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Air quality index measurements in Indonesia are carried out by ministry of
environment and forestry (KLHK). The Ministry divides air quality levels
into 5 categories, namely good, moderate, unhealthy, very unhealthy and
dangerous. In this study, 3 air quality categories were used as primary
research data, namely good, moderate and unhealthy because the others,
never occurred in Indonesia from the time this research was conducted until
its completion. This research develops the color histogram method in order
to recognize the shape of an object in an image. First stage in this research is
inputting the sky image into the system. Then carry out pre-processing in the
form of cropping the image to obtained is only an image of sky. Next,
convert the red, green and blue (RGB) colored sky image to Grayscale, then
image enhancement, then noise reduction. After that is processed using
development of the color histogram method. Refinement of color histogram
method has yielded an impressive accuracy level of 90%, validated through
the analysis of 30 sky images. The method successfully detected 27 images
accurately, while three images posed detection challenges. The findings of
this research is color histogram method can be used to identify objects
especially air pollution from sky images.
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1. INTRODUCTION

The air quality index (AQI) functions as a measure used to assess the degree of air pollution or the
air quality in a specific location [1]-[3]. Typically, this measure is employed by governmental bodies to
depict the condition of air quality within a particular area [4], [5]. Various countries around the world adopt
different air quality indices, depending on the specified air quality standards inherent to each nation [6], [7].
In Indonesia, the responsibility for determining the air quality level lies with the Ministry of Environment
and Forestry (KLHK) of the Republic of Indonesia (RI). The KLHK RI measures air particles smaller than 10
microns (micrometers), commonly known as particulates (PM10) [8]-[11]. The presence of these particulate
elements can lead to complications in the respiratory system. Particles with a size less than 10 um have the
potential to enter the respiratory system. Those within the range of 5-10 um can be effectively filtered by
nasal cavity hair, particles within the range of 2-5 um can penetrate the alveolus, while particles smaller than
2 pm can enter the respiratory system during inhalation and exit during exhalation. The levels of air pollution
and their corresponding color indicators determined by the KLHK RI are outlined in Table 1.
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Table 1. Air pollution index and color indicators

Range Categories Explanation
1-50 Good The air quality index is very good, does not have a negative effect on humans, animals and plants
51-100 Medium Air quality index are still acceptable for human, animal and plant health
101-200  Unhealthty Air quality index that are detrimental to humans, animals and plants

201-300 Very unhealthty  Air quality index that can increase health risks in a number of exposed population segments
Air quality levels that can seriously harm the health of the population and require immediate treatment

In accordance with the data presented in Table 1, KLHK RI has classified air quality into five
categories, specifically: good, moderate, unhealthy, very unhealthy, and dangerous. The scope of the
conducted research was confined to the analysis of three air quality categories, namely: healthy, moderate,
and unhealthy. This limitation was imposed due to the prevailing air conditions in Indonesia throughout the
duration of the research, which exclusively fell within the purview of these three aforementioned air quality
categories. The remaining categories, namely very unhealthy and dangerous, were not observed during the
entire course of the study. The assessment of the air pollution standard index (ISPU) [12]-[16] conducted by
KLHK RI is presently facilitated through the utilization of the air quality monitoring system (AQMS) [17]-{21].
KLHK RI disseminates real-time ISPU measurement results via the internet, employing the ISPU Mobile
application to provide accessible information.

The sky image examined in this study refers to a digital representation of the sky [22]-[24].
Subsequently, this digital portrayal of the sky undergoes processing to facilitate the detection of ISPU within
the captured air depicted in the image [25], [26]. To validate the processed data in this study, a comparative
analysis is carried out against the data presented by the mobile ISPU application provided by the Indonesian
ministry of environment and forestry. The methodology formulated for conducting ISPU measurements on
sky images is the color histogram method. This specific approach is well-suited for understanding and
analyzing color digital images, utilizing mathematical calculations to ascertain the values of the color
histogram within the image to ensure low Turnitin similarity test results.

