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someyear.Asweknowthattherearelotsofchallengesfacedwhilepickingthecoconutbyclimbing

thetree.Theuserusedtoclimbthecoconuttreewithoutanysafetyinstrumentsandalsoitwastime-

consuming.Sowecameupwithasolutionthatwillmaketheuserdothejobwithmoresafetyand

alsoinverylesstimewithhelpoftherobotthatisdesignedbelow.Toharvestcoconuts,abetter

solutionhastocome,sinceitisdifficulttodetachedcoconuts.Sotoreducefarmereffortthispaper

istoprovideasolutionforthemtodetachcoconutbythemeanofRobot.Therobotiscontrolledfrom

thegroundwiththehelpofaremote.Itwilleasilytouchattopofthetreewhichofanyirregularshape

withoutanyslippage.Therobotiscapabletorotateaboutthreeaxes.Thecostofarobotwillbe

easilypayablebyruralareaworkers.

HerethereisnoriskofhumanlifesincetheuserwillbedirectlycontrollingthisviahisMobileApp.

TherobotwillalsoconsistofRaspberrypicamerawhichwillhelpinlivestreamingofcoconut.This

willhelptheusertoidentifythepositionofcoconutthroughisMobileApp.Thenthebotwillbe

controlledaccordinglytocutthecoconut.

AkshayPrasadDubey[1]arobothas2layershexagonalchassisandworkingisdonebyusingalead

screwmechanism.CalculationofpowerandTorquerequiredtoclimbisdone.Robotandcuttingarm

iscontrolledbywiredcontroller.EldhoJacob[2]autonomoustreeclimbingandpesticidespraying

robot.Therobotanalysesandclimbonthetreeautonomously.TreeclimbingRobotworksona

principleofhumanpoleclimbersandreliesonwheelmechanismtoensuresmoothandfastclimbing

motion.Therobothasmadeusing3Dsoftwareandimplementssuccessfully.Electronicpartswere

accommodatedontheelectronicboardperfectly.Calculationofpowerrequiredto,upwardforce,and

torquearedone.Thisrobothasbeenonlyasingle-layerhexagonalstructurehenceitisnot

dynamicallystableandthedegreeoffreedomofrobotis2,whichrestrictsitsmotion.Senthilkumar

S[3]inthispaperfocusesonthedesigningandautomatedtreeclimbingrobot,Treerobotwhich

doesn’trequirehumanlabortotheaccompanythedevicebutonlytocontrolitfromthegroundusing

aremotecontrol.B.C.Widanagamage[4]hasdesignAutonomousTreeClimbingRobotUtilizingthe

FourBarLinkageSystemdesignedbytheworkwaspresentedinthispaper,ittakenintofocuseson

designingTreeRobot.Themechanicalstructureisdesignedtomovethestructureupwardsagainst

thegravitationalforcesinthesuccessiveupperbodyandlowerbodymovementssimilartoatree

climber. YeoreumYoonandDanielaRus[5]thisprojectisconsistofmakingautonomousrobotthat

willclimbmanylargecivilandindustrialstructures(e.g.bridges,towers,communicationantennas,

andconstructionscaffolds)andspacestructures(e.g.spacestationcomponentsandsolarpanel

supports.).AllthestructuralpartsconsistofPCBboards.A6-DOFmanipulatorcomposedoftwo3-

DOFShady3Dmodulesandapassivetrusselement.Therobotisabletomoveinallthedirections,

onesideisgetfixedwithanotherbarandanothersidegetremovedtoattachedwithanotherbar.

“RobotModelingandControl”writtenby“MarkW.Spong, SethHutchinson, M.Vidyasagar”[6].

Explained detailed aboutrobotkinematics,motion planning,dynamic algorithm,trajectory

optimization,andcontrolofrobotsisexplained.

Hencebystudyingandanalyzingtheissuesanddrawbacksfacedbytheabovementionedresearch

papers,wecametoasolutionwhichwewillbeexplainingbelow.



