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! Interferogram

2 Conventional

® Persistent Scatterer (PS)
4 Sparse

% Unwrapping

® Unwrapped

"Wrap

8 Nyquist Theorem
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® Branch-cut (residue-cut)
* Residue
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! path following
2 Phase Derivative Variance (PDV)
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! Network structure
2 Minimum Spanning Tree (MST)


http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

cesbdenls JEil SaS su 5 laly pruweS1ad jB (UL

DS P20 (SLlghuol (S1SgT (ol

5 Cd,y Cqz 50 4L ST e e sed odile L
e i gy, 5l cldSp g o 5L S

(@ -0) J58) oS o
i ol wdis slaciaiasges ablis e F
o9y 3 Sy ke b el lade S JBlos
—0) JS8) asl eaile B SO wilgi oo w0 yls 592
Lo 318 py2 3550 S el e 5 92 (&

Aol asls sezg oyl 5o eaile b S Wilgy oo

Dbl aje8 og dehies Lo 4 Syl o5 0
T osls e b (55, ol Bl (Gys oSl
JSie cnl &8 sl (2-0) JS8) 05 e )18
oz Jol> g w5 pleal | Sl o
oxle Bl plyear 1) el g5, slasle
28,5k
ool glaools o 35> g0 sloowile 8L cplply £
Slachaiedges abli Jow )3 9 Ligd oo Lad>
&S o )L,8 badis
(8ly sosls sl plaiel slad G olxl bl o
s Jolas o sz bl 3l wops S ol
oylgple  polai I eolatwl LA (@kP) S
(%) IS Sleasoles! il sadsolou] V fiiw
O ddhie 3l el glad ol 3l S
Clls Az g aiSS ol 4 Wb aws o Gled |y ol )S
S 251y 6 sla Ty & bl Jae o 45
Wgd g0 bl Il (goasS (iaiSTy Glaiedas &)l
s e hSas 1) ol glad S
L-’)‘“ oS STy bl o5 ciS lgs oo cnlple
0l (orw G dllie oyl o o gl g)le blas
il pe 3l gyle Bl o b Sl ddlaie a5

2 Delaunay triangulation

11

wlad G a plael slas G sleosls Jlal sogzu
el oadosls ulad (F) UG 0 Rkt
rgas phie () WS S e el cnlply
S50 lafmol, I ool L5 Wad

Higdise 23k

L K IR R R R R R J
*
*
*

SLad oo sl (F959 L ss G 3l eslaswl :F S
£999 0P H sy o bohs pliin gLad 4 pliial
w230 Gialed 1y (Ss Sadio o bghs o
s pdisol slad sla L cussS o I ei glro plo
osls Jas ;o boeaile b as ols olis le oo
DL wss o ba> gl w5 ) 2
Jsis Y eled (0) 5D 0 jslaie en
ol (2bosy phe WS S gy
FSias oVl ales anlol jo el cadosls yioles

Lol 0alionls sl gl S

Wwied 3B LSS polae s a5 plac )
((AH0) i) oS sos sl 1 sloaile 3L
Sl oo b olasse g5, p enb hSis glags! Y

SG g S8y Sz 0 b o e wglie g4 90
oS oo s B pe (55, 5l LudS a0 L
((m0) JS8) wws cad onile Sb JoSCas
Dglite alaii S g LSy Al 4w a5 Slacsy) X
LSis o asdl axdls juds Lmoj Lsis o

