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Module–I(10Hrs) 

1. Concept ofSurveying-Definitionofsurveying,Classification,Principle,Accuracy 

2. LinearMeasurement- 

Differentmethodsofdirectmeasurementinstrumentforchaining,Ranging,Chainingon 

unevensloppingground,ErrorsinChaining,Corrections. 

3. ChainSurveying– 

Chaintriangulation,Surveystn.,lines,locatinggroundfeatures,fieldwork,instrumentsf 

orsettingoutbasicproblemsinchaining,obstaclesin chaining 

Module–II(10Hrs) 

4. CompassSurveying– 

PrinciplesuseofPrismaticCompass,Measurementofbearings,Conversionofbearings, 

Localattraction,Correctionofcompasstraverse. 

5. PlaneTableSurvey- 

Principles,Advantagesanddisadvantages,Equipment,Accessoriesandtheiruses.Met 

hodsofplanetablesurvey.Twopointandthreepointproblems. 

Module–III(10Hrs) 

6. Levelling- 

Typesoflevellingandtheiruses,Permanentadjustment,Curvatureandrefraction 

effects. 

7. Contouring-Characteristicsanduses ofcontours.Methods 

ofcontouring.Module–IV(10Hrs) 

8. TheodoliteSurvey– 

ApplicationinHeightanddistancemeasurements.Permanentadjustmentoftransittheo 

dolite,methodsofrepetitionsandreiterations. 

9. CurveSetting–Simplecircularcurvesettingbychain,tape &theodolite 

10. MinorSurveyInstruments–Box- 

sextant,Planimeter,Pantagraph,theirworkingprinciplesanduses. 

ReferenceBooks: 

1. Surveying&Levelling–Kanetkar&Kulkarni,Vol.- 

I,PuneVidyarthiGrihaPrakashan. 

2. Surveying–Punmia,Vol.–I,LaxmiPublication. 

3. Surveying–S.K.Duggal,TataMcGrawHill 



LECTURE1 
 

Introduction: 

 

• Surveyingisdefinedas“takingageneralviewof,byobservationandmeasurementdeter 

miningtheboundaries,size,position,quantity,condition,valueetc.ofland,estates,buildi 

ng,farmsminesetc.andfinallypresentingthesurveydatainasuitableform”.Thiscoverst 

heworkofthevaluationsurveyor,thequantitysurveyor,thebuildingsurveyor,theminin 

gsurveyorandsoforth,aswellas thelandsurveyor. 

 

• Anotherschoolofthoughtdefinesurveying“astheactofmakingmeasurementoftherelat 

ivepositionofnaturalandmanmadefeaturesonearth‟ssurfaceandthepresentationofthi 

sinformationeithergraphicallyor numerically. 

 
Theprocess of surveyingis thereforeinthreestages namely: 

 

(i) Takingageneral view 
 

This part ofthedefinitionisimportantasitindicates theneed to 

obtainanoverallpictureofwhatisrequiredbeforeanytypeofsurveyworkisundertaken.I 

nlandsurveying,thisisachievedduringthereconnaissancestudy. 

 
(ii) ObservationandMeasurement 

 

Thispartofthedefinitiondenotesthenextstageofanysurvey,whichinlandsurveyingcon 

stitutesthemeasurement to 

determinetherelativepositionandsizesofnaturalandartificialfeaturesontheland. 

(iii) PresentationofData: 
 

Thedatacollectedinanysurveymustbepresentedinaformwhichallowstheinformationt 

obeclearlyinterpretedandunderstoodbyothers.Thispresentationmaytaketheformofw 

rittenreport,billsofquantities,datasheets,drawingsandinlandsurveyingmapsandplans 

howingthefeaturesontheland. 

 
 

Types of Surveying 

Onthebasisofwhetherthecurvatureoftheearth is takenintoaccount or 

not,surveyingcanbedividedintotwomain categories: 
 

Planesurveying:isthetypeofsurveyingwherethemeansurfaceoftheearthisconsideredasaplan 

e.Allanglesareconsideredtobeplaneangles.Forsmallareaslessthan250km
2
planesurveyingca 

nsafelybeused.Formostengineeringprojectssuchascanal,railway,highway,building,pipeline 

,etcconstructions,thistypeofsurveyingisused.Itisworthnotingthatthedifferencebetweenanar 
cdistanceof18.5kmandthesubtendedchordlyingintheearth‟ssurfaceis7mm.Alsothesumofth 
eanglesofaplanetriangleandthesumoftheanglesinasphericaltriangledifferby1secondforatria 

ngleonthe earth‟ssurface havinganarea of196km
2
. 



 

 

 

 

Geodeticsurveying:isthatbranchofsurveying,whichtakesintoaccountthetrue 

shapeoftheearth(spheroid). 

 

ClassificationofsurveyingIntroductio 

n 

Foreasyunderstanding ofsurveyingandthevariouscomponentsofthesubject,we 

needadeepunderstanding ofthevariouswaysofclassifyingit. 

Objective 

Toenablethestudents haveunderstanding 

ofthevariouswaysofclassifyingsurveyingClassificationOfSurveying 

Surveyingisclassifiedbased 

onvariouscriteriaincludingtheinstrumentsused,purpose,theareasurveyedandthemethodused 

. 

ClassificationontheBasisofInstruments Used. 

Based ontheinstrumentused;surveyscan beclassifiedinto; 

i) Chaintapesurveys 

ii) Compasssurveys 

iii) Planetablesurveys 

iv) Theodelitesurveys 

Classificationbased onthesurfaceandtheareasurveyed 

i)Landsurvey 

Landsurveys aredoneforobjects onthesurfaceoftheearth.Itcan besubdividedinto: 

(a) Topographicsurvey:Thisisfordepictingthe(hills,valleys,mountains,rivers,etc) 

andmanmadefeatures(roads, houses,settlements…) onthesurfaceoftheearth. 

(b) Cadastralsurvey is 
usedtodeterminingpropertyboundariesincludingthoseoffields,houses,plotsofland,etc 

. 

(c) Engineeringsurveyisusedtoacquiretherequireddata 

fortheplanning,designandExecutionofengineeringprojects 

likeroads,bridges,canals,dams,railways,buildings,etc. 



(d) Citysurveys:Thesurveysinvolvingtheconstructionanddevelopmentoftownsincludingro 

ads,drainage,watersupply,sewagestreetnetwork,etc,aregenerallyreferredtoascitysurvey. 

(2) MarineorHydrographicSurvey:Thosearesurveysoflargewaterbodiesfornavigation,tidal 

monitoring, theconstructionof harboursetc. 

(3) AstronomicalSurvey: 

Astronomicalsurveyuses theobservationsoftheheavenlybodies(sun,moon,starsetc)tofix 

theabsolutelocationsofplacesonthesurfaceoftheearth. 



LECTURE2 

 

CLASSIFICATIONONTHEBASISOFPURPOSE 

i) Engineeringsurvey 

ii) ControlSurvey: 

Controlsurveyuses 

geodeticmethodstoestablishwidelyspacedverticalandhorizontalcontrolpoints. 

iii) GeologicalSurvey 

Geologicalsurveyisusedtodeterminethestructureandarrangementofrockstrata.Generally,ite 

nablesto knowthecompositionoftheearth. 

iv) MilitaryorDefenceSurveyiscarriedouttomapplacesof 

militaryandstrategicimportance 

iv)Archeologicalsurvey iscarriedouttodiscoverandmapancient/reliesofantiquity. 

ClassificationBasedOnInstrumentUsed 

i. Chain/TapeSurvey:Thisis thesimplemethod 

oftakingthelinearmeasurementusingachainortape withnoangularmeasurementsmade. 

ii. CompassSurvey:Herehorizontalangularmeasurements 

aremadeusingmagneticcompass withthelinearmeasurementsmadeusingthechain 

ortape. 

iii. Planetablesurvey:Thisis aquicksurveycarriedoutin 

thefieldwiththemeasurementsanddrawingsmadeatthesametimeusingaplane 

table. 

iv. Leveling 

Thisisthemeasurementandmappingoftherelativeheightsofpointsonthe earth‟s 
surfaceshowingthem inmaps,planeandcharts 

asverticalsectionsorwithconventionalsymbols. 

Vi.TheodoliteSurvey: 

Theodolitesurveytakes verticalandhorizontalanglesin 

ordertoestablishcontrolsCLASSIFICATIONBASEDONTHEMETHODUSED 

1.TriangulationSurvey 

Inordertomakethesurvey,manageable,theareatobesurveyedisfirstcoveredwithseriesoftriang 

les.Lines arefirstrunroundtheperimeter oftheplot,thenthedetails 



fixedin relationtotheestablishedlines.This 

processiscalledtriangulation.Thetriangleispreferredasitistheonlyshapethatcancompletelyov 

eranirregularlyshapedareawithminimumspaceleft. 

ii. Traversesurvey: 

Ifthebearinganddistanceofaplaceofaknownpointisknown:itispossibletoestablishtheposition 

ofthatpointontheground.Fromthispoint,thebearinganddistancesofothersurroundingpoints 

maybeestablished.Intheprocess,positionsofpointslinkedwithlineslinkingthememerge.Thetr 

aversingistheprocessofestablishingtheselines,iscalledtraversing,whiletheconnectinglinesjoi 

ningtwopointsontheground.Joiningtwowhilebearinganddistanceisknownastraverse.Atrave 

rsestationiseachofthepointsofthetraverse,whilethetraverselegisthestraightlinebetweencons 

ecutivestations.Traversesmayeitherbeopenorclosed. 

1. ClosedTraverse: 

Whenaseriesofconnectedlinesformsaclosedcircuit,i.e.whenthefinishingpointcoi 

ncideswiththestartingpointofasurvey,itiscalledasa„closedtraverse‟,here 

ABCDEArepresentsa closedtraverse.(Fig2.1(a)) 
 

Fig2.1(a)Closedtraverseissuitableforthesurveyof boundariesofponds, 

forests etc. 
 

2. OpenTraverse: 

Whenasequenceofconnectedlinesextendsalongageneraldirectionanddoesnotret 

urntothestartingpoint,itisknownas„opentraverse‟or(unclosed 

traverse).HereABCDErepresentsanopentraverse.Fig2.2(b) 



 
 

Fig2.2(b)Opentraverseissuitableforthesurveyofroads,rivers etc. 
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CLASSIFICATIONOF SURVEYORS 

Surveyingismadeup ofvariousspecializationsknownas sectorsorclassesas shownbelow: 

 

1. GeneralPracticeSurveyors: 
 

• Surveyorsunderthisclassaremostlyconcernedwithvaluationandinvestment.Valuatio 

nsurveyorsdealwithpropertymarkets,landandpropertyvalues,valuationproceduresa 

ndpropertylaw.Investmentsurveyorshelpinvestorstogetthebestpossible 

returnformproperty. 

 

• Theyhandleaselectionofpropertiesforpurchaseorsalebypensionfunds,insurancecom 

panies,charitiesandothermajorinvestors.Theyalsospecializeinhousingpolicyadvice, 

housingdevelopmentand management. 

 
2. PlanningandDevelopmentSurveyors 

 

• Theyareconcernedwithpreparingplanningapplicationsandnegotiatingwithlocalauth 
oritiesplanners toobtainplanningpermission. 

 

3. BuildingSurveyors 

 

• Theirworkinvolvesadvising 
ontheconstruction,maintenance,repairofalltypesofresidentialandcommercialproper 
ty. 

 

• Theanalysisofbuildingdefectsisanimportantpartofabuildingsurveyorsdiscipline. 

 
4. TheQuantitySurveyors 

 

• Theyevaluateprojectcostandadviceonalternativeproposals.Theyalso 
 



ensurethateachelement 

ofaprojectagreeswiththecostplanallowanceandthattheoverallprojectremainswithin 

budget. 

