EVALUATION OF MEDIAN FILTERING IMPACT ON SATELLITE-BASED SUBMERGED SEAGRASS MAPPING ACCURACY IN TROPICAL COASTAL WATER
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ABSTRACT
Numerous undesired information called as ‘noise’ present on digital image often reduces the reliability of desiring output obtained after processing stage. This paper highlights the evaluation on the impact of median filtering process after implementation of water column correction model known as bottom-reflectance-index (BRI) on fine spatial resolution digital satellite image namely Worldview-2 (WV-2) on short visible bands for submerge seagrass detection and mapping. The evaluation of median filter as a non-linear digital filtering technique was carried out in the type-II coastal water with moderate water clarity in Merambong shoal; the most extensive seagrass beds in Malaysia. Using different window size such as 3x3, 5x5 and 7x7, the variability of the impact on seagrass detection on satellite image will be analyzed according to the changes from unfiltered BRI value of the whole scene to filtered pixel on digital images. This filtering scheme and the different size of kernel for filtering process are found significantly sensitive to subtle changes among bottom substrates. The filtering process by median scheme discovered its capability to maximize signal-to-noise (SNR) ratio and minimize variation of coefficient (VC) before digital image classification was carried out for seagrass mapping. Results of this study indicated seagrass map generated using BRI of WV-2 visible bands reported good agreement with in-situ verifications after filtering process, with an overall accuracy of >80%, 0.7263 of Kappa statistic, 72.11%,93.81% producer’s and users accuracy, respectively. In addition, the improvement extent after the implementation of median filtering process to the submerged seagrass detection was also being examined. Such analysis is vital in reporting constraints of water turbidity for submerge seagrass in tropical coastal water; thereby allow improvisation of the BRI in turbid waters for submerge seagrass mapping.

1. INTRODUCTION

In signal processing, it is often desirable to be able to perform some kind of noise reduction on an image or signal for many purposes including seagrass mapping in tropical coastal waters. Noises on the digital image sensed by optical satellite operating system typically can be found in radar imageries caused by random constructive and destructive interference from the multiple scattering returns; mostly generated during converting the optical image into continuous electrical signal. However, assumption of unpredictable properties of signal appear on image is termed as undesired information which capable to degrade result accuracy. Thus, filtering process is necessary before image classification carried out. A local adaptive median filter was developed that uses local statistics to detect SAR speckle noise and to replace it with a local median value (Lopes et al., 1993). Noises in active remote sensing sensor such as Interferometry Synthetic Aperture Radar (IFSAR) can be minimized by implementing local adaptive filtering in tropical forest for total aboveground biomass to improve the result up to +30% (Misbari S., 2014).
Currently, it can be assured that filtering method on satellite image for seagrass mapping is never been reported as submerged seagrass only can be detected through the utilization of remotely sensed imagery from passive sensor.Using passive satellite system, the image is acquired only during daylight where the electromagnetic energy from the Sun is reflected by seagrass. Since this study is conducted in the area of the strait of Johor between Johor and Singapore, this region received sunlight from 7am to 7pm (12 hours) where the peak solar intensity commonly start from 12pm to 1pm daily. The repeatable Worldview-2 satellite would pass this region at about 0300 UTC time for every 1-3 days. In contrast with previous studies, this study introduced the benefits of filtering process to minimize the anomalies present randomly on the image acquired from passive sensor. Thus, anomalies on the processed image are categorized as random noise and these undesired information needs to be filtered to yield more reliable seagrass mapping accuracy.In this study, such noise reduction is needed after water column effect over the scene was minimized before submerge seagrass can be classified together with others underwater features.


2. MEDIAN FILTERING FOR SEAGRASS MAPPING USING SATELLITE

The median filter is a nonlinear digital filtering technique and would preserves edges while removing noise which come from atmospheric propagating medium, technical component on-board the satellite and geometrical position of the data acquiring system. Filtering schemes applied on satellite image is varies and the selection of filtering type based on type of application, type of image and accuracy level required. Based on the previous studies associated to noise reduction on radar image, local adaptive median filter is best in achieving the best balance between speckle suppression and image detail preservation. Noise is removable using iterative median filtering in spatial domain which requires much less processing time than removal by frequency domain Fourier transforms (Nichol et al, 2004). Median values of each entry would depend on the selected size of the moving window or kernel. These windows would move over the entire scene without affecting ‘clean’ pixels. Window with odd number of entries is used because it is just the middle value after all the entries in the window are sorted numerically. Since digital satellite image was used for seagrass mapping, the median filtering is preferred based on its ability to achieve the best balance between so-called noise suppression and pixel preservation. Often, such noises appears at the transition phase of a transect line from deep sea water or muddy surface towards the seagrass bed. After effect of water column being minimized, the value of pixel of such noise showing their anomalies or weird behavior and this is obvious using WV-2 image. This study concerned to yield better output accuracy by minimizing the present of undesired information (anomalies) regarded as noises right after reduction water column effect was performed on the acquired satellite image to yield mapping of seagrass submerging in tropical coastal water in Malaysia.

