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Millimeter-wave InSAR phase unwrapping and DEM reconstruction
based on three-baseline
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Abstract : Conventional phase unwrapping methods will fail when the height variation of highly steep terrain exceeds half
of the ambiguity height. In the millimeter-wave band, this problem is particularly severe. The three-baseline millimeter-
wave InSAR phase unwrapping method based on cluster analysis was studied. In cluster analysis, isolating the peaks on
the wave curve of the histogram is improved. The mask on the shadow cast by the steep terrain is proposed in order to
improve the cluster analysis. The validity of the proposed method was testified by both simulation and an example of its

DOI:10.3724/SP. J. 1010. 2013. 00474

application.

Key words: millimeter-wave ; InSAR ; phase unwrapping ; DEM ; three-baseline

PACS: 84.40. Xb

Ell

i

FHEBILE R RIEIE N L5 Ga %
JTZ BB, B i X R — A B AR R R A
BACULI KR B T A AL 2 R AL B, BEAT R AR R
WL T AL ARG B T AR LA 2 x , B (48
8¢, T ZLE M L JE S8 A RE AR A5 B SL A9 T A
{20 DR, M 9 SE R 7E T ¥ 5 B AL B A
AEEENL.

IR, kT B2k A LA S8R B 3R1R)

I F EHA.2012 - 10 - 11,{&E H #2012 - 12 - 17

T2 HRL R . A G A SRR T U A O A7 4 58 T
RS R, BREE SR AL BEAR SRR 3R AR5 22 B 28 X
{E/NT o, R LR InSAR R 48 A3 I AR A
NN KA B, AR BTA SR AR
i X A B S BUAR T5 158 , 8 SCAH SR8 3R 8] By e
7R A RO e A (LSS AR R — A>T 4R L
Xt L B R R AR A B S AN R AR ) B — 2, R
FEGAR. A5t i B 2 A 37 A 4858 7 1 4 oV 2R B
XA H AL FE SRR 2, AL AR ACHE #
BUATEAE R R A X, 12 58 i Ak 31 77 3E AR XEAR 2

Received date: 2012 - 10 - 11, revised date: 2012 - 12 - 17

ESTE : BR H AR (61271422 ) 0 [ 5 H A ERIT 52 & BRI H (2009CB72400)
Foundation items : Supported by National Natural Science Foundation of China (61271422) ; National Program on Key Basic Research Project of China

(2009CB72400)

{EE ® /v (Biography) : % fH3% (1986-) , 58 WL AL, LB 5EAE , D52 7710 9 73515 54 . E-mail : pzhpzh2008@ 163. com



5 VAR 4 SHERAKIE InSAR [l G0 K i B2 175

HESERORCT R T AR i R 2 X+
FR AL IRV A, SCHR') 76 B B4R InSAR B3R FIR T
£ 32k InSAR iR

Z 34k SAR RS EEHAUA L EAZ IR
IR B LR, BEAS AR5 L IR LS AR 1 P AR AR o
BT, HER R 2 A E R, 8 o K R
B, IFl SR AR R A 7 R, 7T AR K HBAR B A1)
FOARASOR R , DA T S 157 1 S M R PO BR A, 52
oSN T R 5 7 X 6 A 7 7 4 58 DA T v R R U T
YESL BT, ATFR S 2L Z K I InSAR R4
F A, MENPHIS 24" 7 fdk [ i H A} Bx
HL T T4 B 45 — IR K B = 4% InSAR JR B ARE
MLARGED.

ASCHRGE T 2 T RIS 1 = S 240 1
PELETT AR T 5 P B T O AR AR s 4 8
Fy 1) 5.

