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ABSTRACT: Yet advanced remote sensing technology does not implement n-dimensional and just restricted to 

three-dimensional. However, n-dimensional recently, is curious topic between mathematicians and physicians. 

This work aims at using hologram interferometric with 4-D phase unwrapping to reconstruct fourth-dimensional of 

box-day Tsunami 2004 impacts on Kalutara coastline. The data are used that involved two QuickBird images with 

implementation of 4-D phase unwrapping. The results show that the hologram Interferometric an excellent tool for 

reconstructing tsunami chaotic effects on land uses from QuickBird satellite data. The study shows coastline of 

Kalutara is flooded by tsunami run-up of 6 m which totally damaged road network and urban structures. Hologram 

interferometry able to reconstruct 4-D of coastal water turbulent flows along Kalutara coastline. In conclusion, 4-D 

view of tsunami coastal damages can be reconstruct using the optical hologram Interferometric from QuickBird 

satellite data. 

  
1. INTRODUCTION 

 

Hitherto developed remote sensing technology disables to implement n-dimensional and is just constrained to 

simulate three-dimensional of any object in ground. Though, n-dimensional newly, is interested theme for 

mathematicians and physicians. String theory, M-theory, and  Supergravity are most well known n-dimensional 

theories. String theory, consequently, proposed that the universe is shaped in multiple dimensions: (i) height, (ii) 

width, and (iii) length compose three-dimensional space; and (iv) time contributes an entirety of four observable 

dimensions.  String theories, nonetheless, continued the probability of ten dimensions – the remaining six of which 

human capability cannot depiction precisely (Alday et al., 2010 and  Marghany  2015). 

 

Though, the geometry of 4-dimensional (4-D) space is abundant extra convoluted than that of 3-dimensional space, 

because of the extraordinarily degree of freedom. Consequently, 4-D involves  4-polytopes which are  formulated of 

polyhedral (Figure 1). In addition, 4-D also contains 6 convex regular 4-polytopes, which are the analogues of the 

Platonic solids. Therefore, as 3-D beings it cannot transfer freely in time, but in 4-D it could be achievable.  In this 

context, 4-D can distinguish three-dimensional and it cannot be conveyed to Euclidean space which suggests that 

fourth- dimension is spatial. Therefore, 4-D can be generated algebraically, by utilizing the regulations 

of vectors and coordinate geometry to a space in 4-D (Anne 2013, Marghany 2014). 

 

 
Figure 1: Four-dimensional. 



Though, there are great advances in remote sensing technology which can provide 3-D maps through LIDAR, 

TanDAM TerraSAR –X  etc., the human eyes are restricted to view 2-D or 3-D objects and not able to be viewed 

in n-dimension. In free space universe, there are parallel coordinates which can view the universe in 

n-dimensional. One of the accurate remote sensing technique for 3-D visualization is interferometry synthetic 

aperture radar techniques.  Yet, 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, A., (2012). Recently, Marghany (2011) implemented hologram 

interferometry for shoreline change. Marghany (2014) introduced a new technique  to  reconstruct 4-D from 

hologram interferometry for optical remote sensing and ENVISAT ASAR data. However, these studies does not 

explained clearly the mathematical formula used to reconstruct 4-D. In fact, 4-D is required to formulate 

mathematical protocols to be implemented in several applications (Marghany 2015).  

 

The main question is how to reconstruct 4-D from 3-D? This study postulates that 4-D can be implied from 3-D 

phase unwrapping of optical  hologram interferometry. As a matter of fact, optical interferometry is a powerful 

approach to measure shifts of the stability of electromagnetic wavelength spectra. One significant limitation of 

common interferometric methods is that they require specular reflectors. This limitation can be removed by 

utilizing holography, allowing very small motions of arbitrary, diffusely reflecting, objects to be detected. The main 

novelty of this study is to derive a new formula for 4-D hologram interferometry phase unwrapping Hybrid Genetic 

Algorithm  (HGA). The main objective is to reconstruct fourth-dimensional box-day Tsunami 2004 impacts on 

Kalutara coastline from high resolution Quickbird satellite data by optimization of 4-D hologram interferometry.   

 

 

2.  STUDY AREA AND SATELLITE DATA 

 

Kalutara coastline is located in  Sri- Lanka between 6°34’21.03” N to 6°34’ 57.28” N and 79°57’ 13.63” E to 79°58’ 

04.87” E (Figure 2). Moreover, Sri Lanka is dominated by two monsoon periods. Indeed, southwest monsoon brings 

that rain mainly from May to July to the western, southern and central regions of the Sri Lanka island, while the 

northeast monsoon rains occur in the northern and eastern regions in December and January which are  influenced 

the coast of Sri Lanka frequently. 

 

 
Figure 2. Kalutara coastline. 