 

5. RuralPracticeSurveyors: 

 
 

• Surveyorsinruralpracticeadvicelandowners,farmersandotherswithinterestsin the 

countryside. 

• Theyareresponsibleforthemanagementofcountryestatesandfarms,theplanningandex 

ecutionofdevelopmentschemesforagriculture,forestation,recreation,salesofproperti 

esandlivestock. 

 

 
 

6. Mineral Surveyors 
 

• Theyplanthedevelopmentandfutureof 

mineralworkings.Theyworkwithlocalauthoritiesandthelandownersonplanningappli 

cationsandappeals,mininglawsandworkingrights,miningsubsidenceanddamage,the 

environmentaleffectsoflandanddeepundergroundmines. 

 
7. Landsurveyors: 

 

 

 
 

• Theymeasurelandanditsphysicalfeaturesaccuratelyandrecordthemintheformofama 

porplanforthepurposeofplanningnewbuildingandbylocalauthoritiesinmanagingroa 

ds,housingestates,andotherfacilities. 

 

• Theyalsoundertakethepositioningandmonitoringforconstructionworks. 



LECTURE4 

BRANCHESOF SURVEYING 

 

1. AerialSurveying 
 

• Aerialsurveysareundertakenbyusingphotographstakenwithspecialcamerasmounted 

inanaircraftviewedinpairs.Thephotographsproducethree- 

dimensionalimagesofgroundfeaturesfromwhichmapsornumericaldatacanbeproduc 

edusuallywiththeaid ofstereoplottingmachinesandcomputers. 

 

 
2. HydrographicSurveying(Hydro-Survey) 

 

 



 

 

 

 

• Hydrosurvey is undertakento gatherinformationin 

themarineenvironmentsuchasmappingoutthecoastlinesandseabedinordertoproduce 

navigationalcharts. 

 

 

 
• Itisalsousedforoffshoreoilexplorationandproduction,design,constructionandmainte 

nanceofharbours,inlandwaterroutes,riverandseadefence,pollutioncontrolandoceans 

tudies. 

 

 

 

 
3. GeodeticSurvey: 

 

• Ingeodeticsurvey,largeareasoftheearthsurfaceareinvolvedusuallyonnationalbasisw 

heresurveystationsarepreciselylocatedlargedistancesapart.Accountis 

takenofthecurvatureoftheearth,henceitinvolvesadvanced 



mathematicaltheoryandprecisemeasurements arerequiredtobemade. 

 

• Geodeticsurveystationscanbeusedtomapoutentirecontinent,measurethesizeandshap 

eoftheearthorincarryingoutscientificstudiessuchasdeterminationofthe 

Earth‟smagneticfieldand directionofcontinentaldrifts. 
 

 

 

 

 

 
 

4. PlaneSurveying 

 

• Inplanesurveyingrelativelysmallareasareinvolvedandtheareaunderconsiderationis 

takentobeahorizontalplane.Itisdividedintothreebranches. 

- Cadastralsurveying 

 

- Topographicalsurveying 

 

- Engineeringsurveying 

 
 

5. Cadastralsurveying 
 

• Thesearesurveysundertakentodefineandrecordtheboundaryofproperties,legislative 

areaandevencountries. 

 

• Itmaybealmostentirelytopographicalwherefeaturesdefineboundarieswiththetopogr 

aphicaldetails appearing onordinancesurveymaps. 

 

• Intheotherhand,markersdefineboundaries,cornerorlinepointsandlittleaccountmaybe 

takenofthetopographical features. 



6. TopographicalSurvey 
 

• Thesearesurveyswherethephysicalfeaturesontheeartharemeasuredandmaps/planspr 

eparedtoshowtheirrelativepositionsbothhorizontallyandvertically. 
 
 

 

 

 

 

 

 
• Therelativepositionsandshapeofnaturalandman– 

madefeaturesoveranareaareestablishedusuallyforthepurposeofproducingamapofth 

eareaofforestablishinggeographicalinformationsystem. 



8. EngineeringSurvey 
 

• Thesearesurveys 

undertakentoprovidespecialinformationforconstructionofCivilEngineeringandbu 

ildingprojects. 

 

• Thesurveysupplydetailsforaparticularengineeringschemesandcouldincludesetting 

outofthe workonthegroundanddimensionalcontrolonsuchschemes. 
 

 

 



 

LECTURE5 
 

Reconnaissance: 

 

• Thisisanexhaustivepreliminarysurveyofthelandtobesurveyed.Itmaybeeitherground 
reconnaissanceoraerialreconnaissancesurvey. 

 

• Reconnaissanceismadeon 

arrivaltositeduringwhichanoverallpictureorviewoftheareaisobtained.Themostsuita 

blepositionofstationsisselected,thepurposeofthesurveyandtheaccuracyrequiredwill 

bedrawn,andfinallythemethodofobservationwillbeestablished. 

 

Objectivesof reconnaissance 

 

1. Toascertainthepossibilityofbuilding orconstructingrouteor trackthroughthearea. 

2. Tochoosethebestoneormoreroutesandrecordonamap 
 

3. Toestimateprobablecostanddraftareport. 

 

Thebasicprinciplesandprocess 

surveyingIntroduction 

Sofar,we havediscussedthemeaning,objectandmajorclassificationsofsurveying.Now letus 

movefurthertodiscuss thebasicprinciplesandprocess ofsurveying. 

objectives. 

· Toenablestudents understandthebasicprinciplesofsurveying. 

· Toexposethestudentstotheprocessofsurveying. 



LECTURE6 

 

BASICPRINCIPLESINSURVEYING 

 

PRINCIPLE OF WORKINGFROMWHOLETOPART 
 

• Itisafundamentalruletoalwaysworkfromthewholetothepart.Thisimpliesaprecisecont 

rolsurveyingasthefirstconsiderationfollowedbysubsidiarydetailsurveying. 

• Thissurveyingprincipleinvolveslayingdownanoverallsystemofstationswhosepositi 

onsarefixedtoafairlyhighdegreeofaccuracyascontrol,andthenthesurveyofdetailsbet 

weenthecontrolpointsmaybeaddedontheframebyless elaboratemethods. 

 

• Oncetheoverallsizehasbeendetermined,thesmallerareascanbesurveyedintheknowle 

dgethattheymust(andwillifcareistaken)putintotheconfinesofthemainoverallframe. 

 

• Errorswhichmayinevitablyarisearethencontainedwithintheframework 

ofthecontrolpointsandcanbeadjustedtoit. 

Surveyingisbased onsimplefundamentalprinciples 

whichshouldbetakenintoconsiderationto enableonegetgoodresults. 

(a) Workingfromthewholetothepartisachievedbycoveringtheareatobesurveyedwithanumbe 

rofspacedoutcontrolpointcalledprimarycontrolpointscalledprimarycontrolpointswhosepoi 

ntinghavebeendeterminedwithahighlevelof 

precisionusingsophisticatedequipments.Basedonthesepointsastheoretic,anumberoflargetri 

anglesaredrawn.Secondarycontrolpointsarethenestablishedtofillthegapswithlesserprecisio 

nthantheprimarycontrolpoints.Atamoredetailedandlesspreciselevel,tertiarycontrolpointsat 

closerintervalsarefinallyestablishedtofillinthesmallergaps.Themainpurposeofsurveyingfro 

mthewholetothepartistolocalizetheerrorsasworkingtheotherwayroundwouldmagnifytheerr 

orsandintroducedistortionsinthesurvey.Inpartialterms,thisprincipleinvolvecoveringthearea 

tobesurveyedwithlargetriangles.Thesearefurtherdividedintosmallertrianglesandtheprocess 

continuesuntiltheareahasbeensufficientlycoveredwithsmalltrianglestoalevelthatallowsdeta 

iledsurveystobemadeinalocallevel.Errorisinthewholeoperationastheverticesofthelargetrian 

gles arefixedusinghigherprecision instruments. 

(b) Usingmeasurementsfromtwocontrolpartstofixotherpoints.Giventwopointswhoselengt 

handbearingshavebeenaccuratelydetermined,alinecanbedrawntojointhemhencesurveyingh 

ascontrolreferencepoints.Thelocations 

ofvariousotherpointsandthelinesjoiningthemcanbefixedbymeasurementsmadefromtheset 

wopointsandthelinesjoiningthem.Foranexample,ifAandBarethecontrolpoints,thefollowing 

operations canbeperformed to fix otherpoints. 

i) Usingpoints AandB as thecenters,ascribearcsandfix(wheretheyintersect). 

ii) DrawaperpendicularfromDalongAB toapointC. 



iii) TolocateC,measuredistanceABanduseyourprotractortoequallymeasureangleABC. 

iv) TolocateCtheinterioranglesoftriangleABCcanbemeasured.ThelengthsofthesidesACan 
dBC can becalculatedbysolvingthetriangle. 

 

 

 
 

Fig.6.1:Fixingthethirdpointsusingtwo 

pointsTheprocess ofsurveying: 

Thesurveyprocess passes through3mainphases– 

thereconnaissance,fieldworkandmeasurements,and,theoffice work. 

(a) Reconnaissancesurvey 

Thisis apre-fieldworkandmeasurementphase.Itrequirestakinganoverallinspection 

oftheareatobesurveyedtoobtainageneralpicturebeforecommencementofanyserioussurvey. 

Walkingthroughthesiteenablesonetounderstandtheterrainandhelpsindeterminingthesurvey 

methodtobeadopted,andthescaletobeused.Theinitialinformationobtainedinthisstagehelpsin 

thesuccessfulplanningandexecutionofthesurvey. 

(b) Fieldworkandmeasurement: 

Thisis theactualmeasurementsin thefieldandthe recordingsin 

thefieldnotebook.Togetthebestresultsin 

thefield,thesurveyormustbeacquaintedwiththefunctionsoftheequipmentsandtake 

goodcareofthem. 

(c) Officework:Thisisthepostfieldworkstageinwhichdatacollectedandrecordingsinthefield 

notebooksaredecodedandusedtopreparethecharts,planesandmapsforpresentationtotheclien 

tsandthetargetaudience. 



 
 

LECTURE7 

 

IMPORTANCE OF SCIENTIFICHONESTY 
 

• Honestyisessentialinbookingnotesinthefieldandwhenplottingandcomputationsinthe 

office.Thereisnothing to 

begainedfromcookingthesurveyoralteringdimensionssothatpointswilltie- 

inonthedrawing.Itisutterlyunprofessionalto 

betraysuchtrustateachstageofthesurvey. 

• Thisappliestotheassistantsequallyasitdoestothesurveyorincharge.Assistantsmustals 

olistencarefullytoallinstructionsandcarrythemouttothelaterwithoutquestions. 

 
CHECKONMEASUREMENTS 

 

• Thesecondprincipleisthat;allsurveyworkmustbecheckedinsuchawaythatanerrorwill 

beapparentbeforethesurvey iscompleted. 

• Concentrationandcarearenecessaryinordertoensurethatallnecessarymeasuresaretak 

ento therequiredstandardofaccuracyandthatnothingisomitted.Hencethey 

mustbemaintainedin thefieldatalltimes. 

 
• Surveyoronsiteshouldbecheckingthecorrectnessofhisownworkandthatofothers 

whichisbased onhisinformation. 

• Checkshouldbeconstantlyarrangedonallmeasurementswhereverpossible.Checkmea 

surementsshouldbeconductedtosupplementerrorsonfield.Pegscanbemoved,sightrail 

salteredetc. 

 

• Surveyrecordsandcomputationssuchasfieldnotes,levelbooks,fieldbooks,settingoutr 

ecordbooksetc mustbekeptcleanandcompletewithclearnotes 

anddiagramssothatthesurveydatacanbeclearlyunderstoodbyothers.Untidyandanony 

mousfiguresin thefieldbooks shouldbeavoided. 

