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Graphical abstract Abstract

We proposed a method to detect clouds in a suburban class night sky for
the larger purpose of astronomical site testing. A ‘'threshold criterion'
approach was adopted fo discriminate between the pixels representing the
foreground clouds from the pixels representing the background sky in a
single all-sky image. This method was developed based on all-sky images
captured at the PERMATApintar Observatory (PpO) in Selangor (2°55'02" N,
101°47'17" E), where the night sky has been categorised as a suburban class
night sky. The night sky conditions were divided into three categories
depending on the cloud cover: clear, partially cloudy, and overcast skies.
Samples of all-sky images for each night sky condition were selected and
respective histogram images were generated. These samples were then
used to inductively derive the threshold criterion based on the skewness and
peak values of the image's histogram. This sky/cloud threshold will enable
pixels representing foreground clouds to be discriminated from the pixels
representing the background sky under each type of night sky conditions.
Our work found that the night sky over PpO requires two thresholds to
accurately distinguish between cloud and sky pixels due to the sky glow
effect. The first threshold is based on the peak value of the image's
histogram. If an image's histogram has a peak value = 80, then the image is
considered a clear sky. Otherwise, the image is considered cloudy or
overcast sky if the peak value is < 80. The second threshold value is
dependent on the night sky condition determined by the first threshold. The
sky/cloud threshold value for a clear and cloudy sky is 80 and 180,
respectively. If a pixel has a pixel value equal to or greater than the
respective thresholds, the pixel will be considered a sky pixel and vice versa.

Keywords: Nighttime Cloud detection, all-sky images, threshold, histogram,
pixel analysis

Abstrak

Kami mengusulkan sebuah kaedah mengesan awan pada waktu malam
untuk langit yang tergolong dalam kelas pinggir bandar bagi tujuan ujian
fapak cerapan astronomi. Pendekatan ‘kriteria nilai ambang’ telah
digunakan untuk membezakan piksel awan daripada piksel langit malam
dalam imej seluruh-langit. Kaedah ini dibangunkan berdasarkan imej
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seluruh-langit yang ditangkap di PERMATApintar Observatory (PpO),
Selangor (2°55'02" N, 101°47'17"E), di mana langitnya fergolong dalam kelas
langit malam pinggir bandar. Keadaan langit malam di bahagikan kepada
figa kategori bergantung kepada jumlah liputan awan: tidak berawan,
separa berawan, dan berawan penuh. Sampel-sampel bagi imej seluruh-
langit untuk setiap keadaan langit telah dipilih dan histogram imej telah
dijana. Histogram imej ini kemudiannya digunakan untuk menentukan
kriteria nilai ambang berdasarkan kepencongan dan nilai puncaknya. Nilai
ambang langit-awan ini akan membolehkan piksel awan dibezakan
daripada piksel langit bagi setiap keadaan langit. Kajian kami mendapati
bahawa langit malam di PpO memerlukan dua nilai ambang bagi
membezakan piksel awan daripada piksel langit latar dengan lebih tepat
akibat kesan teja langit. Kedua-dua nilai ambang ini diaplikasikan secara
berturutan. Nilai ambang perfama ditenfukan berdasarkan nilai puncak
bagi histogram imej. Sekiranya histogram imej mempunyai nilai puncak =
80, maka imej tersebut akan dianggap sebagai langit malam yang tidak
berawan. Sebaliknya, imej akan dianggap sebagai separa berawan atau
berawan penuh sekiranya nilai puncak < 80. Nilai ambang kedua pula
adalah bergantung kepada keadaan langit malam yang telah ditentukan
oleh nilai ambang pertama. Bagi keadaan langit yang tidak berawan, nilai
ambang kedua ialah 80, manakala bagi keadaan langit yang separa
berawan atau berawan penuh, nilai ambang ialah 180. Jika sebuah piksel
mempunyai nilai piksel yang sama atau lebih besar daripada nilai ambang
untuk kedua-dua kes langit tidak berawan ataupun langit separa
berawan/langit berawan penuh, maka piksel tersebut akan dikelaskan
sebagai piksel langit.

