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Abstraczt Syntetic APerture Radar Imerfertmetri(:( InSAR) processing depends on phase urw rapping€ © convert
Phase © opographic heBht How eve,r n rugged temain the sgnal decorrelation caused by yover and shadow s one of
the lm jatons for INSAR ©Pogbhic heBht reconstruction  hecause e Phase urwrapp pg is difficult A new agorithm
1s Proposed i this Paper to reconstruct h 8h resojution dig€it] elevationmodel( DH\/[) w ih the help of exsthg coarse
SRTM DEM ( aboutgomx 90, FirstLy the sinujated Phase fram coarse DEM is ranoved from the FERSq /2
mterferogram  Thus the residua] nterfeogramn js easer for Phase urwrapp ng BY calculatng the varjance of urwrapped
residua] nterferogran  a proper freshold is selected to extract the no e Phase of Jayover and shadow and then the nojse
area are supstjtuted k;y sunound ing€ average Phase © recover the Phase approxinately A fer Convert{ng the resdual] phase
to height RIM DEM 8 added © reconstuct e ©Pographic he€ht The result shows hat hismehod can not only
sofve e Proplen of phase urwrapp ng for ayover and shadow in rugged 1erra'1t} but a]so inprove the hei8ht accuracy

and vpographic deti] feature of coarse reso uton DEV]
Key WOI‘d:S

CLC number TP Document codg A

1 NIRODUCTION

Fora long tine [nSAR has Phyed an nporant o
n the retrieval of v©pograpPhic height and ground
defomation [t acquijres the complex image pajrs of he
same area hY sinultaneous oOhservation using wo
antennas or hY wo tines para]le] opservation uspng a
single antenna A ccord ing 10 the Phase dif ference of each
ohject point heween the wo complex ‘magqs the
difference ofm crowave trave ng pPath heween than can
be Calculeued and then we can optain he3-dinensjon
nfomatpon of the ground objectS( Meao eta] 2003).
There are severa] working modes for InSAR uch as
across. track interferometr’y along track nterferom etry
and repeatpass nerferanetry [For space home InSAR
the most common mode s repeatpass interferan etry

Because of sijde- Jook 'magirg n the mountayn areas
layover and shadow often take Place n radar inages In
the hyover reg'pp ohjects with the san e slant range are
inaged as one point and cannot he disting€uished M he
shadow reg 'pp Ohjects can not recejve m jcrowave wh ch
reu]ts in pfomation [osng mn the mage Poth these
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hSAR SRIM DEM  Phase unwrapping ToPographic height reconstructon

WO Phenomena destioy the Phase of gmound objec1§
which make Phase unwrapping very difficuly Eineder
Holzne}’ 2000). So it is essentia] © use other da@ to
assist NSAR 10 reconstruct the he Bht in mgged areas
Now many researchers have pajd atentions 10 this field
M Se¥mour retrieved the 10Pographic height by utilizing
TRM DEM ( aboutjgom sampling space)  DTEDq
DEM ( aboutgym sampling spacg andGTOR3() DEM
( apout 1opom sanpPlng space) 0 assist ERS and
RADARSAT SAR da@ for inerferometric processing
The key of hhismethod © that he nterferometric Phase is
fhttened with te baseline paranefers estin ated hy coarse
DEM and hen the Phase n he mwg8ed aras is
unwrapped © obtain the toPographic he Bhy Sednour
1999 Seymour et ayl 1998). M in€sheng [, ja0 ohtamed
the 8round height by usng he SRIM DEM © elin inate
the systam ¢ Phase erors and false height pomts during
the MSAR procesqing{ 1. Ro et aJ 2007).

