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Development of the Cloud Monitoring Program using Machine
Learning-based Python Module from the MAAQO All-sky Camera Images
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Abstract: Cloud coverage is a key factor in determining whether to proceed with observations. In the past, human
judgment played an important role in weather evaluation for observations. However, the development of remote and
robotic observation has diminished the role of human judgment. Moreover, it is not easy to evaluate weather conditions
automatically because of the diverse cloud shapes and their rapid movement. In this paper, we present the development of
a cloud monitoring program by applying a machine learning-based Python module “cloudynight” on all-sky camera
images obtained at Miryang Arirang Astronomical Observatory (MAAO). The machine learning model was built by
training 39,996 subregions divided from 1,212 images with altitude/azimuth angles and extracting 16 feature spaces. For
our training model, the Fl-score from the validation samples was 0.97, indicating good performance in identifying clouds
in the all-sky image. As a result, this program calculates “Cloudiness” as the ratio of the number of total subregions to
the number of subregions predicted to be covered by clouds. In the robotic observation, we set a policy that allows the
telescope system to halt the observation when the “Cloudiness” exceeds 0.6 during the last 30 minutes. Following this
policy, we found that there were no improper halts in the telescope system due to incorrect program decisions. We expect
that robotic observation with the 0.7 m telescope at MAAO can be successfully operated using the cloud monitoring
program.
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Fig. 1. All-sky camera equipment (a dome on the left) used
in the MAAO (Image credit: METASPACE Inc.).
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Fig. 2. Examples of the all-sky images visually classified as “Not cloudy” (top) and “Cloudy” (bottom) in the training data
preparation. The images classified as “Not cloudy” indicate sky conditions suitable for opening dome-slit, while those classified
as “Cloudy” do not.
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Fig. 3. Data analysis scheme for the MAAO all-sky images for the machine learning model training. The subregions are
marked as reddish areas in the image for feature extraction. Here, the intensity of color represents the median value of the sky

background in each subregion.
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Fig. 4. Examples of reduced all-sky cam images with Cloudiness calculation. Each figure is obtained on (left) 00:00:08, 20th
March 2024 with Cloudiness of 0, and (right) on 21:20:44, 26th March 2024 with Cloudiness of 0.64. The intensity of color is

also the median value of the sky background.
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Fig. 5. An all-sky image with small materials, though to be
branches, on its camera. Even though it was a cloudy night,
the all-sky image is misclassified as “Not Cloudy” via our
machine learning model.
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