Kata kunci: Kaedah mengesan awan pada waktu malam imej seluruh
langit, nilai ambang, histogram,piksel langit,
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1.0 INTRODUCTION

camera systems that utilize simple commercial
instruments such as DSLR cameras with a fisheye lens

Cloud coverage is one of the most vital parameters in
astronomical site testing and monitoring [1,2,3.4].
Long-term cloud coverage data is crucial for
astronomical observation time and maintenance,
especially for astronomical sites within the equatorial
region, where there are extensive cloud cover.
Generally, cloud coverage can be measured using
ground-based fechniques or  satellite-based
measurement [5]. A long-term cloud coverage is best
obtained from satellite images. However, satellite
data requires suitable and high spatial resolution [6,7].
In addition, specific astronomical sites might require
very high spatial resolution satellite data, especially
during nighttime due to its unique geographical
conditions [5]. Due fo this, ground-based
measurements are still vital for final site assessment [2].

Ground-based measurements can be conducted
in several ways. The basic yet less accurate method is
through naked-eye observation. The lack of accuracy
is due fo the human factor — more experienced
observers will most likely produce better data. In order
toremove the human factor, an all-sky camera is used
to measure cloud coverage quantitatively, which
provides better accuracy and consistency. All-sky
camera systems such as the Hemispherical Sky
Imager/ Total Sky Imager and Whole Sky Imager have
been developed for such purposes using a high-
resolution sensor [8, 9, 10, 11]. There are also all-sky

[12,13], low resolution commercial all-sky cameras [14,
15], compact digital camera [16, 17] and some even
using a smartphone camera [18].

Generally, cloud detection can be categorized
into two types: daytime and nighttime measurement,
depending on the research purpose. Daytime cloud
detection has been widely studied and explored. It
has been done using many different insfruments and
setups based on specific studies or localized needs.
The algorithm development for dayfime cloud
detection have also been upgraded from fime to fime
fo optimize cloud detection, resulting in better
accuracy in cloud coverage measurements. Daytime
cloud measurement is important to many fields such
as meteorology [19, 20, 21], climatology [22], solar
radiation study [23, 24, 25], ecological and
environmental studies [26, 13], and astronomy [28, 29,
30].

Nighttime cloud measurement is not as well-known
as daytime measurements. This is because its
application is limited to a few fields, such as
ecological and astronomical study [15]. In astfronomy,
cloud coverage study falls under astroclimatology.
This is a branch of astronomy that focuses on sky
quality evaluation based on techniques and
instrumentations. Astroclimatology investigates the
relationship between meteorological parameters and
the observational condition through the application
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of the theories of electromagnetic waves
propagation in turbulent media [32]. It is further
categorized info four main parameters:
observational, meteorological, geographical, and
seismological parameters [33].

The night sky has very different characteristics
compared to the daytime sky. Thus, most of the
daytime cloud coverage measurement methods
cannot be properly utilized at night. Therefore, new
approaches have been developed to detect and
measure  clouds  during  nighttime.  Several
astronomical observatories used infrared instruments
to measure cloud coverage [34, 35]. However, this
method can only be used by high profile observatories
due to ifs expensive cost. Some observatories utilized
stars to detect the presence of clouds on the night sky
[36]. However, this method required a very dark sky. A
brighter night sky will outshine the stars causing them
to be less visible at the night sky. This condition will lead
to inaccurate cloud detection compared to a dark
night sky because there is another factor that
conceals the stars. It has caused observatories
located in the area with high light pollution to face
difficulties in measuring and assessing nighttime cloud
coverage.

This paper proposes a new method of nighttime
cloud detection specifically for astronomical
observatories with high night sky brightness.

2.0 THE SITE: PERMATApintar OBSERVATORY
(PpPO)

The PERMATApintar Observatory (PpQO) is located
within - Universiti Kebangsaan Malaysia, Selangor,
Malaysia (2°55'02" N, 101°47'17" E). Initially, the main
purpose of the observatory is for astronomical
education for gifted and ftalented students. However,
the observatory is currently ventfuring info
astronomical research opportunities. In order fo
accomplish that, a series of astroclimatological studies
are being conducted to determine what kind of
astronomical studies can be conducted at the
observatory.