RIM DEMs are inportant resources {or NSAR
which covergnlj of the glohal and surfac’e and have,3
different smpling spaces including | arc second ( ahout
30m resolution), 3 arc second( apout gom resolution)
and 3 arc second( apout 10ppm resoption) ( Pengu'r’l
2006). Among thm} the global DEM s w ih3 arc second
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and 3 arc second can he dovnpaded from he Intemet a]]
over he wor]d( NASA, 2007). These SRIM DEM s are
tried 10 reduce e difficu]ty of Phase umwrapping and
thus hep MSAR © retrieve e vPographic height at hi8h
Iesolutiop which is meanngfu] © Promote He use of
radar daa This Paper utilizes the 3 arc second SRIM
DEM s o'f SUZhOl’J Jiangsu Prov 'ncgz 0 do ISAR
experinents {or e mugged regpon The toPograPhic he Bht
of this rg€pn i reconstructed hY rmmoving the
topograph ic Phase sinupted from the coarse DRV

2  METHODOLOGY

The aRorithin for reconstructing€ ©Pographic heiht
using coarse DEM  nclides the {olloving aspects
Fistly the opog€mphic Phase is sinujated from coarse
DE\/[’ and then residual Phase is optamed bY ranovmng
the ;inulated Phase from interferometric Phase Because
the resdua] Phase s S’IlOO‘El;] it 1S easier © be
unwrapped  This avods the difficu]ly of DPhase
uwrapping i the Jayover and shajow areas BY
calcupting the varjance of the unw rapped residual phasgz
a proper threshold © skcted 10 extract the noised Phase
that {s caused by layover and shadovs,/ and then they are
supstituted bY average phase to recover the nojsed Phase
approxinaely According © converting fomula from
Phase 10 height the uwrmapped and denoised residual
Phase is convered 1t height A fter slantto range
converting we get the resdual he B8ht i 8mound range
coordination Then resanPled SRTM DEM s added t©
the residual hei8ht in order 10 compensate the ramoved
height during the MSAR Processng BY choosing severa]
ground contro] Pomts to caljprate the reconstructed
height the toPograPhic heBht © finally retrieved The
fpw ’chan of the aJgoritim s shown asFig |,

2 1 Interferogram sinulation for DEM

Based on the mag g param eters of master and slave
mage and their correPond ng Precise Orhit dat,a the
nterferometric Phase {or coarse DEM can he sinupted
(Wu 2005). InFig2 the nterferometric Phase s he
Phase difference of fe san e ground pPo iQt expressed as
follow s

Mp—b, b, =T (R—R)+2N

N=Q £1 +£2 £3 - (H
Wherg R and}% s the slant range fran PI © hemaster
and shve senso,r reectively
The ahove Phase consists of flat Phase and ©Pograph ic
Phase The flat Phase caused LY the flat ground w ith no
elevation var'glticx’q 8 dense and periodical It has 0 he
rmmoved from the mterferometric Phase © acquie the
toPographic Phase [ et us suppose the Pont ][? on he flat
ground has the sane slant rang€e to m aster senOrM as R

then the ranges {rom 13 v master and spve senoOr are R/l’
R, thusR =R, So he flat Phase is
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Fig.1 Flow chart of InSAR topographic height
reconstruction based on coarse DEM

Fig.2 Geometry of InSAR simulation for DEM

M =T (R =R =F(R,—R) (2)
And the fattened sinupted interferan etric pPhase i_s
(1) smulate —— A(# _A(# flat (3)

2 2 Unwrapping of resgualphase

According to (1), the mnterferometric Phase s
camputed using ERS S.C master and slave 'rnage,s and
fltPhase is ajso removed fran it Then co_registation
beween the sinulated Phase and rea] SAR Phase is
perfomed by the autom atic w indow matchng technique
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Thus residua] Phase can be acquired by differentia]
pProcessing hew een ﬂqe(r}
@ g1 = Pory — Ponutue (4)

Wher§ P i he flattened interferometric Phase

Because the residual Phase amost contams no
can ponent of he topograpPhic phas’e te varagton of its
value &mall which makes it easer {or Phase
unw rapping  n our Iesearcb we use HAPHU sofware
© uwmp fhe residual Phase Which i based on he
m infnum cost flov algoritm ( Chen  Zebker 2001,

2002).

