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Abstract

This study preseaamethodology on howo extract topographical featuriesm tri-sterecsatellite
imagey using a Refined Renal Function Mode[RFM) andbuild a Digital Elevation Model
(DEM). KOMPSAT-3 tri-stereoimagescaptured orCarabadslandin the Philippineswereused
on this study

The RFM refinementfrom tri-stereo imager is basedon the GeoEyel reference image and
SRTM 30mDSM where Ground Contrdboints (GCP) and Ti®oints (TP) arecalculated Prior
to refinement, the raw Level 10 KOMPSAIImage showoverlappingoffsetof around 26 to 30
meters.After the refinement,hte resultingorthorectified panchromati& OMPSAT-3 tri-stere
images show improved georeferencingaccuracyof 3 to 5 meters basedn a single point of
reference

TheresultingDigital SurfaceModel(DSM) was able to achieve a grourasolutionof 1.4meters
The quality of tri-stereo DSMis assessed wittespect t)ALOS 30m DSMby calculating the
correlation coefficients aneélevation differencegor all pixels in the study arealistogram
analysisrevealeda mean of-0.63 meters andtandard deviatioof 4.05 metersThe linear
regressiorandPearsorcorrelation coefficierswereboth 0.99. In general, thédLOS 30m DSM
hasslightly higher measurements thine tristereo DSMutare highly correlated with each other.

This study demonstrade¢hat optical satellitémagerycan beusedto extract topographiteatures
and monitor geomorphic processes such as landsligeserateflood routing models andther
derivative applications

Keywords: Tri-stereo Image, Digital Elevation Mod@jgital Surface ModelRational Function
Model, PhotogrammetryGeometric Modeling, Topography Extraction
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1.INTRODUCTI ON

Earth observation satellites help with ddtaven assessment and decismaking by providing
timely and relevant information extract&'dm a specific area of interest. With thetablishment
of the Philippine Earth Data Resource and Observation (PEDRO) Ceptée Department of
Science and Technologidvanced Science and Technology InstiiR®©ST-ASTI), the country
was able t@ainaccess tderabytesof data generated lifferentearth observation satellites. As
theoperatiors of the PEDROCentertransitions to the Philippine Space AgeliEhilSA), sources
of quality spaceborne dataill be sustained and expandasthe lattercontinuouslystrengthens
the foundatiorstarted byDOST-ASTI. With access towolumesof earth observatiodata, new
opportunitiesfor earth surface monitoringre openednot just by looking into images but also
extracting relevant features from it.

With different changes on the environmefuirther amplified byhumanactivity, the need for
monitoringthe surface of the earts continuously increasin@gonsequentlythe number o&arth
observationsatellites haveincreasd, driving the cost ofdatalower. The capability toacquire
multi-temporal datasehave improved, as well agheability to monitorgeomorphic processasd
the effects of naturatlisasteroon theE a r tsurféce(Aati and Avouac, 2020)These types of
analyss requirea good understanding aihage geometryo allow the extraction olccurate
Digital Elevation Models (DEM)DEMs show a 2dimensional view of a particular area of interest
that can be displayed on a compuf2EMs provide valuable insights t@searchera/hile savng
time and resources in analyzing lasgeasvirtually impossible to be coveredrofoot

DEMsare spatial data that containsation ancelevation values of the terrain over a specific area
usuallyrepresented as a structured giid/o typesof DEM arethe Digital Terrain Model (DTM)
and theDigital Surface Model (DSM)

Figure 1:Comparisorbetween a digitaterrain model (DTM) and the digital surface model
(DSM).
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This studyproposes thaseof RationalFunctionModelto extractthe DSM from atri-stereadmage
capturel by KOMPSAT-3. The tristereo image was captured simultaneoustiz varying pitch
angles creating a parallaketween each image. The areanosdgecaptureis located aCarabao
Island Philippines
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Figure 2:Area of studyCarabao Islandhilippines Base mapESRL

Theresulting DSM will beassessetly comparingts terrain profile to otheelevation modés,
being theALOS PALSAR world DSM version 3.1as the only available dataith a spatial
resolution of ® meters.

22 METHODOLOGY

2.1 Ster® imagery satellite capture.

The extraction of topographic featureslué area of studwill be doneon a stereo satellite image
captured by KOMPSAT satellite.Stereo satellite imaging called stereoscopy or 3D imaging is a
photogammetic technique developédd create the terrain of an afeam sets of image Satellites

can be tasked to collect either stereo imagery-@téneo imagery to produce higjuality DEMs.
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Figure 3: Compasion ofstandard stereo pair and-$tereo pair imag capture mode

Thestandard stereo pamage capture methazhpturesan aredrom just two anglesyhich may
not capturerelevantinformationbetween tall structure3he improvedri-stereomodecaptures
images from three angles so that it can provide informatiomibgtbehidden on steep terrains,
clustered buildings, and densely bwfi areas.

