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Absiract

Reference helpht poimiz play impartant vole in the process of InSAR DEM pereration from two aspects; for
carmversion of reiglive io absolute heights and for DEM error exlimation. Usually, the input reference poind
heighis are fed by visual contmon featsre e s method whick Is fime conssmring expecially in SAR shigle look
large mages. Thix tediour femure identifleation process it svercome by inputting an external open fotrce
DEM during intermediate stages of InSAR DEM generation. Tenm InSAR DEMs are generated by eack of these
msthods and compared Besides, DEM srror extimation iv done ky pioel heigit matcling tecimique ushng
accurate Cario DEM: and also by Heited GPS control potnis, Statisiical error estimeier ore shedied by
vawying the mmnber of check poird height. The eslimated error dependsnce on the mmmber, fype and acoracy

of check polnts ix raported

1. Introdoction

Ar Inwrferometry phage poovides relative hedghits,
accumate Gromd Control Point heights are needed to
convert thege relafive heights to ahsohre heights.
Generelly these GCP heights are fed by vispel
identification of common geographical feahmres and
then by coondinates tie up method. Based on the
soouracies mvolved, these mput GCPs ocould be
precige ephemerig of saiallites, GPS mengurements,
TCPs, heights from ecxtemsl acoumte DEMS,
Altimeter dain, LIDAR detm cic (Baninger and
Liltrartse, 1997 wid Larsen ot sl., 1923), But, n this
method, identification of the GCP featores in quite
tedions and time ineffective specially in case of
SAR SLC imsgos. Mest of the times, this issue is
over come o some oxtent with the help of
supplementary optical images. Now, an alternative
spproach is ettempied, where in the problem has
been overcome by feeding an external open pource
HETM 9 m specing DEM during the synthesie of
imterferogram mmd flettewimg sieges in the DEM
peneration process, Thing ERS-1/2 SLC Tandem
Data pairs over Bengulmn (BLR), Hydersbad
(HYD), Tirupati (TFT) and Jaipwr (PR}
poographical avens in Indisn region, two eets of
InSAR. DEMs of 7.5' x 7.5" mep size erema &
np in one set aiwd using s external DEM in gother
set. While gencrating the lnSAR DEMS weing first
method (Earth View TnSAR, 2001}, banch merk
beights from Smrvey of Indis (SOI) STHI, 56K7,
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5704, 54B13 map sheets ave wsed for absolote
height reference mopose (Kesavarso ot al., 2003}
This has been & tediome and takoen lot of tines. Tn fhe
{Sarscape, 2009) by weing an external DEM, rized
and projected o the required ara of interset, All the
InSAR DEM: are refined for artifucts such s woids,
apikes ete, and hrought to common projections and
Datnm, {Keaavarao of al,, 2010), Standard Deviation
{30) mxl Root Mem Square Bmor (RMSE) heve
heen extimated for both scte of DEMz. While USGS
rocomunended osing o mintvom of 28 check points
{U.5. Grcological Survey, 1997), it ia simted that
more points are needed in peactice to achisve o
relishle assessment of DEM emrars closer to what ia
accepbed in most eintiaticel testn (Zhilin, 1991 and
Cosrtaro #t al, 2005), It iz aimed in this soady W
find ont the optimnym nmober of points needed to
relisbly estimate eintictical errors such ax RMBSE,
Mesn Error (ME), Stunderd Eror (SE), Accuracy
Rnhu{All}formgepm:lmntchmgmﬂﬂmd.erl
wige comparieoh i3 made by image mabching
twthod using 10 m spacing Carte DEM of Bm
vertical accumcy mnd the ontpuot is analyzed for the
dependency of emure on the number of test pizels
pead. The exercise i3 repested using discrots
refercnce test sample heightn obtmined from OGS
ohservations of ground 1m vertical accurscy of at
lesst ome order better than the chosen six INBAR
DEMs over Hyderahad and Bengalorn areax (Koch
and Lobrnemm, 2004) in thiy stedy.
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Table 1: Statistical Enoers of MSAR DEM sets penevaded using two separade approaches