23 APProxinate recovery {or phase pn no se
reg pn

The interferometric Phase i the layover and shadow
regions s nearly aj] no isqs and correPond ngly the
wrw rapped residua] Phase n hese re€pns ajo contams a
lot of nojses In order t0 reduce the Phase nojse and
e]lin hate its effects on e heBht Ietrievql 1t 1S necessary
0 extract he Phase noje in he Rkyover and shadov
Iegion,s and then replace ithy ohervajues In his pape’r
we extract the Phase nose hy computing te varjance of the
resfua] Phase and choosing a proper threshold As the
snooth resjdua] phase reflects the overa]] d ifference hew een
the rea] topog€raphy and the coarse DEM here fe phase
nojse is Ubstituted by its surounding average Phase Thus
the residual Phase §n noge re€pn S recovered
approxinately which makes the Phase in he |ayover and
shadow regijons close © the actua] cond iton

2 4 Height conversjon of residua] Phase

According 1o Phase 10 hei8ht conversion fom uLa the
urw rapped and denoised residual Phase can he convered
t0 resdual he gh:t

h:_ﬁ gt "t ;n% (5)

Whep,e)\ s Iadarwavelengil R 1S the sknt range fram
master sensor 0 ground poir}t 9 is te reference ncident
angle of the master ﬁnag? B, isnoma] base]in,e ande 1S
the urw rapped resdual phase

The residual hei8ht reflects the difference heween he
actua] opographic height and the coarse DEM he ‘gh,t
which can reflect he height error of SRTM DEM

2 5 Reconstruction of topographic height

Because the residualheightis h he shntrange/ doppler
coordinatiop it 1S transformed © goound rangey azinuth
coordination for reconstructing he toPographic heBht Both
the coare DM and residua] heght are re smpled © the
same atia] resojution BY addng€ hese wo heght datzd a
new topograPhic height s obtained A fter he 8ht calibraton
accord ng to severa] contro] ponts from a reference DM
the reconstructed he®ht is acqu jred

3 SIUDY AREA AND DATA PROCESSING

31 Study area

The study area 1§ Qizi Mount which lies nn the
southw est of Suzhou CiQ’ Jiangsu Province The area 8
apout gkmy 7 2kn The toPogrphy of this area
ruggegl where tHe maxina] altitde is pg4m The
perphera] area of the mountaipn  Plan and the average
altitide is belov sm  Due t0 radar particular inaging
mod’e the Phenamena of Jayover and shadow Present in
the radar inage( Fig 3). This study area s expected t0
validate the ahove proposed ajg€orithm {for reconstructng
topograph ic hei8ht

ynunzy

F& 3 TheERS1 SAR inage of study area
(5 boks inazinuty 360x 400 P ixel

3 2 Data resources

The daw used n this exPerinent pclude RIM DEVI
wo ERS1 /2 SAR in&es and a reference DHV] The ground
range resojuton of FRS images is apoutppmyxpom Tableg
shows the elatd scene parameters The coarse RTIM DEM
has a spatia] resoution of3 arc second( aboutgom)_ And the
reference DEVI has a scale of{ 5 mQ with a reojution of
ahoutpsm which s used © validate the retreval resujts
Tableqp Scene parameters of the used ERSq/2 SAR inages

N oma] Tempora]

Sensor| Date Or1bit] Scene) base[ine(m) baseline( d)

Mastern ERS1| 19951230 | 23309| 2979 0 0

Slave | ERS2| 19951231 | 03636| 2979 280 1

33 Dam pProcessng

According t© he ERS inaging parmmeters of the
m aster and spve image§ we sinulate fe nterferom etric
Phase of te coarse RTM DEM At he sane t‘mg the
fht Phase s alo rmmoved from the sinulated Phase
(Fg_ 4( b) ). The Phase is not wrapped in order to
avold the mnterpolation error m  the f{ollow ng co.
registration due © Phase jumpP Then nterferom etric
processing is perfomed for FRSm aster and slave in ages
and he interferoran § also f{httened ( Fig 5( 9).
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M eanwhife the Radar Cross Sectpn ( RCS)  of SRIM
DEM 1S also s‘mulated which 1S co registered on he
ERS anPlitude © get he co-regiserng coefficients by
autom atic w indow matching technique Thu§ by usmng

Fig. 4

these coeffrents the sinulated Phase can he co
registered on the rea] ERS mterferan etric Phase After
differenta tion heween thﬂ‘r,l we get he resjdJual Phase
of the study area( Fig 5( }5) ).

