Hybrid Genetic Algorithm for three dimensional phase unwrapping  for simulation of volume change of shoreline
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ABSTRACT: The main objective of this work to uitilize hybrid genetic algorithm for three-dimensional phase unwrapping. Methods: The three dimensional phase unwrapping is performed using three-dimensional best-path avoiding singularity loops (3DBPASL) algorithm. Then phase matching is implemented with 3DBPASL using Hybrid Genetic Algorithm (GHA). Further, the combination between GHA and 3DBPASL is used to eliminate the phase decorrelation impact from the interferograms. The study shows that the three-dimensional sorting reliabilities algorithm generated 3-D coastline deformation with bias of -0.06 m, lower than ground measurements and the InSAR method. Therefore,3DBPASL algorithm has a standard error of mean of ± 0.03 m, lower than ground measurements and the InSAR method. Consequently, the 3D-SRA is used to eliminate the phase decorrelation impact from the interferograms. The study also shows the performance of InSAR method using the combination of HGA and 3DBPASL is better than InSAR procedure which is validated by a lower range of error (0.04±0.22 m) with 90% confidence intervals.  In conclusion, HGA algorithm can be used to solve the problem of decorrelation and produced accurate 3-D coastline deformation using ENVISAT ASAR data.

1. INTRODUCTION
At present, the elevation models that are available for large parts of Earth are of low resolution, inconsistent or incomplete. Scientists addressed temporal, geometric and atmospheric decorrelations are most critical limitations (Pepe 2012; Marghany 2012; Marghany 2014). Consistent with Zebker et al., (1997), short temporal baseline, appropriate spatial baseline, decent weather circumstances and ascending and descending SAR data are consistent criteria to restrain decorrelation and noise to produce a reliable DEM.  ERS-1 and ERS-2, Terara X-SAR in tandem mode are the excellent example of short temporal resolution. In wide range of contexts, TanDEM-X and TerraSAR-X are imaging the terrain below them simultaneously, from different angles Marghany (2014). These images are processed into precise elevation maps with a 12 m resolution and any vertical accuracy better than 2 m. Image coregistration, InSAR an interferometric phase estimation (or noise filtering) and interferometric phase unwrapping (Zebker et al., 1997; Hussien 2005; Marghany 2012) are three keys processing procedures of InSAR. It is well known that the performance of interferometric phase estimation suffers seriously from poor image coregistration. Interferogram filtering algorithms such as adaptive contoured window, pivoting mean filtering, pivoting median filtering, and adaptive phase noise filtering are the main methods for the conventional InSAR interferometric phase estimation (Pepe 2012). 

Recently, Pepe (2012) stated that  DinSAR has recently applied with success to investigate the temporal evolution of the detected deformation phenomena through the generation of displacement time-series. In this context, two main categories of advanced DInSAR techniques for deformation time-series generation have been proposed in literature, often referred to as Persistent Scatterers (PS); and Small Baseline (SB)  techniques, respectively. The PS algorithms select all the interferometric data pairs with reference to a single common master image, without any constraint on the temporal and spatial separation (baseline) among the orbits. However, the two-dimensional unwrapping methods could introduce discontinuous regions when the noise is high. The resulting inconsistent baselines within a slice would produce an incorrectly unwrapped baseline. Then the one-dimensional baseline unwrapping could give incorrect results. Many of the methods apply to quality map to guide the unwrapping procedures.   The quality map was defined with the quality of the edges that connects two neighboring voxels and unwrap the most reliable voxels first (Marghany 2013). Therefore, three-dimensional phase unwrapping approach, which considers the temporal domain and the spatial domain restrictions simultaneously (Marghany 2014). 

The main contribution of this study is to combine Hybrid Genetic Algorithm  (HGA) with three-dimensional phase unwrapping algorithm of three-dimensional best-path avoiding singularity loops (3DBPASL) algorithm with InSAR technique. Three hypotheses examined are: (i) the HGA algorithm can be used as filtering technique to reduce noise in the 3-D phase unwrapping; (ii) 3-D shoreline reconstruction can be produced using satisfactory phase unwrapping of 3DBPASL by involving HGA optimization algorithm; and (iii) high accuracy of coastline deformation rate can be simulated  by using HGA optimization algorithm.     