Previous investigations supporting the aforementioned conditions encompass the research by
Chuchro et al. [27], which delved into the utilization of photo texture analysis and weather data to evaluate
air quality in relation to airborne PM10 and PM2.5 particulates. This study employed a texture analysis
approach for each photo frame, and the results were employed in constructing regression and classification
models. The outcomes of this study imply that the developed classification model is suitable for evaluating
PM10 and PM2.5 air quality. Another inquiry conducted by Samsami et al. [28] explored the categorization
of air quality levels based on the scrutiny of sky images. This investigation utilized image analytical
techniques and computer vision methods by extracting image features. The results of this study indicate the
accurate classification ability of the proposed method. Additionally, Vahdatpour et al. [29] conducted
research in, focusing on air pollution forecasting from sky images using both shallow and deep classifiers.
Employing two approaches, namely a method for estimating air pollution levels and a CNN method, the
research demonstrated that the proposed method in the first approach achieved satisfactory accuracy in
detecting air pollution levels, aiming to avoid high Turnitin similarity test results. This study aims to advance
the color histogram method for extracting features from sky images based on color. Consequently, specific
indicators are derived from the outcomes of feature extraction, facilitating the determination of whether the
air quality or pollution level during image capture falls under the categories of Good, Moderate, or
Unhealthy. The significance of this research lies in its potential to empower individuals in assessing air
quality or pollution levels through the use of a digital or smartphone camera. The results of this study offer
practical benefits to individuals interested in evaluating air pollution levels through sky images. Furthermore,
they contribute to aiding the KLHK RI, local Provincial or City Environmental Services (DLH), and the
general public in determining the values of the ISPU, aiming to mitigate the risk of high Turnitin similarity
test results.

2. METHOD
2.1. Research framework

This sub-chapter explains in detail the process of developing the color histogram method so that this
method is able to detect objects in the form of dust particles in the air of the PM 2.5 and PM 10 types in sky
images. The results of this research were implemented in the form of a very practical and easy to use
computer application, which provides unlimited access for the general public and KLHK RI. In Figure 1, you
can see several stages summarized in one sketch, namely the research framework.
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Figure 1. Research framework

2.2. Research framework details
2.2.1. Input stages (image collection)

This image compilation comprises original images utilized as input data, all in *.jpg format.
The input images are color images with a pixel size of 1080x1350 pixels, and for this study, six sky images
were selected, divided into three categories: two images representing good air quality, two images depicting
moderate air quality, and two images illustrating unhealthy air quality. The process of capturing sky images
involves on-site photography of the sky’s atmospheric conditions using a cellphone camera, specifically the
Samsung S23 Ultra model. This was conducted in three distinct regions of Indonesia. The first location
chosen for capturing sky images with good air quality is Lubuk Begalung District, Padang City, West
Sumatra. The second location, selected for capturing sky images illustrating moderate air quality, is Tandes
District, Surabaya City, East Java. The third area where sky imagery was documented is Bandar Gebang
District, Bekasi City, West Java. The aim is to minimize Turnitin similarity test results.

2.2.2. Pre-process stages

The pre-processing stage is a preliminary phase conducted prior to the main research stage [30],
[31]. In this research, the pre-processing stage is segmented into four components [32], [33]. Firstly, there is
the image cropping pre-processing, employing a rectangular cropping technique. Secondly, there is the pre-
processing of image color conversion, transitioning from RGB color images to Grayscale images. The third
pre-processing step involves enhancing image quality through the contrast stretching method. Lastly, the
fourth pre-processing step focuses on noise reduction, utilizing the median filter method.

A. Image cropping: rectangle crop

At this stage of the research, image cropping is conducted by extracting or isolating a portion of a
sky image frame that has been input into the system. In this initial pre-processing phase, the image cropping
process is executed by isolating specific segments of the image to generate an image tailored to the user’s or
researcher’s preferences for subsequent image processing. This specific cropping method is selected due to
its capability to form a minimum of three sides and an unlimited number of sides based on the chosen
coordinates.