 

• Likefieldwork,computationsshouldbecarefullyplannedandcarriedoutinasystemicma 

nnerandallfielddatashouldbeproperlypreparedbeforecalculationsstart.Wherepossibl 

e,standardizedtablesandformsshouldbeusedtosimplifycalculations.Iftheresultofaco 

mputationhasnotbeenchecked,itisconsideredunreliableandforthisreason,frequentch 

ecksshouldbeappliedtoeverycalculationprocedure. 

 

• Asacheck,thedistancesbetweenstationsaremeasuredastheyareplotted,toseethatthere 

iscorrespondencewiththemeasuredhorizontaldistance.Failuretomatchindicatesanerr 

orin plotting orduringthesurvey. 

 

• Ifchecks arenotdoneonobservations,expensivemistakemay 

occur.Itisalwayspreferabletotakeafewmoredimensionsonsitetoensurethatthesurvey 

willresolveitself attheplottingstage. 



ACCURACYANDPRECISION 
 

Thesetermsareusedfrequentlyinengineeringsurveyingbothbymanufacturerswhenquotingsp 

ecificationsfortheirequipmentsandonsitebysurveyorstodescriberesultsobtainedfrom 

fieldwork. 

 

• Accuracyallows acertainamountoftolerance(eitherplusorminus)in 

ameasurement,while; 

 
• Precisiondemandsexactmeasurement.Sincethereisnosuchthings 

asanabsolutelyexactmeasurement, aset 
ofobservationsthatarecloselygroupedtogetherhavingsmalldeviationsfromthes 

amplemeanwillhaveasmallstandarderrorandaresaid to beprecise. 

 
ECONOMYOF ACCURACYANDITSINFLUENCE ONCHOICE 

OFEQUIPMENTS 
 

• Surveyworkis usuallydescribedasbeing to acertainstandard 

ofaccuracywhichinturnissuitedtotheworkinhand.Bearinginmindthepurposeforwhic 

hthesurveyisbeingmade,itisbettertoachieveahighdegreeofaccuracythantoaimforpre 

cision(exactness)whichifitweretobealteredwoulddependnotonlyontheinstrumentuse 

dbutalsoonthecaretakenbytheoperatortoensurethathisworkwasfreefrommistake. 

 

• Alwaysrememberthat,thegreatertheeffortandtimeneededbothinthefieldandintheoffi 

ce,themoreexpensivesurveywillbefortheclient.Thestandardaccuracyattainedinthefi 

eldmustbeinkeepingwiththesizeoftheultimatedrawings. 

 

• Theequipmentselectedshouldbeappropriatetothetestinhand.Animportantfactorwhen 

selectingequipmentisthatthevariousinstrumentsshouldproduceroughlythesameorde 

rof 

precision.Asteelchainbestatanaccuracyof1/500to1/1000wouldbeoflittleuseforwork 

requiringanaccuracyof1/1000.Similarly,thetheodolitereadingtoonesecondwouldbe 

pointlesswhereareadingtooneminuteissufficient. 

 

• Havingselectedtheequipmentnecessary,theworkshouldbethoroughlycheckedandiff 

oundwantingshouldbeadjusted,repairedorreplacedorhaveallowancecalculatedforits 

deficiencies.Thistaskwillbelesstediousiffieldequipmentisregularlymaintained. 

 
 

HorizontalDistanceMeasurement 
 

Oneofthebasicmeasurementsin surveyingis 

thedeterminationofthedistancebetweentwopointsontheearth‟ssurfaceforuseinfixingpositio 

n,setoutandinscaling.Usuallyspatialdistanceismeasured.Inplanesurveying,thedistancesmea 

suredarereducedto theirequivalenthorizontaldistanceeitherbytheprocedures 

usedtomakethe 



measurementorbyapplyingnumericalcorrectionsfortheslopedistance(spatialdistance).The 

methodtobeemployedinmeasuringdistancedependsontherequiredaccuracyofthemeasureme 

nt,andthisinturndependsonpurposeforwhichthemeasurementisintended. 

 

Pacing:– 

whereapproximateresultsaresatisfactory,distancecanbeobtainedbypacing(thenumberofpac 

escanbecountedbytally 

orpedometerregistryattachedtooneleg).Averagepacelengthhastobeknownbypacingaknown 

distanceseveraltimesandtakingtheaverage.Itisusedin reconnaissancesurveys&insmall 

scalemapping 

 

Odometerofavehicle:- 

basedondiameteroftires(noofrevolutionsXwheeldiameter);thismethodgivesafairlyreliabler 

esultprovidedacheckisdoneperiodicallyonaknownlength.Duringeachmeasurementaconsta 

nttyrepressurehastobemaintained. 

 

Tachometry:- 

distancecanbecanbemeasuredindirectlybyopticalsurveyinginstrumentsliketheodolite.Them 

ethodisquiterapidandsufficientlyaccurateformanytypesofsurveyingoperations . 

 

Taping(chaining):-thismethodinvolvesdirectmeasurement ofdistanceswitha tape 

orchain.Steeltapesaremostcommonlyused.Itisavailableinlengthsvaryingfrom15mto100m. 

Formerlyonsurveysofordinaryprecision,lengthsoflinesweremeasuredwithchains. 

 

ElectronicDistanceMeasurement(EDM):- 
areindirectdistancemeasuringinstrumentsthatworkusingtheinvariantvelocityof light 

orelectromagneticwavesinvacuum.Theyhavehighdegreeofaccuracyandareeffectivelyusedf 
orlongdistancesformodernsurveyingoperations. 



LECTURE8 
 

CHAINSURVEYING 
 

Thisisthesimplestandoldestformoflandsurveyingofanareausinglinearmeasurementsonly.Itc 

anbedefinedastheprocessoftakingdirectmeasurement,althoughnotnecessarilywithachain. 

 
EQUIPMENTSUSEDINCHAIN SURVEYING 

 

Theseequipments canbedividedintothree,namely 

 

(i) Thoseusedforlinearmeasurement. (Chain,steelband,lineartape) 

 

(ii) Thoseusedforslopeanglemeasurementandformeasuringrightangle(Eg.Abneyl 

evel,clinomater,crossstaff,optical squares) 

(iii) Otheritems(Rangingrodsorpoles,arrows,pegsetc). 

 

1. Chain:- 
 

Thechainisusuallymadeofsteelwire,andconsistsoflonglinksjoinedbyshorterlinks.Itis 

designedforhardusage,andissufficientlyaccurateformeasuringthechainlinesandoffse 

tsofsmallsurveys. 

 

 

 
Chainsaremadeup 

oflinkswhichmeasure200mmfromcentretocentreofeachmiddleconnectingringandsu 

rveyingbrasshandlessarefittedateachend.Tallymarkersmadeofplasticorbrassareattac 

hedateverywholemetrepositionorateachtenthlink.Toavoidconfusioninreading,chain 

saremarkedsimilarlyformbothend(E.g.Tallyfor2mand18misthesame)sothatmeasur 

ementsmaybecommencedwitheitherend ofthechain 

Therearethreedifferenttypesofchainsusedin takingmeasurementnamely: 
 

i. Engineerschain 

 



 

ii. Gunter‟schain 
 

iiiSteelbands 

 
 

2 SteelBands: 
 

 
Thismaybe30m,50mor100mlongand13mmwide.Ithashandlessimilartothoseonthec 

hainandiswoundonasteelcross.Itismoreaccuratebutlessrobustthanthechain.Theopera 

tingtensionandtemperatureforwhichitwasgraduatedshouldbeindicated ontheband. 

 

3 Tapes: 

 

Tapesareusedwheregreateraccuracyofmeasurementsarerequired,suchasthesettingo 

utofbuildingsandroads.Theyare15mor30mlongmarkedinmetres,centimeterandmilli 

meters.Tapes areclassifiedintothreetypes; 



 

 
i. LinenorLinenwithsteelwirewovenintothe fabric; 

 

Thesetapesareliabletostretchinuseandshouldbefrequentlytestedfor 

 length.Theyshouldneverbeusedonworkforwhichgreataccuracyis 
required. 

ii. FibreGlassTapes:Thesearemuchstrongerthanlinesandwill 

 
notstretchin use. 

iii. Steeltapes:Theseare muchmoreaccurate,andareusuallyusedfor 

 settingoutbuildingsandstructuralsteelworks.Steeltapesareavailablein 
variouslengthsup to 100m(20mand30mbeingthe mostcommon) 

 encasedinsteelorplasticboxeswitharecessedwindingleverormounted 
onopenframes withafoldingwindinglever. 

4. Arrows: 
 

 

 

 

Arrowconsistsofapieceofsteelwireabout0.5mlong,andareusedformarkingtemporary 

stations.Apieceofcolouredcloth,whiteorredribbonisusuallyattached ortied totheend 

ofthearrowtobeclearlyseenonthefield. 



5. Pegs 
 

 

 
Pegsaremadeofwood50mmx50mmandsomeconvenientlength.Theyareusedforpoint 

swhicharerequiredtobepermanentlymarked,suchasintersectionpointsofsurveylines. 

Pegs aredrivenwithamalletandnails aresetin thetops. 

 

 

 

6. RangingRod: 

 

 

 

 

 

 
Thesearepolesofcircularsection2m,2.5mor3mlong,paintedwithcharacteristicredan 

dwhitebandswhichareusually0.5mlongandtippedwithapointedsteelshoetoenablethe 

mtobedrivenintotheground.Theyareusedinthemeasurement of lines 

withthetape,andformarkinganypoints whichneed tobeseen. 

 
7. OpticalSquare: 

 

Thisinstrumentisusedforsettingoutlinesatrightangletomainchainline.Itisusedwhereg 

reateraccuracyisrequired.Therearetwotypesofopticalsquare,oneusingtwomirrorsan 

dtheotheraprism. 

  



• Themirrormethodisconstructedbasedon thefactthataray 

oflightisreflectedfromamirroratthesameangleasthatatwhichitstrikes themirror. 

• Theprismsquaremethodisasimplifiedformofopticalsquareconsistingofasingleprism. 

Itisusedinthesamewayasthemirrorsquare,butisrathermoreaccurate. 

 

8CrossStaff: 
 

 
 

 

 

 

Thisconsistsoftwopairsofvanessetatrightangletoeachotherwithawideandnarrowslitinea 

chvane.Theinstrumentismounteduponapole,sothatwhenitissetupitisatnormaleyelevel.Iti 

salsousedforsettingoutlinesatrightangletothemainchainline. 

 
9. Clinometer 

 

 
 

 

 

 
Thisinstrumentisusedformeasuringanglesofgroundslopes(slopeangle).Theyareof 

severalform,thecommonformistheWATKING’SCLINOMETER,whichconsistofasm 

alldiscofabout60mmdiameter.Aweightedringinsidethedisccanbemadetohangfreeandby 

sightingacrossthisgraduatedringangleofslopescanbereadoff.Itisless accuratethanabney 

level. 



9 AbneyLevel 
 

 
Thisinstrumentisgenerallyusedtoobtaineroughlytheslopeangleoftheground.Itconsis 

tsofarectangular,telescopictube(withoutlenses)about125mmlongwithagraduatedarc 

attached.Asmallbubbleisfixedtothevernierarm,oncetheimageofthebubbleisseenrefl 

ectedintheeyepiecetheangleofthelineofsightcan bereadoffwiththeaid 

ofthereadingglass. 



LECTURE9 

 

NECESSARYPRECAUTIONSINUSINGCHAINSURVEYINGINSTRUME 

NTS 

 

1. Afterusein wetweather, chainsshouldbecleaned,andsteeltapes 

shouldbedriedandwipedwithanoilyrag. 

2. Apieceofcoloredclothshouldbetiedtoarrow(orribbon–attached) 

toenablethemtobeseenclearlyonthefield. 

3. Rangingrodsshouldbeerectedasverticalaspossibleattheexactstationpoint. 
4. Theoperatingtensionandtemperatureforwhichsteelbands/tapes 

aregraduatedshouldbeindicated. 

