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MODULE-2

Definition of Photogrammetry

Photogrammetryisthescienceandtechnologyofobtainingreliable informationabout physical
objects and the environment through the process of recording, measuring, and interpreting
photographic images. This method allows for the accurate measurement ofobjects and spaces
using photographs taken from different angles.

Advantages of Photogrammetry

1. Accuracy:Photogrammetryprovideshighlyaccuratemeasurementsanddetailed3D
models, making it invaluable forsurveying, mapping,andarchitecturalapplications.

2. Cost-effective:Comparedtotraditionalsurveyingmethods,photogrammetrycanbe
more cost-effective, especially for large areas or complex structures.

3. Non-invasive:ltallowsforthemeasurement anddocumentationofobjectswithout
physical contact, preserving the integrity of sensitive or hard-to-reach objects.

4. Efficiency:Theprocesscanbe fasterthantraditionalmethods,especiallywhenusing
drones or aircraft to capture images of large areas.

5. Versatility:Itcanbeusedinvariousfields, includingarchaeology,geology,architecture,
forensics, and engineering.

Typesof Photogrammetry

1. AerialPhotogrammetry:
o Involvescapturing imagesfromanaerialperspective,typicallyusingdrones,
aircraft, or satellites.
o Applications:Creatingtopographicmaps,urbanplanning,environmental
monitoring, and disaster management.
2. Terrestrial(Close-range)Photogrammetry:
o Involvescapturingimagesfromtheground,usuallywithhandheldcamerasor
tripods.
o Applications: Architecturaldocumentation,forensicinvestigations,andcreating
detailed models of artifacts or small objects.
3. SatellitePhotogrammetry:
o Usessatelliteimagestogatherdataoverlarge areas.
o Applications:Earthobservation,climatemonitoring,andlarge-scalemapping
projects.
4. Oblique Photogrammetry:
o Capturesimagesatanangleratherthandirectlyoverheadorfromthe side.

NAMITHAAP Pagel



Remote sensing and GIS-BCV515D 2025-26

o Applications:Urbanmapping,realestate,andlandscapearchitecture,asit
provides more detailed views of building facades and terrain.
5. LaserScanning(LiDAR) IntegratedPhotogrammetry:
o CombinesphotogrammetrywithLiDARtechnologyto enhanceaccuracyand
detail.
o Applications:Forestrymanagement,infrastructureinspection,anddetailed3D
modeling of complex environments.

Hlustration

Imagine a construction project where detailed topographic maps are required. Traditional
surveying methods might involve significant time and labor, as surveyors need to physically
traverse the site. With aerial photogrammetry, a drone equipped with a high-resolution camera
can fly over the area, capturing a series of overlapping photographs. These images are then
processed using specialized software to create an accurate 3D modelofthe terrain. This model
canbeusedtoplantheconstruction, monitor progress,andevenvisualizethefinalproject inits
environment.

In summary, photogrammetry is a powerful tool that combines photography with measurement
andanalysistechniques,offeringprecise,efficient,andversatilesolutionsacrossawiderangeof
applications.

Digital Photogrammetry

Digitalphotogrammetry is the modern evolution oftraditionalphotogrammetry, utilizing digital
imaging and computer processing to analyze and interpret photographic data. This method
leveragesadvancedsoftwareandhardwareto convertdigitalimagesintoprecise, measurable3D
models and maps.

Advantages of Digital Photogrammetry

1. EnhancedAccuracy:Digitalphotogrammetryprovideshighlyaccuratemeasurements due
to the precision of digital sensors and advanced algorithms.

2. Automation:Manyprocesses,suchasimagealignment andpoint cloudgeneration,can be
automated, increasing efficiency and reducing human error.

3. Cost-effective:Digitalmethodscanreducethecostofphotogrammetricsurveys,
especially when utilizing drones and automated processing software.

4. HighResolution:Moderndigitalcamerasofferhigh-resolutionimages,resulting in
detailed and accurate 3D models.

5. Versatility: Applicableacrossvariousindustries,includingconstruction,archaeology,
agriculture, and environmental monitoring.

