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K, 2aT7veXad 74 %E0 260000 — X OBLAGEER D & KZNL % HEE 3 2 K
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B1E [l <k, MEoROEMZEES 5 2 La3hEk, AMRMHL —% (SAR) @
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NHETE 3R] HE T H % Persistent Scatterer Interferometry (PSI) IC&EFH L CTWw5%, PSI %, D
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LDREL 7> Th Y| RPN 28 %2 § 2 RO IR T T L ORER ST X — XBEDE
G PHER R RS IER L T b, Ih b DL RS 2720, PSI ICE 1T 5 Z07HEE
FRR L, 227 v eFaA 74240 28GR O KN ZHEERGE L 35, Non-linear
Non-parametric Persistent Scatterer Interferometry (NN-PSI) #2325 Z & %, Ao HM
LLTwa,

% 2 % [Non-Linear Non-Parametric Persistent Scatterer Interferometry (NN-PSI) D% |
TI3, PSI ICB T 2EIRFZHOMEZ/RN L, £ DWREFTHEICOWTHEHIL Tw5, NN-PSI 0F
BWRRE LT, EmIOWREHFELEMNOHETERZE T T2, PSI IZTHUEIC XY KT S
FHZED ORI IC K 2HEZZ LW TR X 2 MHEZE T 225, Z0omIIC X 546
FIEIDOPWESFEICLVKRE S, ZOWETEDOLRTIE. BN 28 % 3 2 200 b i
HAREL 2 27K Z TR L T b, 7z, BOHEETEDURETALFR—AFTA VETLDR
7 PSR R IR U, 27 X B AAHZE 2 BRAIEI & A 5N 5 TN TORMREE D H K E
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w3 2 &, 00 X 2 W22 S BIHBABN Cldfii L 2 2720, 20 7V EFX 24 7 4 1C X
D At 2 R T S AHAETH o T BRI BERE 3 2 AHAED AN 22 DL B & 7r 2 N
iR L, @R R HEICHIECZ 2 2 L 2l TWw3, 72, NN-PSI oitEFiEZEHX
L. @RI A =2 O#iPHPUHEFIEZ R L T3,

F3E By I 21— 2 vic X 32 NN-PSI OB O | <3, By a1 —va
VICX Y, BRI E B2 A4 TR L, NN-PSI OENHEEICE T 2 8ERE% 5l L T 5,
TRLZA TNIIE. AT v 7 158 E L ORI R 2 23 E L. ZNEND XA T DZENL
BEEEL L2 OHEEZITV. NN-PSI OHEEZNLOREES PSI X 0 b KiRICSGE S % 2 & 2l




ALTWwd, $7, B ZZH LEVIR LR L 2428, NN-PSI (X PSI X v 620 %034
. RELEECHEETE 322 bhic L, BN ARZERICOWT Y HEEE T A 2 iR
BFEMHEETE L EE2IEBL T3, PSI XY b FHEHFZ L CEE ST 2 NN-PSI oFHA
a A+ OHEE HIIC, FHREEEZ M L CEMHEEICE 2 2 B 2 T 72 08, HEER A3 KR
WIRT L7222 bRt EHFIZBIAGAFIC XV RkE 20 EL Wb 22 Hbp»ic LTW
%, HREOBIZEMIC X 2 HTHEE~DREICOWTHEZH L. NN-PSI 23HEETIRE & 7 2 &1
FMEERBL T 5,

% 4 3 [NN-PSI 0 EBHIFEHF~OWM ] <13, BREEH I Tw 3 HE SAR OHIGEkIC
NN-PSI Z#H L., FEOZ YO WTHRAEL T2, BISH © 138 13 5 o Bl EE 8t
b3k E 22507 & NN-PSI OHEERR 2 HHR L. AR —E L T3 2 &2 b HEEREE X FREE T
HHZERPEL T2, 2, T EBECEHEEO—HClE, PSI oERRICHE T 27
TYEXaAd T4 OB X ) ket &R U 2 KA HER X L7228, NN-PSI (27 < §E
ETEDLZLRIRL TS, Al & AT 2 KBUEEY) O I 22 Z2671c 2w T h NN-PSIIC X
DHEEWHETH V. FERIBII R E R OHEE I BT 2 EMED R L Tw 3, MBI T 2R T
W5, FifTE 72 A L N H Y —I2T NN-PSI 2L, 207 v EFafT4ICK D5
BhRZF2REMEHECE I LERRTEEHIC, MBI TAREL R L THEMBTL /-
B —8d 3 2L 2R RL T3,
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One of the interferometric stacking techniques, called Persistent Scatterer Interferometry (PSI), is widely
used to detect displacements on artificial objects such as buildings in millimetric order. However, PSI has
some limitations because the range of the phase to convert the resulting displacement is limited from -x to
7 (2m ambiguity). Since crustal movements are active in Japan, it is critical for the displacement monitoring
to solve this limitation in PSI. Consequently, the purpose of this study is to propose Non-Linear
Non-Parametric Persistent Scatterer Interferometry (NN-PSI) that is able to estimate large scale
displacements influenced by 21 ambiguity.

Two components in the PSI procedure are improved in NN-PSI. The first is to detect the height for the
estimation with displacements having non linearity in time (non-linear displacement). The second is to use
the spectral analysis based on the multi-baseline model when estimating the phase difference by
displacement. This estimation does not depend on any displacement models, and it might be possible for
NN-PSI to estimate non-linear displacements without any empirical parameters.

After the method proposition, NN-PSI was evaluated by a numerical simulation to understand its ability
of estimating several types of displacements. According to the simulation, the significant improvement of
NN-PSI is confirmed in the estimation of the displacement influenced by 2z ambiguity. The validation with
the real data was also conducted. The estimated displacement by NN-PSI was compared with GPS data
over the Kanto region in Japan, and the results by NN-PSI show good agreement with the GPS data. It is
also confirmed the capability of NN-PSI to estimate non-linear displacements on some buildings.

We conclude that NN-PSI enables to estimate large scale and non-linear displacements that limit PSI
estimation due to 21 ambiguity, and this improved method leads to expand applications for displacement

monitoring in urban areas.
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