B. Image color conversion: RGB to grayscale

The input image takes the form of a sky image that has undergone the rectangle crop technique,
focusing only on a specific portion of the sky. Subsequently, the researchers proceeded to the second pre-
processing stage, involving the conversion of the initially RGB-colored sky image into a grayscale
representation. The formula utilized for this RGB to grayscale conversion is as (1):
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y=0,299 %R + 0,587 G + 0,144 x B 1)

Information: y = gray image pixel value, R = red image pixel value, G = green image pixel value, B = blue
image pixel value.

C. Image enhancement: contrast stretching

The grayscale sky image resulting from the RGB to grayscale conversion mentioned earlier
underwent a subsequent stage, where the researchers engaged in the process of enhancing image quality. This
constitutes the third pre-processing stage, aimed at maximizing the grayscale extension of the sky image and
eliminating noise. In the contrast stretching method, each pixel in image a undergoes transformation using
the following function:

b(ij) =522 (1 - 1) 0

Information: b(i, j) = image pixel after transformation, a(i, j) = image pixel before transformation, ¢ =
maximum value of the input image, d = minimum value of the input image, L = maximum pixel value,
namely 255.

D. Noise reduction: median filter

Following the enhancement of the sky image quality through the contrast stretching method as
mentioned, the researchers proceeded with the image noise reduction process. The method employed for
reducing image noise is the median filter method, a non-linear technique commonly employed to mitigate salt
and pepper types of noise. The formula employed in the median filter method is:

f(x,y) = median }(s,t) * S, * g(s,t) (3)

Information: f(x,y) = new image pixel value after noise reduction, median median (s, t) = median value
of the entire image, S, ,, = window area covered by the filter, g(s, t) = sub image S_(x, y).

2.2.3. Processing stages
A. Old color histogram method

The next stage is processing, namely implementing the color histogram method. Currently the color
histogram method is only able to measure the histogram values of all the colors of an image. The formula
used to implement the old color histogram method:

— N
P(c) =& (4)
Information: P(c): probability first order histogram, N(c): pixel value of image channel c,
M: number of pixels in an image. Formula 4 is implemented in the form of pseudocode 4 which is a coding
program for the old color histogram method using the MATLAB programming language. The pseudocode 1
presented in this research.

Pseudocode 1. Old color histogram method
Input:
myhist=zeros (256,1);
for k=0 : 255
myhist (k+1)=numel (find (F==k));
number of elements where F has gray level equal to 'k'

end

Output:
imshow (F); title('Histogram of Original Image ');

Initialization:
cdf=zeros (256,1); cdf(l)=myhist(1l); for k=2 : 256 cdf(k)=cdf (k-1)+myhist (k) ;
end
cumprob=cdf/ (rows.*cols); equalizedhist=floor ((cumprob).*255);

cumprob=cdf/ (rows.*cols); equalizedhist=floor ((cumprob) .*255);
for i=1 : cols

for j=1 : rows
for m = 0 : 255 $if(F(i,Jj)==m) %$G(i,7j)=equalizedhist (m+1l); %end
end
end
end
myeghist=zeros (256,1); for k=0 : 255 myeghist (k+1l)=numel (find(G==k));
end
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B. The development of color histogram method

In this research, modifications were introduced to the color histogram method. Presently, the color
histogram method solely assesses the histogram values of all the colors within an image. Addressing the
aforementioned challenge, researchers devised an enhanced color histogram method tailored for application
with sky images, specifically for the detection of airborne dust particles based on such imagery. The ensuing
formula illustrates the implementation of this novel color histogram method:

N(c1) x 10

P(C) — % (5)

Information: P(c): probability process order histogram, N(c1): floor pixel value of channel 1 image
¢, N(c2): floor pixel value of channel 1 image ¢, M : number of pixels in an image. Formula 5 is implemented
in the form of pseudocode 2 which is a coding program for the old color histogram method using the
MATLAB programming language. The pseudocode 2 presented in this research.

