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Improvement of Small Baseline Subset (SBAS) Algorithm for Measuring Time-series
Surface Deformations from Differential SAR Interferograms
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Abstract : Small baseline subset (SBAS) algorithm has been recently developed using an
appropriate combination of differential interferograms, which are characterized by a small baseline in
order to minimize the spatial decorrelation. This algorithm uses the singular value decomposition
(SVD) to measure the time-series surface deformation from the differential interferograms which are
not temporally connected. And it mitigates the atmospheric effect in the time-series surface deformation
by using spatially low-pass and temporally high-pass filter. Nevertheless, it is not easy to correct the
phase unwrapping etror of each interferogram and to mitigate the time-varying noise component of the
surface deformation from this algorithm due to the assumption of the linear surface deformation in the
beginning of the observation. In this paper, we present an improved SBAS technique to complement
these problems. Our improved SBAS algorithm uses an iterative approach to minimize the phase
unwrapping error of each differential interferogram. This algorithm also uses finite difference method to
suppress the time-varying noise component of the surface deformation. We tested our improved SBAS
algorithm and evaluated its performance using 26 images of ERS-1/2 data and 21 images of
RADARSAT-1 fine beam (F5) data at each different locations. Maximum deformation amount of 40cm
in the radar line of sight (LOS) was estimated from ERS-1/2 datasets during about 13 years, whereas 3
cm deformation was estimated from RADARSAT-1 ones during about two years.
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Fig. 1. Examples of (a) the time-series deformation
estimated by finite difference approximation
and (b) the estimation of weighting factor (y)
using SS (Sum of Square).
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Fig. 3. Estimation of (a) mean velocity and (b) topographic error.
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Fig. 4. The number of small baseline subsets of (a) ERS-1/2 and (b) RADARSAT-1 DInSAR interferograms.

Table 1. Perpendicular baseline and phase difference values
for DInSAR interferograms of ERS-1/2 images.
Phase difference value is the positive in LOS (line-of-
sight) uplift, while it is the negative in LOS
subsidence. Mean LOS deformation velocities were
computed by dividing the sum of phase difference
value into the sum of time

Table 2. Perpendicular baseline and phase difference values
for DInSAR interferograms of RADARSAT-1 images.
Phase difference value is the positive in LOS (line-of-
sight) uplift, while it is the negative in LOS
subsidence. Mean LOS deformation velocities were
computed by dividing the sum of phase difference
value into the sum of time