! Delaunay


http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

S0 Wilelbl (5,9L8 wigo — Siung fy sole oy i

\PﬁAJl@f.wau.mdm

® 8 8 8" AAAAAA ® 8 8 P 8 e e AAAA LA
LI R T IR I I R N O T Y LI R T R B TR R S N O O Y
ooo-ooooontanaAl.’i)A ooooooooonaaaa;_"nJA
ooooooooo‘aAAAA\AA oooooooooaanAAA“lA
@ 8 8 & 8 8 6 8 e A LA AL AA @ & 8 0 8 8 8 0 A LA AL A
4 % % 0 % % 0V A A AALAan ® 4 % % % % PV AAAAAAa
P * 0 % % 4 % 40 % A A A L B B B N D B B B N U R R U )
0‘,0,000001400'0..&5 .._‘....'......lhlb
QI‘OOOOOQO L A A R R R N Y
L N R R I I I I I 000000001~£--oo-o-
L0 R T I e R T Y L B R R R N e L I IR I R R
[ B N R I Y R IR R R L L R BN R NS .........'..'!"'
4 & 04 2 0 o"@ .. 000000000'000(_—'_>0t0
Q) <)
LI T I U T I R S S T Y LI R R T T S S A Y Y
L T R R R S S S N Y L T T I T R S O N Y
ooo.ooooonAAAAAl\ﬁ),A o-cooooooAAAAAA\’i).A
® 8 8 0 8 0 0 AAA A AN ® 8 8 0 8 0 e AAAAAADE
LI R R R R R R I S S SR S S Y LI R R R T T R I S T T I R Y
& % 0 % 0 % %V A A A AAADNMD ® 0 % 0 % 0 P PN AAAAAAA
[ K R R I S R I U U N S L L L L e
0.6°0 06060606000 0 2 p s 0,0\00000000:—:.:..‘
0\'0]0000000‘-:'-'-0' 0(‘0"00000000-t-t't'
L I B B B I L I I P L B B B B I I T R I L R
[ K R R R R e L T R R A R L B R B R T R L R L R
[ K R R R L T R T I SR I B R L K R R IR R L T T I T L
.‘000-0.000..(9-.- QQQQ..-..--..G\-to
) o)
L DL R I I I I B B R R B N
L I I L I L I B B B R R B R N
L I I I I R I I B R B B R N R
~ ~
.. o(\:/‘r\O—O—-O-O—-QM-\O/IOQQO
L I I O I I B B B O B B N
oo-o:o\ c-:000+0000
" w % w v ow owwt A A A A AAAD
...;Q..O\ A‘L‘AAA
'o'i-tntoﬁx,t\}\llhl
. . V.A_._‘_-_t_A_A_A\':) A A4
I R R T S S S U S Y
R Y e e e A A A A A AL
R e R A A AA A A

<)

ol sosls )iva.v Glizo gaoled . Cawl oalodld puled pguad (w10 Qo SO Sl WY ‘501.05 AL
RS Ly o..\aln@b Jsld (C'_:) 9 (u)).vjlaa: Loedi ..\.wbsn u,l.n..n

(V) Ko 0 Guizmed Sl cadosls jioles
slad 55, p Lazls Bio o0 )68l Jlesl (25,5
@ oarg Loy oS ewmslie Gl 1) el
as bl 5B oLk o i, oSl cans (g5 oo ol

3,5 sanlin |y atas 305,28 o1 ) lagy

! Fringes

L oalive (o pad (g oo 5 S (sLaS jo ax 51
ol as sl Lol asls a8l ouilo 3L gl aisgmy (sl
olod (ylgT sad a3 § olad o a5 cuils dax g S
5 @bl pas onl 8T s s 1 eaile L LLs
ol el onile Bl bl 8 e s
0, fles s pals g 5B Sbib e a4 (Kilg
(W) IS5 0 0sd e basls Bis gyl
ol (Frsail gadze b Jolee a5 Lasls


http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

cesbdenls JEil SaS su 5 laly pruweS1ad jB (UL

DS P20 (SLlghuol (S1SgT (ol

(!
(@ «s28ls Lo J31a5 31 plhiie (gLaad (1 .yl yuuw dibaico 5o ) Jowidons y13bai 1 ooliciun] U ouibolons ! Les J- 1 o8 JSCi

(!