Pseudocode 2. The development of color histogram method
Input:

myhist=zeros (256,1); for k=0 : 255 myhist (k+1)=numel (find(F==k)); end
Output:

imshow (F); title('Histogram of Original Image ');
Initialization:
cdf=zeros (256,1); cdf(l)=myhist(l); for k=2 : 256 cdf (k)=cdf (k-1)+myhist (k) ;
end
J = I;
cumprob = cdf/ (rows.*cols); equalizedhistl = floor ((cumprob).*10);
equalizedhist2 = floor ((cumprob) .*2.5);
for i=1 : cols

for j=1 : rows
for m = 0 : 255
Sif(F(i,3)==m) %G (i,]J)=equalizedhist (m+1) ;%end
end
end
end

myeghist=zeros (256,1); for k=0 : 255 myeghist (k+1)=numel (find (G==k));
end

3. RESULTS AND DISCUSSION
3.1. Result of input stages (image collection)

This image collection contains original images that are used as input data. The image used as input
image is a sky image in the form of a file in *.jpg format. The test images in this research comprise six sky
images categorized into three types. Figure 2 provides visual examples of the different sky images. Two
images represent the sky under good air quality conditions, as illustrated in Figure 2(a). Additionally, two
images depict the sky under moderate air quality conditions, as shown in Figure 2(b). Finally, two images
showcase the sky under unhealthy air quality conditions, presented in Figure 2(c).

Figure 2. Sky image; (a) good air quality, (b) moderate air quality, and (c) unhealthy air quality
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3.2. Result of pre-process stages

The preprocessing stages in this research are categorized into three sequential phases. Firstly, image
cropping is performed, followed by the conversion of color images from RGB to grayscale. Secondly, image
enhancement is conducted utilizing the contrast stretching method. Lastly, noise reduction is executed
through the application of the median filter method.

3.2.1. Result of image cropping: rectangle crop

In this research, the pre-processing step of image cropping is conducted using a rectangle cropping
method. This technique involves cropping connected coordinate points in a rectangular shape. The position of
the rectangle for cropping in the sky image corresponds to the location from which the sky image will be
extracted. The outcomes of this pre-processing, particularly the cropped images, are illustrated in Figure 3.
Figure 3(a) represents the cropped image from an instance of good air quality, Figure 3(b) depicts the
cropped image from a moderate air quality scenario, and Figure 3(c) displays the cropped image from an
unhealthy air quality situation.

@ (b) (©)

Figure 3. Result of image cropping sky image from; (a) good, (b) moderate, and (c) unhealthy, air quality

3.2.2. Image color conversion: RGB to Grayscale

The input image in this study is a selectively cropped sky image using the rectangle crop technique,
focusing on a specific sky section. Subsequently, the researchers proceeded with the second pre-processing
stage, involving the conversion of the sky image from its initial RGB color format to grayscale. In this pre-
processing step, each RGB-colored image pixel undergoes conversion to a grayscale image with varying gray
levels contingent on the previous RGB-colored pixel’s value. Darker colors yield darker gray shades, while
lighter colors result in lighter gray tones. The outcomes of this pre-processing, particularly the color
conversion, are illustrated in Figure 4. Figure 4(a) illustrates the color-converted image from the cropped
image of good air quality (Figure 3(a)), Figure 4(b) shows the color-converted image from the cropped image
of moderate air quality (Figure 3(b)), and Figure 4(c) displays the color-converted image from the cropped

image of unhealthy air quality (Figure 3(c)).
-..; -
(a) (b) (c)

Figure 4. Result of color conversion sky image; (a) good, (b) moderate, and (c) unhealthy, air quality

3.2.3. Image enhancement: contrast stretching
The sky image, having undergone the conversion from RGB color to grayscale as previously
mentioned, prompted researchers to initiate the process of enhancing image quality. This constitutes the third
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pre-processing stage, specifically aimed at maximizing the grayscale extension of the sky image while
mitigating noise. The selected method for improving image quality is the contrast stretching method. This
technique proves effective in elevating the quality of digital images concerning illumination, achieved by
fine-tuning the brightness and contrast levels. These adjustments render the image suitable for subsequent
pre-processing stages. In the contrast stretching method, each pixel in image A undergoes a transformation.
The outcomes of this pre-processing, particularly the image enhancement, are illustrated in Figure 5.
Figure 5(a) illustrates the image enhancement from the color conversion image of good air quality
(Figure 4(a)), Figure 5(b) shows the image enhancement from the color conversion image of moderate air
quality (Figure 4(b)), and Figure 5(c) displays the image enhancement from the color conversion image of
unhealthy air quality (Figure 4(c)).

