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An edge preservation-Goldstein filter for InSAR inteferograms used in
monitoring deformation of mining area
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Abstract: The filters for InNSAR interferograms used in monitoring mining area deformation were introduced. The
edge-preserved Goldstein filter was presented in order to avoid the loss of fringe detail of InSAR interferograms with
strong noise and dense fringes caused by over filtering when processed repeatedly by traditional methods such as
Goldstein filter. The interferogram was filtered by edge-preservation filter with strong edge-preserving performance. The
result was further smoothed by the improved Goldstein filer, whose filtering parameter was determined by
pseudo-coherence and phase standard deviation derived from the result. The experiment results demonstrate that the new
filter is 23.7% higher than that of once Goldstein filter in noise reduction while its edge preservation is 0.74, superior to
twice Goldstein filter. This method performs well not only in noise reduction but also in detail preservation when applied
to InSAR interferogram with strong noise and dense fringes.
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Fig. 1 Templates for selective edge-preservation filter: (a) One square; (b) Four pentagons; (c) Four hexagons
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Fig. 2 Results of simulated interferograms by different filters:

(a) Simulated phase diagram; (b) Corrupted phase diagram;
(c) Once Goldstein filter; (d) Twice Goldstein filter; (¢) Lee
filter; (f) Median- adaptive filter; (g) This method
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Fig. 3 Cross sections of line 420 of simulated interferograms
filtered by different filters: (a) Simulated phase; (b) Corrupted
phase; (c) Once Goldstein filter; (d) Twice Goldstein filter;
(e) Lee filter; (f) Median-adaptive filter; (g) This method
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Fig. 4 Original phase interferogram of Marini mining region
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Fig. 5 Enlarged filtering results of zone 4 in Fig. 4: (a) Original phase diagram; (b) Once Goldstein filter; (c) Twice Goldstein filter;

(d) Lee filter; (e) Median-adaptive filter; (f) This method
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Fig. 6 Enlarged filtering results of zone B in Fig. 4: (a) Original phase diagram; (b) Once Goldstein filter; (c) Twice Goldstein filter;

(d) Lee filter; (e) Median-adaptive filter; (f) This method

R BT USRS R

Table 1 Comparison among filtering results of simulated interferogram

Filter PRPs NRPs Improvement/% PSD SPD EPI
Simulated phase 0 0 - 1.21X10° 5.01x10° -
Corrupted phase 16 528 16 525 - 3.45%10° 8.22X10° 1
Once Goldstein 3935 3932 76.2 233X 10° 6.79%10° 0.64
Twice Goldstein 380 380 97.7 8.70x10* 4.67X10° 0.48

Lee 744 743 95.5 1.51X10° 5.51%X10° 0.55
Median-adaptive 629 627 96.2 1.42X10° 5.32%X10° 0.71
This method 462 463 97.2 1.28X10° 4.89X10° 0.85
Preferable value Low Low High Low Low High
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Table 2 Comparison among filtering results of InNSAR interferogram over Marini mining region
Region Filter PRPs NRPs Improvement/% PSD SPD EPI
Original phase 5104 5109 - 827X 10  9.92X10° 1
Once Goldstein 1 460 1 461 71.4 5.69% 10* 6.87%X10° 0.67
Twice Goldstein 323 330 93.6 3.91x10* 3.55%X10° 0.51
4 Lee 954 956 81.3 532X10°  4.76X10° 0.59
Median-adaptive 698 701 86.3 4.25%10* 3.81%X10° 0.74
This method 401 395 92.2 4.06%10* 3.63%X10° 0.77
Original phase 3156 3151 - 6.92%x10* 5.52%X10° 1
Once Goldstein 1025 1031 67.4 4.13%10* 378X 10° 0.65
Twice Goldstein 300 299 90.5 2.86X10*  2.72X10° 0.57
5 Lee 650 649 79.4 3.52x 10 3.44%10° 0.63
Median-adaptive 467 466 85.2 2.99%10*  2.98X10° 0.68
This method 280 281 91.1 2.48X10*  2.67X10° 0.74
Preferable value Low Low High Low Low High
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