1 ZESBIRESEERREE

1 =2 ISAR REMGE LR
Fig. 1  Geometric model of three-baseline
InSAR imaging system

1.1 =X InSAR p{{RJL{TH#EE

=HLR InSAR RGREIUM AR AN 1 FR,
ﬁﬂl_&ﬁﬁﬁﬂﬁﬁﬂ:?&ﬁﬁﬂi ,ﬁ\:q:‘ yA1\Ay A3 i":ii'\'
FEHTHIAE 3 MRE, BT B, B, .B; $£ 3
FEL, P RAGFETH R B5,0 A RET UM, H
B, o R FLMA (BN EL 5K I7
A ) R, RARRE 1 B Bir SR, b RoR
HirmEE.

THEALLL a; F a, BISREF AR T W R
JEEE. p 1R U R

R22 = (R, + AR2)2

=R’ +B’ —ZRIBICOS(% +a —0) , (1.1)

XA RIS T WAHM KRN
=2ﬂiARl C(1.2)

Her, ¢ FoRAXTHNL, BY R 9E 58 J5 AR, A
AR, P FREBRAEERX, EEFERX P =2, 54
#wRLP=1.

e, BXHA ¢ 5SEHE L HRRN
TS (M AT M B 2 F2 T AR 7 )

AR sing

" 2@PB,' » (1.3)
H B, ' =B, cos(0-a) , RARAUMBELKE.
1.2 =EZHBRUHBEEKREFEE

HRHE =54k InSAR R G0 UG L 3, 3 4
KL TF [F]—Hh X FEA [ o B AL VR INAE 2 3 R4 &
G, WS PR A, 15 3 3 RS SEAE 1 .
T LA 3 WEGESEAE A B B, A = B A A A g
SR A R ARE A AT LA S DU 45K

h=

AR, sinf, AR, sinf, AR, sinf,
_4173 lw]=_4’n'B 2q}2=_41r33w3’ (1.4)
1 1 1
e, AT AR T R R
¢ _ b ¢
B_ll = 3—22 = 3—33 , (1.5)
1 1 1

Hr, ¢y = ¢, +2ak;, (i =1,2,3) ¢, BIAXT B E
LML, B - w < @ <,k EEE, FRELEAMNL
EIREHIE B, R A RERKE. #— B
J& , AT gt
by +@, 2w ky + @, 21w by + @27
;fl - ;f’z - ‘;3 , (1.6)
Hrp B KE B, B,, By il 153, S8 H (L
@1,02,03 BUNZESIREOL , BF 0 B A& B, AE AL %
LTSI T SRIGRMIEL by, by, by ARG P EAREL
R, RERLRE B, , B, ,B; I, A 4581
RIGIR A TT R B RE B AR AT IE— % Ky, by, ks 7ESR
IR R T R T R ERECEE, FAT
BRRAMR RAROL SRR PR, 7T LU i R
7R DX 3 HA R O P 4 78 ) L.

2 ETRESWH=ELBAMELTE

2.1 =EZWBESWF
LF—WEENRT = ELR AR LR FAR
L, T SEBR B S AE O A FE MRS 1 TR, & MR
T U S ] P o AR B SR AT A A R R
BRMMESERIEATE. ST RIS
HEBIABIZELE MM AP, 35 T ML




476 ah 5 =R EMR 2%

SRR ARTE.

TRBIR, X F— RS AALIE, [F] — & T AR
R TR R A R B BRI K. X TR [ B
LRARIUA L SEAH L B P 14 [R) — o B AR Z kU, DA
BB B[k, kb, by | FIEESEARAL A B [ 01, 05,05 ]
FRFR MG FRAGTEA [F) FEEEAR L & B RO KR 92
SEARALAE B JFHLE SO R0 HE RSO K B R
T4 5 R — B 4 (Ambiguity-
Set) 1",