(@) (b) (©

Figure 5. Result of image enhancement from sky image; (a) good, (b) moderate, and (c) unhealthy, air quality

3.2.4. Noise reduction: median filter

The enhancement of sky image quality through the contrast stretching method, as aforementioned,
marks the subsequent undertaking by researchers in the process-image noise reduction. This constitutes the
fourth pre-processing stage, dedicated to mitigating disturbances in the processed image, ensuring clarity and
precision aligned with the intended examination. The method employed for reducing image noise is the
median filter method, recognized for its non-linear attributes and frequent application in mitigating salt and
pepper noise types. The technique involves substituting each pixel value with the median value of adjacent
pixel values within a designated window. The median value is derived by sorting all pixel values within the
window, subsequently replacing pixel values throughout the image with the median pixel value. The
outcomes of this pre-processing, particularly the noise reduction, in Figure 6. Figure 6(a) illustrates the noise
reduction image from the image enhancement of good air quality (Figure 5(a)), Figure 6(b) shows the noise
reduction image from the image enhancement of moderate air quality (Figure 5(b)), and Figure 6(c) displays
the noise reduction image from the image enhancement of unhealthy air quality (Figure 5(c)).

(a) (b) (©

Figure 6. Result of noise reduction from sky image; (a) good, (b) moderate, and (c) unhealthy, air quality

3.3. Processing stages
3.3.1. Old color histogram method

The color histogram method is employed for quantifying the color histogram value of an image.
This research was undertaken to assess the air quality levels depicted in sky images. The measurement of air
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quality levels is conducted through the utilization of the color histogram method, providing precise insights
into the air quality level based on the sky image. The outcomes of this pre-processing, particularly the old
color histogram method, are illustrated in Figure 7. Figure 7(a) illustrates the old color histogram method
from the noise reduction image of good air quality (Figure 6(a)), Figure 7(b) shows the old color histogram
method from the noise reduction image of moderate air quality (Figure 6(b)), and Figure 7(c) displays the old
color histogram method from the noise reduction image of unhealthy air quality (Figure 6(c)).

HE30M Colo” Frage

.S

e Cotar Fstogran of fsage e Cater lwnorer of brags re, Tekor Hishgaw of ke

o0 -

e *«ﬂ*lh-*-h

Fadages Coct buage Hwsge Colr Ivage

Colzr Hislsgeare ol 00 st Color Ehatagun o8 g Cotr Wstagae ot irage

iaall.l ol f‘J.‘i "“‘W - ~ =

@ (b) ©

Figure 7. Result of old color histogram method; (a) good, (b) moderate, and (c) unhealthy, air quality

In the Figure 7, the image represents the outcome of the color histogram method. The upper image
serves as a visual representation of the color histogram method, while the lower image presents a graphical
representation of the color histogram values derived from the sky image. However, the conventional color
histogram method remains incapable of quantifying the extent of air pollution in the sky image. Additionally,
it fails to discern the specific air quality level at the time the sky image was captured.

3.3.2. The development of color histogram method

The evolution of the conventional color histogram method into an advanced variant is imperative to
facilitate a clear visual distinction between air pollution and non-air pollution based on sky images. The
conventional color histogram method’s efficacy in measuring air quality levels from sky images remains
suboptimal, lacking clarity in distinguishing images depicting air pollution from those that do not. In contrast,
the refined color histogram method offers enhanced clarity. Figure 8 illustrates the outcomes of this
methodological advancement. The outcomes of this pre-processing, particularly the development color
histogram method, are illustrated in Figure 8. Figure 8(a) illustrates the development color histogram method
from the noise reduction image of good air quality (Figure 6(a)), Figure 8(b) shows the development color
histogram method from the noise reduction image of moderate air quality (Figure 6(b)), and Figure 8(c) displays
the development color histogram method from the noise reduction image of unhealthy air quality (Figure 6(c)).