Soold 59y p aslih Bis U UL e el Jloel s (0 .l Jo10i mhaw 50 bas i g 1,8 oo (A1:Y 5SS

logn b (Sopsd

L

Lga.laL..o BRI PN
Dyl cmwlio o Slas

PUESPH

116

ol gideo uilsylg olesl patsjo alli SO (Syme b
YoosS ad, bl wlepi, s Lol oSS s
Sy 2 L bl iie Guibyly 0,0l g e
(WA I 08 el w3l slajle
I 5B St bl ulwl 5 csdiolu! 4 je adds
» ovey ol Ze (A S jo s o inles

! Region Growing


http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

(!

S0 Wilelbl (5,9L8 wigo — Siung fy sole oy i

‘P"qAJl@.’.MleﬂﬁJ.mdLﬂl

w99y yl eoliiwl b ool b 3L S 105 a1 (0 3L Goiio il ylg wlw! g cubolon | ady 3 alds (Al A JSCo

o 2o (ol g

(«@-9) Js o ol solatuwl
ool b a8 ol bajle giice il ,lg (i s alis
Gl cunl aBliogy basls 5,508 e )
ol adlal s 4y wps oo (-9) JSG jo as|

o gy (pl cdije addi o9 5 Sl Sledlbl
SIS e 9, Nhee 3 by 90 @

(<l

M laaslis Bl by, ab oanlive a5 jsbislen
) (mlie o ,Shes plaial glad yo elase (sLaS
G illy 5l S0 45 A end (e
9y A Comd Sy Az phael las o bl
s de Baal adsl o el basls Bis

loasld Bdo—lajls Grie (il by, 515 s

A

b SR N
AR XA

o5 Bl 3 o 54030, sy BB iy 30 4 (U1 ey B> 318 Bao (sl By o35 3 UK
ol fg g o a3l SU038 (29 T Jolao glo ey 438 a3l 53 olgigo 1y el ST 0yt 3o
basllh Bis U ol

il b oo (gl pdiged bl glyp a4y b
S8 by rianse S () bead 2k
WBbos phiie slad 50 5B Dbk by, cn e
Uas gailio] o> ol bxol jo sl ool duslia

sl -¥F
@l Coo bl @lp wd ple a5 S les
LY Ao o ead B slagty, slazss
Sogods Jghaie miw JFIS Ghsy (2s,5


http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

e 5031 JEDB! SaS o 5151y pRuwSIss jB b

DS P20 (SLlghuol (S1SgT (ol

(Omirad el dbosls ioles plaie slad ;o MCF
oalau! L’ ).u ks:l.’?w‘ LgoAJ.LS ,WS . ‘).s Ll cosd . "9.4)

Sl oadools isled Lad 3105 69y p (Sie blas

robai )0 aS Loy VL ply g, 90 slaclsx
il sedee TF ke L Joleo V) ite
Sl s (Vo) USKS 0 el cadand 3 a0
pyesdl 5l solainl b gl mw Jolas (o asla

Wloasobl gl eSSl
el Syin (V1) IS5 4o ol oniiazd § L5 1o

lodsesls u«uL@ Qi’ﬁ) dw o L5Ua.>

50" , .
40+
>
230~ ]
]
3
o
20
w
1 e [ '
[
-15 -5 Valuesg(rad) 5 10 15
(&)
50
40
>
£ 30-
o
Z
20
w

-
o

L

Frequency

_-j_l;
5 -10 -5 0 5 10

500
Sleiedy il 5ld Sy CourBan oaibdyLiv i blii MCF s ;651 bauwgi oo b 3b Los J5 a5 oV S50
Bl e Il oS (ST

P9y A (o5 Gammlie jelatea isu (pl o
Jbe MCF (g, (o295 LY (idu )0 ool $yme

st o GladeSy gy bles ol S5
50 T T

40
30-
20
10- R
-qs -10 0 5 20
Values (rad)
()
15

Values (rad)