G (1.6)H ¢, 1 B, ZC A&, FIk, %I
AUEERU b AE RS A EL TR RER,
GRPHE - MEREX N FE A EL, X RE
%E‘Jﬁﬁﬂﬁﬂ%ﬂ‘jEBl ’Bz ,33] ,#ﬂﬂ,ﬁ( - §01/2'n',
—@/27, —@3/2m) , MIX 3 WEGLSETHE {37 &% L A
BIgE R [k Lk, by ORI AR B LR L — %
RO R — B0 2 A B0 BT A B 3R BRI R (R s
BIg e &, T E B AT B E LR T 18 5] A [ B,
B,,B; ], B, [R]—ANEH 25 N 1) BT A 18 3R % L FY
HARMEESEER. ZE W ELSEVH ks
=0 BT R [y, by 1 D9 CHIPF- AT LUEE B, S 3F 807
R I, AR F PR A =0)

B
k, :go3/21TB—l—gol/21T (2.1)
3

B
k, :go3/21TB—2—g02/21T (2.2)
3

Wiz [H] ELR BT [ M A A2 (2. 1) 1 (2. 2)
A A B RO LAY 2 (8] EL AR T 1) ] b R BRE
LKA K, ST A R 1% B2k -5 &1 T 5
AL, R R A% H LR TE R P N -F 5.
BRI (A5 ) —ASOM 2 A B A 15 3R 0 L Y LR
AHEHERTE—R, HR R — W N A 5
NI Y LA IR 2 FiI S8 B SE B 7 B SR SR ok, B
HRICBGE. BOIT, B— O 2 B P D2 B iR
WAL X L 7R B M IR O T 92 ] B2k I, R
7 B0 23 (8] HLZK 5 1 T 2 R 2E AT R 0T, B
R BB BRI DL T M5 AL, SRR AT AR
2K (1. 6) i IZ= M HE.

AR E 7 kR 58 R 2K, BT R B A 40K =
— s [ g T, P T 08 AR 2 o O ) 3R 28 Py, 3C
R ot R B PR 4 B S 4 1 D U, 5 A
PR R R MR, S TA PSR R BRI 0
I, %77 V5 BEAS IE 0 HOKE BT A BR R K. (B AESE
P i BT BB 4, I AN BB A BB gER =R A
SR, JR TR B e ) ) B T i e A A O TSR £ 4K

i, FEE BRI E. LR R ERE R X
BUR R LD, TE B iz 1 75 5y 52 3] B 30T J6 0 114
T, Pt & 9 B, MR R A KA i
FASE , MR 4 M AR AL e s R 7™ 8, iX i Im BR 2K
S5 IR B IERAYE. A< SCEF X SEBREHE 40 3 Hh 13X £ [R)
B T AR TS PERK AN RETR
Ko =HL AN RIS T .

2.2 =ELHBEMBERE

T 2K FE R FBEERZE, LR AR FIE
SIS SR R ) A% 7% , 3 U TET B AR TC B
FRSB], 5| 2 b T BASE , iX TP 43 X IR AH o e P R
FEEE KR A R M SR AR L, T E S I R AT
ROR. A, A SO | AR 7 Bk i AL 22 , A1) AH
TR 8 E RE, AT RBUR T X ERER
BEREASHREST, B HEF.

TR ER I, THEUR 1 R RELS N
BRI = FE R AR AR T . R 1 P 3 REL
LS AER &R, R4 ) ¢ &R LI AR
2 8 BB &, 43700 0].[001].[01
17.[J012] [112][113].[123].[124].M
SRL RIS AT LIS, A S IS O
T, MR Ee) X B E T B R — N
g MRAE A (2. 1), (2. 2) 7T U85 2 1> g
RINLE. B2 (a) RANETLTMEFS BN THREHZL,
8 M M RN B B, 5 B RN 1 B W o) o A
W R RN TARBM AR RN IR
K, FEEZEFER, 3 R 45 R34 4 0 BOo $iokk
). AMREREL T HREAZE 2(b) Fxs.

