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Abstract. The Neighborhood Median Pixel Method has previously been introduced as an image processing technique in
remote sensing, developed to classify Landsat-8 OLI satellite image pixels into categories of vegetation, water, and built-
up areas. This method relies on a lookup table based on the median pixel values within a pixel’s neighborhood and a scoring
system that assigns point values for classification. While a 9x9 neighborhood size was originally proposed, a succeeding
study suggested a 13x13 neighborhood for better classification accuracy. This study focuses on refining the scoring system
used in the Neighborhood Median Pixel Method, particularly the original set of arbitrary point values 14, 4, and 1. Particle
Swarm Optimization was employed to systematically explore and optimize these point values, iteratively seeking an ideal
configuration for the scoring system. After optimization, the Neighborhood Median Pixel Method exhibited a slight
increase in overall accuracy. Using the 9x9 neighborhood size, the accuracy rose from 94% to 94.75%, while with the
13x13 neighborhood size, the accuracy improved from 95.75% to 96%. Furthermore, results indicate that varying point
value configurations yield similar classification outcomes, suggesting that the method’s scoring system is robust across
multiple configurations and that the originally proposed point value set remains adequate for effective classification.

INTRODUCTION

Image classification in remote sensing plays a vital role in organizing and interpreting visual data from satellite
images, offering insight into Earth’s surface. By categorizing pixels into classes like vegetation, water and built-up
areas, accurate classification allows for effective land use assessment and monitoring, and promotes better resource
management. With the aid of advanced algorithms, image classification in remote sensing transforms raw satellite
data into actionable information, supporting decisions in conservation, urban planning, and disaster response.

One such advanced algorithm is the Neighborhood Median Pixel Method (NMPM), which was previously
introduced as an image classification technique making use of the median pixel values within a target pixel’s
neighborhood to classify the pixel into one of the categories of vegetation, water, and built-up areas [1]. NMPM was
applied to a satellite image dataset from the Landsat-8. This satellite, with its Operational Land Imager (OLI), is able
to capture high-resolution images across visible, near-infrared, and shortwave infrared bands, enhancing the ability to
differentiate land cover types [2].

NMPM relies on a lookup table, which is obtained from getting the extreme values, minimum and maximum
values, interquartile range (first and third quartile) of the neighborhood median of the pixel with predetermined class.
For the classification, NMPM uses a scoring system with a specified set of point values to determine which class the
neighborhood median should be assigned to. The original implementation of NMPM used an arbitrarily selected set
of point values. In this study, we explored the point values associated with the scoring system by implementing the
Particle Swarm Optimization (PSO) to further improve the overall accuracy of the NMPM in classifying the satellite
images from Landsat-8 OLI band image 1 to 7 and spectral indices namely normalized difference vegetation index
(NDVI) [3], normalized difference built-up index (NDBI) [4], and normalized difference water index (NDWI) [5].



REVIEW OF RELATED LITERATURE

In the study conducted by [6], the effect of using spectral index images was analyzed to improve the classification
accuracy of the Landsat-8 OLI image. The study utilized the Landsat-8 OLI band images from 1 to 7 together with
the different combination of spectral indices — NDVI, NDWI, NDBI, as shown in Fig. 1.
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FIGURE 1. Flowchart of the Index-based classification methods. Reprinted from [6].

The study employed a minimum distance classifier to classify the pixels into the class of vegetation, water, and
built-up area. For a given site — A and B as shown in Fig. 2, a pixel area was selected to represent each of the classes.
The feature vector was calculated by getting the mean value of the training site pixel area for vegetation, water, and
built-up class for each of the bands and spectral index image used in the given method. The site was given 200
reference points with predetermined classes to obtain the accuracy of the classification. The obtained overall accuracy
for each site is 93.5% for site A and 84% for site B respectively with an overall average accuracy of 88.75%.

(b)
FIGURE 2. True Color Image of Site A (a) and site B (b). Reprinted from [1].

To improve the overall accuracy from [6], another study [1] introduced the Neighborhood Median Pixel Method
for classifying the Landsat-8 OLI images together with the three spectral indices, NDVI, NDWI, and NDBI. The



NMPM was able to enhance the overall accuracy of the classification to an average of 94%, a marked improvement
from the previous research. Median values were selected instead of average values because the former are less
sensitive to outliers.

