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Abstract: Objectives: With the increase of SAR images, the processing capacity of time-series
InSAR data is exponential growth, which brings new challenges to the monitoring of wide Area
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long term surface deformation monitoring. Especially in distributed scatters INSAR (DS-InSAR)
technology, all interferograms are involved in computation, which requires high computing and
storage resources, which to some extent limits its development and application promotion. However,
time-series InSAR images have redundant information in both temporal and spatial dimensions,
dimensionality reduction compression is one of the effective methods for removing redundant
information. Methods: Due to the inability of matrices to meet data processing requirements, a
tensor with unique advantages in storing and processing high-dimensional data is introduced, and a
temporal InSAR image dimensionality reduction compression method based on tensor
decomposition is proposed. According to the similar statistical properties between the pixels in the
small subspace, the covariance matrix in the small subspace is expressed as a third-order tensor
form. The Tucker decomposition algorithm is used to realize the time dimension and space
dimension reduction and compression processing at the same time. Results: Taking Sentinel-1A
image data as an example for experimental verification and analysis, the results show that: (1) The
deformation spatial position obtained after image compression is highly consistent with that before
image compression and the PS INSAR method, and the deformation rate value is similar, indicating
that the proposed compression method is feasible and has high reliability. (2) When the compressed
subspace is 2>3 and 2>6, the computational efficiency is improved by about 24 times and 40 times
respectively, and it can meet the monitoring accuracy requirements. When the compressed subspace
is 2x10 and 2x15, the information loss increased, but the deformation position could still be
identified and its computational efficiency increased by about 80 times and 120 times, respectively.
Therefore, in practical applications, the selection of compressed subspace size should be based on
computational efficiency and monitoring refinement. Conclusions: The research results provide a
new data processing method for wide-area and long-term surface deformation monitoring, which

can effectively improve the computational efficiency of time-series InSAR.

Key words: time series InSAR technology; dimensionality reduction and compression; virtual

image; tensor decomposition; surface deformation monitoring
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Fig. 2 Schematic diagram of time dimensional compression principle of time series InNSAR images
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Fig. 3 Schematic diagram of spatial dimension compression principle of time series InNSAR images
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Fig. 4 Technology roadmap of Space and time Dimension Image Compression
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Fig. 5 Tensor representation of time series InSAR images

1.3 BIF InSAR F21& L Haok & 7 fRtR Y
Tucker 43 fEUSI0] A\ A2 & 3 52

M —pRIE A, HAZ O B — N b

KEDERN—MZOKES S8 R AR

Ri Rz Rs3

BEMIZHE . Tucker Fr st & 7 AH 7 (SVD)
Mmbd R, G, A58 R AR A = A
FE i (HoSVD).

FF— A =B ik & X e chvixis, HL
Tucker 73 fif# Al AR A :

X=X U Vs W= > > 3 g (aobyoc) = [6;U,V, W] ®)

ri=1r;=1rz3=1

EEP, Ue (CIlXRl, Ve (CIZXRZ’ W e (CI3><R3
PR FHRE, AIEAE R T R,
G € CRORR ORIz TK &, HERE T2
& (A EAE R K F o (Ry, Ry, Ry) BN TR EE XK
ZYELRPERL (rank), B4R MR FHEREU. V

DAL WIS, H 2Ry < min(ly, 1, 13)
R, <min(l}, 1, 1I3) A & Ry < min(I, I, I3) -
[G; U, V, W]y Tucker 73 fif (ORI fL RIE K, =
B 5K & Tucker 70 AR AL AN 6 FT7s

B 6 =ik & Tucker /) fiEA A

Fig. 6 Tucker decomposition model of third-order tensor

AR L 3Crh iR ) SAR SR N [F]-7% ]
I IR SN LR SR Rl LI PNAN L S
W5 ZFEFE RS = ik B € Cl*texts, HL
H Ly AL, s (a1 24 GEAR BT, Ly Ron 231
4 (BEREED . R Tucker 75, =/
K BB I il L K C €/1I27s Fnt AR A

R TR, AR
B=Cx,U; xX,U, xX3U4 9
Hr, U, € ¢t U, € Cl2*2P KU, €
ClaJs R FHRkE, HY < L, (i = 1,2,3), fi'%5
Xn (n = 1,2,3) R K E MR A ) B-n 3fe
o AR (9) BRI 15 217k &



C e/ s ik A T
C=Bx,U;" x,U," x3U5" (10)
Hep, U" e, U," e 22 K
Us" € T3l g B aiibe, A (9) ik
ECWH MRk E, HA/NE/NTEIRKE
B € Cl¥lexls, [N, @I FRTTIARI RIS
FE45 5 I B AR -

2 KR
2.1 FRXER

MARXATERTERX, 4
102°10'~103°40', Jt4f 24°23'~26°22° 2 |d],
H AR E PR HLIX . 2R s R A, b i
FEAL TSR, JE THUEWEIX, WERE
FURE, Hhrefae Rz . S X X
FEREF SRR TR, MR T AR R AR N A%
DUBEMLEI R B 2B R . 2. B 70X HhEE
{7 E A Sentinel-1A AZTERE WK 7 fox, &
EFETEHEA R TE S FUIX I Sentinel-1A FHEL
AR E S .

B 7 W5 XA B K Sentinel-1A 51478 7 6

Fig. 7 Location of study area and coverage of Sentinel-1A image

2.2 LWHIESLIE

g e R E YA (12 KD, BEfEM
B[] A b R AT 2 . (R, Y 2018
1A R 2021 4 5 HHAESE 101 55 C B
B Sentinel-1A #4475, DASSIEA ST
EREATE, HEEKN 5.6 cm, A HEERN S
mx20 m, XFAGFIZ A sub-swath A1 burst
BEATPHERIT . 38309 30 m SEE TR
KL A EAESS (SRTM-1) R SR
T LB E R AL R

fE SAR AR AI4E R4 AR, B
RIS [8] 56 F5 P, #54HEAR 101 5 Sentinel-
1A BRIy 9 33 A, Brinja—48 5 =g
Ab, HAx 32 AN 3 &, REEdd
M2 2 AR NS, i LRGN B LS
N1, B3 33 SRR . BISRR T
AR 4 1 A R 47 5 T R LS AR I 25 ik 26 4y
Ao 25 [ AE A, $7 7% 8] o 1 R /NERE B
) R0 7 6 1) 43 Sl ¥ R 2x3 . 2x5, 2x10 BAK
2x15,



B8 SLAR LA i Ja I s R 2 A

Fig. 8 Spatio-temporal baseline distribution before and after image compression
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Fig. 12 Google Earth images of typical regions and deformation rates in different compressed subspaces
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Tab.1 Number and spatial density of coherent target points in typical areas
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Fig. 13 Correlation diagram of deformation rate before and after image compression
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Tab.2 Correlation table of deformation rate before and after image compression
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Fig. 14 PS-InSAR deformation rate diagram of study area
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Fig. 15 Correlation diagram of PS InSAR and deformation rate after image compression
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Tab.3 Statistical Table for Quantity of InSAR Images and Interferograms in Various Time Series
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Tab.4 Statistical table of pixel count before and

after image compression
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Tab. 5 Statistical table of phase estimation time

consumption before and after image compression
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