6. Scalability:Capableofhandlingprojectsofdifferent scales, fromsmallartifactstolarge
landscapes.

TypesofDigitalPhotogrammetry
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1. AerialDigitalPhotogrammetry:
o Usesdronesoraircraft equippedwithdigitalcamerastocaptureimagesfrom
above.
o Applications: Topographicmapping,urbanplanning,environmentalmonitoring,
and disaster response.
2. TerrestrialDigitalPhotogrammetry:
o Involvesground-baseddigitalphotography,oftenusinghandheldcameras,
tripods, or stationary setups.
o Applications: Architecturaldocumentation,forensicinvestigations,heritage
preservation, and detailed object modeling.
3. Close-RangeDigitalPhotogrammetry:
o Focusesoncapturingdetailedimagesofsmallerobjectsfromashortdistance.
o Applications:Industrialinspection,medicalimaging,andculturalheritage
documentation.
4. SatelliteDigitalPhotogrammetry:
o Utilizeshigh-resolutionsatelliteimagerytocreatelarge-scalemapsandmodels.
o Applications:Earthobservation,climatemonitoring,large-scalemapping,and
agriculture.

WorkflowofDigitalPhotogrammetry

1. ImageAcquisition:
o Capturemultipleoverlappingdigitalimagesofthesubjectorareafromdifferent
angles.
2. ImagePreprocessing:
o Correctandenhanceimages,includingadjustmentsforcolor,brightness,and
distortion.
3. ImageMatching:
o Usesoftwaretoidentifycommonpointsbetweenimages,aligningthem
accurately.
4. PointCloudGeneration:
o Createadensepoint cloudrepresentingthe3Dstructureofthesubject basedon
matched points.
5. ModelReconstruction:
o Convertthepointcloudintoa3Dmeshmodel,addingtextureand details.
6. AnalysisandInterpretation:
o Usethe3Dmodelformeasurements,analysis,andvisualization.

DifferencesBetweenDigitalPhotogrammetryandTraditionalPhotogrammetry

1. DataAcquisition

e TraditionalPhotogrammetry:

o Usesanalog camerasto capturephotographsonfilm.

o Requiresmanualprocessingofphotographicfilms toobtainimages.
o Digital Photogrammetry:
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o Usesdigitalcamerasorsensorstocaptureimagesdirectlyindigital format.
Imagesareimmediatelyavailableforprocessingwithouttheneedforfilm
development.

2. DataProcessing

o TraditionalPhotogrammetry:
o Involvesmanualorsemi-manualprocessessuchasstereoplottingandanalog
measurements.
o Requiresphysicalinstrumentslikestereoscopesforviewingandanalyzing
images.
« Digital Photogrammetry:
o Utilizesadvancedcomputersoftwareforautomatedimageprocessing,alignment, and
3D model generation.
o Reliesonalgorithmsanddigitaltechniquesto matchpointsandcreateaccurate
models.

3. Accuracyand Resolution

e TraditionalPhotogrammetry:
o Limitedbythe resolutionoffilmand theprecisionofmanualmeasurements.
o Pronetohumanerrorandlessrepeatableduetomanualprocesses.
o Digital Photogrammetry:
o High-resolutiondigitalsensorsprovidegreateraccuracyand detail.
o Automatedprocessesreducehumanerrorandenhance repeatability.

4. EfficiencyandSpeed

e TraditionalPhotogrammetry:
o Time-consumingduetothe manualhandlingoffilmsand manualmeasurement
processes.
o Slowerworkflow fromimageacquisitiontofinaloutput.
o Digital Photogrammetry:
o Fasterdueto immediateavailabilityofdigitalimagesandautomatedprocessing
workflows.
o Rapiddataacquisitionandprocessingenablequickerturnaroundtimes.

5. Cost

e TraditionalPhotogrammetry:
o Highercostsassociatedwithfilm,chemicaldevelopment,andmanuallabor.
o Requiresspecializedequipmentforfilmprocessingand imageanalysis.

o Digital Photogrammetry:
o Lowerongoingcostsasiteliminatestheneedfor filmandchemicalprocessing.
o Usesreadilyavailabledigitalcamerasandcomputing resources.
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6. StorageandArchiving

o TraditionalPhotogrammetry:
o Physicalstorageoffilmsandprintsisnecessary,whichrequiressignificant space and
careful handling.
o Filmdegradationovertimecanaffectlong-termdatapreservation.
« Digital Photogrammetry:
o Digitalimagescanbestoredonharddrives,servers,andcloudstorage,requiring less
physical space.
o Easierto backup,replicate,and preservedataoverlongperiodswithoutquality loss.