2. STUDY AREA 
The study area is located along the coast of Johor in the southern eastern part of Peninsular Malaysia. The area is approximately 20 km of Johor (Figure 1), located  in the South China Sea between 1° 57´ N to 2° 15´ N and 103° 51´ E to 104° 15´ E. This coastline is exhibited a variety of geomorphologies that includes sandy beaches, rocky headlands which is broken by small river mouths. In addition, the coastline has hilly terrain with steep slopes and deep narrow valleys. Further, the coastline is bordered with varying width of alluvial plains. Further, sand materials make up the entire of the eastern Johor shoreline. Consistent with Marghany (2012), this area lies in an equatorial region dominated by two seasonal monsoons and two inter monsoon periods. According to Marghany (2012) the maximum wave height during the northeast monsoon season is 4 m. The minimum wave height is found during the southwest monsoon which is less than 1 m (Marghany 2014).
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Figure 1. Location of study area.
3. Hybrid Genetic Algorithm 

Following Karout 2007, the HGA algorithm  relies on estimating the parameters of an nth order-polynomial to approximate the unwrapped surface solution from the wrapped phase data. The coefficients of the polynomial that best unwrap the wrapped phase map are obtained by intial solution of GA algorithm to avoid long time to converge to the global optimum solution. In this context, GA minimizes minimum 3DBPASL and 
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errors between the gradient of the polynomial unwrapped surface solution and the gradient of the orginal wrapped phase map. On other words, more precision and lower minimum 3DBPASL and 
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errors are achieved by increasing the order of the polynomial. This proposed algorithm is mainly applicable to adjoining phase distributions (albeit with gaps). Any optimisation problem using a GA requires the problem to be coded into GA syntax form, which is the chromosome form. In this problem, the chromosome consists of a number of genes where every gene correspond to a coefficient in the nth-order surface fitting polynomial as described into equation (2) . 
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where 
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 are the parameter coefficients which are retrieved by the genetic algorithm to approximated the unwrapped phase that can achieve the minimum  3DBPASL and 
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errors. Further, i,j and k are indices of the pixel location in the unwrapped phase respectively, n is the number of coefficients (Hussien et al., 2005). 
4.1  Initial Solution and Population

The initial population is generated by creating an initial solution using one of the Quality guided phase unwrapping algorithm (BPASL algorithm) (Hussien et al., 2005). Following Karout (2007), the initial solution is approximated using a ‘polynomial Surface-fitting weighted least-square multiple regression’ method. The intial population is then generated based on the initial solution. In  doning so, every 
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  in each chromosome in the population, a small number relying on the accuracy of the gene that is added or subtracted to the value of the gene as given by,
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where 
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is the coefficient parameter stored in gene g, and 
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 is a random number generated between the values.
At the rear of Marghany (2014), the GPS survey used to: (i) to record the exact geographical position of the shoreline; (ii) to determine the cross-sections of shoreline slopes; (iii) to corroborate the reliability of  InSAR data co-registered; and finally, (iv) to create a reference network for future surveys. The geometric location of the GPS survey was obtained by using the new satellite geodetic network, IGM95. After a careful analysis of the places and to identify  the reference vertexes, we thickened the network around such vertexes to perform the measurements for the cross sections (transact perpendicular to the coastline).  The  GPS  data  collected  within  50  sample  points scattered along 10000 m coastline.  The interval distance of  2000 m  between each sample location is considered. In every sample location, Rec-Alta (Recording Electronic Tachometer) was used to acquire the coastline elevation profile. The ground truth data were  acquired on January  25    2011  during satellite passes.  

4. Results and Discussion 
Figure 2 shows the coherence map of the ENVISAT ASAR data. It is interesting to find that the coherence image coincided with backscatter variation along the coastal zone. The urban zones are dominated with higher coherence of 0.8 dB as compared to vegetation and sand wet areas. On contrast, The coastal zone has lower backscatter and coherence of  0.0 dB and 0.25, respectively. Since three ENVISAT mode data acquired in wet north-east monsoon period, there is an impact of wet sand on  radar signal penetration which causing weak penetration of radar signal because of dielectric.  Clearly the total topographic  decorrelation effects along the radar-facing slopes are  dominant and highlighted as bright features of  1 over a grey background. 
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Figure 2. Coherence map of ENVISAT ASAR.