 

In this study, the high-resolution Quickbird satellite data were acquired from Digital Global archives data. The 

images of Quickbird were acquired before, and after tsunami disaster of Kalutara coastline. The multispectral 

QuickBird satellite data within less than 1 m pixel resolution is chosen. For ocean wave spectra extraction the 

composite color bands of 450-520 nm (blue), 520-600 nm (green), and  630-690 nm (red)  is used. The multispectral 

QuickBird satellite  was acquired  on Sunday December 26, 2004, at 10:20 am local time, slightly less than four 

hours after the 6:28 a.m. (local Sri Lanka time) earthquake and shortly after the moment of tsunami impact.  

 
3. ALGORITHM  

 

3.1.  4-D Hologram Interferometry   

 

Following Marghany (2015), assume that 1I  and 2I  are the different acquisition times of two optical satellite data 

for instance, QuickBird . Consequently, 1 1I E∈ and 2 2I E∈ where 1 2E E∉ or 1 2E E≠ as E is electromagnetic 

spectra which presents  in two QuickBird satellite data. Both electromagnetic spectra waves interfere at the surface of  

point in space or time. Hence, their amplitudes will add as vector. If one of these is a plane wave pointing in the z 

direction and the other is a spherical wave, then it can described by 

 



I (x , y ) = | E(x , y ) e(iϕO (x , y ))  + r (x , y ) e(iϕR (x , y ))|                                                     

        = ( E2 (x , y ) e(iϕR (x , y ))  )(  r (x , y ) e(iϕR (x , y )))  
∗ +  (E1 (x , y ) e(iϕO (x , y ))) (E(x , y ) e(iϕO (x , y ))) ∗         

 

                       + (E1 (x , y ) e(iϕO (x , y )))  )(  E2 (x , y ) e(iϕR (x , y )))  
∗  + (  E2 (x , y ) e(iϕR (x , y )))  (E1 (x , y ) e(iϕO (x , y ))) ∗        (1)

 

 

where E is the is the complex amplitude of the object wave with real amplitude E1 and phase ϕO ,  E2  is the complex 

amplitude of the reference wave with real amplitude E2 and phase ϕR  and *  denotes  the  conjugate complex.  

The phase changes due to  deformation can be obtained by using 2-DFFT into the above equation [21] 
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where FFT denote the Fourier spectra and f is the spatial frequency in the x and y directions, are the carry 

frequencies in the x and y directions, respectively. Following De la Torre et al.,(2010), 4-D holographic 

interferometry can be given by  
4
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where N represents fourth -dimensional, NA  is the incoherent in 4-D holographic interferometry. NB  and 
N

B
∗
are 

lobes for each illumination wavelength in QuickBird satellite data.  The relative optical phase difference can be 

associated to a physical displacement through the sensitivity vector found in the hologram interferometry in two 

satellite data  which can be expressed in 4-D as, 
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Following Marghany (2015) where d is the displacement in along orthogonal components of U,V,W,O, in i,j,k, and p, 

respectively. According Marghany (2015) Phase unwrapping can be extended into fourth-dimensional by the given 

equation,  
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where φ∆  and ψ∆  are the unwrapped and wrapped phase differences in  x,y,z,w respectively, and W represents 

user-defined weights. The summations are carried out in both x ,y, z, and w  directions over all i,j,k, and p respectively 

(2015).  

 

3.2.  Hybrid Genetic Algorithm (HGA) 

 The HGA algorithm  relies on estimating the parameters of an nth
 

order-polynomial to approximate the unwrapped 

surface solution from the wrapped phase data (Karout,  2007 and Marghany 2015). Any optimisation problem using a 

genetic algorithm (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 this can be extand into 4-D  as follows (Marghany 2015), 
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where [0.... ]a n  are the parameter coefficients which are retrieved by the genetic algorithm to approximated the 

unwrapped phase. Further, i,j, k and p are indices of the pixel location in the unwrapped phase in 4-D, respectively, n 

is the number of coefficients.  

 

3.3.  Phase Matching 

The accurate 4-D phase unwrapping can be obtained by phase matching algorithm which is suggested by Schwarz 

(2004). Consistent with Schwarz (2004), phase matching algorithm is matched the phase of wrapped phase with 

unwrapped phase by the given equation 
^
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where , , ,i j k p
ψ is the phase matched unwrapped phase, i,j,and k are the pixel positions in the quality phase map, 

, , ,i j k p
φ∆ is the given wrapped phase, 

^

, , ,i j k pφ∆ is the approximated unwrapped phase, [ ].ρ  is a rounding function 

which is defined by [ ]  2
1+= ttρ  for 0≥t and [ ]  2

1−= ttρ  for 0<t and are i,j, k and p the pixel positions in 

x and y,z,w directions, respectively (Schwarz O. 2004;Pepe, A., 2012; Marghany 2015). 