7. FlexibilityandVersatility

e TraditionalPhotogrammetry:
o Limited flexibilityintermsofpost-processingandmanipulationofimages.
o Difficulttointegratewithother digitaldatasources.
« Digital Photogrammetry:
o Highlyflexible,allowingforextensivepost-processing,analysis,andintegration
with other digital datasets (e.g., GIS, LIDAR).
o Facilitatesenhancedvisualizationtechniquessuchas3Drenderingandvirtual
reality.

Digitalphotogrammetryofferssignificant improvementsovertraditionalphotogrammetryin terms
of efficiency, accuracy, cost, and versatility. The transition from analog to digital
processeshasrevolutionizedthefield,enablingfaster,moreprecise,andmorecost-effective methods
for capturing and analyzing spatial data. As a result, digital photogrammetry has become the
preferred choice for many applications across various industries.

GroundSurvey

A ground survey is a method ofgathering detailed information about the physical featuresofa
specific area by measuring and mapping them directlyon the ground. It is a fundamental
technique inthe fieldofsurveyingand isessentialforvariousapplicationssuchasconstruction, land
development, and mapping.

TypesofGroundSurveys

1. TopographicSurvey:

o Purpose:Tomapthecontoursandfeaturesoftheland, includingnaturaland man-

made elements.

o Applications:Constructionplanning,landdevelopment,environmentalstudies.
2. CadastralSurvey:

o Purpose:Todeterminepropertyboundariesandcreateaccuratepropertymaps.

o Applications:Land ownershiprecords,propertydisputes,realestatetransactions.
3. EngineeringSurvey:
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o Purpose:Togatherprecisedataforthedesignand constructionofinfrastructure
projects.
o Applications:Roadconstruction,bridgedesign,utilityinstallation.
4. ConstructionSurvey:
o Purpose:Toguidetheconstructionofbuildingsandotherstructuresbyproviding
precise measurements and layouts.
o Applications:Buildingconstruction,pipelinelaying,landscaping.
5. HydrographicSurvey:
o Purpose:Tomapunderwaterfeaturesandmeasuredepths inbodiesofwater.
o Applications:Nauticalcharting,dredging, marineconstruction.
6. GeodeticSurvey:
o Purpose:Todeterminetheprecisepositionsofpointsoverlargeareas,taking into
account the curvature of the Earth.
o Applications:Nationalmappingprojects,globalpositioningsystems,satellite
navigation.

InstrumentsUsedinGroundSurvey

1. TotalStation:
o Combineselectronictheodoliteandelectronicdistancemeasurement(EDM) to
measure angles and distances with high precision.
2. Theodolite:
o Measureshorizontalandverticalangles.
3. GPS(GlobalPositioningSystem):
o Providesaccuratelocationdatausingsignals fromsatellites.
4. Leveling Instrument:
o Measuresheightdifferencestodetermineelevations.
5. SurveyingChain orTape:
o Usedformeasuringhorizontaldistances.
6. DumpyLevel:
o Atraditionalinstrumentforestablishingpointsinthesamehorizontalplane.
7. PrismandPrismPoles:
o Usedinconjunctionwithtotalstationsfor distancemeasurements.
8. LaserScanners:
o Capturedetailed3Dinformationofthesurveyedarea.

ProcessofGround Survey

1. Planning:
o Definethesurveyobjectivesandselecttheappropriatetypeofsurveyand
instruments.

2. Reconnaissance:
o Conduct apreliminarysitevisit tounderstandtheareaandplanthesurvey
strategy.
3. Fieldwork:
o Setup controlpointsand benchmarks.
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o Measureangles,distances,andelevationsusingthechosen instruments.
o Recorddataaccuratelyinfieldbooksordigitaldevices.
4. DataProcessing:
o Transferfielddatatocomputersandprocessitusingsurveying software.
o Generate maps,plans,and3Dmodels.
5. AnalysisandInterpretation:
o Analyzetheprocessed datatoensureaccuracyandcompleteness.
o Interpretthedatatocreatedetailedmapsandreports.
6. Reporting:
o Present thesurveyfindings inaclearandcomprehensive report.
o Includemaps,diagrams,andanyotherrelevantinformation.