RMBE () w.r.d
DEM Identification Standard Doviation {m ) Ref CartaDEM
Reference InSAR | InSAR | InSAR | InSAR
DEM ID CartoDEM | Set-1 | Set-I | Swt-l Set -2

L1725 78375 HYD (1) 33.0 53.7 404 29.0 22.5

17375 78375 HYD (2) | 18.0 17.0 272 20.0 229

135 7925 TPT (%) 137.0 1377 | 1292 [ 75.0 795

1275 775 BLR{4) 68.0 75.2 68.0 25.0 273

1275 77625 BLR (5) 13.0 25.1 233 18.5 232

L2875 775 BLR (6). 310 423 353 28.0 154

12875 77625 BLR () | 12.0 23.8 203 215 18.6

2675 76875 JPR () 4.0 13.4 13.7 13.0 19.4

26873 7675 IR (O) 30.0 316 32 332 277

26875 76875 JPR(10) 13.0 19.5 189 13.5 16.8

150 2. Comparisen of IRSAR DEMy Generated with
175 == (arto DEM Diverse Methads

—=—|[nSAR Method 1 In addition to the planar cartographic pointa used for
T W InSAR Method 2 geo refersncing, six tw wn reforence height points
E?S obtained from SOI bench marka with spread arc
H ||" ugad in mumal festure identification mode. These
50 \ ten InSAR DEMs are reforred ae BSAR Set-1
E 75 \x\\\i \W DEMSs. For the same ical arcas mndd aizes,
/\/\ weing the serue basic ERS-172 SLC tandem dats
0 paire, all the ten [InSAR DEM= were re-generated

RMSE (+m )
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Figmre 2: RMSE of InSAR DEMa

uging pacond approach in which avgilable extamal
SRTM DEM ir fed at interferogrm generation
stagm. These ten IMSAR DEM: aro called s MSAR
Set-2 DEMa. 5D and RMSE are estimated for hoth
these sets of DEMs wimg pixel matching image
differancing msthod with accurate Carto DEMs
(Wood, 1996 and Smn and Szen, 2005) end the
results are shown in Figores 1 and 2,

3, Error Examination with Namber and S8oarce
af Reference Faiutp

It is known that matching each pixel point beight in

the InSAR DEM with comesponding pixel of an

acourate reference point will give ount & robust

assessment of vertical accurecy (Day and Muller,

1988 end Sasowsky, 1992). In practice, complete

reference poimt 18 diffioult Usnally the comperison
will he limited to a few unifornly digiribarted
gcourate reference quality control check poinis.
Error estinmtlon using lesser nomber of refivence
poinie is said to give leas relinble remilie expecinlly
for unduleting end heterogeneity of terain
conditions, Number of chack pointe, the accuracy of
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check points and the soutcs of thess polnte helphis
become relevent when one wanis io cstimate the
errors of DEMs relisbly. Ermor melysis is cerred
orf on cor maps derived floongh Imsge
differencing neing varied momber of reference points.
For this purposc, an I house developed Software
utiliity ie run to systematically choose the smmber of
check points with equal spacing while engyring
utiifiretn gpread owet the enthee DFEM, The tmbwer
of relrence pixel beight check points are varied to
cover minimum required and meximum posgible in
each cese, coor calimated and the culput is
enatyzed for mdermtanding the dependency of RMB
et on the numher of test pixels need. The eror
patimation exetcise is vepeated by changing the
prce of the refaence points, Sulteble Groamd
Control Points thet ere falling in the aree of interest
ire reirieved from GCP Libmxy dais baso end weed
B8 reference points. These GCPa are from GPS
meanmements and are etated to be of areumd 1 m
sach of the DFEM:z waried fiom 9 to 41 based ot
availability in the data hass, The comparissn meals
we ghown in Pigyre 7, Rafivence Carn DFM,
penosted InSAR DEM and DEM eoor imsge mm

given in Figures 8, 9 end 10,

4, Parammaters for Errer Ameasment
Arsesnment of 8 DEMe goality &1 generslly
performed by amriving of a nwamire of DEM
accmeacy Le,, how close the DEMp slevation values
e to the troe slevutons, RMEE and SD esthoute of
the Boor eme frequently wmsed. These meemuoes
summmarize clevation eoora n 8 DEM &a & aingle
value in apite of limitetions sssocinted with this kind
of representation {Cammom, 1997 Az mggerted in
the literaturs, Siatistical parameters such ax RMSE,
8D, Accuracy Ratic and Standord Emgr am
mm;medﬁ:rmdmfthanﬂu{inktlmdsuz
RMSE which represent the vertical sovooacy of
entire DEM is computed by:
50 =i P2 an Error
=== 5td Error
= Acc Ratio
=—se— R MSE