The NMPM relies on the median value of a rectangular neighborhood of a given pixel. The study used the 9x9
neighborhood size for the implementation. The 200 reference points from the given sites — A and B, were cropped
into their respective 9x9 neighborhood having the reference pixel at the center. For each of these neighborhoods, the
median pixel value was computed. From the training site (either Site A or Site B), all similar instances of a given class
were grouped together, and critical values (akin to a boxplot) of the computed median values from this group of
instances was generated were used as thresholds for the lookup table, as presented in Table 1.

This was done for all the Landsat-8 OLI band images 1 to 7 and three spectral indices, thus producing 10 lookup
tables from which individual instances from the test site (the remaining site not used for training) were assigned point
value scores as shown in Table 1.

TABLE 1. Lookup Table for Landsat-8 OLI Band Image 1. Reprinted from [1].

Class Threshold for  Threshold for  Threshold for  Threshold for Thre:llilgllld for Threshold for
Low Extreme Low Probable  Low Normal High Normal High Extreme
Probable
Vegetation 36 36 36 37 38 38
Built-up 38 38.5 40 41 42.5 45
Water 38 38 38 39 39 39

To better understand the values that are produced in the lookup table, a simple boxplot can be used to visualize the
threshold ranges, as shown in Fig. 3.
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FIGURE 3. Boxplot of look-up table indicating the normal, probable and extreme regions for both the high and low sections.
Adapted from [1].

For the classification, the NMPM uses an arbitrarily pre-selected scoring system to assign point value to the
neighborhood median of the pixel to be classified. The total points assigned to a class is the summation of the acquired
points from band images 1 to 7 and three spectral indices, as denoted by:

10 14 low, < Ppegian < high,
4 low, < Ppegian < high,
1 low, < Ppegian < high,
b=1 \—14  otherwise

(M

class; =



where:
i = represents the number of distinct classes
b = 10 images (7 band images and 3 spectral indices)

For a given pixel to be classified, whenever the median value in its neighborhood falls within the normal range,
the class (prediction) option receives a 14-point; whenever this median value falls in the probable range, the class
option receives a 4-point; and when this falls in the extreme range, the class option receives a 1-point. A penalty value
(-14 points) is applied whenever the given neighborhood median of the pixel is outside the range of the lookup table
for that class option. The class option with the highest accumulated total points becomes the predicted class assigned
to the given pixel to be classified.

To further improve the accuracy of the NMPM, a succeeding study [7] investigated the use of different
neighborhood sizes. The results found that using a 13x13 neighborhood size yields a better accuracy with an overall
average of 95.75% exceeding the original 94% accuracy of the 9x9 neighborhood size, as summarized in Table 2.

TABLE 2. Neighborhood Sizes with their Corresponding Accuracies. Reprinted from [7].

Neighborhood Size A- T;am’ B - Test: B - Train, A - Test: Average Accuracy
ccuracy Accuracy

1x1 0.805 0.88 0.8425
3x3 0.865 0.865 0.865
5x5 0.895 0.895 0.895
7x7 0.935 0.92 0.9275
9x9 0.945 0.935 0.94
11x11 0.95 0.935 0.9425
13x13 0.95 0.965 0.9575
15x15 0.955 0.94 0.9475
17x17 0.945 0.94 0.9425
19x19 0.87 0.895 0.8825
21x21 0.87 0.9 0.885
23x23 0.815 0.895 0.855
25x25 0.775 0.865 0.82
27x27 0.745 0.855 0.8
29x29 0.695 0.785 0.74

In our current study, we explore how to further improve the accuracy of the NMPM. Instead of focusing on
neighborhood aspects, we focus on the set of value points used in the NMPM scoring system.

METHODOLOGY

This study employed the Particle Swarm Optimization (PSO) technique in order to systematically explore and
optimize the point values used in the NMPM scoring system. PSO is often used in various fields and applications to
find the optimal solutions due to its effectiveness. In this study, the PSO technique was implemented to find an optimal
point value set in the scoring system of NMPM.

The PSO parameters are set as follows: the number of particles n was set to 20 with a maximum iteration of 50.
The inertia weight w is set to 0.5 to give a balance between exploration and exploitation. Having a cognitive
coefficient ¢; of 2.5 and a social coefficient ¢, value of 2.0 gives the particle more influence on its individual
experience compared to its collective experience with other particles.

The particles are given an initial point value set which represents their position x;. The point value set is a randomly
generated three-element tuple that represents the point for each threshold range — normal, probable, and extreme. The
generated random values for the point value set are between 0 and 1 with a multiplier of 2 for the extreme point value,
3 for the probable point value, and 4 for the normal point value.