3. REDUCTION OF WATER COLUMN EFFECT ON SATELLITE IMAGE

Remote sensing technique has been used for submerged seagrass detection and mapping over large areal coverage to avoid costly and reduce time consuming. Remote sensing satellite data had been implemented to map submerge aquatic vegetation due to the capability of the sensors to record the submerged substrate features such as seagrass, seaweeds, sand, mud as well as coral classes. This information is, however, to restricted depths and clarity of the water column.  To retrieve the specific location of seagrass occurrence under such moderate water turbidity like Merambong shoal which is well-known as the most extensive seagrass meadow in Malaysia, the selection of suitable water column correction algorithm, satellite image, sampling size and processing technical procedure is crucial to be correctly decided. Surrounded by vast coastal development, this area is vulnerable to declining trend of seagrass habitat as increasing sediment from land increase water turbidity while depleting light penetration into sea water column. This situation has catalyst more ‘undesired signal’ appears randomly on the image.
Submerged benthic habitats present on site during fieldwork were seagrass: Enhalus acoroides, Halophila ovalis, Cymodocea serrulata and Halodule univervis (Sidik et al., 2006), seaweeds: Sargassum, Chaetomorpha minima (Phang, 2006) and coral reef, with water depth range from 0.3 to 11.9 meters. Enhalus acoroides and Halophila ovalis are the dominant species on Merambong shoal. Unfortunately, WV-2 not completely sensed the whole shoal on the similar date and time of acquisition as the end of this shoal is excluded from the scene that we used in this study. This sub-scene comprises of 3153 column and 9415 rows. Figure 1 shows the position of the shoal on WV-2 image taken on March 4th, 2012. The tidal height on this scene is +1.2m, obtained from global tidal website.
[image: ]
Figure 1 Merambong shoal and vicinity. Two photos on left side were captured on 17th June 2014 at Merambong area.

Worldview-2 has 8 spectral bands. However, this study only interested to use several visible bands including blue and red bands. Both of these bands will be processed to detect seagrass submerged under the sea water. The data pre-processing stage includes: (i) image subset, (ii) geometric correction, (iii) atmospheric correction, (iv) image masking, (v) sun glint removal, and (vi) conversion of satellite digital number to radiance, (L). The ancillary data utilized were topographic map and nautical chart of the corresponding area. The topographic map was used to aid the geographical location in the GPS survey carried out for ground control points used in geometric correction of the satellite image. The nautical chart was used to obtain water depth and types of benthic habitat features. Using all relevant available ancillary data and integrate them in current study proved to be very useful in many previous similar studies. Furthermore, the naming conventions of all the locations were based on this ancillary information. Subsequently, bottom-reflectance-index (BRI) by Sagawa et. al., 2010 was used to retrieve seagrass on the satellite image by reducing water column effect on remotely sensed data. The BRI is given in Equation (1), such that

				Equation (1)
where Li is measured radiance in band I; Lsi is deep-water radiance in band I;Kiis attenuation coefficient for band I;g and Z are respectively, geometric factor to account for the path length through water, and water depth (m). The index requires data combination of water depth with attenuation coefficient band involved in detecting shallow substrate. Filtering process begin once BRI was implemented on the blueband (450-510 nm) and red band(630-690 nm) of WV-2. 

4. RESULT AND DISCUSSION
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[bookmark: _GoBack]Figure 2 Resultant image of filtering process of random noises using different filter with various window size on stacked blue and red band of WV-2.

Table 1 Summary of information obtained from post-filtered IFSAR image.
	Window
	Mean
	Std. Dev
	Variation Coeffient
(VC)
	Signal-to-Noise Ratio
(SNR)