HE |, Y InSAR REELKSHE M, TS
PARAEOLT , S5O 4 X r i) I8 0 7 B AT 8 E O
AYERERGR. BT HARRF R , A CGH T 7EHAE
o7 A B R U RABLAE S B vty , LAS D o3 1 %
g PRI PRy () R B ¥R AT

514 WEAAER T 8 N IEN E Rl
SrHIINE , LACHEBREE BRI 04 , 5 1 RS ki 2
) e/ NEE S, B AR B F 2 ] S

%22, W EREIFRITE PR RE NIRRT
BAEL A , N PSR AR R 2 R (B ) S B B TR
W8 R B D BRI R R AL

55 3 25, SR N IR R AR & R AR oL
B HIA %, NE R ZH Bzl K2 S8 TS
B AR, R, WZAR KA B S & 1 i
W 5 52, DU B 2 A R R R 3 18T A IR 0, 4



5 VAR 4 SHERAKIE InSAR [l G0 K i B2 .

N DR/, FER AR 2 B 3 4.

54 RIR AR B A B AL B (ky k) MA K
(1.6) AT LAFS X BL B 23 1] B4R, TR B MR RS
B3 A EER RS, LB RS il SR, 8 B
ENIVELiLL b R

il A 4 B RAE, BEAE A oM HEBR B R B
PRSI, R EBCIE A ) D W7 B, ] 80 S TR RS MM 2 )
TR K .

0.5

0
=

0.5
1

-1 -0.5 0 B .
K2 k2
(a) (b)

B2 REIHZR(a) TEAEED, (b) ARSI
Fig. 2  Clustering phenomenon (a) In the absence of
noise, and (b) in the presence of noise

Bl 3 St T T REDMT I = LA (L 4E 58
SRR A TR B, B RGN MR
TN A 25 [F] ELERTE by =0 FFTH BRI R HATS
T, T Bk ky Sl T2 ] B /N XD 2%
AR, 2 FHE RIS LA IR —; BIFER
ZIN RS B TR LR 3H, B B R AR SO B[R]

Wi Ay i e 22 ) e S R B 1) 1/20.
e LT T N —
HID AT
Eﬂﬁ%*ﬁ 7 B s
LR e A4
I R BOR A
v
S E S WA R O
B AR L

K3 BEERREE
Fig. 3 Flow chart of the algorithm

3 (TEHELE

DiEH ) InSAR RESHANEK 1 Fom. 05 B
A 4 FioR, F R R 200 m x 300 m, 3
RHRE TR 60 m, K420 30 m KEAE,
Sy fRT R DU, 3 3 R R BB R B 1.

&1 InSAR R%&SH#
Table 1 InSAR system parameters

iH 24 TH 24
TR f, 35 GHz B 5KEF RIS o 0°
HEKEB 1m0.6m0.4m RGH R 400 MHz

RETHA 0 35° BORGEE 3°x3°
AD R 600 MHz JkwlesE B 12ps
% PRF 12 kHz HiEE PRF 4 kHz

FrLie 5 500 Hz PRSI S W 0.375 m
B 3000 m S DR 3662 m

R 1 WSBEMT, AKX (1. 3) ATAL, XL
0.4 m.0.6 m F 1 m H L&) AN = 2 2 5 R
54.196 1 m 36.130 7 m #121. 678 4 m. 1R¥5H EREL
JEBH, DRSO i RV Y RO R Y 2 453 A
S5 47, ZRGE AN BORY] i 9 L AT 42 = 2] 108. 39 m.

i /m

i 600 , %
2000
1500 000
TP e &
B4 fiEE

Fig. 4 Simulated terrain

Bl 5 S FRAE Gt i B L SRS AR A 58 7 1 i 4
SURPATHY AR S A5 R (X BV B 751
B NE AT U 60 m BRI EIALRY 3 4R
HERESHAS5.5m, -10 m Fl -3.8 m. B/, %4 H
PR RR SR AR , AR T i B L 20 A S A 48 52 J7 T AN
REFSBIMERR O B XTARNL , JF 2 S BUE R =R R .

P 6 JE AN X R 25 (] Bk S H 1 £ =
0 HIZZ R (ky o by ). NIRRT LA i, BA R T8 20 O A
{7 MR LA .