Due toits location in a suburban area, the night sky
over the observatory is bright. Studies by Azmi et al.,
(2020) and Azhar et al., (2016) showed that the darkest
night sky is around 18-19 mag/sec2 [37,38]. This night
sky condition makes cloud coverage measurement
based on star detfection unsuitable at PpO. In
addition, cloud coverage measurement using non-
visual instruments such as radio or infrared devices will
require a very large cost.

These astroclimatogical studies for PpO is very crucial
to characterize its sky due to no astronomical site
testing has been done before it was constructed. By
knowing such information, we can utilize it to
determine what kind of astronomical research can we
focus on and when the best time to do it. Long term
cloud coverage is among the main parameter to
determine the above questions.

3.0 THEORY

The appearance of the night sky can vary at different
locations. Sites in rural regions are most likely to have a
dark night sky, whereas sites located in nearby cities
will have a brighter night sky. In general, when we
compare both images taken from both sites, we can
see that the overall difference is the intensity of pixel
value. The darker night will have lower intensity of pixel
number for all red, green and blue colour channels
and vice versa. It is also important to mention that the
intensity for red, green and blue are also more or less
the same, unlike the bluish sky during the daytime
(where blue dominates compared to green and red).
Since the daytime cloud detection algorithm is based
on the difference or ratio between the colour
channels, nighttime cloud detection cannot simply
emulate daytime methods.

The location of PpO near several major cities has
caused the night sky to brighten and outshine many
dimmer stars. The excess lights brighten up the night
sky and greatly intensify the cloud brightness due to
light scattering. Theoretically, there will be no
significant difference in ferms of intensity between
each colour channel. However, we have found that
there are apparent differences in intensity between
the night sky and the cloud. Figure 1 shows the bright
up cloud due to light pollution over PpO. By ufilizing
the difference between the intensity of the cloud and
the night sky, an algorithm can be developed to
detect clouds and then measure the cloud coverage.

4.0 METHODOLOGY

This section includes discussion on all-sky camera and
images, images preprocessing, threshold
determination and the algorithm. Also include
discussion on regarding the Moon-pixel problem. The
methodology can summarize as shown in Figure 2
below.
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(a)

Figure 1 All-sky images for (a) clear, (b) partially cloudy and (c) overcast night sky conditions
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Figure 2 Methodology flowchart

4.1 All-Sky Camera and Images

The nighttime all-sky images are obtained from the all-
sky image database at the PERMATApintar
Observatory. The images are taken using an all-sky
camera located next to the observatory. The all-sky
camera is initially used for real-time sky monitoring
from the observatory. It records hemispherical all-sky
images on an hourly basis. Table 1 shows the
specifications of the all-sky camera. Sixty all-sky
images from the observatory’'s database have been
chosen between May 2013 and May 2016. The images
mainly consist of clear, partially cloudy and overcast
sky conditions.

Table 1 Camera Specifications [39]

All-Sky Camera (ASC-N1)

Image Sensor

Picture Size

Field of View

Projection

Exposure time

Limiting stellar magnitude
Len’s focal length

Len’'s f-stop

weight

1/3" Sony Super HAD CCD i
546 x 457 pixels

1900

Circular fisheye

1/1000000 — 4 seconds
Approx. magnitude 4

1.24 mm

/2.8

0.3kg
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4.2 Images Preprocessing

The chosen all-sky images will be preprocessed before
any further analysis are done. The preprocessing part
is mainly included image masking. A mastermask is
generate based on the all-sky images. Basically, a
mastermask is a binary image, where pixels with pixel
value of zero are pixels that represent a non-sky:
building, trees, poles efc that blocking the sky. On the
other hand, the pixel value of one will represent the
sky. Since mastermask and all-sky image are basically
a matrice of pixel values, a product between both of
them will produce a clean all-sky image.