Error(m)
&
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Figure 3: Eror Statistics for 17375_78375
InSAR Hyd DEM
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Figure % Refereoce Certo DEM

5. Reyulin

Figure 1 show high degnee of siedlrity in vatiation
of 8D for all the ten DEMa gencreted with two
scparate methods and aleo with reference Carto
DEMS, Figurs 2 ghows the Variation of RMSE for
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Fignre 8: DEM Error Image with amor
ranges in = meters

Figure 10; Generuted InBAR.

twos sety of INSAR DEM: thet sgrees well hotwesn
tweo methods. The correlation cocfficients for SO of
Set]l and Set 2 DEMa with respect to Carte DEMa
ara 0,987 and 0999 regpectively, The comrelation




voeflicient for RMSE of Set] end Set 2 DEM ia
0.954 The consigbancy in thess parameters indicate
that for varlons types of teeralne comsidered, second
mecthod also produce similsr quality mSAR DEM s
in the firet medhod bant with time sffectivensss. The
large 8D and RMSE for the DEM with ID-3 in both
ectn for TPT arca ie probably related to the complex
wrrain conditions and it cen be seen thet It is
malogons to reference Carto DEM 23 well. More
tloge examination of the Fipures 1, 2 and the
corrcletion values revesl that the DEMs gencted
using method-2 are more close to the reference
DEMs anvd poltits ont that the socond method seems
to be n prefemble one for genermation of DEME as it
i i effective and lege ghrenyoue, From Figures 3-
6, it ie infereble that the SE mnd RMS Ermor are
stoble, relishle and agres with sach ather tighthy
when woutd 165 chock poltis on ah avetage are
used When less mumber of teat points ssy aroumd
Tess than 100 are considered for estimation of DEM
errors, the RME arror amid Stendand Brrome Bre seen
o fhpctuste and the Aceyracy Ratio is found to
weood 1.0, evens tending to 2.0 in soene cagew,
making the estimations less relinhle Smce GPS
contrgl pointe saw avalsble for six DEMs only,
RMBE i estimated for those six mSAR DEMa
uring (P8 check pointe. Number of GPS check
poduts for each DEM ranged fiom & @ 41, It Is seen
from Figume 7 that when accurate GPS based check
poiite are veed, BEMSE acmoss the DEM: e found to
be sisble mnd relisble, mdicating that the acouracy
of chack points appesrs to have mone impact on the
stebility of estimation process of vertical sccurecies

i Comeinghon

Onut of the two methods siudied on iopot reference
height poimts for comvergion of relative beighte to
gbsohate heights in InSAR DEM gencration process,
the external DEM method is ochecrved to be
advantagans e b terms of saving thoe and «ffort,
From the estimated results of 8D and EMSE of both
sets of DEME, it was found that the two methods
level The SI matches within 10 m in eight out of
et DEMS atid both have comrelation with 5D of
reference Carto DEM. Buot, Set-2 DEME are seen to
have etrong correlation with reference Carto DEMe,
RMEE devietion is legs then 10 m in ell the DEMa
indicating either of the methods could be used for
peneration of InSAR DEMs, bot the second methad
uadvmhgwmmuﬂmﬂﬂmhﬁmhmufhn
up feayrss manpally and is time effective.
Consistenoy, Stability and Reliability ia noticed
the estimated statistical errors over varied temraing
when o1 ah svetage aound 165 o more ooube of

check points are used in image metching method

poimt height vahies obtained from less mumber of
GPS check poinis are makching very well with the
BMSE catimsted from more mmmber Carto DEM
check pointe indicating that accuracy of check
points pleys promiment role in relishly estimating
the RMSE of DEM
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