AdvantagesofGroundSurvey

HighAccuracy:Providesprecise measurementsforsmallareas.
Detail:Capturesdetailedinformationaboutphysicalfeaturesandboundaries.
Reliability:Provenmethodswithwell-establishedproceduresandstandards.
Versatility: Applicabletovariousfieldssuchasconstruction, landdevelopment,and
environmental studies.

el N =

LimitationsofGroundSurvey

Time-consuming:Requiressignificanttimetocoverlargeareas.
Labor-intensive:Involvesextensivemanualwork.
Cost:Canbeexpensiveduetotheneedforspecializedequipmentandskilled personnel.
EnvironmentalConstraints:Difficultiesinroughterrain,densevegetation,oradverse
weather conditions.

poONME

Ground surveys remain anessentialmethod for accuratelymapping and measuring the physical
features of an area. Despite the advent of advanced technologies like aerial and satellite
surveying,groundsurveysprovideunparalleleddetailandaccuracy, makingthemindispensable for
various applications in construction, land development, and beyond

AdvantagesofDigitalPhotogrammetry OverTraditionalGroundSurveying

Digitalphotogrammetryoffers severaladvantagesovertraditionalgroundsurveying methods,
making it a preferred choice for many applications. Here are the keybenefits:

1. EfficiencyandSpeed:

o DataAcquisition:Digitalphotogrammetryallowsforrapiddataacquisitionusing
drones or cameras, covering large areas in a shorter time compared to manual
ground surveying.

o Processing: Automatedsoftwareprocessesimagesquicklytogenerate3Dmodels and
maps, reducing the overall project timeline.

2. Cost-Effectiveness:
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o ReducedLabor:Fewerpersonnelarerequiredinthefield, leadingtolower labor costs.
LowerEquipmentCosts:Digitalcamerasanddronescanbe morecost-effective than
traditional surveying equipment, and the absence of film development costs
further reduces expenses.

3. Accessibility:

o DifficultTerrain:Digitalphotogrammetrycaneasilycapturedatainareasthat are
difficult or dangerous for surveyors to access, such as steep slopes, dense
forests, or hazardous environments.

o RemoteLocations:ltisidealforsurveyingremote locationswithouttheneed for
extensive physical presence on-site.

4. Non-Invasive:

o Preservation: Since digitalphotogrammetry is a remote sensing technique, it
doesnot disturbthesurveyedarea,preserving itsnaturalorhistoricalintegrity.

o Safety:Reducestheriskto surveyorsbyminimizingtheneedforphysical
interaction with potentially dangerous or unstable environments.

5. HighResolution andDetail:

o ImageQuality:Moderndigitalcamerasprovidehigh-resolutionimages,resulting in
highly detailed and accurate 3D models and maps.

o Precision:Advancedalgorithmsandsoftwareenhancetheprecisionof
measurements and data analysis.

6. Versatility:

o MultipleApplications:Digitalphotogrammetrycanbeappliedtovariousfields,
including construction, archaeology, environmental monitoring, agriculture, and
more.

o Integration: Easily integrates with other digital data sources, such as GIS
(GeographiclnformationSystems)andLiDAR,forcomprehensiveanalysis.

7. Scalability:

o LargeAreas:Efficientlycoverslargesurveyareaswithout aproportional
increase in time or cost.

o DetailLevel:Canbeusedforbothlarge-scalemappinganddetailed
documentation of small objects or specific site features.

8. Data StorageandManagement:

o DigitalArchiving:Digitaldataiseasierto store,manage,andsharecomparedto
physical records. It can be backed up and replicated without loss of quality.

o CloudAccessibility:Datacanbestoredinthecloud,providingremoteaccess and
collaboration opportunities for multiple stakeholders.

9. EnhancedAnalysisandVisualization:

o 3DModels:Digitalphotogrammetrycreatesdetailed3Dmodelsthat canbe
analyzed and visualized from different angles and perspectives.

o Advanced Software: Sophisticated software tools allow for comprehensive
analysis,includingvolumetricmeasurements,contourmapping,andsimulationof
various scenarios.