(b)

Simulation for DEM

a ) SRTM DEM; (b)simulated phase

Fig.5

(a) Interferogram of ERS-1/2 images; (b)residual phase; (

Campared w ith nterferame tric phas§ te residual phase
ismuch snoother and the Phase cycles are much 1es§
which makes Phase urw rapping easier Usng€ SNAPHU
sofware the filtered resgua] Phase is unwrapped ( F8 5
(9). Howeve,r m the kyover and shadow Ieg‘pr,l there
are sti]] a pt of Phase nojses The varance of resjdual

Generation of residual phase

¢)unwrapped residual phase
Phase oonputed and its range iS[Q 208 3681]. Thus
the Phase noge m the [aYover and shadov re€pns
obained by the mehod of threshold se8menation I thi
pape;r 15 © seleced as he varjance 1hneshok1( Fig€ 6
( b ). The noised Phase § recovered approxinately by their
nearhy average sn oot phasE( Fig 6(9).

FB ¢ APPoOXinate]y recovery for phase no ise
(3 varjance of residual phasg ( b) mask of Phase no iS,C (9 denoised residua] Phase

Then the residua] Phase s converted to residual
heBht according © fomuph 5y (FB7(3) For he
resdual heiBht is stil]l in He slant range coordinatiog it
must he transfomed t0 the ground rang€e coordjnation n

order t0 be he same as SRIM DEV] Meanwhil,e both
the coarse DM and resjdua] height are re sampPled to

25m 2 5m Which is he same as he reference DEMV
And then Hey are co_registered on he reference DEV]
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BY addng the ca re€istered resiual height 10 he coarse
DEM we 8et a new 10pogmphic height g contro] points
are sefcted fran Hhe IeferenceDE\/[( FB 8 9), and hey

60

are used © caljprate the new heights After ca]iblatia’l he
fia] reconstiuced 10Pogmphic heRht (25mx 25m) i
obuined( Fig7( by).

FE& 7 Reconstruction for topograph ic height
(9 residual he 'gh;t( b) reconstmucted 1OPographic he ght

4 RESULTS AND ANALYSIS

To validate the accuracy of retrieved heigh,t he
DEM with a scale ofq 50 oo  chosen as he reference
hei8ht which is supPored by he Natpna] Geanatics
Center of Chiha ( NGCC), It s subtraced fran he
rewieved opographic height and height difference
beween than is obwped as shovn n FE( b with an
eror distrhution Of[ —90. 05 113.32] and a rootmean

square enor( RMSE) ofg 128m Fig 8( 9 8 the ernor
hisogrm  From Figg( by, it can be seen hat the height
ermorsmanly Present m the layover regons which are
illun nated by the radar waves This is because that there
are a jotofnoises in these Jayover reg ion§ alhough they
are recovered approxinaely hy the around average phase

it cannot refect e Phase difference in different 1ay0\;er
regpns As a Iesult the height erors m these regions
becane ohvpus It s needed © study furher hov 1
recover the Phase n he layover regjon more accurately

100

(c)

-90.05 11.63 113.32

F& g Validation for the proposed method
(9 re{elenceDE\/[( 250 25my; ( b) errormap of reconstucted DM (9 eror histog€mm

To canpare the pProposed agorifim wifh, conventpnal
nSAR echnﬂu’e we a0 generate the DEVI of the sudy
area using the sane FRS images hasq] on nventpnal
techn ﬂue( Fig 9( ). The difference peween the retrieved
heRht and reference height s $own as Figo( by ad Figg
(¢ s its hstogrm The eror distrbutbn of its
[ —183.53 286.53] @ the RMISE is30 174m Obvpusly
the acauracy of retrieved heighthyY te conventpna] nSAR
lower than hat by the Proposed mehod