5. Linentapes 

shouldbefrequentlytestedforlength(standardized)andalwaysafterrepairs. 

6. Always keeptapes reeledupwhennotinuse. 

 
 

GENERALPROCEDUREINMAKINGACHAINSURVEY 

 
 

1. Reconnaissance:Walkovertheareatobesurveyedandnotethegenerallayout,thepositionof 

featuresandtheshapeofthearea. 

 

2. ChoiceofStations:Decideupontheframeworktobeusedanddriveinthestationpegs 
tomarkthestations selected. 

 

3. StationMarking:Stationmarks,wherepossibleshouldbetied- 

intoapermanentobjectssothattheymaybeeasilyreplacedifmovedoreasilyfoundduringthe 

survey.Insoftgroundwoodenpegsmaybeusedwhilerailsmaybeused 

onroadsorhardsurfaces. 

 

4. Witnessing:Thisconsistsofmakingasketchoftheimmediateareaaroundthestationshowin 

gexistingpermanentfeatures,thepositionofthestationsanditsdescriptionanddesignation. 

Measurementsarethenmadefromatleastthreesurroundingfeatures 

tothestationpointandrecorded onthesketch. 

Theaimofwitnessingis tore-locateastationagainatmuchlaterdateeven byothers 

afteralonginterval. 

 
5. Offsetting:-Offsets areusuallytakenperpendicular tochainlinesin 

ordertododgeobstaclesonthechainline. 

 

6. Sketchingthelayoutonthelastpageofthechainbook,togetherwiththedateandthenameofthe 

surveyor,thelongestlineofthesurveyisusuallytakenasthebaselineandismeasuredfirst. 



CRITERIAFORSELECTINGASURVEYLINES/OFFSETS 
 

Duringreconnaissance,thefollowingpointsmustbeborneinmindas 

thecriteriato providethebestarrangement ofsurveylines, 

 
a. Fewsurveylines:thenumberofsurveylinesshouldbekepttoaminimumbutmustbesufficient 

forthesurveyto beplottedand checked. 
 

b. Longbaseline:Alonglineshouldbepositionedrightacrossthesitetoformabaseonwhichtobu 

ildthetriangles. 

 

c. Wellconditionedtrianglewithanglesgreaterthan30
o
andnotexceeding150

o
:Itisprefera 

blethatthearcsusedforplottingshouldintersectascloseas90
o
inordertoprovidesharpdefiniti 

onofthestationspoint. 

 
 

d. Checklines:Everypartofthesurveyshouldbeprovidedwithchecklinesthatarepositionedin 

suchawaythattheycanbeusedforoff- 

settingtoo,inordertosaveanyunnecessaryduplicationoflines. 

 

e. Obstaclessuchassteepslopesandroughgroundshouldbeavoidedasfaraspossible. 

 

f. Shortoffsetstosurveylines(closefeaturepreferably2m)shouldbeselected:Sothatmeas 

uringoperatedbyonepersoncanbeusedinsteadoftapewhichneedstwopeople. 

 

g. Stationsshouldbepositionedontheextensionofachecklineortriangle.Suchpointscanbeplo 

ttedwithouttheneedforintersecting arcs. 

 

Ranging: 

Ranginginvolvesplacingrangingpolesalongtheroutetobemeasuressoastogetastraightline.T 
hepoles areusedtomarkthestationsandinbetweenthestations. 



 

 

LECTURE10 
 

ERRORSINSURVEYING 
 

• Surveyingisaprocessthatinvolvesobservationsandmeasurementswithawiderangeofe 

lectronic,opticalandmechanicalequipmentsomeofwhichareverysophisticated. 

 

• Despitethebestequipmentsandmethodsused,itisstillimpossibletotakeobservationstha 

tarecompletelyfreeofsmallvariationscausedbyerrorswhichmustbeguidedagainstorth 

eireffects corrected. 

 
 

TYPESOF ERRORS 

 

1. GrossErrors 
 

• Thesearereferredtomistakesorblundersbyeitherthesurveyororhisassistantsduetocare 

lessnessorincompetence. 

• Onconstructionsites,mistakesarefrequentlymadebyin– 

experiencedEngineersorsurveyorswhoareunfamiliarwiththeequipmentandmethodth 

eyareusing. 

• Thesetypesoferrorsincludemiscountingthenumberoftapeslength,wrongbooking,sig 

htingwrongtarget,measuringanticlockwisereading,turninginstrumentsincorrectly,di 

splacementofarrowsorstationmarksetc. 

 

• Grosserrorscanoccuratanystageofsurveywhenobserving,booking,computing 

orplottingandtheywouldhaveadamagingeffectontheresultsifleftuncorrected. 

 

• Gross errors can 

beeliminatedonlybycarefulmethodsofobservingbookingandconstantlycheckingbot 

hoperations. 

 
 

2. SystematicorCumulativeErrors 
 

• Theseerrors 

arecumulativeineffectandarecausedbybadlyadjustedinstrumentandthephysicalcond 

itionatthetimeofmeasurementmustbeconsideredinthisrespect.Expansionofsteel,freq 

uentlychangesinelectromagneticdistance(EDM)measuringinstrument, 

etcarejustsomeof theseerrors. 

 

• Systematicerrorshavethesamemagnitudeandsigninaseriesofmeasurementsthatarere 

peatedunderthesamecondition,thuscontributingnegativelyorpositivelytothereading 

hence,makes thereadingsshorter orlonger. 



• Thistypeoferrorcanbeeliminatedfromameasurementusingcorrections(e.g.effect 

oftensionandtemperatureonsteeltape). 

 

• Anothermethodofremovingsystematicerrorsistocalibratetheobservingequipmentan 

dquantifytheerrorallowingcorrectionsto bemadetofurtherobservations. 

 

• Observationalproceduresbyre- 

measuringthequantitywithanentirelydifferentmethodusingdifferentinstrumentcanal 

sobeusedtoeliminatetheeffectofsystematicerrors. 

 
3. RandomorCompensatingErrors 

 

• Althougheveryprecautionmaybetakencertainunavoidableerrorsalwaysexistinanym 

easurementcausedusuallybyhumanlimitationinreading/handlingofinstruments. 

 

• Randomerrorscannotberemovedfromobservationbutmethodscanbeadoptedtoensur 

ethattheyarekeptwithinacceptablelimits. 

• Inordertoanalyzerandomerrorsorvariable,statisticalprinciplesmustbeusedandinsurv 

eyingtheireffectsmaybereducedbyincreasingthenumberofobservationsandfindingt 

heirmean.Itisthereforeimportanttoassumethoserandomvariables 

arenormallydistributed. 



LECTURE11 

 

 
Corrections toLinearMeasurementandtheirApplication:- 

 
Thefollowingcorrections aretobeapplied tothelinearmeasurementswithachain 

oratapewheresuchaccuracy isrequired. 

(i) Pullcorrection, 

(ii) Temperaturecorrection 

(iii) Standardlengthcorrection 

(iv) Sagcorrection 

(v) Slopecorrection 

(vi) Meansealevelcorrection. 

 
PullCorrection:- 

 
Achainortapeofnominallength„L‟havingcrosssectionalareaofthelinkorthatofat 

ape,asthecasemaybe,equaltoAandstandardizedunderapullPsisemployedtomeasurealengtha 

tapullPF.IfYoung‟smodulus ofelasticityofthe 

materialis Etheextensionofitslengthis = 
(PF  PS)L

 

AE 

 
Therecordedlengthislessthanthe actualbythisextension.Theerrorishere,- 

ve,theactuallengthisobtainedbyaddingtheextensiontoL.thecorrectionis 

+ve. IfPFislessthanPStheerrorwill be+veandcorrection–ve. 

 
TemperatureCorrection:- 

 
Achainoratapeofnominallength„L‟standardizedattemperatureTSandhavingcross 

sectionalareaAisemployed tomeasuredlengthattemperatureTF  

beingthecoefficientoflinearexpansionofthematerial ofthechain 

ortapeperunitriseoftemperature, F –TS)L. 
 

IfTFismorethanTS,recordedlengthislessthantheactualbytheamountofextension. 

Theerroris– 

veandthecorrectiontothelengthLis+vebytheamountofextension.IfthefieldtemperatureTFisle 

ssthanTStheerroris=+veandthecorrectionsis–ve. 



2 

 

 

 

SagCorrection:- 

 
Incaseofsuspendedmeasurementacross aspanLthechain ortape 

sagtotaketheformofcurveknownascatenary. 

(wl)
2
 

W
2
lC 

Sa  1l1 

24P 

 

 

1 

24P
2
 

 

Wherew= weight ofthe tape permetrelengthW= 

Totalweight ofthe tape 

P=pullapplied(inN) 

 
l1=Thelengthoftape suspendedbetweentwo supports 

 
l=lengthofthe tape 

 
=nl1(inm)Sagcorrectionisalwaysnega 

tive. 



 

 

LECTURE12 
 

TRIANGULATION 

 
Because,atonetime,itwaseasiertomeasureanglesthanitwasdistance,triangulationwas 
thepreferredmethodofestablishingthepositionofcontrolpoints. 

 

Manycountriesusedtriangulationasthebasisoftheirnationalmappingsystem.Theprocedurew 

asgenerallytoestablishprimarytriangulationnetworks,withtriangleshavingsidesrangingfro 

m30to50kminlength.Theprimarytrigpointswerefixedatthecornersofthesetrianglesandthesu 

mofthemeasuredangleswascorrectto±3.Thesepointswereusuallyestablishedonthetopsofmo 

untainstoaffordlong,uninterruptedsightlines.Theprimarynetworkwasthendensifiedwithpoi 

ntsatcloserintervalsconnectedintotheprimarytriangles.Thissecondarynetworkhadsidesof10 

– 

20kmwithareductioninobservationalaccuracy.Finally,athirdordernet,adjustedtothesecondar 

ycontrol,wasestablishedat3–5-kmintervalsandfourth- 

orderpointsfixedbyintersection.Figure12.2illustratessuchatriangulationsystemestablishedb 

ytheOrdnanceSurveyofGreatBritainandusedascontrolfortheproductionofnationalmaps.Th 

ebaselineandcheckbaselinewouldbemeasuredbyinvartapesincatenaryandconnectedintothet 

riangulationbyangularextensionprocedures.Thisapproachisclassicaltriangulation,whichisn 

owobsolete.ThemoremodernapproachwouldbetomeasurethebaselineswithEDMequipment 

andtoincludemanymoremeasuredlinesinthenetwork,toaffordgreatercontrolofscaleerror.Alt 

houghtheareasinvolvedinconstructionarerelativelysmallcomparedwithnationalsurveys(res 

ultingintheterm 

„microtriangulation‟)theaccuracyrequiredinestablishingthecontrolsurveysisfrequentlyofa 

veryhighorder,e.g.longtunnelsordamdeformationmeasurements. 

Fig.12.1 
 

 

 
 

Fig.12.1 



 
 

 
 

Figure12.2 

TheprinciplesofthemethodareillustratedbythetypicalbasicfiguresshowninFigure 

12.3Ifalltheanglesaremeasured,thenthescaleofthenetworkisobtainedbythemeasurementofo 

nesideonly,i.e.thebaseline.Anyerror,therefore,inthemeasurementofthebaselinewillresultins 

caleerrorthroughoutthenetwork.Thus,inorder to controlthis 

error,checkbaselinesshouldbemeasuredatintervals.Thescale 



errorisdefinedasthedifferencebetweenthemeasuredandcomputedcheckbase.Usingthebaseli 

neandadjustedanglestheremainingsidesofthetrianglesmaybefoundandsubsequentlythecoor 

dinatesofthecontrolstations.Triangulationisbestsuitedtoopen,hillycountry,affordinglongsig 

hts wellclearof interveningterrain.Inurbanareas,roof- 

toptriangulationisused,inwhichthecontrolstationsaresituatedontheroofsofaccessiblebuildin 

gs. 
 