The PSO technique is applied to both 9x9 neighborhood size and 13x13 neighborhood size to see whether it could
come up with a point value set for the scoring system that yields improved classification accuracy. Similar to what
was done in previous related studies, the two sites (A and B) Landsat-8 OLI were alternately used for training and
testing in a standard hold-out manner. The accuracy in each test site was recorded and then averaged. To run the PSO



efficiently, the neighborhood median values of all target pixels were pre-computed before the PSO iterations, so that
the lookup tables are not wastefully recomputed during the PSO runs. Finally, the program was written in Python
version 3.12.5 using Jupyter Notebook and the following libraries: Pandas library version 2.2.2; NumPy library
version 1.26.4; and OpenCV version 4.10.0; The program was executed in a Windows 11 environment with version
23H2 and an OS Build 22631.4317 running on a machine with AMD Ryzen 9 processor and 32 GB of memory. The
results are presented and discussed in the next section.

RESULTS AND DISCUSISON

In summary, the PSO was able to find tweaks in the point value sets to improve the classification accuracies in
both the 9x9 and 13x13 neighborhood sizes, as shown in Table 3.

TABLE 3. Summary of Average Accuracies using the specified scoring systems

Neighborhood Size Orlgllnal NMPM PSO—opt3mlzed NMPM
Scoring System Scoring System
9x9 0.94 0.9475
13x13 0.9575 0.96

Note, however, that the improvements are relatively small, unlike the improvements yielded by changing the
NMPM neighborhood size from 9x9 to 13x13 [7] or that of changing the classification technique from Index-based to
NMPM [1]. This indicates the general stability of the NMPM scoring method, that even the original point value set,
which was set arbitrarily, performed well.

0.9600

0.9575 A

0.9550

0.9525
—— Global Best 13x13 Neighborhoodt

Global Best 9x9 Neighborhood
0.9500 1

Avg. Oerall Accuracy

0.9475

0.9450

0.9425

T T T T T T T T T T T
o 5 10 15 20 25 30 35 40 45 50
No. of Iterations

FIGURE 4. Average Overall Accuracy of the 9x9 and 13x13 Neighborhood Size with PSO.

To further establish this stability, we also investigated the improvements in the overall accuracies across the PSO
iterations. As shown in Fig. 4, the accuracies plateaued after only a few iterations in PSO. For the 9x9 neighborhood
size, this occurred at the 3rd iteration, while for the 13x13 neighborhood size, it occurred at an even earlier stage of
Ist iteration. This early discovery of the optimal values implies that it is not difficult to find good point set values for
the NMPM scoring system, contributing to the method’s overall stability. Moreover, for a given point set value, it can
be shown that sufficiently small tweaks to a point score in the set (e.g., adding 0.0000001) is unlikely to affect the
overall classification prediction because the prediction is based on the highest accumulated score from simple
summation of points using the 10 lookup tables as previously described in Equation 1.

Finally, PSO discovered various configurations of the points set values yielding the same optimal accuracies. This
is shown in Table 4, wherein at least 3 sufficiently different configurations yielded the same accuracy of 96%.

TABLE 4. Point Value Set with Similar Accuracy Result for 13x13 Neighborhood Size.

Normal Point Value Probable Point Value Extreme Point Value Avg. Overall Accuracy

2.95205988669275 2.692551774590017 -0.2349725835823009 0.96




2.811001129502704 1.7910139982072664 -0.6416746443419272 0.96
2.6828307666505027 2.658374878340185 -0.6230317609805698 0.96

CONCLUSION

This study has successfully implemented the PSO to optimize the point values presented in the scoring system of
NMPM. A slight increase was observed in the classification accuracy of the NMPM using a 9x9 neighborhood size
which rose from 94% to 94.75% while with a 13x13 neighborhood size, the accuracy improved from 95.75% to 96%.
The results indicate that varying point values lead to similar classification results. This suggests that the scoring system
of NMPM is robust across multiple point configurations and that the originally proposed point value set remains
adequate enough to perform effective classification.

RECOMMENDATION

For the future researchers, the authors recommend investigating the point values that generated the similar
outcomes from the implementation of PSO technique to further understand the connections among these sets of values.
Likewise, to consider other variations of the initial parameter values as it contributes to the exploration of other suitable
point values for the NMPM scoring system. Moreover, it may be interesting to investigate the relationship of the point
value set to determine the contribution or significance of each value in the scoring system.
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