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Fig 1 Flow chart of filtering based on wavelet decom position and reconstmuction
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Fig 2 Filter-flow of wavelet-w iener filter
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Fig 3 Original nterferogram and its filtered versions by 3 m ethods over Phoenix USA

(a)an original interferogram: (b) an interferogram by W avelet soft-threshold filte#
(¢)an interferogram by Goldstein filtes (d)an interferogram by WW C filter

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig.4 Comparison of phase-derivative standard deviation over Phoenix, USA
(a)original PDSD; (b)PDSD by Wavelet soft-threshold filter; (¢) PDSD by Goldstein filter; (d) PDSD by WWC filter
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Fig.5 Stat. of phase-derivative standard deviation over Phoenix, USA
(C)1994-2021 Chith¥seia chausirit Fotinat BRictore P skiosthstisdiod filiFshts reserved.

( c)Stat. of PDSD by Goldstein filter; ( d) Stat. of PDSD by WWC filter
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® 1 3FBKAENTFRREIIEE (Phoenixii[X )
Table 1 Com parison of the num ber of residues
for three filters (Phoenix)
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AL ?T 57
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I HEAIER PR AR R T NS e (BT
PRI RER YRILEAE s R BC1 B h
Yot S AR . A LIS & B
SRR T e R . SRR A 1R
PEhAER.

3l T P R 40 AR 151 5 A
2 (A ST B F (00 5 I A A 1%
KU AN /N AR 7535104 Nk Bk )
ek 7128601, Goldsiein i 6877804, fE 7
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GoldsteniE 48 A 70 23% ., 57. 01%. i/ 4
Yl 86 56,
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640
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440
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360

0 20 20 60
BREME /m

6 /NIE 4EGRIENSE mSAR DEM 5 SRTM DEM HL#:
(a) SRTM DEM: (b) /N 4E40UES 5 IWSAR DEM:

(¢) SRTM DEM 5 ISAR DEM =22 %; (d) SRTM DEM 55 WSAR DEM mfEiRZES T H 7 K
Fig 6 Com parison of SRTM DEM and InNSAR DEM that filtered by the WW F
(a)SRTM DEM; (b) nSAR DEM by WW C filtes
(¢) elevation difference betw een SRTM DEM and lhSAR DEM:

(C)1994-2021 China Ad)Steine cleyatom pioihatse SRV DEM pand; AR DEM] rights reserved.

http://www.cnki.r



SEIERAT /NI 4N S DB SRTE OHAE InSAR T I LM b i W A 135

N DEM ¥ 7 AL B 3 P 3 E R R AL
B ASCK IR SR nSAR DEM 5 SRTM DEM
AT EAEG T 34T X A Br s P BEE X AL DEM
AOREEERE, M1 T WSARZ—FRAIXT I EH oA, H
PEH) DEM fEAE 2AN R, (1) N2 LX) @iz,
(2) 5 SR DEM _EfY [R] 4 s A2 A8 bR B — 2 R
., HEHEERZE, RITEEH hSAR DEM 5
SR DEM #1774 s PR, 3£ WmSAR DEM Al
SRTM DEM b js[m]— X (BUA SRT™M DEM {if
FAr 4 [33.56° 33.76°)f0 %4 & [ — 112.17°
—112.02° 1 a], K AE X [A] [347 m, 702 m Jp9. 34
B4 461m ); AR JE XA DEM B RAE, B A 14
KAERIRE—BG HITE 24 DEM B {E. # IWmSAR
DEM =2t IE 8 46 %) = F2 b i R i T 2 S0t
Vaki

B 6(a), (b)73%K SRTM DEM FIZ /N 4
PUEPE IR InSAR DEM (FR T~ 551 4 S0 3
/N HEGNIE NS PEEUY InSAR DEM 5 SR'TM
DEM 7 HUECEL ), B 6 (e) i DEM B e f2 22 5+
B 6(dNE 6()WGEITE TR, & 2h&E L
R SFIEN JEFHEELA) WMSAR DEM 5 SRTM DEM %
NI

* 2 3MEKAER InSAR DEM
5 SRT™ DEM ZEEFE T (PhoenixHiX )
Tablk 2 Stat of the difference of INSAR DEM and
SRTM DEM for three filters (Phoenix)