 

 

 
 

Fig.12.3(a)Chainofsimpletriangles,(b)bracedquadrilateralsand(c)polygonswithcentralpoints 

. 



LECTURE13 

 
Generalprocedure: 

(1) Reconnaissanceofthearea,toensurethebestpossiblepositionsforstationsandbaselines. 
(2) Constructionofthestations. 
(3) Considerationofthetypeoftargetandinstrumenttobeusedandalsothemethodofobservati 

on. 

Allofthesedepend ontheprecisionrequiredandthelengthofsights involved. 

(4) Observationofangles andbase-linemeasurements. 
(5) Computation:baselinereduction,stationandfiguraladjustment,coordinatesofstatio 

ns bydirectmethods. 

 

Ageneralintroductiontotriangulationhasbeenpresented,aspectsofwhichwillnowbedealtw 
ithindetail. 

 

(1) Reconnaissanceisthemostimportantaspectof anywell- 

designedsurveyingproject.Itsmainfunctionistoensurethebestpositionsforthesurveystationsc 

ommensuratewithwell-conditionedfigures,easeofaccess 

tothestationsandeconomyofobservation.Acarefulstudyofallexistingmapsorplansoftheareai 

sessential.Thebestpositionforthesurveystationscanbedrawnontheplanandtheoverallshapeof 

thenetworkstudied.Whilechainsofsingletrianglesarethemosteconomictoobserve,bracedqua 

drilateralsprovidemanymoreconditionsofadjustmentandareattheirstrongestwhensquaresha 

ped.Usingthecontoursoftheplan,profilesbetweenstationscanbeplottedtoensureintervisibility 

.Stereo-pairsofaerialphotographs,givingathree- 

dimensionalviewoftheterrain,areusefulinthisrespect.Whilsteveryattemptshouldbemadetoe 

nsurethattherearenoangleslessthan25°,ifasmallanglecannotbeavoideditshouldbesituatedop 

positeasidewhichdoesnotenterintothescalecomputation.Whenthepapertriangulationiscomp 

lete,theareashouldthenbevisitedandthesiteofeverystationcarefullyinvestigated.Withtheaido 

fbinoculars,intervisibilitybetweenstationsshouldbecheckedandground- 

grazingraysavoided.SincetheadventofEDM,base- 

linesittingisnotsocritical.Soilconditionsshouldbestudiedtoensurethatthegroundissatisfactor 

yfortheconstructionoflong- 

termsurveystations.Finally,whilstthestrengthofthenetworkisafunction 

ofitsshape,thepurposeofthesurveystationsshouldnotbeforgottenandtheirpositionlocatedacc 

ordingly. 

 
(2) Stationsmustbeconstructedforlong- 
termstability.Acompletereferencingofthestationshouldthen 

becarriedoutinordertoensureits locationatafuturedate. 
 

(3) Asalreadystated,thetypeoftargetusedwilldependon 

thelengthofsightinvolvedandtheaccuracyrequiredforhighlyprecisenetworks,theobservation 

smaybecarriedoutatnightwhenrefractionisminimal.Insuchacase,signallampswouldbetheonl 

ytypeoftargettouse.ForshortsightsitmaybepossibletousetheprecisetargetsshowninFigure13 

.1Whateverformthetargettakes,theessentialconsiderationsarethatitshouldbecapableofbeing 

accuratelycentredoverthesurveypointandaffordthenecessarysizeandshapeforaccuratebisect 

ionattheobservationdistancesused. 

 

(4) Intriangulationthemethodofdirectionswouldinevitablybeusedandthehorizonclosed.An 

appropriatenumberofsetswouldbetakenoneachface.Thebaselineand 



checkbasewouldmostcertainlybemeasuredbyEDM,withallthenecessarycorrecti 

onsmadetoensurehighaccuracy. 

 

(5) Sincetheuseofcomputersisnowwellestablished,thereisnoreasonwhyaleastsquaresadjust 

mentusingthestandardvariationofcoordinatesmethodshouldnotbecarriedout.Alternativelyt 

heanglesmaybebalancedbysimpler,lessrigorousmethodsknownas„equalshifts‟.Oncomplet 

ion,thesidesmaybecomputedusingthesineruleandfinallythecoordinatesofeachsurveypointo 

btained.Ifthesurveyistobeconnectedtothenationalmappingsystemofthecountry,thenalltheba 

selinemeasurementsmustbereducedtoMSLandmultipliedbythelocalscalefactor.Asmanyoft 

henationalsurveypointsaspossibleshouldbeincludedin thescheme. 
 

 

 

 

 

 

 

 

 

Figure13.1.Interchangeabletargetandtribrach 



LECTURE14 

 

Overcomingobstaclesduringchaining: 

Agor(1993)classifiedthevarioustypesofobstacles encounteredin 

thecourseofchainingintothree 

· Obstacles whichobstructrangingbutnot chaining 

· Obstacles whichobstructchainingbutnot ranging 

· Obstaclewhichobstructbothrangingandchaining 

Obstacles thatobstructrangingbutnotchaining 

Suchaproblemariseswhenarisinggroundorajungleareainterruptsthechainline.H 

eretheendstations arenotintervisible. 

 

Theremaybetwocases:- 

 
CaseI : 

 
Theendstationsmaybevisiblefromsomeintermediatepointsontherisingground.In 

thiscase,reciprocalrangingisresortedtoandthechainingisdonebythesteppingmethod. 

 

CaseII : 

 
Theendstationsarenotvisiblefromintermediatepointswhenajungleareacomesacr 

ossthechainline.Inthiscasetheobstaclemaybecrossedoverusingarandom 

lineasexplainedbelow: 



 
 

Fig14.1(1.14) 

 
Let„AB‟betheactual 

chainlinewhichcanberangedandextendedbecauseofinterruptionbyajungle.Letthechainlineb 

eextendedupto„R‟.Apoint„P‟isselectedonthechainlineandarandomline„PT‟istakeninasuit 

abledirection.PointsC,DandEareselectedon 

therandomlineandperpendicularareprojectedfromthem.Theperpendicularat„C‟ 

meetsthechainlineatC1. 

Theoretically,theperpendicularsat„D‟and„E‟willmeetthechain 

lineatD1andE1.NowthedistancesPC,PD,PEandCC1aremeasured(Fig14.1(1.14))fromtriangl 

es PDD1andPCC1. 

 
  DD1 

CC1  

PD PC 

 

DD1 
CC1  PD 

PC -------------- (1) 

 
Again,fromtrianglesPEE1andPCC1– 

 
  EE1 

CC1  

PE PC 



PE 
2
 EE

2
 
1 

EE1 
CC1  PE 

PC ------------ (2) 

 
From(1)and(2),thelengthsDD1andEE1arecalculated.Thesecalculateddistances 

aremeasuredalongtheperpendicularsat‘D’and‘E’.PointsD1andE1shouldlie 

inthechainlineAB,whichcan be extendedaccordingly. 

 
DistancePE1= 

 

 

Obstacleswhichobstructchainingbutnot ranging: 

Waterbodieslikelakes,pondsandriversaretypicalexamplesofobstaclesinthiscategory.Itispos 

sibletochainaroundtheseobstacles byusingthefollowingmethods. 

i. Byconstructingrectangles:ChaininghadreachedAandencounteredanobstacle.To 

gettoB,markAandBwithanarrow.Set of 

perpendicularsACandBDhighenoughtocleartheobstacles.JoinandmeasureDCwhichnow 

equalsAB.ThisallowschainingtocontinuefromB. 
 

 

 
 

 

ii. Byconstructingsimilartriangles: 

TocontinuechainingfromB,fixapointC awayfromtheobstacle.RangeapoleatDto 

alignwithAChenceAC=CD.InlinewithBCrangeanotherpointEinlinewithBC.HenceBC=CE 

. 

MeasureEDwhichequalsABhencechainingcancontinuefromB. 



 
 

 
 

 

 

Obstaclewhichobstructbothrangingandchaining 
 

 

 
GD=(FC 

xGA)/FAHE=(FC 

xHA)/FA 



LECTURE15COMPAS 

SSURVEYING 

 

Introduction: 

Anothertypeofsurveyinstrumentthatformsthesubjectofthissectionisthecompass.Here,wewi 

llexplainthemeaning,typesofcompasssurveyandalsointroduceanddiscus theconcept 

ofbearing. 

Objectives 

· Tointroducethestudentstothemeaningandtypesofcompasssurvey 

· Toenablestudents understandtheconcept 

ofbearing.Meaningandtypesofcompass survey 

Incompasssurvey,thedirection 

ofthesurveylineismeasuredbytheuseofamagneticcompasswhilethelengthsarebychainingort 

aping.Wheretheareatobesurveyediscomparativelylarge,thecompasssurveyispreferred,wher 

easiftheareaissmallinextentandahighdegreeofaccuracyisdesired,thenchainsurveyisadopted 

.However,wherethecompasssurveyisused,caremustbetakentomakesurethatmagneticdisturb 

ancesarenotpresent.Thetwomajorprimarytypesofsurveycompassare:theprismaticcompassa 

ndsurveyors compass 
 

 
 

 

 
Compasssurveysaremainlyusedfortherapidfillingofthedetailinlargersurveysandforexplanat 

oryworks.Itdoesnotprovideaveryaccuratedeterminationofthebearingofalineasthecompassn 

eedlealignsitselftotheearth‟smagneticfieldwhichdoesnotprovideaconstantreferencepoint. 



LECTURE16 
 

 

THEPRISMATICCOMPASS 
 

 

Thisisaninstrumentusedforthemeasurementofmagneticbearings.Itissmallandportableusu 

allycarriedonthehand.ThisPrismaticCompassisoneofthetwomainkindsofmagneticcomp 

assesincludedinthecollectionforthepurposeofmeasuringmagneticbearings,withtheotherb 

eingtheSurveyor'sCompass.Themaindifferencebetweenthetwoinstrumentsisthatthesurv 

eyor'scompassisusuallylargerandmoreaccurateinstrument,andisgenerallyused onastand 

or tripod. 

 

• Theprismaticcompassontheotherhandisoftenasmallinstrumentwhichisheldintheha 

ndforobserving,andisthereforeemployedontherougherclassesofwork.Thegraduati 

onsonthisprismaticcompassaresituatedonalightaluminumringfastenedtotheneedle 

,andthezeroofthegraduationscoincideswiththesouthpointoftheneedle.Thegraduati 

onsthereforeremainstationarywiththeneedle,andtheindexturnswiththesightingvan 

es.Sincethecircleisreadattheobserver's(ratherthanthetarget's)end,thegraduationsru 

nclockwisefromthesouthendoftheneedle(0ºto360º),whereasinthesurveyor'scompa 

ss,thegraduations runanti-clockwisefromnorth. 

 
• Theprismaticattachmentconsistsofa45ºreflectingprismwiththeeyeandreadingfaces 

madeslightlyconvexsoastomagnifytheimageofthegraduations.Theprismiscarried 

onamountingwhichcanbemovedupanddownbetweenslidesfixed 
ontheoutsideofthecase. 

 

• Thepurposeofthisup-and- 

downmovementistoprovideanadjustmentforfocusing.Theimageofthegraduationsi 

sseenthroughasmallcircularapertureintheprismmounting,andimmediately 

abovethisapertureisasmallVcuton 



topofthemounting,overwhichtheverticalwireinthefrontvanemaybeviewed.Usingt 

heVcut,theverticalwireandthestationwhosebearingisrequiredareviewedinoneline, 

thebearingisdirectlyreadoffthegraduatedarcatthepointimmediatelyunderneaththe 

verticalwire. 

 

• Themirrorlocatedinfrontoftheforwardvaneslides 

upanddownthevane,andishingedtofoldflatoveritortorestinclinedatanyanglewithit. 