GroundCoordinates
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Groundcoordinatesarenumericalvaluesthatrepresent specificpointsontheEarth'ssurface. These

coordinates are essential for accurately mapping, surveying, and navigating. Ground coordinates

are typically expressed in various coordinate systems, the most common being geographic
coordinates and Cartesian coordinates.

TypesofGroundCoordinates

1. GeographicCoordinates:

o LatitudeandLongitude:Thesecoordinatesuseangular measurementsto
describe a location on the Earth's surface.

= Latitude:Measuresthe anglenorthorsouthofthe Equator,rangingfrom
-90°attheSouthPoleto+90°attheNorthPole.
Longitude:Measurestheangleeastorwest ofthePrimeMeridian,

ranging from -180° to +180°.

Example:(40.7128°N, 74.0060°W)representsapointinNewYork City.
2. CartesianCoordinates:

o X,Y,ZCoordinates:Thesecoordinatesrepresentpositionsinathree-
dimensional space relative to an origin point.
= X-axis:Typicallyrepresentstheeast-westdirection.
Y-axis: Typicallyrepresentsthenorth-southdirection.
Z-axis:Representstheverticaldirection(elevationordepth).

Example:(500, 1000,200)couldrepresentapointinalocalcoordinatesystem.
3. UTM(UniversalTransverseMercator) Coordinates:

o EastingandNorthing:UTMdividestheworld intoaseriesofzones,eachwith its
coordinate system.

= Easting:Distanceeastfromthecentralmeridianofthezone.

Northing:DistancenorthfromtheEquator(orafalsenorthing forzones in
the Southern Hemisphere).

Example:(500000E,4649776N,Zone33T)representsapoint intheUTM
system.

o

o

o

UsingGround Coordinates

Groundcoordinatesareusedinvariousapplicationssuchasmapping,navigation,and geographic
information systems (GIS). Here are a few ways they are applied:

1. Mapping and Surveying:

o TopographicMaps:Usecoordinatestorepresentnaturalandman-madefeatures.

PropertyBoundaries:Cadastralsurveysdefinepropertylinesusingprecise
coordinates.

2. Navigation:

o

o

GPSDevices:Providereal-timelocationdatausinggeographiccoordinates.
NavigationSystems:Usecoordinatestoguideusersfromonelocationtoanother.
3. Engineeringand Construction:

o SitePlanning:Usecoordinatesfortheaccurateplacementofstructuresand
infrastructure.

o
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o Monitoring:Trackmovementsandchangesinstructuresorlandformsovertime.
4. EnvironmentalStudies:
o HabitatMapping:Usecoordinatesto identifyand studyspecificecological
areas.
o ResourceManagement:Managenaturalresourcesbymappingtheirlocations.

CoordinateTransformation

Sometimes, it is necessaryto convert coordinates from one system to another. This process,
knownascoordinatetransformation,involvesmathematicalformulasandalgorithms.Common
transformations include:

1. GeographictoUTM:
o ConvertslatitudeandlongitudetoUTMeastingandnorthing values.
2. UTMtoGeographic:
o ConvertsUTMcoordinatesbacktolatitudeandlongitude.
3. LocaltoGlobalSystems:
o ConvertslocalCartesiancoordinatestoglobalgeographiccoordinatesandvice
versa.

ToolsforHandlingGround Coordinates

1. GPSDevices:
o Providereal-timegeographiccoordinatesusingsatellitesignals.
2. TotalStations:
o MeasuredistancesandanglestocalculateCartesiancoordinates.
3. GIS Software:
o Manages,analyzes, andvisualizesspatialdatausingvariouscoordinate systems.
4. Surveyinglnstruments:
o Includelevels,theodolites,andlaserscannersforpreciseground measurements.

FlightPlanning

Flight planning istheprocessofdevelopingadetailedplanforanaircraft'sjourneyfromitspoint of
departureto its destination. This involves selecting the route, determining fuel requirements,
ensuring compliance with aviation regulations, and preparing for various contingencies.
Effectiveflightplanning iscrucialforsafety,efficiency,andregulatorycompliance.