B 7 5351 TCHE IR T AL BEANA R T AL B ) 1
ST BT RS REIG. WA 7 (a) ]
DA Y, AL 2R, B2 XS SRR AR L 15
BT BG4 RN e, 5 e B W X e B A 7
(b) FRTAE W, FEFE R AL 5 B 7 16, Seit 45 R
FEAHER. SR B B B 0.5, BIAE T R EUD
F 0.5 WBERASERAK.

Kl 8 F/n BT E s W /iR M. B 9 H A
T BARIC L B B A i AR SO0 36 3R 18 B I 1.
BWEGREDEMHKBR DTS m x5 m X



478 ah sz K ER R2H

J&/m
N BN

B
1]

2000 . '
g, 1000055 109

hy 00 ke R
/%’9:‘4« @ b

Ay
i

Ko

BS AR S (BB R A AR ESE ) (2)0. 4 m L (b)
0.6 m H£k(c)1 m FHLL

Fig. 5 Reconstructed DEM ( single-baseline phase un-
wrapping) (a) 0.4 m baseline(b) 0.6 m baseline(c) 1 m
baseline

T /TR R
IS
SS

e B =2
oo

—_——
BIOO

200 400 600 200 400 600
(a) (®)

B6 Llk =0 FEFHEEE (k k) (a)k (b)k,
Fig. 6 The cross point (k, ,k,) taking the k, =0 plane as
the cut plane (a)k, (b)k,

K7 REIZR (2) AL, (b) HEAEAL B
Fig. 7 Clustering phenomenon (a) In the absence of
masking, and (b) in the presence of masking

NS FTA R R , BNRERIN 2] ) B /MR SRR

Pl 10 2R FIAS SCAL B 7 R AT ) = BT N Y
TR S JE 2 R (B ) I 36 R 2 2091 0 58. 8468 m,
59.1697 m F159.4077 m,5E LM [BIA 5 E 60 m &
A —EL.

K8 JREktl KME

Fig. 8 Local maximum

IR 1 573 G U
Fig. 9 Peaks selection

F10 BERE(ZELMMHEESE) (a)0.4 m FHL,
(b)0.6 m #k, (c)1 mHLk

Fig. 10  Reconstructed DEM ( Multi-baseline phase un-
wrapping) (a) 0.4 m baseline, (b) 0.6 m baseline, (c¢) 1
m baseline

4 LEREEALIE

AP EHER B BB HL T B T ) = R
ZEORUE InSAR J R HL7E R 74 ) R i IX A9 R AT I
5. ZEEBH GRS, ICLHRATE R TR X
IR, °T TR A SO L BIRAE. T 48 T
SARNLAF LI = F LA R SRR AL B A OR. 2
K =Lk InSAR RGER RAESHUNE 1 Pis.

B 11 53535237 5 AR 30 IO B0 25 ) LR
SHEPFE by =0 8938 (ky ks ). B 1L AT LR
SR (kL By ) R BLE D BOULAME R I, R DI
B A R A T RIS

P 12 SR JIC S 9 A L 1A 8 I T Ak B 1 175 20
TR HET FSGT R REUG. RBR, B
AL ERE BIGETH 45 R B . FERR TAL 2R A I (5
i ESH—5.



5 WA 45 ZHL RO InSAR A (AR 48 K R AR R 38

479

Ti v Ia)/ RFE AL

B 11 DLk, =0 AEIFH ISR (K k) (a)k,, (D) k,
Fig. 11 The cross point (&, ,k,) taking the k; =0 plane
as the cut plane (a) k,,(b)k,

ke
(a)

B12 REHRR(a) THEFALHE, (b) FEELEE
Fig. 12  Clustering phenomenon (a) In the absence of
masking, and (b) in the presence of masking

B 13 s BT R4 R B AR 8. B ]
LA, R R 2 TR 18, TR R
AR P FERO 2 B R B, TV b B 7 B B 2 1R
REZ, IEMERR, WL, il I AR &
Bl R AR RME. B 14 R T 2 C A BRI
o AR SO 1R A O I .