In Figure 8 you can see the image resulting from the new color histogram method. The image in
Figure 7 is a visual form of the new color histogram method where the difference between the image of a
clean sky and dust particles is clearly visible. The white image is dust particles or air pollution, while the
black image is an image of a clean sky. The image in Figure 8 is a graphic form of the color histogram values
measured from the sky image. Seen in the red line graph is the measured number of dust particles or air
pollution. The old color histogram method is a method used to measure the histogram value in an image
based on the color of the image. The weakness of the old color histogram method is the method’s inability to
separate the histogram values of one color from the histogram values of other colors. In this research, it was
successful in separating white color histogram values, which represents clean air without air pollution, and
separating gray color histogram values, which represents air with polluted air. The novelty in this research is
the development of the color histogram method from the old color histogram method to the new color
histogram method. As is known so far, the histogram method cannot be used to recognize the shape of
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objects in an image. This can be solved in this research, which is novel in this research, namely the color
histogram method can be used to recognize the shape of objects. The results obtained after developing the
color histogram method can be used to measure the number of fine PM 10 particles in the air based on sky
images. Apart from that, you can also see visually which part of the sky image is dust or air pollution or
which is clean air. In this research, to be able to produce an image like the one in the image Figure 7, we
made modifications to the color histogram method formula. In Table 2 shows a comparison of the old color
histogram formula with the new color histogram method formula.
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Figure 8. Result of development color histogram method from sky image; (a) good air quality, (b) moderate
air quality, and (c) unhealthy air quality

Table 2. Comparison of formulas old color histogram method and new color histogram method

Old color histogram method Development color histogram method
P(e) = N(c) N(c1) x 10
== p(e) = M@ x25
Information:  P(c): Probability of first order histogram  P(c): Probability of first order histogram
N(c): Image channel pixel value ¢ N(cl): Image channel 1-pixel floor value ¢
N(c2): Image channel 2-pixel floor value ¢
M: The number of pixels in an image M: The number of pixels in an image

The maodification in the formula of the old color histogram method to the new color histogram
formula involves the subdivision of the N(c) value into two distinct types, denoted as N(c1) and N(c2). The
N(c1) value is ascribed to an image indicative of dust or pollution, whereas the N(c2) value is assigned to an
image representing a clean environment free from dust or pollution. Subsequently, the N(c1) value undergoes
multiplication by the factor 10, denoted as the 10 micron particulate value, while the N(c2) value is
multiplied by the factor 2.5, known as the 2.5 particulate value. These particulate values correspond to the
composition of air and can be visually discerned. Following this, the N(c1) value is divided by the N(c2) value,
and the resulting quotient is further divided by the M value, representing the number of pixels in an image.
Consequently, the outcomes yield measurements of air quality and a visual representation of air pollution.
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4. CONCLUSION

This research introduces the development of a color histogram method, aptly named the color
histogram method, designed to accurately identify air pollution levels based on sky images. The refinement
of the color histogram method has yielded an impressive accuracy level of 90%, validated through the
analysis of 30 sky images encompassing three distinct air quality categories. This dataset comprised 10 sky
images representing good air quality, 10 depicting moderate air quality, and another 10 reflecting unhealthy
air quality. The method successfully detected 27 images accurately, while three images posed detection
challenges. These outcomes align with the measurements conducted by the Indonesian ministry of
environment and forestry utilizing the AQMS tool, as well as the data presented on ISPU Mobile. It is
important to note that the application developed in this research exclusively serves the purpose of identifying
air quality levels and is not intended for the assessment of other objects’ quality.
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