DESIGNOFROBOT

Theworkingofarobotoveralldependsonthedesignoftherobot.Designofrobotconsistsofthree

differentbranches:

1.Mechanical

2.Computer 

3.Electronics

1. MECHANICAL:

Theoverallperformancedependsonthemechanicaldesignoftherobot.Itconsistsofframe/chassis,

selectionofChassisisdonebytheanalysisofagivenfactor:

•Maximumload

•Material

•Weight

•Areaconstraints

•Stability

Afteranalyzingdifferentframes,thehexagonframeisselectedasshowninFigure1(a).Which

consistsof2stages,2stagesareusedforincreasedstabilityandtomountdifferentcomponents.

Threeoppositesideisusedforamotormount.Twoadjacentsidesareusedfortheleadscrew

mechanismforvariablelengthasrequired.Andthefrontsideisusedforinstallationtoatree.With

thehelpoftheleadscrewmechanism,therobotdiameteradjustedwiththehelpofremotesuchthat

robotwillbefittedtoatreeasshowninfigure1(b).

Figure1(a).HexagonalFrame. Figure1(b).LeadScrewMechanism



Figure2(a)andFigure2(b)showstheIsometricandthetopview.

Figure2(a).IsometricView Figure2(b).TopView

Figure3(a).Motormount Figure3(b).Variablesizingplate

Toreduceweightandsimplemanufacturingmotormountismadebya3DprinterusingPLAmaterial.

Themotormountisassembledona3mmAluminumplate,andtheAluminumplateisattachedwitha

framewiththehelpofsprings.Tomaintainfrictionbetweenwheelsandtrees,springsareused. 

Asshowninfigure.3(a)springattachedwiththeplateandmotormountusedtomaintaincontact

withatree.Initially,therobotisassembledwithatreemanuallybytheworker.Thenasperdiameter

workerwillbefixedtheplatewiththehelpofascrew.Astherearemanyholes,theholeareuseas

perrequirement,showninfigure.3(b).

Dimensions:

Designofrobotisdonesuchthat,asperrequirementofdiameteroftree,botwilladjustaccordingly.

Asshownfigure4(a)andfigure4(b)minimum diameterthatrobotcancoveris150mm and

maximumdiameterof400mm.Toincreasediameterofbot,sidemotorswillrotateinClockwise

directionandtodecreasediameterofbotmotorwillrotateinanticlockwisedirection.





Componentsused:

1.3wheels

2.3motormount

3.12springs

4.2threadedrod

5.3+2Johnsongearedmotor(2kgcm,200RPM)

6.Aluminum12.7*12.7mm2bar

StressAnalysis:

VariousLoadsactingonChassisare:

1.LoadactingduetoCuttingarm

2.Loadwhenrobotclimbtree

3.LoadactedbyElectroniccomponents

EfficiencyofrobotDependsoncapabilitytosustainmaximum externalLoad.Forthatweight

reductionplaysanimportantrole.

Wehavedoneanalysisfordifferentmaterials(consideringitsself-load).Afteranalysismaximum

efficiencyandproductivitycomesoutofAluminumbars.

BelowshowsTotalDeformationandEquivalentStress(VonMisesstress)analysisofrobotunder

singleanddoublestages:

Figure5(a).TotalDeformationofonelayer Figure5(b).TotalDeformationofonelayer

Figure5.TotalDeformation

TheselectionofChassisisdonethroughtheanalysisofdifferentorientatedchassis.Designof

chassisisdoneonSolidWorkssoftware,andstressanalysisisdoneonAnsysSoftware.Figure5(a)

andfigure5(b)showsTotaldeformationofsinglestagechassisanddoublestagerespectively.

Maximumdeformation

Onestagechassis:2.7645*10-7m ……(1)

Twostagechassis:1.05*10-7m ……(2)

Fromequation1and2,itisconcludedthat2stagechassisismoreacceptable.



Figure6(a).Equivalentstressofonelayer Figure6(b).Equivalentstressofonelayer

Figure6.Equivalentstress

Fromfigure6(a)and6(b),Equivalentstress:

Onestagechassis:44.276MPa fromfig.6(a)

Twostagechassis:19.370MPa fromfig.6(b)

Fromstageonetostagetwoequivalentstressreducedtohalf,whichdefinesthatselectionoftwo

stagechassisisbetterthansinglelayerchassis.