	*Original
	0.851904
	1.158218
	1.359564
	0.73553

	3x3
	0.850390
	1.150446
	1.352845
	0.739183

	5x5
	0.849224
	1.146646
	1.350228
	0.740616

	7x7
	 0.848319
	1.144041
	1.348598
	0.741511

	9x9
	0.847591
	1.141942
	1.34728
	0.742236

	11x11
	0.847061
	1.140262
	1.346139
	0.742865

	13x13
	0.846666  
	1.138750
	1.344981
	0.743505

	15x15
	0.846317
	1.137390
	1.343929
	0.744087

	**Original
	0.167488
	0.433001
	2.585266
	0.386807

	3x3
	0.167040
	0.431364
	2.582399
	0.387237

	5x5
	0.166706
	0.430415
	2.581881
	0.387315

	7x7
	0.166433
	0.429637
	2.581441
	0.387381

	9x9
	0.166204
	0.428923
	2.580702
	0.387491

	11x11
	0.166014
	0.428247
	2.579584
	0.387659

	13x13
	0.165850
	0.427580
	2.578113
	0.387881

	15x15
	0.165702
	0.426956
	2.57665
	0.388101


*Blue band, **Red band

Regarding to statistical description, standard deviation of all resultant figures is not broadly ranged due to the fact that noises sources located on homogeneous area such as the sea water which in turn leads to small range of VC value. Thus, it is said that the impact of filtering in seagrass habitat is stable and uniformsince the variability is less in the Johor straits region. In general, the value of VC is in decreasing trend when the window size of filter used on image is expanded. As VC is the inverse of SNR, lowest VC indicating the highest SNR value (Misbari S., 2014). For the blue band which has unfiltered BRI range of 0 to 42.304, the lowest VC is shown by window of 15x15 by 1.343929 that containing more signal relative to the ‘noises’ on the image with SNR value of 0.744087. Relatively, red band has higher CV band due to its narrow range of unfiltered BRI (0-12.894). Similar to blue band, the lowest CV value and the highest SNR for red band is shown by the median filter using 15x15 window size. Theoretically, this window size hence is considered as the best fit for the undesired information removal on WV-2 image for seagrass mapping.However, this indication is not always true since in practise, we ought to test the accuracy of the resultant map for each window size. Operationally, median filter as one type of convolution filters is successfully minimizes the loss of information better than the other filters while preserve the edges of the window. Therefore, this post-filtered image was used to see clearly the filtering impact on submerge seagrass mapping before and after ‘noise’ reduction.

[image: ][image: ][image: ]
               Figure 3 Post-filtered on Merambong shoal with window size i) 3x3 (left), ii) 15x15 (right). The yellow circle demonstrates the anomalies were minimized by the filter.

Apart of it, the spatial resolution of eight multispectral bands of WV-2 is 1.85 meters enable the source of such random anomalies, here is referred as ‘noises’ were easily identified. This filtering scheme and the different size of kernel for filtering process are found significantly sensitive to subtle changes among bottom substrates. Several transect lines were established across the study area to effectively determine the appearance of undesired information. It is found that the noises are mostly concentrated at the adjacent area of edge of the Merambong shoal, especially edge towards the land. Thus, median filter helps to reduce the effect of these noiseson BRI result efficiently. This noise degrades seagrass mapping accuracy up to ±5%.

[image: ]                         [image: ]
Figure 4 Submerged seagrass map before and after filtering process.
[image: ]         [image: ]
Figure 5 Transect line across mud to seagrass bed. Top graph is before filter, below graph is after filtering process.

Table 2 Confusion matrix for seagrass map using WV-2.
	Before filter
	Reference Data
	

	Classification Data
	Seagrass
	Mud
	Row total
	User Accuracy

	Seagrass 
	190
	104
	294
	64.6%

	Mud 
	23
	468
	491
	95.3%

	Column total
	213
	572
	785
	

	Producer accuracy
	89.2%
	81.2%
	
	

	Overall accuracy
	83.8%

	Kappa coefficient
	0.6364

	After filter (11x11)
	Reference Data
	

	Classification Data
	Seagrass
	Mud
	Row total
	User Accuracy

	Seagrass 
	212
	82
	294
	72.1%

	Mud 
	14
	477
	491
	97.2%

	Column total
	226
	559
	785
	

	Producer accuracy
	93.8%
	85.3%
	
	

	Overall accuracy
	87.8%

	Kappa coefficient
	0.7263



Given testing of post-filtered image been conducted, it shows that window size of 11x11 is the best fit to be used on WV-2 image for seagrass mapping. 15x15 smoothing result was exaggerated. Fine-scale heterogeneity from the noises make the classification of bottom substrate features in this area more complex and spectral distinction between the habitats is difficult to be well-defined. Thus, removal of these noises has successfully enhanced the overall accuracy of the map to be 87.8% using WV-2. The two graphs above clearly shows the alteration of regression line between BRI and corresponding depth after the removal of the noise where transect line crossing seagrass bed from the muddy region at shallow surface. 

5. CONCLUSION

Median filter is intensively used on remote sensing data to minimize undesired information or noises effectively. Seagrass mapping using remote sensing approach crucially need the advantage of the used of suitable filtering window size to enhance mapping accuracy. In our study, the 11x11 window size of median filter demonstrate the best result to reduce such noises presence on the image to increase overall accuracy and kappa value up to 4% and 12.4%, respectively. In fact, this study proves that VC and SNR theory is sometime not indicate the real situation in practical. Therefore, testing procedure of each window size is important. 
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