 
 

4. RESULTS AND DISCUSSION 

 

The earthquake and the tsunami, which struck the coastline of the Indian Ocean and Sumatra, Indonesia on 26 

December 2004, have caused massive changes in the shorelines of many countries especially in Banda Aceh, 

Indonesia and Kalatura, Sri Lanka. Scientists investigating the damage in Aceh found evidence that the wave reached 

a height of 80 feet (24 m) when coming ashore along large stretches of the coastline, rising to 100 feet (30 m) in some 

areas when travelling inland. This deadliest disaster has caused massive destruction to the environment and the world 

ecosystems despite killing million of people all over the world.  Figure 3 shows the two QuickBird satellite data were 

acquired over Kalutara coastline pre tsunami and post tsunami, respectively. Evidently,   huge damages have been 

caused by box-day tsunami 2004 (Figure 3b). This is contributed due to fact that  QuickBird satellite  has 

multispectral sensors with 0.61 m-0.72 m and 2.44m –2.88 (Table 1) m resolution respectively, depending on the 

off-nadir viewing angle (0-25 degrees). The sensor therefore has coverage of 16.5 km in the across-track direction. In 

addition, the along-track and across-track capabilities provide good stereo geometry and a high revisit frequency of 

1-3.5 days. These characteristics of the images enable easy management and observation of earth especially for 

disaster observation and mapping such as tsunami disaster. 

 

(a)                                                     (b)                                                   

                

 
Figure 3. Quickbird satellite data pre and post tsunami Events along Kalutara (a) January 1, 2004, and (b) 

December 26, 2004. 

 

The comparison between 2-D phase unwrapping; 3-D phase unwrapping; and 4-D phase unwrapping is shown in 

Figure 4. The hologram interferometry fringes pattern are more vibrant  by using 4-D phase unwrapping as compared  

to other phase unwrapping dimensions i.e. 2-D and 3-D. Particularly,  the complete cycle of hologram interferometry 

fringe patterns  are certain with 4-D phase unwrapping algorithm. With this regard, 4-D holographic  interferometry 

fringes produced by using Hybrid Genetic Algorithm based on Pareto Optimal Solutions. It is interesting to find that 

the proposed algorithm has produced clear features detection of infrastructures.  In fact, the proposed algorithm has 

minimized the error in interferogram cycle due the low coherence in water and vegetation zones and along the  

coastline  due to tsunami impact. This could be improvement of such previous work of Hussein et al. (2005); 

Karout(2007);Marghany (2015). 



  
Figure 4.  Phase unwrapping (a)2-D;(b)3-D; and (c) 4-D. 

 

 

Figure 5 shows the 4-D visualization derived from hologram interferometry. Obviously, the 4-D visualization 

distinguishes between infrastructures and buildings.  With this regard, coding 2-D of QuickBird data into 4-D can 

visualize many information about urban features i.e. building, infrastructures, and roads in spite of the great damages 

caused by tsunami wave. Indeed, the hologram interferometry is considered as a deterministic algorithm which is 

described here to optimize a triangulation  locally between two different points. This corresponds to the feature of 

deterministic strategies of finding only sub-optimal solutions usually.  This confirms that optical  interferometry is a 

robust means for evaluating displacements of the order of a wavelength of electromagnetic spectra. Therefore, 

involving a hologram can assist in recovering the matter of specular reflection beside permitting tiny changes of 

random, diffusely replication, objects to be identified (Saxby  1987). 

 

 
 

 

Figure 5. 4-D  visualization produced by 4-D hologram interferometry (a) original data;(b) 90°;and (c) 180 °. 

 

 

The visualization of the infrastructures  is sharp by 4-D phase unwrapping based Hybrid Genetic Algorithm.  These 

results delivers  an excellent promising for 4-D reconstruction using 4-D phase unwrapping of hologram 

interferometry.  This study is improving the work done by Marghany (2015). Furthermore, the adding fourth 

coordinate p in mathematical formula of 3-D HI shaped an excellent 4-D object visualization. HGA  assists to deliver 

4-D image and not only discriminating the individual relaxed deformation but also sorting out impeding objects in 

4-D.Generally, HGA corresponds the phase of the wrapped phase with guessed unwrapped phase to verify the best 

representation of the unwrapped phase.  Consistent with Karout (2007) and Saravana et al., (2003) a genetic algorithm 

is used to approximate the coefficient of an nth-order polynomial which is considered as best estimates for the 

unwrapped phase map. With this regard, it minimizes the variance between the unwrapped phase gradient and the 

(a)                                                  (b) 

(c) 



wrapped phase gradient. Furthermore, 4-D results obtained with the hybrid genetic algorithm exceed the performance 

of the 4-D phase unwrapping of hologram interferometry.     
 

5. CONCLUSIONS  
 

The 4-D phase unwrapping methods outlined are applicable to reconstruct 4-D visualization of tsunami effects using 

QuickBird data. The involving of Hybrid genetic algorithm to optimize modification formula of  hologram 

interferometry can permit the  QuickBird data  to be coded into 4-D. The results shows that the varieties of 2-D objects 

in QuickBird data can be visualize in 4-D. The fine strictures of roads, urban, buildings and infrastructures are well 

visualized in 4-D. In conclusion, the modification and optimization of  hologram interferometry formula  hold 

excellent promise   for 4-D object visualization in such optical satellite data of  QuickBird data .  
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