DInSAR inierferograms | B, Phase difference values (rad) DiInSAR interferograms | B, Phase difference vale
Master | Slave | (Subset) | sitel | site2 | site3 | sited Master | Slave | (Subsed) | sitel | site2 | site3
1992/06/21 | 1993/06/06| 19(1)| 935 | -5.19 | 003 | -3.02 2005/02/05 | 2005/03/25 | 17(1)| 023 | 034 | 049
1992/10/04 | 1993/10/24 | 157(2)| -791 | -643 | 061 | -3.11 2005/02/05 | 2005/04/18 | 5(1)| 023 | -034 | 049
1993/10724 | 199510117 | -83(2)| -11.76 | -2.14 | -1.76 | 462 2005/02/05 | 2005/10127 | -15(1)| -128 | 031 | 026 | 127
1995/08/08 | 1996/06/19 | -179(2)| -7.13 | 495 | 099 | -3.30 2005/03/01 | 2006/04/13 |-105 (3)| -225 | 044 | 011 | 021
1995/08/08 | 1996/07/24 | 186(2)| -7.87 | -553 | 108 | 342 2005/04/18 | 2005/05/12 [-245 (1) | -1.07 | -1.56 | 061 | -2.07
1995/10/17 | 1996/07/24 | -323(2)| -6.89 | -6.54 | 220 | -3.63 2005/04/18 | 2005/06/29 |-127 (1)} 067 | 258 | 087 | 0.10
1996/07/24 | 1998/09/02 | -280(2) | -13.89 | -9.14 | -1.50 | 4.09 2005/05/12 1 2005/06/29 | 118 (1)| 006 | -1.80 | 062 | 114
1996/10/02 | 1997/06/04 | -192(2)| 441 | 262 | 0.78 | -0.83 2005/05/12 | 2005/08/16 |-251 (1) | -0.14 | 252 | 061 | 145
1996/10/02 | 1997/07/09 |  16(2)| -567 | -339 | 064 | -2.69 2005/05/12| 20051120 87(1)| 092 | 082 | -143 | 19%4
1996/10/02 | 1998/07/29 | -83(2)| -10.78 | -841 | -1.14 | -3.58 2005/05/12 1 2005/12/14 |-150 (1) | -247 | 015 | 260 | 083
1996/10/02 | 1998/09/02 | 123(2) | -12.25 | -1025 | 0.19 | -5.29 2005/05/12 | 2006/01/31 | 272(1)| -1.84 | 0.16 | -182 | 3.66
1997/07/09 | 1998/09/02 | 107(2) -659 | -605 | -094 | 204 2005/06/29 | 2005/10/27 | 107(1)| 461 | 202 | -145 | 065
1997/08/13 | 1998/07/29 | -342(2) | -549 | -3.86 | -1.63 | -1.18 2005/07/23 | 2007/01/02 | 138 (2)| -634 | 431 | -2.15 | 050
1997/08/13 | 1998/09/02 | -136(2) | -734 | -537 | -045 | -2.85 2005/08/16 | 2005/12/14 | 101 (1)| -322 | -2.68 | 055 | -0.01
1997/08/13 | 1999/06/09 |  12(2)| -11.95 | -11.30 | 0.65 | -5.79 2005/10/27 | 2006/01/31 | 47(1)| -225 | 259 | -1.62 | 0.68
1998/07/29 | 2000/09/06 | -34(2)| -1394 | 934 | 151 | -581 2005/11/20 | 2006/01/31 | 184 (1)| -1.59 | -1.83 | -059 | -0.39
1998/09/02 | 2000/09/06 { -240(2) | -12.59 | -8.55 | 028 | 461 2005/12114 | 2006/0224 | -9(1)| 065 | 015 | 034 | 115
1999/08/18 | 2001/09/26 | -216(3)| -16.67 | -8.60 | 0.77 | -5.58 2005/12/14 | 2006/12/09 | 26(1)] -2.68 | 045 | 086 | 1.03
1999/09/22 | 2000/09/06 | -226(1) | -634 | -3.57 | 095 | -2.66 2006/01/07 | 2006/01/31 |-158 (1)| -0.94 | 097 | 087 | 016
2001/09/26 | 2003/10/01 | -140(3) | -1355 | -5.60 | 0.18 | 453 2006/01/07 | 2006/03/20 | 71(1)| 152 021 | 005 | 183
2003/06/18 | 2004/07/07 | 355(5)] -3.68 | -321| 127 | -0.80 2006/01/31| 2006/03120| 229(1)| 240 | 100 | 092 | 128
2003/07/23 | 2004/06/02 | -193(4)| -3.67 | 373 | -1.51 | 122 2006/02/24 | 2006/12/09 1 35(1y| -166 | 014 | 090 | 052
2004/07/07 | 2005/06/22 | 176(5)| -6.11 | 440 | 008 | -1.38 2006/04/13 | 2006/09/28 |-274 (3)| -3.14 | -193 | -1.02 | 0.12
2004/08/11 | 2005/06/22.|  88(5)| 4.16 | 302 | 056 | 054 2006/04/13 | 2007/01/26 | 11(3)| 468 | -1.88 | 060 | 053
2004/08/11 | 2005/07/27| 108(5){ -3.79 | 498 | 039 | 069 2007/01/02 | 2007/02/19 |-113 ()| 052 | -031 | 060 | 049
* MeanL0S deformation velocity (adyr) | -652 | 446 | 005 | -196 Mean LOS deformation velocity (radiyr) | -2.67 | -1.65 | 092 | 101
Mean LOS deformation velocty (mavy | 204 | 201 | 022 | 882 MeanLOS deformation velcity (mmfye) | 1200 | 741 | 413 | 453
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