ki

B 13 R E

Fig. 13 Local maximum

B 14 BRI
Fig. 14 Peaks selection

15 J2 FBI 0. 30 v B2 A e A I A R A
FEHEZEEL 3 A~ BAw , F-ROR A B B 7E A .
Fi(a) (b) () A FEGEH AL AR AR PSS T7
ARSI PR A RO 4 R (U R R R
111 (o) AT LA 3 A BRI R ERA

Hid 0.4 m BRI A RN —F R L, X3
A~ EAR IR R 23 5 1T (b) 71 () HP ) s 7 S i
SERTEZ KIRAR A T 5RAE Wl o B S I 4 R R
AR TR A X AR LA SR R4 TR S B K IR AR
B 15 1 (d) . (e) (£) BRAASCAL BT HE R
T =L N Y R A R I AR I P AT LR
3ABirm R REARBA AR IR, B —3.
R AR LR P T 25 R HCF 34, AT IR 2 3 4~
PR E 48 20. 645 m 27,215 m F1 24. 58 m.

310m " 380m

B 15 REERE (a) 0.4 m FLL, (b) 0.6 m £, (c)
1 m B (a,b,c LM ESLE); (d) 0.4 m £
2, (e) 0.6 m BEL, (f) 1 m B (d,e,f H=FLAMAL
fRE5E)

Fig. 15 Reconstructed DEM (a) 0.4 m baseline, (b) 0.
6 m baseline, (c¢) 1 m baseline (a,b,c by single-baseline
phase unwrapping) ; (d) 0.4 m baseline, (e) 0.6 m base-
line, (f) 1m baseline (d,e,f by three-baseline phase un-
wraping )

5 #Hig

Gt Xt S PR B U A AE MRS T IR R, e T 3
FRESTH =R MO RGBT I
TR R 287 XIS A 1R R I 3 R R, A5 B T ARG
TR R AR A SCH S TAE, X InSAR (4§



480 ah 5 =R EMR 2%

KRR A EENSHME.

REFERENCES

[1] WANG Chao, ZHANG Hong, LIU Zhi, et al. Spaceborne
synthetic aperture radar interferometry [ M]. Beijing: Sci-
ence press (£, 54, X% BHEMILREETY
MWE. Jent.AE L) , 2002, 1-37.

[2]Rosen P A, Hensley S, Joughin I R, et al. Synthetic aper-
ture radar interferometry [ J]. Proceedings of the IEEE,
2000, 88(3): 333 —382.

[3]Ghiglia D C, Pritt M D. Two-dimensional phase unwrap-
ping: theory, algorithms, and software [ M]. New York:
Wiley,1998. 4 —5.

[4]Goldstein R, Zebker H, Wemmer C. Satellite radar interfer-
ometry: two-dimensional phase unwrapping [J]. Radio Sci-
ence, 1988, 23(4) . 713 —720.

[5]Xu W, Chang E C, Kwoh L K, et al. Phase-unwrapping of
SAR interferogram with multi-frequency or multi-baseline
[C]. International Geoscience and Remote Sensing Sympo-
sium, Canada , 1994,2.730 —732.

[6]Brehm T, Wahlen A, Essen H. High resolution millimeter
wave SAR [ C]. European Radar Conference, Amsterdam,
2004 :217 —220.

[7]Magnard C, Meier E, Ruegg M, et al. High resolution mil-
limeter wave SAR interferometry [ C]. Geoscience and Re-

(E#449 W)

[J]. IEEE Transactions on Geoscience and Remote Sensing
Letters, 2010, 48(7) : 2967 —2979.

[2]1BRUNNER D, LEMOINE G, BRUZZONE L, et al. Build-
ing Height Retrieval From VHR SAR Imagery Based on an
Iterative Simulation and Matching Technique [ J]. IEEE
Transactions on Geoscience and Remote Sensing, 2010, 48
(3) . 1487 —1504.