Thismirrorisusedforsolarobservations,orforviewinganyveryhighobject,andisnota 

normalfittingtoacompass.Thetwocirculardiscsinfrontofthebackvanearedarkglasse 

swhichcanbeswunginfrontofthevanewhensolarobservationsarebeing taken. 

 
 

COMPONENTSOF APRISMATICCOMPASS 

 

Prismaticcompassconsists ofa non-magneticmetalcasewitha 

glasstopandcontainthefollowing: 

 
 

Elementsofprismaticcompass 

⦿ Cylindricalmetalbox:Cylindricalmetalboxishavingdiameterof8to12cm.Itprotectst 

hecompassandformsentirecasingorbodyofthecompass.Itprotectcompassfromdust,r 

ain etc. 



⦿ Pivot:pivotisprovidedatthecenterofthecompassandsupportsfreelysuspendedmagne 

ticneedleoverit. 

 

⦿ liftingpinandliftinglever:aliftingpinisprovidedjustbelowthesightvane.Whenthesig 

htvaneisfolded,itpressestheliftingpin.Theliftingpinwiththehelpofliftingleverthenlift 
sthemagneticneedleoutofpivotpointtopreventdamagetothepivothead. 

⦿ Magneticneedle:Magneticneedleistheheartoftheinstrument.Thisneedlemeasuresa 

ngleofalinefrommagneticmeridianastheneedlealwaysremainspointedtowardsnorth 

southpoleattwoendsoftheneedlewhenfreelysuspended onanysupport. 
⦿ Graduatedcircleorring:Thisisanaluminumgraduatedringmarkedwith0

o
 

to360
o
tomeasuresallpossiblebearingsoflines,andattachedwiththemagneticneedle.T 

heringis graduatedtohalfadegree. 

⦿ Prism:prismisusedtoreadgraduationsonringandtotakeexactreadingbycompass.Itisp 

lacedexactlyoppositetoobjectvane.Theprismholeisprotectedbyprismcap to 

protectitfromdustandmoisture. 

⦿ Objectvane:objectvaneisdiametricallyoppositetotheprismandeyevane.Theobjectv 

aneiscarryingahorsehairorblackthinwiretosightobjectinlinewitheyesight. 

⦿ Eyevane:Eyevaneisafineslitprovidedwiththeeyeholeatbottomtobisecttheobjectfro 

mslit. 

⦿ Glasscover:itscoverstheinstrumentboxfromthetopsuchthatneedleandgraduated 

ringisseenfromthe top. 

⦿ Sunglasses:Theseareusedwhensomeluminousobjects aretobe bisected. 

⦿ Reflectingmirror:Itisusedtogetimageofanobjectlocatedaboveorbelowtheinstrume 

ntlevelwhilebisection.Itisplaced ontheobjectvane. 

⦿ Springbrakeorbrakepin:todamptheoscillationoftheneedlebeforetaking 

areadingandtobringittorestquickly,thelightspringbrakeattachedtotheboxisbroughtin 

contactwiththeedgeoftheringbygentlypressinginwardthebrakepin 



LECTURE17 

 
 

Temporaryadjustment ofprismaticcompass 

 

⦿ Thefollowingprocedureshouldbe 

adoptedafterfixingtheprismaticcompassonthetripodformeasuringthebearingofaline 

. 

⦿ Centering:Centeringistheoperationinwhichcompassiskeptexactlyoverthestationfro 

mwherethebearingistobedetermined.Thecenteringischeckedbydroppingasmall 

pebblefromtheundersideofthecompass.Ifthepebblefallsonthetopofthepegthenthece 

nteringiscorrect,ifnotthenthecenteringiscorrectedbyadjustingthelegsofthetripod. 

⦿ Leveling:Levelingofthecompassisdonewiththeaimtofreelyswingthegraduatedcircu 

larring 

oftheprismaticcompass.Theballandsocketarrangementonthetripodwillhelptoachiev 
eaproperlevelofthecompass.This can 

becheckedbyrollingroundpencilonglasscover. 

⦿ Focusing:theprismismovedupordowninitsslidetillthegraduationsonthealuminumri 

ngareseenclear,sharpandperfectfocus.Thepositionoftheprismwilldependuponthevi 

sionoftheobserver. 

 

OPERATIONPROCEDURE 
 

• Removethecornerandopenout 

theprismandwindow,holdingthecompassaslevelaspossible. 

 
• Thenfocustheprismbyraisingorloweringitscaseuntilthedivisionsappearsharp 

andclear.Ifnecessarywiththeneedleontoits pivot. 

 

• Holdingthecompassboxwiththethumbundertheprismandtheforefingernearth 

estud,sightthroughtheobjector 

stationloweringtheeyetoreadtherequiredbearingassoonastheneedlecomes 

torestnaturally. 
 

• Thebearingreadwillbeaforwardbearingandnormallya“wholecircle” 

bearingclockwiseanglebetween0
o
to360

o
. 
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VARIATIONINDECLINATION 
 

Theposition 

ofthemagneticpolesisnotfixedandtheNorthmagneticpoletendstowandermorethanthe 

southcausingalterationsinthepositions 

oftheisogoniclinesfromtimetotime.Theangleofdeclinationatanypointisthereforenot 

constantsubjecttothefollowingvariations; 

 
 

1. SecularVariation: 

 

Thiscausesthelargestvariationinmagneticdeclination.It 

isaslowcontinuousswingwithacycleofabout400to500years.Becauseofthislar 

gemovement,thedate,thedeclinationandtheapproximaterateofannualchanges 

houldbegivenforanymagneticorientationofsurvey. 

 
2. DiurnalVariation: 

 

Thisis aswing ofthecompassneedleaboutitsmeandailyposition. 

 
3. PeriodicVariation: 

 

Thisis 

aminorvariationofthemagneticmeridianduringtheweek,alunarmonth,year,eleve 

nyears,etc. 

 

4. IrregularVariation:Thesearecausedbymagneticstorms 
whichcanproducesuddenvariationsofthemagneticmeridian. 

 

MagneticBearing 

 

Themagneticbearing ofasurveylineis 
theanglebetweenthedirectionofthelineandthedirectionofthemagneticmeridianatthebegi 

nning oftheline. 

 

MagneticMeridian 

 

• Themagneticmeridianatanyplaceisthedirectionobtainedbyobservingthepositionofafreel 

ysupportedmagnetizedneedlewhenitcomestorestuninfluencedbylocalattracting forces. 

 

• Magneticmeridiansrunroughlynorth– 

southandfollowthevaryingtrendoftheearth‟smagneticfield.Thedirectionofamagneticm 

eridiandoesnotcoincidewiththetrueorgeographicalmeridianwhichgivesthedirectionofth 

etrueNorthpoleexceptin certain places. 

 

AngleofDeclination: 

 

Itisdefinedas 

theanglebetweenthedirectionofthemagneticmeridianandthetruemeridianatanypoint. 
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Surveyor’sCompass: 

Similartotheprismaticcompassbutwithfewmodifications,thesurveyorscompassisanoldform 

ofcompassusedbysurveyors.Itisusedtodeterminethemagneticbearingofagivenlineandis 

usuallyusedin connectionwiththechain orcompasssurvey. 
 

 

 
Bearing 

ThebearingistheangulardirectionmeasuredclockwisestartingfromNorthwithreferencetothe 

observer.ThereferenceNorthmaybetrueormagnetic.Whilethetruebearingistheangulardirecti 

onmeasuredinaplacewiththedirectionoftrueorgeographicalnorth;themagneticbearingisthea 

nglewhichitmakeswiththedirectionofMagnetic Northmeasuredin theclockwisedirection. 
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BackandForebearing:Intro 

duction: 

Inthissection,wewillexaminethebackandforebearing;andthestepstobetakenwhentraversing 

withcompasssurvey. 

Backandforebearing 

Forebearingisthecompassbearingofaplacetakenfromastatustotheotherinthedirectionthatth 

esurveyisbeingcarriedout.Thebackbearingintheotherhandisthebearingintheoppositedirecti 

oni.e.thebearingtakenbackwardsfromthenextstationtoitsprecedingstationthattheforebearin 

gwastaken.ThedifferencebetweenBBandFBis always 180
0
. 

 

 

 

 
Backandforebearing 

IfBissightedfromanobserveratA,andtheNSandN1S1arethemagneticNSlines,thenForwardbe 
aring(FB)=<NAS+<SAB 

Backbearing BA=<N1B A 

:.BackBearingBA=ForwardBearingAB-180
0
 

IftheobserverrelocatestoBandobserversB,thenforwardbearing(FB)BA=<N1BAandbackbe 
aring(AB)=<NAS+SAB.Hence,wecanconcludethatForwardBearing=<N1BA+180

0
.Asage 

neralrule,iftheForeBearingislessthan 

180
0
,add180

0
togettheBack.Bearing,andiftheForeBearingisgreaterthan 

180
0
,thensubtract180

0
toget theBackBearing. 
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Traversingandplottingwiththecompasssurvey: 

Traversingwiththecompassinvolvestakingthebearingalongaseriesofconnectingstraightlines 

andin thesametimemeasuringthedistances 

withthetape.Thecompassisreadateachpointandabackbearingis equallytakentoserveas 
acheck.This continuesuntilthetraversecloses. 

Choosingasuitablescale,thetraverseisthenplottedtakingintoconsiderationthegeneralshapeo 

fthearea. 

ObservingBearing ofLine 

⦿ ConsideralineAB ofwhichthemagneticbearingisto betaken. 

⦿ ByfixingtherangingrodatstationB we getthemagneticbearing ofneedlewrtnorth 
pole. 

⦿ Theenlargedportiongivesactualpatternofgraduationsmarked 

onring.Designationofbearing 

⦿ Thebearingaredesignatedin thefollowingtwosystem:- 

⦿ 1)WholeCircleBearingSystem.(W.C.B) 

⦿ 2)QuadrantalBearingSystem.(Q.B) 

Wholecirclebearingsystem(W.C.B.) 

⦿ Thebearing ofalinemeasuredwithrespecttomagneticmeridianinclockwise 

directioniscalledmagneticbearinganditsvaluevariesbetween0ᴼto360ᴼ. 

⦿ Thequadrantstartfromnorthandprogress  in aclockwisedirectionas 

thefirstquadrantis 0ᴼto90ᴼ  in 

clockwisedirection,2
nd

90ᴼto180ᴼ,3
rd

180ᴼto270ᴼ,andupto360ᴼis4
th

one. 

Quadrantalbearingsystem(Q.B.) 

⦿ Inthissystem,thebearingof 

surveylinesaremeasuredwrttonorthlineorsouthlinewhicheveristhenearesttothegive 

nsurveylineandeitherinclockwisedirectionorin anticlockwisedirection. 

Reducedbearing(R.B) 

⦿ WhenthewholecirclebearingisconvertedintoQuadrantalbearing,itistermed 

as“REDUCEDBEARING”. 

⦿ Thus ,thereducedbearingissimilartotheQuadrantalbearing. 



⦿ Itsvaluesliesbetween0ᴼto90ᴼ, butthequadrantshouldbementionedfor 

properdesignation. 

 

 

 
 

ThefollowingtableshouldberememberedforconversionofWCB toRB. 
 

W.C.BOF 

ANYLINE 

QUADRANTIN 

WHICHITLIES 

RULESFORC 

ONVERSION 

QUADRANT 

0TO90 I RB=WCB N-E 

90TO180 II RB=180-WCB S-E 

180TO270 III RB=WCB-180ᴼ S-W 

270TO360 IV RB=360ᴼ-WCB N-W 
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Errorincompasssurvey(Localattraction&observationalerror): 

Localattractionis theinfluencethatpreventsmagneticneedlepointing 
tomagneticnorthpole 

Unavoidablesubstancethataffectare 

 Magneticore 

 Undergroundironpipes 

 Highvoltagetransmissionline 

 Electricpoleetc. 