Finally 16 checking Points are selected random IV fram

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

the DEMs rewieved LY the Pproposed apBoritm and
conventpna] MSAR method and the reference DEM

respectively v validate the Perfomances of these V&;o
methods The distribution of checking points are hown jn
F® g( 8. Tabley lists heir correspond ing height values
It can pe seen that in the PRin area the elevatpn
accuracy by he wo ways s afnost the sane In the
layover area  the DEM RMSE of the Proposed ajgoritm
157, 9688 ™ and that of conventpnal MSAR $3Q 403™

In the shadow area the fom erRM SE isq 7211m  While

http://www.cnki.net
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the latter one is3q 73m The resu]t shows that the
proposed aBoritm has great advantages jn in proving e

DEM reconstructing accuracy in he layover and shadow
regpns of a mugged terrajn

-100

(©)
286.53

-150 18353

F8 9 Valdation for fye conventiona] [nSAR technidue
(9 DEM 8enerated by traditiona| InSAR ( b) its erorm ap (9 eror histogran

Tablep Accuracy comparison of DEM s generated by wo differentways

Check ng ponts Re ference Conventiona] [nSAR,/m The proposed a [gorithm /m
D DEM/m DEM errors DEV errors

2 3. 64 524 1.6 1. 68 —19%

3 3.73 2 04 —1 69 251 —122

Plain 11 220 370 LS —0. 99 -39
12 0. 80 399 519 4 26 3 46

16 2. 30 —194 —4.24 5 84 34

1 22. 01 399 —16 02 19 63 —2 3

4 81. 68 40 34 —4l. 34 77 28 —4 4

Layover 6 16. 18 22 07 5. 89 11 00 —5 18
9 131. 51 82 73 —48 78 115 67 — 15 %

14 60. 22 44 67 — 1555 64 06 3

5 87. 29 122 09 348 101 42 14 13

7 98. 68 128 71 30. 03 92 56 —6 12

Shadow 8 80. 72 122 98 42 26 83 37 2 65
10 243. 98 281 74 37. 76 247 07 3

13 28. 19 73 01 4. 82 31 65 3 46

15 167. 98 195 57 27. 59 170 30 23

5 CONCLUSION AND D BCUSSION

In this paper high reouton ©PograPhe height is
regieved by MSAR wih the help of coare SRTM DEM
( apoutgym reso]ution). n te rug8ed areas because of
layover and shadovy it 8 had t© uwrp the
nerfeometric Phase with conventiona] INSAR techn fjue
Ih the pProposed method howeve; the residua] Phase
acquired by ramoving the toPographic Phase is easier 10
unw rap - And the nojsed Phase is recovered approxinately
by the method of varijan_ ce hreshol(’j which makes it close
0 the acua] toPog€raphy Results how that he heBht
accuracy retrieved bY the Proposed algorithim s much
higher than that of conventpna] hSAR technique

As far as this aRoritim is cons'dered the folbw ng
three aspects can he researched further in the futun:e

(D) Co registration heween the sinulated Phase and

rea] NSAR Phase Because the difference of the wo
Phases is nvo 1ve§1 theyY need t0 he co registered w ith
each other Her,e we use autan atic w pdow mathing
technique to et the regsterng coefficients by co.
registering the sinujated RCS with SAR anplitude
image Besides he abovematching method others can
also he used t0 mprove the co_ reg jster ng accurac}j such
as( You et a’l 2006 1.1a0 eta_’l 2003).

(2) Calibration of compensated topographic height
Aferadding the residual height to coarseDEM  he new
he Bhtneeds to pe calpratd according © he reference
DEM  As different areas have different heght
dif{erence’s the new he 8ht cannot he caljhrated hased on
only one reference pont Tt s worth t0 research further
how © caljbrate he new height hetter

(3) APPliatpon of e aBoritim © other sakl]lite data
A Ithowgh he Proposed algoritin has a £0od Perfomance on
the ERS SL.C mages it is sti]] necessaty © he teste] on
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oter siellie e Sich as the mages of RADARSAT
JRS] ENVIAR AR TemSAR X and RADARSAT2
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