] il o Ailias] a5 31 e Jshiiie ozms JBINT gy w295 b Byl SSiST a lajle ol ol gt 1) JS
bl oo Laslh Bio b3l Gudo (uillg g W31 Giio (Wil ylg aslh Bdo Glaph )oell i ey v @ g @


http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

slas (V) Jgdz j0 wimen Sl il
csloals a)ﬂﬁ olos! L@QT slass a5 ol Sy

...\.3‘0..\.\3")[,.:

S0 Wilelbl (5,9L8 wigo — Siung fy sole oy i

\P‘ﬂAJl@g.MleﬂﬁJ.mdLm

aS a0 Glei oo (V) USS slopl Sgs gauslas b
O, Slas rasls Bis -lajls gise il ,ly i ,sX!
sy, ;5o boawlie o 1) grcwbe jlew

Aloaus 3591 5 oluislay 45 o B JuwSy Slass ) Jgu

3L i il ylg —bas Ll Sis 5L aio il ylg Lasls Yo
v A VOY Sluxy
5 phaiel glad S Lol cnl 4t &5 wiies S w0 Pl O)) JS8 5 (1) Jgaz @ a5 L
U BV ! P P 51 I PR F- . O} @ Sl asls Bl -lajlb glice il ,lg 6]
SG o eads 2bb slasle 5l Sluls> Sledlsl 8l (e LS oo c\ilj l e mls SO0 gy g0
S5l Sl g pedusmn iled plaiel glas ol lad o (plaie glad M, a5 wo lg e
b oo plaie glad 5o bl sseS Jdoay asls Bl oSl
N . .. Cilpeds o dooasle BL  olos WS
R S R R NPR RIS yoss 258 odley ol S ot
Jﬂwb&w&“&hmb dué O'.’.‘ J-h-\»-’ La’)ls G u‘“l:’.)‘ﬂ r"*ﬂ)?i” L Ccoms (S Ppmo
ehiie slas 56 Sl 5l T 56 el il e )l
Aibe el oleebl G Lol (6 725 425
lad @ ey slp bl rpombe sl (S ssbas 5 eoliiul gl e 4 3l Ll o
$lp S gamadine I colaiul gl plaie GBS gl sl pyatt  (slolsale
bis obogys oy ool Caye el 3l obgye 5 Glody LR eyians 4, b bl i 5l
9y |y phate glad )3 5B Lbk slaghy) lgi s oS5 5 ool b ey e slosluls
el gloosss 251y ) easfel> el sl bl o Gnuaeln 5 bl e
oSl 28, Caws 5l Judoas eliie glad B Aibee Sl el i
obyly i, dmenile B 5l S a4 bgiye sl 5l obule Sledbl 2l el Gy
Bi> o8] 4 s plaial lad o byl si Ngd 2bsk Lidels glasl gl (o JSls
D8 6 e 2,5 laasLe L Jols mhe o sng b gy bds
s lal sleosss” a1y slue 2 slaghs,
po a Suidl sl o ieS b sle Sy ol
&l
[1] C W Chen and H A Zebker, "Phase Geoscience and Remote Sensing, vol. 40,
Unwrapping for Large SAR Interferograms: no. 8, pp. 1709-1719, 2002.
Statistical Segmentation and Generalized o .
Network Models,"” IEEE Transactions on [2]1 D C Ghiglia and L A Romero, "Robust two-
11A



http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

cesbdenls JEil SaS su 5 laly pruweS1ad jB (UL

(3]

[4]

(5]

(6]

[7]

(8]

DS P20 (SLlghuol (S1SgT (ol

dimensional weighted and unweighted
phase unwrapping that uses fast transforms
and iterative methods,” The Optical Society
of America A, vol. 11, no. 1, pp. 107-117,
1994,

R M Goldstein, H A Zebker, and C L
Werner, "Satelite radar interferometry :
Two-dimentional phase unwrapping,” Radio
Science, vol. 23, no. 4, pp. 713-720, 1988.