Influence causedbyavoidablemagnetic substancedoesn‟tcome underlocal 

attractionsuchasinstrument,watchwrist,keyetc  

DetectionofLocalattraction 

 Byobservingthe 

bothbearingsofline(F.B.&B.B.)andnotingthedifference (180
0
in 

caseofW.C.B.&equalmagnitudein caseofR.B.) 

 Weconfirmthelocalattractiononlyifthedifferenceisnotduetoobserva 

tional errors. 

Ifdetected,thathas tobeeliminated  

Twomethodsofelimination 

 Firstmethod 

 Secondmethod 

Firstmethod 

 DifferenceofB.B.&F.B.ofeachlinesoftraverseischeckedtonoteiftheydiffe 

rbycorrectlyornot. 

 Theonehavingcorrectdifferencemeansthatbearingmeasuredin 

thosestations arefreefromlocalattraction 

 Correctionisaccordinglyappliedtorestofstation. 

 IfnoneofthelineshavecorrectdifferencebetweenF.B.&B.B.,theonewithmin 
imumerrorisbalancedandrepeatthesimilarprocedure. 

 Diagram isgood friendagaintosolvethenumericalproblem. 
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Secondmethod 

 Based onthefactthattheinterioranglemeasuredontheaffectedstationis 

right. 

 Alltheinteriorangles aremeasured 

 Check of interiorangle–sumof interiorangles =(2n- 
4)xrightangle,wherenisnumberoftraverseside 

 Errors aredistributedandbearing oflines 

arecalculatedwiththecorrectedanglesfromthelines 

withunaffectedstation. 

Checksin closedTraverse 

 Errorsin traverseiscontributedbybothangleanddistancemeasurement 

 Checks areavailableforanglemeasurementbut 

 Thereisnocheckfordistancemeasurement 

 Forprecisesurvey,distanceismeasuredtwice,reversedirectionsecondtime 

Checksforangularerrorare available 

 Interiorangle,sumof interiorangles =(2n- 

4)xrightangle,wherenisnumberoftraverse side 

 Exteriorangle,sumofexteriorangles 

=(2n+4)xrightangle,wherenisnumberoftraverse side 
 
 



 
 

 

 
 Deflectionangle–algebraicsumofthedeflectionangleshouldbe0

0
or360

0
. 

 Bearing–Theforebearing 

ofthelastlineshouldbeequaltoitsbackbearing±180
0
measuredattheinitial 

station. 
 

 

 
 

ßshouldbe=θ+180
0
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Checksin opentraverse 

 Nodirectcheck ofangularmeasurementisavailable 

 Indirectchecks 

 Measurethebearing of lineADfromAandbearingofDAfromD 

 Takethebearingtoprominentpoints 

P&Qfromconsecutivestationandcheckinplotting. 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



Methods 

 Compass rule(Bowditch) 

 Whenboth angleanddistancearemeasuredwithsameprecision 

 Transitrule 

 Whenanglearemeasuredpreciselythanthelength 

 Graphical method 

 

 
Graphicalrule 

 Usedforrough survey 

 Graphicalversionofbowditchrulewithoutnumericalcomputation 

 Geometricclosureshouldbesatisfiedbeforethis. 
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PLANETABLESURVEYING 

 
Principle:- 

 
Theprincipleofplanetablingisparallelism,meaningthattheraysdrawnfromstation 

stoobjectsonthepaperareparalleltothelinesfromthestationstotheobjectsontheground.Therel 

ativepositionsoftheobjectsonthegroundarerepresentedbytheirplottedpositionsonthepapera 

ndlieontherespectiverays.Thetableisalwaysplacedateachofthesuccessivestationsparalleltot 

hepositionitoccupiedatthestartingstation.Planetablingisagraphicalmethodofsurveyingthere 

thefieldworkandplottingaredonesimultaneouslyandsuchsurveydoesnotinvolvetheuseofafie 

ldbook. 

 

Planetablesurveyismainlysuitableforfillinginteriordetailswhentraversingisdone 

bytheodolitesometimestraversingbyplanetablemayalsobedone.Butthissurveyisrecommend 

edfortheworkwheregreataccuracyisnotrequired.Asthefittingandfixingarrangementofthisins 

trumentisnotperfect,mostaccurateworkcannotbeexpected. 

 

Accessories of PlaneTable:- 

 
1. ThePlaneTable:- 

 
Theplanetableisadrawingboardofsize750mmx600mmmadeofwellseasonedwo 

odliketeak,pineetc.Thetopsurfaceofthetableiswellleveled.Thebottomsurfaceconsistsofathr 

eadedcircularplateforfixingthetableonthetripodstandbyawing nut. 

 

Theplanetableismeantforfixingadrawingsheetoverit.Thepositionsoftheobjects 

arelocatedonthis sheetbydrawingraysandplotting to anysuitablescale. 

 

2. TheAlidade:- 

 
Therearetwotypesofalidade. 



(i) Plain 

(ii) Telescopic. 

 

 

 

 

 
(a) PlainAlidade:- 

 
Theplainalidadeconsistsofametal 

orwoodenruleroflengthabout50cm.Oneofitsedgeisbeveledandisknownasthefiducialedge.It 

consistsoftwovanesatbothendswhich arehingedwith 

theruler.Oneisknownasthe„objectvane‟andcarriesahorsehair,theother  iscalled 

the„sightvane‟andis provided withanarrowslit. 

 

(b) TelescopicAlidade:- 

 
Thetelescopicalidadeconsistsofatelescopemeantforinclinedsightorsightingdista 

ntobjectsclearly.Thisalidadehasnovanesattheends,butisprovidedwithfiducialedge.Thefunct 

ionofthealidadeistosightobjects.Theraysshouldbedrawnalongthefiducialends. 

 

3. TheSpiritLevel :- 

 
Thespiritlevelisasmallmetaltubecontainingasmallbubbleofspirit.Thebubbleisvi 

sibleonthetopalongagraduatedglasstube.Thespiritlevelismeantforlevelingtheplanetable. 

 

4. TheCompass:- 

 
Therearetwo kindsofcompass. 

 
(a) thetroughcompassand 

(b) thecircularboxcompass. 

 
(a) TheTroughCompass:- 

 
Thetroughcompassisarectangularboxmadeofnon- 

magneticmetalcontainingamagneticneedlepivotedatthecentre.Thiscompassconsistsof 

a„D‟markatbothends tolocatethe N-Sdirection. 



 

 

 

 

 

 

(b) TheCircularBoxCompass:- 

 
Itcarriesapivotedmagneticneedleatthecentre.Thecircularboxisfittedonasquareb 

aseplatesometimestwo 

bubbletubesarefixedatrightanglestoeachotheronthebaseplate.Thecompassismeantformarki 

ngthe northdirectionofthemap. 

 

 
 

5. U-forkorplumbingfork withplumbbob:- 

 
TheU-forkisametalstripbentintheshapeof 

a„U‟(hairpin)havingequalarmlengths,thetoparmispointedandthebottomarmcarriedahookf 

orsuspendingaplumbbob.Thisismeantforcenteringthetableoverastation. 
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MethodsofPlaneTableSurveying 

Fourclassesofplanetablingsurveys 

arerecognized:Radiationmethod; 

Intersectionmethod;Traversi 

ngmethod,Resectionmethod. 

 

RadiationMethod 

Here,theplanetableissetupatonestationwhichallowstheotherstationto beaccessed.Thepoints 

tobeplottedarethenlocatedbyradiatingraysfromtheplanetablestationtothepoints.Afterreduci 

ngtheindividualgrounddistancesontheappropriatescale,thesurveyisthenplotted.Thismetho 

dissuitableforsmallareasurveys.Itisrarelyusedtosurveyacompleteprojectbutisusedincombin 

ationwithothermethodsforfilingin detailswithinachainlength. 
 

 

 

 

 
 

 

 

 

 
PlaneTablingusingRadiationMethod 



Thefollowingsteps aretaken: 

1. SelectapointOsuchthatallthepoints arevisible 

2. SetupandleveltheinstrumentatO 

3. FromOaligntheAlidadeanddrawradiallinestowards.ThestationsA,B,C,DandE. 

4. MeasurethedistancesOA,OB,OC,ODandOE: scaleanddrawOa,Ob,Oc,OdandOe 

onthepaper. 

5. Jointhepointa,b,c, d,andetogivetheoutlineofthesurvey. 



LECTURE27 

 

 

 
IntersectionMethod 

Inthismethod, twoinstrumentstations areused 

withthedistancebetweenthemcalledbasedlineservingas 

thebasetomeasureandplottheotherlocations: 

1. 2points AandB areselectedfromwhichtherest ofthestations canbeseen. 

2. SetupandleveltheplanetableatAandmarkitas ain 

thepapertocoincidewithAontheground. 

3. SightB, C,DandEwiththeAlidadefromaanddraw rayswhichforwardsthem. 

4. MeasureAB,AC,ADandAEandusingappropriatescaledrawthecorrespondingpaperdi 

stance. 

5. RemovetheequipmentfromAtoB andrepeattheprocedureusingB as 

themeasuringstation. 
 

 

 

 
 

 
PlaneTablingusingIntersectionMethod 



 

 

TRAVERSINGMETHOD 
 

 

ThisissimilartothatofCompassSurveyorTransitTraversing.Itisusedforrunningsurveylinesbe 

tweenstations,whichhavebeenpreviouslyfixedbyothermethodsofsurvey,tolocatethetopogra 

phicdetails.Itisalsosuitableforthesurveyofroads,rivers,etc. 
 

 

 

 

 

 

 

 

 

 

 

 

PlaneTablingusingTraversingMethod 

. 
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Resection:- 

 
Resectionistheprocessofdeterminingtheplottedpositionofthestationoccupiedbyt 

he planetable,bymeansofsights 

takentowardsknownpoints,locationsofwhichhavebeenplotted. 

 
Themethodconsistsindrawingtworaysto thetwopointsof 

knownlocationontheplanafterthetablehasbeenoriented.Theraysdrawnfromtheun- 

plottedlocationofthestationtothepointsofknownlocationarecalledresectors,theintersectiono 

fwhichgivestherequiredlocationoftheinstrumentstations.Ifthetableisnotcorrectlyorientedatt 

hestationtobelocatedonthemap,theintersectionofthetworesectorswillnotgivethecorrectlocat 

ionofthestation.Theproblem,therefore,liesinorientingtableatthestationsandcanbesolvedbyt 

hefollowingfourmethodsoforientation. 

(i) Resectionafterorientationbycompass. 

(ii) Resectionafterorientationbybacksighting. 

(iii) Resectionafterorientationbythreepointproblem. 

(iv) Resectionafterorientationbytwo-pointproblem. 

 
(i) Resectionafterorientationbycompass:- 

 
Themethodisutilizedonlyforsmallscaleorroughmappingforwhichtherelativelyla 

rgeerrorsduetoorientingwiththecompassneedlewouldnotimpairtheusefulnessofthemap.The 

methodisasfollows: 



 
 

1. Let„C‟betheinstrumentstationtobelocatedontheplan.Let„A‟and„B‟betwovisiblestation 

swhichhavebeenplottedonthesheetas„a‟and„b‟.setthetableat 

„c‟andorientitwithcompass.Clampthe table. 

2. Pivotingthealidadeabout „a‟, 

drawaresector(ray)towards„A‟;similarly,sight„B‟from„b‟anddrawaresector.Theinters 

ection ofthetworesectorswillgive„C‟,therequiredpoint. 

 

(ii) Resectionafterorientationbybacksighting:- 

 
Ifthetablecanbeorientedbybacksightingalongapreviouslyplottedbacksightline,t 

hestationcanbelocatedbytheintersectionofthebacksightlineandtheresectordrawnthroughan 

otherknownpoint. Themethodisasfollows: 



 
 

1. Let„C‟bethestationtobelocatedontheplanand„A‟and„B‟betwovisiblepointswhichhave 

beenplottedonthesheetas„a‟and„b‟.Setthetableat„A‟andorientitbybacksighting„B‟alo 

ng„ab‟. 