Key ComponentsofFlightPlanning

1. RoutePlanning:
o AirwaysandRoutes:Selectingthemostefficientrouteusingestablishedairways and
waypoints.
o Altitude: Determining the optimal cruising altitude based on aircraft
performance,weatherconditions,andairtrafficcontrolrequirements.
2. WeatherAnalysis:
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o Forecasts:Reviewingweatherforecastsforthedeparture,en-route,and
destination areas.
o Hazards:ldentifyingpotentialweatherhazardssuchasturbulence,
thunderstorms, icing, and wind shear.
3. FuelPlanning:
o FuelCalculation:Estimatingthefuelrequiredfortheflight,includingreserves for
contingencies and diversions.
o Efficiency:Optimizingfuelconsumptionbyselectingthemost efficient routeand
altitude.
4. NavigationandCommunication:
o NavigationAids:UsingGPS,VOR,NDB,andothernavigationaidstoensure
accurate navigation.
o Communication:Ensuringpropercommunicationprocedureswithairtraffic
control and other aircraft.
5. RegulatoryCompliance:
o FlightPlanFiling:Submittingtheflightplantorelevantaviationauthorities.
o Regulations:Ensuringcompliancewithallapplicableaviationregulationsand
airspace restrictions.
6. AircraftPerformance:
o LoadandBalance:Calculatingtheaircraft’sweightandbalancetoensureit is
within safe operating limits.
o PerformanceData:Usingperformancechartstodeterminetakeoff,climb,cruise,
descent, and landing performance.
7. ContingencyPlanning:
o AlternateAirports:Selectingalternateairportsincasethedestinationairport
becomes unavailable.
o EmergencyProcedures:Preparingforpotentialemergenciesandestablishing
procedures to handle them.

StepsinFlightPlanning

1. Pre-FlightPreparation:
o Gatherallnecessaryinformation, includingweatherreports, NOT AMs(Notices to
Airmen), and current charts.
2. RouteSelection:
o Choosethemostefficientrouteconsideringairspacerestrictions,weather,and
traffic.
3. WeatherBriefing:
o Analyzeweatherdatato assessconditionsalong therouteand atthedestination.
4. FuelCalculation:
o Calculatethetotalfuelrequirement,includingreservesforunexpecteddelaysor
diversions.
5. PerformancePlanning:
o Reviewaircraft performancedatatoensuretheaircraft cansafelycompletethe
planned flight.
6. FlightPlanFiling:
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o Submit theflight plantotherelevant aviationauthority,ensuringallrequired
information is included.
7. BriefingtheCrew:
o Briefthe flight crewontheplannedroute,weatherconditions,andanypotential
hazards or contingencies.

ToolsandTechnologiesinFlight Planning

1. FlightPlanning Software:
o Automatesmanyaspectsofflightplanning, includingrouteoptimization,weather
analysis, and fuel calculation.
o Examples:ForeFlight,GarminPilot,SkyVector.
2. ElectronicFlight Bags (EFBSs):
o Portableelectronicdevicesusedbypilotstomanageflightplanningand
navigation information.
o Replacetraditionalpaper chartsandmanuals.
3. GPSand NavigationSystems:
o Provideaccuratepositioninformationandassistinroutenavigation.
4. WeatherRadarandSatellite Systems:
o Offerreal-timeweatherdatatoassistinrouteplanningandhazardavoidance.
5. ATC(AirTrafficControl) Systems:
o Facilitatecommunicationandcoordinationbetweenpilotsandairtraffic
controllers to ensure safe and efficient flight operations.

ExampleofFlightPlanning Process
ConsideracommercialflightfromNewY ork(JFK)toLosAngeles(LAX):

1. RoutePlanning:
o Choosearouteusingestablishedairwaysandwaypoints,suchasJFK>DCT> SFO >
LAX.
2. WeatherAnalysis:
o Checkforecastsforturbulence,thunderstorms,andjetstreamconditionsalongthe
route.
3. FuelPlanning:
o Calculatefuelrequirements,consideringthedistance,expectedweather,andany
potential delays.
4. PerformancePlanning:
o ReviewtakeoffandlandingperformancechartsforJFKandLAX,considering
current weather conditions.
5. ContingencyPlanning:
o Select alternateairportssuchasLasVegas(LAS) incaseLAXbecomes
unavailable.
6. FlightPlanFiling:
o Submit theflight plantotheFAA, includingallrelevant detailsabouttheroute,
altitude, and estimated time of arrival.
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7. CrewBriefing:
o Briefthe flight crewontheplannedroute,weatherconditions, fuelrequirements, and
emergency procedures.
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