2.2. KOMPSATS3 satellite imagey

The KOMPSAT3 satellite usesreAEISS (Advanced Earth Imagir§ensor Systen{Figure4.a)
push broommager capable of capturimgultispectralimages with resolution of 2.8netersand
panchromatic imagewith resolution of 0.7meters.The ti-stereo imagery was capturech
February03,2021on Carabao IslandRhilippines producing three overlappintadirimages with
pitch, tilt, and yawangles oR27.94 degrees0.072 degrees ane27.89 degreestespectively.
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Figure4: (left) lllustration of theAdvanced Earth Imaging Sensor SystentKGMSPAT-3
(right) Number of overlapping Komps&timages captured using-giereo configuratiom
various tilting angles

Level 10tri-steredKOMPSAT-3 image wasacquired butonly thepanchromatidandfrom each
imagewereused for the extraction of tH2SM. Level 10 arepreprocessedrtho-ready images,
where geometric distortions are corrected and projected to31FPM

2.3.Rational FunctiorModel

The tristereo KOMPSAT3 imagesare processed usinthe Rational FunctiorModel (RFM),
which is a simplenathmodel that builds a correlation between pbahd their ground location
(Cheng, 2014)This models best used when satellgensor model is proprietampe imagery has
been processedeometrically and math modélas beenprecomputedby the satellite image
provider TheRFM can be refinedo improve thegeometric correction of the imageny adding
Ground Control Points (GCP)distributed across the whole imagéd€iong, n.d). The workflow
onusing theRFM for DSM extractionis summarizedn Figure5. A terrainindependent approach
was used and the given RPC file from KOMPS2Was used for thRFM solution.
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Figure5: General process oising theRational Function Model fobSM extraction

2.3.1 RationaFunction Model Refinement

Prior to RFM refinementthe raw Level 10 KOMPSAT3 image show georeferencing offsets
betweereachimageof around40 to 90 meters As shown in Figuré, the reference point shown
on theleftmost imagelanded ondifferent areas between the imagehich indicates poor
georeferencingn theRaw Level 10 KOMPSAT3 image A Rational Function Model refinement
canbe runwheren a validated orthorectified imageferenceDigital Elevation Model anGCPs
will be used tamprovethe georeferencing between the three overlaps of the imadggbryheir
realworld locationgCheng, 2014)Using PCIGeomaticsoftware theRFM refinemenbn three
overlapping tristereo KOMSPAT3 imagesvas performed

Figure6: RawLevel 10 tri-stereo KOMPSAT3 images shown witareference point to assess
georeferencinguality.
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A Geye-limagef r om E SRI 6 s oviloredtifttdbasenraagaptungdon August 15,
2019 with a resolution of 0.5 meter argkoreferencingaccuracy ofs metes was usedasthe
reference imagerp improvethe georeferencingf thetri-stereo images
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Figure7: GeoEyel reference imagébom ESRI World imagery base map.

Aside from the reference imagetire Shuttle Radar Topography Mission (SRTMjré-second
global 30m DEMwas used torthorectify the trAstereoKOMPSAT-3 image.The reference
elevation model will be used together with the reference orthoimage to gather eriioggctass
thetri-stereo imagew improvethe georeferencing between eaoberlap
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Figure8: SRTM with 30-metergroundresolution usedor RFM refinement

As part ofthe RFM refinementan automatidie-Point (TP) collection wasaddedto the process.
The Tie-Point collection is aset oflocatiors thatarerecognizablevisually between two or more
overlapping imagesmagecorrelationtechnique such assusan Methodnd fastFouriertransfer
phase (FTTPalgorithmwereusedto automaticallycollect TPsbetween all the images.

2.4. Digital Elevation Model Extraction

3D reconstruction frona setof images can bperformed irnthe image space or object spatke
image space is mostly used wstereoscopyairs or tristereo paiand therefore used in this study.
The object space is commonly ubith multiple overlapping imagesuch as images acquired
through dronendcloserangephotogrammetryAfter therefinement oRFM, thefollowing steps
wereneededFigure 10)to extract the [3M from thetri-steredmage:
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Figure9: Comparing all overlapping pairs and maximum overlapping pairpipolar pair
selection

Stered Matching for Extraction of Digital Elevation Model:
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