INBEAK R Goldstein INEE HEgh
TEIEB ):¥/33 ;%33
WL XFE /m 3. 56 4. 53 3. 45
FRHEMRZE /m 12. 09 12 41 11. 59

ME 6(a), (b). (e)IJLAF i, 2/ 4E9808
WEHEELY WmSAR DEM 5 SRTM DEM %% — % %t
B 6( g ital Al mEEREAT [ 20m 20m ]
Z I b 99 700, HEgEE /N (B 6(d)), M 2
A G4 LR AXT T G oldste in iR Al/INE 4K 18]
B S AEXME L XHE 7 T /N HEGI0E 3 43 712
T L 08m A O 1lm: 78 b5 4w 22 5 1 43 512> T
0. 82mfrt O 50m,

LA MG B 80 L AR AL 5 B00R ME fi 22 & L AR
IS B bR HE 22 G50 B 7 L & 8. WSAR
DEM A SN F AR AT A1 7 InSAR T B UE 3
HL N SEANIE IS B TH BT Goldstein JIE I B
TIN5 T

45w

ASOR /N R I B A NS PR 4 A SR T
Xt T M 7 R ST 1 MR P A A R /N 4RGN
BUBTE A% B SR ST T dne] A1 R /0N 22 46 4 ARG
ZAr T E A S A AR W e /N T
IRZEGIT R T T I R - 230 1A I A9 D8 U
HRHmE T —EBIHEREF. ARIEZEENE
3P SR e FRE 8 IR S A T PR M RS 1Y)
ERS1/2 C B TWIE (S SEF7EEE Phoenixih
XA — AN S X 35, AH R A9 5218 e K/ oy 800 X
100048 & WEUE B SRR ARLSER50R AR 544
PRUERZE 27 5 S 8% DEM K BEEVE N PR 36 b I
5N R A SE IR FD G oldstein JE P FEAT T XF L4
BT UESE T /N HEN A A D8I S0 T 00 S I 1Y
BRI, E LSBT b AT, 45 i N B
RE51

(1) MR D 20 SR L A AL -5 50 R 22 1T
1L N HEANDE B YR BE A A A bR TV [ )
7 AN S BR E R 2ZE(E (<0 5)FIar 57 AR
B T T /N U 4RGN UE U 4 i Dy 753510 A~ Fn
86. 5620, /N Y ik 199 {F U W 43 B Ry 712860 A~ Fn
70. 23, Goldstein JE ¥ 4> | Jy 687780 A 0
57. 010 Xt T EIHY M7 B, AT 546 2FhsE
P N YERE I BOATE A RIPB&E R T
M PLATE .,

(2) )\ DEM AR HCB] . 22/ N0 4EANE I e
FEEH) WSAR DEM R84 5. HAES SRTM DEM 2
B F{EL A KB RI bR 22 9 7 1D /NI HE AR08 3 7>
A 3 A5 1L 59m, /N AR BB IR I 73 01 4 3 56m
A1 12 09m, Goldstein i 437K 4 53m F1 12 41m,
X DEMKEFER) AT BH . /NI 4EARUEIE Tk BETE—
ERLE L% WSAR DEM ARG,

REFERENCES

Bo G, Dellepiane S, Beneventano G- 1999 A locally adaptive
appmwach for interferom etric phase noise reduction G eoscience and
Reanote Sensing Symposim, IGARSS Proceedings IEEE 1999
Intemational 1, 264— 266

Braunisch H: Wu B 1 Kong J A 2000. Phase unw rapping of SAR
interferogram s after wavelet denoisng Geoscience and Remote
Sensing  Sym posium, IGARSS  Proceedings [EEE 2000

Intemational;2. 752- 754
Farr T G, Kobrick M. 2000.  Shuttle Radar topography m ission



136 Joumal of Rem ote Sensing

HEER 2009 13(1)

produces a wealth of data EOS Transactions American G eophysical
Union 81, 583— 585

Ferretti A» Claudio P Fabio R 1999, M ultibaselne mSAR DEM
reconstruction; the wavelet apprach IEEE Transactions on
G eoscience and Remote Sensing 37(2); 705— 715