It in interest to find  the interferogram fringes  are corresponding  with the high coherence area of 1 e.g. urban and sandy areas. In contrast, vegetation area and water zone of  value less than 0.2 are coincided with absent of interferogram fringe absents (Figure 3).  This occurs because of decorrelation. In fact, the baseline decorrelation and temporal decorrelation make InSAR measurements unfeasible. This result is agreed with with Marghany (2013). 
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Figure 3. Combination of coherence and interferometry.

The interferogram fringes produced by using the combination of three-dimensional best-path avoiding singularity loops (3DBPASL) algorithm and HGA algorithm. Clearly, the proposed algorithm for 3D phase unwrapping produced vibrant fringe cycles which indicate critical erosion of -3.5 m/year (Figure 4). This study confirms the work done by  Hussein et al.,(2005). In fact, The 3DBPASL algorithm acquires an optimal unwrapping path, whereas it is also taking into account the effect of singularity loops. In addition, zero-weighted edge is used   zero-weighted edges to adjust the optimal path and avoid these singularity loops.
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Figure 4. Interferometry produced by Hybird Genetic Algorithm.
. In line with Hussien et al., (2005),the 3DBPASL not only identifies these singularity loops, but it also calculates the quality of each voxel to ensure that the most reliable voxels are unwrapped first and thus the effects of singularity loop ambiguities are minimized or removed entirely. Therefore, the combination of 3DBPASL for phase unwrapping with hybrid Genetic algorithm produced more precisely fringe cycle. In this regard, hybrid Genetic algorithm matches the phase of the wrapped phase with approximated unwrapped phase to establish the best representation of the unwrapped phase. Table 1 shows the statistical comparison between the simulated DEM from the InSAR, real ground measurements and with using Hybrid Genetic Algorithm for three-dimensional best-path avoiding singularity loops (3DBPASL). This table represents the bias (averages mean the standard error, 90 and 95% confidence intervals, respectively.  
Table 1: Statistical Comparison between InSAR and Hybrid Genetic Algorithm for three-dimensional best-path avoiding singularity loops (3DBPASL)

	Statistical parameters
	InSAR techniques

	
	InSAR
	 Hybrid Genetic Algorithm (GHA) for 3DBPASL

	Bias

Standard error of the mean
	3.3

2.2
	-0.06

 0.03

	90%

(90% confidence interval
	Lower
	Upper
	Lower
	Upper

	
	2.3
	3.8
	0.03
	0.13

	
	1.3
	3.2
	0.03
	0.21


Evidently, the InSAR using Hybrid Genetic Algorithm for three-dimensional best-path avoiding singularity loops (3DBPASL) algorithm has bias of -0.06 m, lower than ground measurements and the InSAR method.  Therefore, Hybrid Genetic Algorithm for three-dimensional best-path avoiding singularity loops (3DBPASL) has a standard error of mean of ± 0.03 m, lower than ground measurements and the InSAR method. Overall performances of InSAR method using Hybrid Genetic Algorithm for three-dimensional best-path avoiding singularity loops (3DBPASL) algorithm is better than conventional InSAR technique which is validated by a lower range of error (0.04±0.22 m) with 90% confidence intervals.  
5. ConclusionS
The three dimensional phase unwrapping is performed using three-dimensional best-path avoiding singularity loops (3DBPASL) algorithm. Then phase matching is implemented with 3DBPASL using Hybrid Genetic Algorithm (GHA). Further, the combination between GHA and 3DBPASL is used to eliminate the phase decorrelation impact from the interferograms.  The study shows the performance of InSAR method using the Hybrid Genetic Algorithm for three-dimensional best-path avoiding singularity loops (3DBPASL) which is validated by a lower range of error (0.04±0.22 m) with 90% confidence intervals. In conclusion, integration of the GHA  with 3DBPASL  phase unwrapping produce accurate 3-D coastline deformation.
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