4.3 Threshold Value

In this study, we utilize a histogram of the clean all-sky
image to evaluate the characteristic of pixel numbers
for each sky conditions. The skewness and peak of the
histograms are compared to observe and identify the
frends for each sky condition. A threshold can be
determined based on the peak values of the
histograms. This threshold value is essential for
developing an algorithm to identify and measure
cloud coverage from the all-sky images.

4.4 Algorithm

The algorithm consists of three main parts: pre-
processing, pixel identification, and cloud coverage
measurement. The pre-processing part is essential for
removing unwanted information other than the all-sky
image's region of interest (ROI). This process also
included masking any pixels representing neither the
sky nor the cloud, such as frees, buildings and lighting
poles. A Mastermask that covers the non-ROI pixels
and those that do not represent sky and cloud is
created and applied onto the raw image to produce
a clean all-sky image. The Mastermask is a binary
image with an identical size to the raw all-sky images.
The covered region is represented by pixels with a
pixel value of 0, while the rest is a pixel value of 1. Both
Mastermask and raw all-sky images can  be
considered as two huge, identically-sized matrices. A
detailed explanation of these masking processes can
be found in the previous study by Azhar et al., (2021)
[15].

The pixel identification part is mainly about
distinguishing between sky-pixel and cloud-pixel within
the ROI region. The sky and cloud pixels are
determined using the threshold value specifically for
the night sky over the observatory. The third part, the
cloud coverage measurement, is conducted by
calculating the total numbers of sky-pixel and cloud-
pixel. The cloud cover will be measured in terms of
percentage using the following equations:

Ncloud

Cloud coverage percentage, CCP = —— X 100%
Ngor

where N_cloud is the number of sky pixels while N_ROI
is the number of pixels in the ROI. The N_ROI for each

all-sky image can also be determined from the
summation of the total number of cloud-pixel and sky-
pixel.

4.5 The Moon-pixels

One problem face by our method is the present of the
Moon during clear night sky. The All-sky camera in PpO
is not properly design fo exclude the moon since it
mainly for live-monitoring purposes.

The pixels that represent the Moon will have high
pixel values. Thus, the algorithm will recognize them as
cloud-pixel. Since the cloud coverage percentage is
based on okta scale, the all-sky image of a clear night
clear with the present of The Moon wiill still consider as
a clear night sky due to the moon covered less than
10% of the total pixels in the region of interest of the
images.

5.0 RESULT AND DISCUSSION

This secfion will discuss the threshold values
deftermination and final algorithm development. It
also includes the obstacles faced during threshold
values determination, such as the sky glow and the
solution to overcome it.

5.1 Determination of Threshold Value and Algorithm
Development

The histograms of all-sky images show an apparent
frend regarding the peak histogram value of each
night sky condition. Figure 3 shows the examples of the
histograms for all three sky conditions. Most of the
images have a histogram that is skewed to the right.
However, the histograms for the clear sky images show
a peak value located far to the left. In contrast, both
partially cloudy and overcast night sky conditions
have peak values that are situated close to the center
of the histogram. The peak of the histogram for
overcast sky conditions is located slightly to the right
side

These trends can be related to the characteristic
of the night sky over PpO. Most of the pixels in clear
night sky images are sky pixels, and they mostly have
a low intensity of pixel value. Therefore, the histogram
is skewed to the right. In overcast night sky conditions,
the pixels are all cloud pixels. Since clouds in a light-
polluted area are bright, the cloud pixels will have a
higher pixel value, thus causing the histogram to skew
fo the right. Based on this trend, the threshold value
can determine from the peak values of the histogram.

Even though most pixels of each colour channel
have approximately the same pixel value, there are
some cases where the pixel values are different.
Therefore, we used the average histogram peak value
for each color channel and compared all the
average histogram pecak values to determine the
threshold value. Figure 4 shows the comparison of the
average histogram peak values for each of the all-sky
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images. The average histogram peak values for
partfially cloudy and overcast sky conditions do not
display a discernible frend. However, the average
histogram peak values for clear sky conditions have a
consistent characteristic: the average values are
always lower than the values of the two other sky
conditions. For our study, we decided to find the mid-
value between the lower average histogram peak
value of either partial cloudy or overcast sky condition
and the highest average histogram peak value for the
clear sky condition. The mid-value is then ufilized as
the threshold value. In this study, we have found that
the threshold value is 80, where pixels with pixel values
higher than 80 will be considered a cloud-pixel and
those with pixel values equal to or lower than 80 will be
considered sky-pixel. This threshold value will be called
as sky/cloud threshold for the rest of the paper.

