icontrol iyield iof ifix iPV iboards ifor ione- 

imonth 

Figure  i15 iand i16 iillustrates  ithe icomparison  iof iyield ivitality  

icreated  iby itwo idistinctive iframeworks ifor ione-day ii.e ibeginning  

ifrom  i07.00  iAM iuntil i04.00  iPM, ithe iinformation  iare itaken  ieach  i30  

iminutes, ihereas ithe isky iis ievident iwith igreatest ibrightening 

iconcentrated,  idiscuss itemperature  iand ithe inormal iwind ispeed  

iare i110 i600 ilux, i36.3°C iand i2  im/s, iseparately. iBased ion ithe 

iexplore  icomes iabout, iit ican ibe iknown  ithat ithe ibiggest icontrol  

iincrement iaccomplished  iby ithe isun ipowered  ifollowing  

iframework  iis i192.5% iof ithe isettled  iPV iboard  iwhich  ihappened  iat 

i09.00  iAM. iThis iappears ithat ithe iradiation  iand itemperature igotten 

iby  ithe ifollowing  iPV iboard  iare imore iideal ithan  ithe iother. iThe 

inormal  icontrol iincrement icreated  iby iutilizing  ithe ifollowing  

iframework ifor ia ispecific iday  i(one i– iday  itest), iis iover  i47% 

icompared  iwith ithe isettled  ione. 

 

 
Figure i15: iThe  iYield icontrol iof itracking iPV  iboards ifor ione- 

iday 
 

 

Figure i16: iThe iYield icontrol iof ifix iPV iboards ifor ione- iday 

Moreover, ifor ithese itechniques ithe ichoice iof isampling  i period iis 

ivery  icritical; iif ithe iperiod  iis  itoo ishort, ienergy  iproduction  iwill ibe 

ivery  ilow ibecause iof  ithe iincreased  i number  iof ielectronic 

iswitching. iIf ithe  iperiod  iis  itoo ilong,  ion ithe iother  ihand,  ithe iMPP 

icannot ibe iclosely  ifollowed  iwhen  irapid iirradiance ivariation 

ioccurs. iThe ipurposes iof ithe inext itests  iare ito iinvestigate  ithe 

idynamic icharacteristics iof ia  iPV isystem iand ito icalculate ithe 

iamount iof ipower, ivoltage  iand icurrent iusing  ithe idescribed  iMPPT 

icontroller.  iIt ishould  ibe inoted  ithat ithe igenerated  ipower  iof ihas ithe 

isame ishape ias  ithe isolar  iinsulation  iinput, ithe ionly idifference  iis ia 

ismall itransient ifrom  ithe irapid  iinsulation  ivariation  iby  iusing  iP&O 

iand iIC itechniques. iComparing  ithe ioutput iarray  ivoltage,  iit ican ibe 

iobserved  ithat ithe iCV imethod  iis  imore istable iwith isolar  iinsulation 

ivariation.  iIn iparticular  idue ito ilack  iof ispace, i Figure i17  ishow ithe 

iselected  iresponses iof ithe iPV iarray  iusing  ithe iIC,  iP&O  iand iCV 

ialgorithms.  iIn ithe ifirst itest, ithe iMPPT icontroller  iis itested  iunder  ia 

isunny  iday, iand ithen  icloudy  iand ipartially icloudy  idays ito icalculate 

ithe iamount iof ithe ioscillation  iin iPV ioperating  ipoints.  iThe 

idynamic iresponse iof  ithe iPV  iarray  iindicated  ithat ithe iCV 

itechnique idelivers ithe imore istable ivoltage,  icurrent iand ipower 

iwaveforms iwith inegligible  ioscillation  iamplitudes. 
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Figure i17: iRadiation i& iTemperature  i(26th iJune)  

iV.CONCLUSION 

A imicrocontroller  ibase icontrol isystem ihas  ibeen  iused  iand ipower  

igain  ican ibe iincreased  iof iPV ipanels. iThe iPV  ipanels ihave ibeen  

igenerated  imaximum  ioutput ipower  i and iit iis i trying  ito igive  

imaximum  iefficiency  iabove i47%, iwhich  ihad  ibeen  icompared  

iwith  ifixed  iPV ipanel. iTo isum iup, iMicrocontroller  ibased icontrol 

iand  isensor-based itracking  isystems iare ihighlighting  isolar  

itracking  isystem iwhich  iis  iperforming  ibased ion iefficiency  

ithrough irenewable ienergy. iThe  ihardware iof ia ilow iprice  

icomputerized iphoto ivoltaic ipower  itrapping  idevice ihas ibeen  

idesigned  iand ieffectively  iimplemented.  iThe idesigned  ithat idevice  

iwhich  iensures i25 ito i30% iof imore ielectrical ielectricity  

iconversion  ithan  ithe icontemporary  istatic ipicture ivoltaic imodule 

isystem. iSeveral itracker  iapplied  isciences iat ipresent  iare iavailable  

ion  ithe imarket. iFour iLDRs iare iapplied  ion ithe isolar ipanel isystem  ito  

icalculate ithe istrength  iof isolar  iradiation.  iThe iproposed  isolar  

imonitoring idevice iwill iautomatically  imap  ithe isunlight iwith ithe 

ihighest ipower  ipoint. i Thus iit iis ipossible ito iimprove  ithe 

iefficiency  iand istrength  iof isolar ipower  ioutput. 
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