2. Pivotingthealidadeat„a‟.sight„C‟anddrawaray.Estimateroughlythepositionof„C‟onthi 

srayasC1. 

3. Shiftthetableto„C‟andcentreitapproximatelywithrespecttoC1.Keepthealidadeontheline 

c1aandorientthetablebybacksightto„A‟,Clampthetablewhichhasbeen oriented. 

4. Pivotingthealidadeabout„b‟,sight„B‟anddrawtheresector„bB‟tointersecttheray„c1a‟in 

„C‟.Thus,„C‟isthelocationoftheinstrumentstation. 

 
TheThree-PointProblem 

 
:Statement:- 

 
Locationoftheposition,ontheplanofthestationoccupiedbytheplanetablebymeans 

ofobservationstothreewell- 

definedpointswhosepositionshavebeenpreviouslyplottedontheplan. 



Thefollowingaresomeoftheimportantmethodsavailableforthesolutionofthepro 

blem. 
 

(a) MechanicalMethod(TracingPaperMethod) 

(b) GraphicalMethod 

(c) Lehmann‟sMethod(TrialandErrorMethod) 

 
(a) MechanicalMethod(TracingPapermethod) 

 
Themethodinvolves 

theuseofatracingpaperandis,thereforealsoknownastracingpapermethod. 

 

 
Procedure: 

 
LetA,B,Cbetheknownpointsand a,b, cbetheirplottedpositions.Let„P‟ 

bethepositionoftheinstrumentstationto belocatedonthemap. 

(1) Set thetableonP. Orientthetableapproximatelywitheyesothat „ab‟ is 

paralleltoAB. 

(2) Fixa tracingpaperonthesheetandmarkon itP‟asthe 

approximatelylocationof„P‟withthehelpofplumbingfork. 



(3) Pivotingthealidadeat„P‟,sightA,B,CinturnanddrawthecorrespondinglinesP‟a‟,P‟b 

‟andP‟c‟ onthetracingpaper.Theselineswillnotpassthrougha,bandcas 

theorientationisapproximate. 

(4) Loosethetracingpaperandrotateiton 

thedrawingpaperinsuchawaythatthelinesp‟a‟,p‟b‟andp‟c‟passthrougha,bandcres 

pectively.Transferp‟ontothesheetandrepresentitas 

p.Removethetracingpaperandjoinpa,pbandpc. 

(5) Keepthealidadeonpa.Thelineofsightwillnotpassthrough„A‟astheorientationhasnot 

yetbeencorrected.Tocorrect 

theorientation,loosetheclampandrotatetheplanetablesothatthelineofsightpassesthro 

ugh„A‟.Clampthetable.Thetableis thus oriented. 

(6) Totesttheorientationkeepthealidadealongpb.Iftheorientationiscorrect,thelineofsigh 

twillpassthroughB.similarly,thelineofsightwillpassthrough 

„C‟whenthealidadeiskeptonpc. 

 
Lehmann’s Method:- 

 

Thisis theeasiestandquickestsolution.Theprinciplesofthemethodareas 

follows : 
 

(a) WhentheboardisproperlyorientedandthealidadesightedtoeachcontrolsignalsA,Ban 

dC,raysdrawnfromtheirrespectivesignalswillinterestatauniquepoint. 

(b) Whenraysaredrawnfromcontrolsignals,theanglesoftheirintersectionsaretrueangles 

whetherornot theboardis properlyoriented. 

 

Procedure :- 

 
1. Setthetableovernewstationpandapproximatelyorientit. 

2. WithalidadeonasightA,similarlysightBandC.ThethreeraysAa,BbandCcwillmeetata 

pointiftheorientationiscorrect.Usually,however,theywillnotmeetbutwillformasmall 

triangleknownas thetriangleoferror. 

3. To reducethe triangleoferrorto zero,anotherpoint„p‟ischosenasper 

Lehmann‟srule. 

4. Keepthealidadealongp‟aandrotatethetabletosightA.Clampthetable.This 

willgivenextapproximateorientation(butmoreaccuratethanthepreviousone). 



Thensight„B‟withalidadeat 

band„C‟withalidadeatc.Therayswillagainformatriangleoferrorbutmuchsmaller. 

5. Themethodhasto berepeatedtillthetriangleoferror reducestozero. 

 

 

 
Lehmann’sRules:- 

 
Therearethreerules tohelpinproperchoiceofthepointp‟. 

 
1. Iftheplanetableissetupinthetriangleformedbythethreepoints(i.e.plieswithinthetriang 

leABC)thenthepositionoftheinstrumentontheplanwillbeinsidethetriangleoferror,if 

notitwillbeoutside. 

2. ThepointP‟ 

shouldbesochosenthatitsdistancefromtheraysAa,BbandCcisproportionaltothedistan 

ceofpfrom 

A,BandCrespectively.Sincetherotationofthetablemusthavethesameeffect 

oneachray. 

3. Thepointp‟shouldbesochosenthatitlieseithertotherightofallthreerays 

ortotheleftofallthreerays,sincethetableisrotatedin onedirectionto locate P. 

 

Referringtothefigurebelow: 

 

 

Byrule1pisoutsidethesmalltriangleas pisoutsidethetriangleABC. 

 
Byrule2,usingtheproportionsfortheperpendiculars 

givenbyscalingthedistancesPA,PB andPC,itmustbein thelefthandsector asshown. 

 
andPC. 



Byrule 

3,itcann 

otbein 

eitherof 

thesect 

orscont 

ainedby 

therays 

PA,PB 



 
 

 

 

 

Indeterminatesolutionif 

pointoccupiedatthecircumcircleofthethreecontrolpoints:- 

AlternativeGraphicalSolution :- 

 
(1) Drawaline„ae‟perpendicularto„ab‟at„a‟.Keepthealidadealong„ea‟androtatetheplane 

Tabletill „A‟isbisected.Clampthetablewith„b‟ ascentre,directthealidadeto 

sightBanddrawtheraybetocut„ae‟in„e‟ Fig 28.1(a) 

(2) Similarly,draw„cf‟perpendicularto„bc‟at„c‟.Keepthealidadealong„FC‟androtatethep 

lanetabletill„c‟isbisectedclampthetable.With„b‟ascentre,directthealidadetosight 

„B‟anddrawtheray„bf‟tocut„cf‟inFFig28.1(b) 

(3) Join„e‟and„F‟.Usingasetsequre,draw„bp‟perpendicularto„ef‟.Then„p‟representsont 

he plane theposition„p‟ofthetableontheground. 

(4) Toorientthetable,keepthealidadealong„pb‟rotatetheplanetabletill„B‟isbisected.Toche 

cktheorientationdrawraysaA,cCbothofwhichshouldpassthrough„p‟asshowninFig.28. 

1(c). 



 

 

 

Fig.28.1 



GraphicalMethod:- 

 
Thereareseveralgraphicalmethodsavailable,butthemethodgivenbyBessel 

ismoresuitableandisdescribedfirst. 

 

Bessel’sGraphicalSolution:- 

 
(1) Afterhavingsetthetableatstation„P‟, keepthealidadeon„ba‟androtatethetable 

sothat„A‟isbisected. Clampthetable. 

(2) Pivotingthealidadeabout„b‟,sightto„C‟anddrawtheray„xy‟alongtheedgeof 

thealidade.[Fig28.2(a)] 

(3) Keepthealidadealong „ab‟androtatethetabletill„B‟isbisectedclampthetable. 

(4) Pivotingthealidadeabout„a‟,sightto„C‟.Drawtherayalongtheedgeofthealidadetointere 

sttheray„xy‟in„cf‟.[Fig28.2(b)]Joincc‟. 

(5) Keepthealidadealongc‟candrotatethetabletill„C‟isbisected.Clampthetable. 

Thetableis correctlyoriented[Fig28.2(c)]. 

(6) Pivotingthealidadeabout„b‟,sightto„B‟.Drawtheraytointersectcc‟in„p‟.Similarly,ifali 

dadeispivotedabout„a‟and„A‟issighted,theraywillpassthrough„p‟iftheworkisaccurat 

e. 

 

 
Fig28.2 



 

 

Fig28.2 

 

 

 
Thepointsa,b,c‟and„p‟formaquadrilateralandallthefourpointsliealongthecircumferenceofa 

circle.Hence,thismethodisknownas“Bessel‟smethodofInscribedQuadrilateral”. 

 

Inthefirstfoursteps,thesightingsfororientationwasdonethrough„a‟and 

„b‟andraysweredrawn,through„c‟.However,anytwopointsmaybeusedforsightingandthera 

ysdrawntowardsthethirdpoint,whichisthensightedinsteps5and6. 



LECTURE29 
 

 

TwoPointProblem :- 

Statement:- 

“Locationofthepositionontheplanofthestationoccupiedbytheplanetablebymean 

sofobservationtotwowelldefinedpointswhosepositionshavebeenpreviouslyplottedonthepla 

n.” 

Letustaketwopoints„A‟and„B‟,theplottedpositionsofwhichareknown. 

Let„C‟bethepointtobeplotted.Thewholeproblemistoorientthetableat„C‟. 

 
Procedure:(ReferbelowFig29.) 

 
(1) Chooseanauxiliarypoint„D‟near„C‟,toassisttheorientationat„C‟.setthetableat„D‟in 

sucha waythat„ab‟is 

approximatelyparallelto„AB‟(eitherbycompassorbyeyejudgment)clampthetable. 

(2) Keepthealidadeat„a‟andsight„A‟.Drawtheresector.Similarlydrawaresectorfrom„b‟a 

nd„B‟tointersectthepreviousonein„d‟.Thepositionof„d‟isthusgot,thedegreeofaccurac 

yofwhichdependsupontheapproximationthathasbeenmadeinkeeping„ab‟parallelto„A 

B‟.Transferthepoint„d‟tothegroundanddriveapeg. 

 

 
Fig29Twopointproblem 



(3) Keepthealidadeat„d‟andsight„C‟.Drawtheray.Markapointc1ontheray 

byestimationtorepresentthedistance„DC‟. 

(4) ShiftthetabletoC,orientit(tentatively)bytakingbacksideto„D‟andcentreit 

withreferencetoc1.Theorientationis, thusthesameasitwasat„D‟. 

(5) Keepthe alidade pivotedat„a‟ andsightitto„A‟.Draw the 

raytointerestwiththepreviouslydrawn ray 

from„D‟in„c‟.thus,„c‟isthepointrepresentingthestationC1withreferencetotheapproxi 

mateorientationmadeat „D‟. 

(6) Pivotingthealidadeabout„c‟,sight„B‟.Drawtheraytointersectwiththeraydrawnfrom„D 

‟to „B‟inb‟. Thus b‟is 

theapproximaterepresentationof„B‟withrespecttotheorientationmadeat„D‟. 

(7) Theanglebetweenabandab‟istheerrorinorientationandmustbecorrectedfor.Sothat„ab‟ 

andab‟maycoincide(ormaybecomeparallel)keepapole„P‟inlinewithab‟andatagreatdi 

stance.Keepingthealidadealong„ab‟,rotatethetabletill 

„P‟isbisected. Clampthetable. Thetableisthuscorrectlyoriented. 

(8) Afterhavingorientedthetableasabove,drawaresectorfrom„a‟to„A‟andanotherfrom„b‟ 

to„B‟,theintersectionofwhichwillgivetheposition„C‟occupiedbythe table. 

 

It istobe noted herethatunless thepoint„P‟ischoseninfinitelydistant,„ab‟and 

ab‟cannot bemade parallelsince the distance of„p‟from„C‟islimiteddueto 

otherconsiderationstwo- 

pointproblemdoesnotgivemuchaccurateresults.Atthesametime,morelabourisinvolvedbecau 

sethetableisalsotobesetononemorestationtoassisttheorientation. 
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