[3] SOERGEL, EM, AT, et al. Stereo Analysis of High-reso-
lution SAR Images for Building Height Estimation in Cases
of Orthogonal Aspect Directions [ J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2009, 64(5) : 490 —
500.

[4] THIELE A, CADARIO E, SCHULZ K, et al. Analysis of
Gable-Roofed Building Signature in Multiaspect InSAR Data
[J]. IEEE Transactions on Geoscience and Remote Sensing
Letters, 2010, 7(1) : 83 —87.

[5] FENG X, YA-QIU J. Automatic Reconstruction of Building
Objects From Multiaspect Meter-Resolution SAR Images
[J]. IEEE Transactions on Geoscience and Remote Sensing ,
2007, 45(7) : 2336 —2353.

[6] BRENNER A R, ROESSING L. Radar Imaging of Urban
Areas by Means of Very High-Resolution SAR and Interfero-
metric SAR [J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 2008, 46(10) ; 2971 —2982.

mote Sensing Symposium, Barcelona, 2007 :5061 —5064.

[8] LI Dao-Jing, LIU Bo, PAN Zhou-Hao, et al. Airborne
MMW InSAR interferometry with cross-track three-baseline
antennas [ C]. 9th European Conference on Synthetic Aper-
ture Radar, 2012 ; 301 —303.

[9]LIU Bo, PAN Zhou-Hao, LI Dao-Jing, et al. Moving target
detection and location based on millimeter wave InISAR im-
aging [J]. J. Infrared Millim. Waves (X%, WA, 2=
R, SF. BT 2K InISAR R 92 3 BAR RIS E
fii. dSERKEFR), 2012, 31(3): 258 —264.

[10]PAN Zhou-Hao, LIU Bo, LI Dao-Jing, et al. Millimeter
Wave Three Baseline InSAR System Error Correction and
Signal Analysis [J]. Journal of Electronics & Information
Technology (¥&FH, X1, ZiE 5, o W] ZKP =2
%4 InSAR RARERIEMGES . BRFEERF
#), 2011, 33(10) : 2464 —2470.

[11]Yu Hanwen, Li Zhenfang, Bao Zheng. A Cluster-Analysis-
Based Efficient Multibaseline Phase-Unwrapping Algorithm
[J]. IEEE Transactions on Geoscience and Remote Sens-
ing, 2011, 49(1) . 478 —487.

[12]Prati C, Giani M, Leuratti N. A 2-d phase unwrapping
technique based on phase and absolute values information
[C]. Proceedings of the 1990 International Geoscience and
Remote Sensing Symposium, 1990 :2043 —2046.

[7] TISON C, TUPIN F, MAITRE H. A fusion scheme for
joint retrieval of urban height map and classification from
high-resolution interferometric SAR images [ J]. IEEE
Transactions on Geoscience and Remote Sensing, 2007, 45
(2): 496 -505.

[8] TUPIN F. Extraction of 3D information using overlay detec-
tion on SAR images [J]. 2nd Grss/Isprs Joint Workshop on
Remote Sensing and Data Fusion over Urban Areas, 2003 :
72 -176.

[9] FERRO A, BRUNNER D, BRUZZONE L, et al. On the
Relationship Between Double Bounce and the Orientation of
Buildings in VHR SAR Images [J]. IEEE Transactions on
Geoscience and Remote Sensing Letters, 2011, 8(99) : 612
—616.

[10]WANG G, ZHANG F, ZI W, et al. High resolution SAR
image simulation for buildings based on ray tracing algo-
rithm; Proc. SPIE 8006, 80060G (2011), 2011 [C],
Guilin, China 2011.

[11]SVALBE I. Exact, scaled image rotations in finite Radon
transform space [ J]. Pattern Recognition Letters, 2011,
32(9): 1415 —1420.

[12] CHENG J, JIN T, KU X, et al. Road junction extraction
in high-resolution SAR images via morphological detection
and shape identification [ J]. Remote Sensing Letters,
2012, 4(3): 296 —305.



