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) FT b 45 22 1l DX Y Sentinel =1 SEAR5E T B SEII0E, 5 R KW DCCSIEEMAAL2E ZFISPD (Sum of
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PR IRAR; AALLF HTCI %, A3 T 2.6%, 8.9% 1 18.4% WITEREFET:; FEMER I . A3 HERIAFFAIN FF
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Synthetic Aperture Radar) 4% ARGEAMFHREHE . &
KRE . 2R FRIE AR W MEE Ty, & Hiek
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g (FEIF, 2022) FEFhEEMNY 5. E5ED
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28 B . RAEIRFR R 2y, ML A
JF i K BE WS (Zhou 55, 2019) 5 7K A HUH 1K
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IR {5 (Lee Fll Pottier, 2009). iT4E3k, *ETE
BB BE AR DL R b BT 5 By R A SR
R B AR MR Aok H 4R aa b0 (BN DS 4%,
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K 5 BWS (Baumgartner—Weiss—Schindler) K5 55
(Ferretti 25, 2011; Baumgartner 2 01998), KSK
0308 o 3 A R A 2 0 3 A R B i R 22 S S
L) FOvE IR, AL AR TR g6 ge it i a0 iR o A
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Interval) (IR 2E, 2018; Jiang%, 2015), FaSHPS
SRR T o A R S AR X, i o 2
FIB i e R AR R, e/ DEAR S R Al SR L T
EZBOTE, HIiHARCRHE BWS K52 T 3%
IR, I LSRR A )P 24y L
HEIX[R], AR KA A B 5 B 5t b By B X 18] g
far, FEFEFAEAIRILERT R, FBEIRDS SR 5
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Fig. 1 Flowchart of the DCGS algorithm
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FoRa (2018) £ R & 15 X AU ik
oy e AT R BTSSR, % AT S %
B FAE A Y o 2% B — IR 3 o I AL AR
Ll A 50 77 AR 7] Sk 2 MK T HA S5 e (R S DAL
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Pillai, 2002). PR IEH]HZ 050 69 1) S 4E &
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(ij)e e F,e[F,,(2N2N),F,_,(2N2N)] (2)
Kb, QAR FRSES, F,(d, d,)5EHHE
H(d,, dy) W F 5346 1E B E KT o B I SHE .
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I;e {MR ' G‘””]\(,N) - G"“]’;(N)} (5)
K, T, R TR, 6, (N) BIEIRSEL
N. RIEEZH1 K Gamma 53 i 7E a KF T 4L
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Fig. 2 Schematic diagram of homogeneous pixel selection integrated with region growing
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Fig. 6 Study area overview map and optical images of four typical land cover types
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Fig. 7 SAR intensity image and homologous points obtained by different algorithm ( Characteristics of A, B, and C correspond to the

building area (red circle I ), the road—vegetation mixed area (red circle Il ), and the vegetation area (red circle 1), respectively)
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Fig. 8 Comparison results of homologous pixel counts selected by different algorithms for different land—cover—type regions (The red

dots indicate selected representative central pixels; the green dots represent the homologous pixels of the red dots within the local window )
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Fig. 9  Comparison of PSD, SPD, and RPN statistical results after homogeneous point selection by different algorithms
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Table 2 Comparison of mean statistics of phase

optimization indicators for different algorithms

Rk PSD SPD/10° RPN/10°
BWS 1.50 3.78 2.32
HTCI 1.53 3.91 2.67
DCGS 1.49 3.56 2.18
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Fig. 11 Annual average surface deformation rates derived from four different methods
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Fig. 12 Histograms of annual average surface deformation rates for DCGS and BWS
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Fig. 13 Histograms of annual average surface deformation rates for DCGS and HTCI
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Dynamic homogeneous pixel selection algorithm integrated
with region growing

LI Jian,FAN Hongdong, TIAN Zeming, WANG Jun

School of Environment and Spatial Informatics, China University of Mining and Technology, Xuzhou 221116, China

Abstract: Homogeneous pixel selection constitutes a fundamental preprocessing stage in distributed scatterer interferometric synthetic
aperture radar (DS-InSAR), exerting a direct influence on the precision and dependability of subsequent phase unwrapping procedures.
Conventional methodologies encounter limitations, including diminished performance with restricted image stacks and inherent difficulties
in reconciling Type I/Type II error trade-offs. This research presents a novel algorithmic framework specifically designed to enhance the
robustness and accuracy of homogeneous pixel identification across variable sample sizes and heterogeneous scene characteristics.

The proposed Dynamic Center Growing Selector (DCGS) algorithm synergistically combines region-growing methodology with
rigorous statistical hypothesis testing protocols. The computational workflow comprises three sequential stages. At the first stage, locally
homogeneous pixel subsets are identified within 7x7 analysis windows through likelihood ratio testing (F-test). The mean intensity value
derived from this preliminary subset subsequently replaces the central pixel magnitude to establish a robust seed point. At the second stage,
adaptive region expansion is implemented using gamma distribution testing. Commencing from the validated seed pixel, eight-connected
neighborhood pixels undergo iterative evaluation via breadth-first search methodology. A dynamically updated statistical parameter enables

real-time adaptation during region growth, ensuring precise boundary delineation. At the third stage, the fully developed spatial region
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constitutes the definitive homogeneous pixel set. This algorithmic architecture minimizes the dependency on potentially skewed initial
reference values while optimizing discrimination capability in regions exhibiting subtle heterogeneity.

Monte Carlo simulations conducted under six sample sizes (V=10 to 60) demonstrated that DCGS achieved an average standard
deviation of 0.014, outperforming the generalized likelihood ratio test, Kolmogorov-Smirnov test, Baumgartner-Weiss-Schindler test, and
Hypothesis Test of Confidence Interval (HTCI) by 68.4%, 63.2%, 67.9%, and 10.7%, respectively. In real-data experiments utilizing 22
Sentinel-1 images from the Xiong’ an area, Hebei Province, DCGS generated superior homogeneous pixel maps with distinct differentiation
of roads, vegetation, and buildings. Quantitative assessment of phase optimization quality revealed that DCGS attained minimal values in
the sum of phase differences, phase standard deviation, and residue point number, exceeding HTCI s performance by 2.6%, 8.9%, and
18.4%, respectively. Furthermore, DCGS-based DS-InSAR processing enhanced the point density by a factor of 10.2 relative to the StaMPS
method and detected deformation signals within ranges (i.e., — 128 mm/a to — 100 mm/a and 80 mm/a to 100 mm/a) undetectable by
alternative approaches.

The proposed DCGS algorithm substantially enhances accuracy and robustness in homogeneous pixel selection for DS-InSAR
applications. It exhibits exceptional performance in low-contrast, small-sample scenarios through improved control of Types I and II errors.
Although the proposed algorithm is computationally less efficient than parametric methods, such as HTCI, its substantial improvements in
selection precision, phase optimization quality, and deformation monitoring resolution justify this trade-off. This methodology demonstrates
considerable potential for reliable surface deformation monitoring in complex environments characterized by diverse scattering mechanisms.
Key words: distributed scatterers, DS-InSAR, homogeneous pixel selection, region growing, non-parametric hypothesis test, deformation
monitoring
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