We also have encountered one more factor that
affects pixel identification which is sky glow. This
phenomenon can be seen clearly in the all-sky images
as a glowing region near the horizon. It can also be
detected in the histogram as the second peak. The
algorithm which used a threshold value of 80 will
consider sky-pixels in the sky glow region as clouds and

4500

cause a major error in cloud coverage measurement.
To overcome the problem, the algorithm needs to
utilize two stages threshold method. The first stage is to
fix the sky glow problem, and the second stage is to
distinguish each pixel using a specific threshold value
determined in the first stage.

Based on the images and histograms, the
presence of sky glow is very dominant in clear sky
conditions compared to other sky conditions.
Therefore, the primary purpose of the first stage is to
determine whether the all-sky image is a clear sky
condition or not. The determination can be done by
utilizing the histogram of the images. The histogram
alone can indirectly tell us which type of pixels is
dominating the images. For instance, if the histogram
peak is located to the left-hand side, it means that
most of the image pixels are sky-pixel. Thus, it can be
considered that the image is an image of a clear night
sky. Based on that, the first stage will utilize the
sky/cloud threshold fo determine the condition of the
night sky. If an image's average histogram peak value
is equal to or lower than 80, the image wil be
considered as a clear night sky and vice versa.
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The second stage will use different sky/cloud threshold
values based on the night sky condition determined in
the first stage. As for all-sky images that have been
considered as the non-clear sky (partial cloudy or
overcast sky condition), the pixels distinguishing process
will be using the original sky/cloud threshold value of 80.
However, clear sky images must use different sky/cloud
threshold values to account for the sky glow. Based on
the histograms, the variation of the second histogram
peaks is observed and used as the lower limit for the
threshold value. Through our trial-and-error process, a
suitable and workable value have been determined.
The sky/cloud threshold for the clear sky images in the
second stage is 180, where pixel with pixel value equal
to or lower to 180 will consider as a sky-pixel and vice
versa. Figure 5 shows how sky glow affects cloud
detection and the effectiveness of both sky/cloud
threshold values in detection pixels in different sky
conditions. The sky/cloud threshold of 180 can
overcome the sky glow effect almost perfectly.
However, the threshold will cause over-detection of
cloud-pixel for both partially cloudy and overcast sky
conditions. Meanwhile, the sky/cloud threshold of 80 will
show over-detection of cloud-pixel due to sky glow for
sky clear images but no issues in cloud-pixel detection
for the other two sky conditions.

Since our detection method required two threshold
values, thus a two-stage algorithm must be developed.
The algorithm worked by scanning each of the pixels in
the images, column by column. Each pixel will go
through all-sky image masking process (pre-process),
sky condition determination (stage one) and pixel
distinguishing processes (stage two) before the cloud
coverage measurement is completed. Figure 6 shows
the flow chart of the algorithm.

6.0 CONCLUSION

This study has developed a two-stage method for
nighttime cloud detection and coverage
measurement for the night sky over PERMATApintar
Observatory. The two-stage method is proposed to
overcome a local sky glow from causing over-
detection of cloud-pixel, especially for clear night sky
images. Our study has shown that the sky glow effects
are very dominant in clear sky images only. Therefore,
the first stage is mainly to determine the night sky
condition of the all-sky images. The second stage ufilises
the night sky condition determination in the first stage to
determine which sky/cloud threshold values to be used
for pixel discrimination. The sky/cloud threshold of 80 will
be used for partially cloudy and overcast sky conditions,
while the threshold of 180 will be used for clear sky
conditions. By infroducing specialised threshold values
for cloud-sky discrimination that are sensitively tailored
to the night sky conditions instead of forcing a general
threshold method, we are on a promising path to
develop a nighttime cloud detection method with
sufficient operational flexibility to work under any sky
conditions.
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