GhigliaD C. Pritt M D- 1998 TwoD inensional phase unw mpping
theory: Algoritm s and software John W iley & Sons Inc

Goldsteimn R M, W emer C L. 1998 Radar nterferogran filtering for
geophysical applications G eophysical Research Lettes 25 (21).
4035— 4038

Lee J S 1998 A new technique for noise fillering of SAR
mterferom etric phase inages IEEE Transactions on G eoscience and
Remote Sensing 36(5); 258— 263

Mallat S 1989 Theory from multi-tesolition signal decom position;
the wavelet representation IEEE Transactions on Pattern Analysis
and M achine Intelligence 11(7), 674— 693

Pan Q. Zhang L, Meng J L, etal 2005 The wavelet filter and its
application Beijing: Publishing House of Tsinghua University

Rodriguez E; Martin JM. 1992 Theory and design of interferom etric
synthetic aperture adar IEEE ProceedingsF, 139(2), 147— 159

W ang D K; Peng J Y. 2006. W avelet analysis and its application on
processing signal Beijing: Publishing House of E lectionics Industry

Wang L. CC Wang Y N. Mao L P 2005 An algoritm of
mterferom etric phase filter of INSAR based on wavelet analysis and
median filter algoritm- Acta Geodaetica et Cartographica Siica
34(2), 108- 112

Wei Z Q- 200L  Synthetic aperture rmadar satellite Beijing

Science Press

Xu F. ShiX H. 2002 The application of matlab on inage-pocessing

Xi an; Publishing House of Xi an Electonic Science and

Technology University

YuJ T Chen Y. 2004 A new filler on interferogram fringe Acla
Geodaetica et Cartographica Sinica 33(2), 121— 126

Zhang JZ Zhang G L, DaiG Z 2006. The application of adaptive
algoritim and wavelet transfom i the filtering of ECG signal ]
Biomed Eng . 23(5). 977— 980

Zhao Y M. Quan Z Y. 2004 An efficient wavelet+w iener denoising
algorithm.

Telecommunications 27(4). 41— 45

Joumal of Beijing University of Posts and

M L& E Tk
BR. KA, RS 2005 NBEUEME IR RV A L.
R AL

/IE‘Z“ TR BN 2005 TNk 28 48 Fn o (B I8
() MmSAR T ¥ AR UE I 07 ik M2 4. 34 (2):
108— 112

FERIL . 2006 /N oy Hr 2 AL AT 5 Ak B A R
- db . BTl A

Bephee. 2001 GafLIeERB TR JUat: Bhas it
WK MibRLL. 2002 M atlabfV FH EMRALHL. VE%. PR

TR KA ik
Tl BREE. 2004 —Folr i) INSAR T 4 SCE g% 7
B ML, 33(2), 121- 126

sk, KOt ER WO 20060 15 8 B 5k S /N g AR R AE
CRESEETMNE. EYEZ TRE%ERE 23
(5). 977— 980

B, 47— 2004 PRI /NI W oiene B 25 R HT
% ACATHB R R AR, 27(4),; 417 45

W aveletw iener combined filter and its app lication

on InSAR interferogram
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Deparment of Surveying Engineering Southwest Jiaotong University Sichuan Chengdu 610031, China

Abstract

In order to raise signal-tonoise ratio (SNR) of InNSAR interferograms this paper proposes aW aveletW iener com bined

(WWC) filtler n view of the respective merits of W avelet transfom and W iener filier The WW C algoritm and its com puter
program are developed to raise SNR of interferograns To validate the proposed filter the localized area around Phoenix in A rizona
of USA is selected as the testing site and the ERS-1/2 C-band interferogram is utilized as the source data for filtering Several
indicators including visualization effect standard deviation of phase derivatives number of residues and accuracy in DEM derived
interferom etrically, are taken into account to assess the effectiveness of this filter The tested results show thatWW C filter has some

prom inent advantages in tem s of denoising edge protection and improving DEM accuracy: if com pared w ith o typical approaches
presented previously i e» W avelet soft-threshold filter and G oldstemn filter
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