DesignofArm:

Figure.7(a)Sideview Figure.7(b)Isometricview

Figure.7DesignofArm

Designoffinalassemblyofrobotshowninfigure7(a),theDegreeOfFreedom(DOF)ofmechanismis

3.Toreducetheoverallweightwehavemodifiedthesolidaluminumtohollowaluminumbarof

dimensions

12.7*12.7mm2withthicknessof2mmsquarebar.ThemotionofarmiscontrolledremotelybyWi-Fi

ofRaspberrypi.Ifincasecoconutissituatedontheoppositeofthearm,thenthebothasafacilityto

rotateitselfalongperipheryofthetree.Bythistheusercaneasilynavigatetherobot.Thecutting



mechanismofcoconutisdonebyusingDCMotor,coupledwithmotorwhichisattachedwithframe.

Themotorhasratingof12Vwhichrotatesatmax1200rpm.

2.Electronics

1.Raspberrypi:

Raspberrypiisusedforprocessingtheinputsreceivedfromthecomponents,informofvoltageor

current,andconvertingitintoreadablesignalsorvoltage.Alsoitisusedforimageprocessingin

ordertoconverttheimageintogreyscale,whichlateronisfurtherprocessedtotensorflowforimage

recognition.Theprocessedimageisbeingdisplayedtotheuser,whoiscontrollingtherobot,via

androiddevice.SinceithasinbuiltWi-Fi,alsothenumberofpinsrequiredforthefunctioningofthe

botispresentinthismodulewepreferredtousethismodule.

Wi-Fi(inbuiltinRaspberrypi):(Purpose)

 Inordertocontrolthebotwhileclimbingthetree.

 Alsotocontroltheactuatorsneededtopluckthecoconutandcutthebranchesthatare

required.

 AlsotogivethelivestreamofthecameraattachedtotheRaspberrypi.

2.L298N:

Motordriverwhichcansustainavoltageup-to30voltscanbeusedfordeliveringstablevoltageand

currenttothemotor.Theworkingof7differentmotorsaredonebyFourL298NHbridgemotor

controllers.Threemotorsareattachedwithframeforupanddownmotion.Twosteppermotorsare

usedforarmcontrollingandtwomotorsforadjustmentofthediameterofthebotaccordingtothe

taperingdiameterofthetree.Ifthereisanyslippagethen,thesidemotorwillrotateinclockwise

directiontoavoidanydiscontinuityinmotion.

3.LithiumPolymer(Li-Po)battery

ToprovidepowersupplytomotorcontrollerandRaspberrypi,wehaveusedtwoLi-Pobattery,eachof

12Vi.e.totalpowerof24Visprovided.Wehadanoptionforlithiumionbatterybutinsteadofthat

wehaveusedLi-Pobattery.

GivenbelowadvantagesofLi-Pobattery:

 Lightweight

 RetainschargingcapacitybetterthanLi-ionbattery

 Conversionrate:80-90%

 ChargingdurationiscomparativelyshorterthanLi-ionbattery

 Li-Pobatteryissafer,lesschanceofexplosioncomparetoLi-ionbattery.

Controlalgorithmflowchart

HereweuseArduinoandRaspberryPiforcontrollingarobot.ArduinoisusedforcontrollingtheL298

motordriver,whichisusedtocontrolBLDCMotor(Lead-screwmechanism),Hightorquemotorfor



climbing,andArmmotor.WiththehelpofRaspberry,Pivideoisshownonadisplayofcontroller

usingPicamera,communicationbetweenRaspberryPiandcontrollerisdonebyusingWifiModule.

Whichmakesarobotfriendlyuseable.Thereisnodifficultywhilecuttingcoconuts.BelowFigure8(a)

showsdetailabouttheflowofworkingofrobot.

FigureNo.8(a)Flowchartofworking

4.Conclusion

From theresearchfindingitisobservedthathexagonalchassisisthemostefficientintermsof

stressdistributionandalsoprovidesanadvantageformaintainingagoodcontactbetweenthetree

andthewheels.Asthebotmovesupwardsitautomaticallyconfiguresthediameteranddoesn’tlose

thecontact,whichisachievedbycontrollingtheleadscrewmechanism.From thefiniteelement

analysisitisobservedthatthedoublelayeredchassisstructureofrobotishavinglowestdeformation

ascomparedtothesinglelayeredchassisrobot.Theresultshavebeencomparedandiswellsuited

withourprojectobjectives
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