C W Chen and H A Zebker, "Network
apploaches to two-dimentional phase
unwrapping intractability and two new
algorithm,” The Optical Society of America,
vol. 18, no. 3, pp. 401-414, 2000.

B Osmanoglu, T H Dixon, S Wdowinski,
and E Cabral-Cano, "On the importance of
path for phase unwrapping in synthetic
aperture radar interferometry,” Applied
Optics, vol. 50, no. 19, pp. 3205-3220,
2011.

B R Hunt, "Matrix Formulation of the
Reconstruction of Phase Values from Phase
Diffrences,” The Optical Society of America
A, vol. 69, no. 3, pp. 393-399, 1979.

D C Ghiglia and M D Pritt, Two-
Dimentional Phase Unwrapping: Theory,
Algorithms and Software.: WileyBlackwell,
1998.

Howard A Zebker and Yanping Lu, "Phase
unwrapping algorithms for radar
interferometry: residue-cut, least-squares,
and synthesis algorithms,” The Optical

Society of America A, vol. 5, no. 3, pp. 586-
598, 1998.

[91 D C Ghiglia and Louis A Romero,
"Minimum Lp-norm two-dimensional phase
unwrapping,” The Optical Society of
America A, vol. 13, no. 10, pp. 1999-2013,
1996.

[10] M Costantini, "A novel phase unwrapping
method based on network programming,"
IEEE Transactions on Geoscience and
Remote Sensing, vol. 36, no. 3, pp. 813-821,
1998.

[11] Piyush Agram and Howard Zebker,
"Edgelist Phase Unwrapping Alghorithm fot
Time Series,” in Fringe Workshop, Frascati,
Italy, 2009.

[12] R K Ahuja, T L Magnanti, and J B Orlin,
Network Flows: Theory, Algorithms, and
Applications.: Englewood Cliff-New Jersey,
1993.

[13] Andrew Hooper, "A multi-temporal INSAR
method incorporating both  persistent
scatterer and small baseline approaches,"”
Geospatial Research Letters, vol. 35, no.
16, 2008.

[14] Piyush Shanker Agram and Howard A
Zebker, "Sparse Two-Dimensional Phase
Unwrapping Using Regular-Grid Methods,"
IEEE Geoscience and Remote Sensing
Letters, vol. 6, no. 2, pp. 327-331, 2009.


http://dx.doi.org/10.29252/jgit.7.1.107
http://jgit.kntu.ac.ir/article-1-682-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jgit.7.1.107 ]

Journal of Geospatial Information Technology
Vol.7 No.1, Spring 2019

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

InSAR Phase Unwrapping by Transforming Sparce Data into a
Regular Space

Amin Tavakkoli Estahbanati*!, Maryam Dehghani?

1- M.Sc. of remote sensing in Department of Civil and Environmental Engineering, School of Engineering, Shiraz University
2- Associate professor in Department of Civil and Environmental Engineering, School of Engineering, Shiraz University

Abstract

Phase unwrapping is one of the most important parts of INSAR techniques. In order to estimate the grand surface
displacements, interferomtric phases modulated between 0 to 2 must be unwrapped. Based on the use of either
the conventional method or persistent scatterer (PS), phases will be spread both regularly and irregularly. The
phases of PSs can be unwrapped by reducing phases into a regular and continues grid with neatest neighbor
interpolation method. In this paper, beside Minimum Cost Flow (MCF) as a global unwrapping method, three
local unwrapping methods (Branch-cut, Phase Derivative Variance and Branch cut-Phase Derivative Variance)
are introduced as well. These conventional unwrapping approached are implemented on an irregular
interferogram processed from Sentinal1A satellite images acquired over the Sirjan basin. At the end, the results
of these approaches are assesed with unwraped phase which is resulted in a conventional interferogram
unwrapped with MCF method.
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