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Abstract: The observation and recognition of sunspots is an important task of solar physics. By observing and
analyzing sunspots, solar physicists are able to analyze and predict solar activities with higher accuracy. With the
continuous progress of observation instruments, solar full-disk image data amount is also on a rapid growth. In order
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to recognize and label sunspots quickly and accurately, a two-layer sunspot recognition model is proposed in this
paper. The first layer model is based on deep learning model YOLO. In order to enhance the ability of YOLO to
recognize small sunspots, the parameters of YOLO are optimized by using the k-means algorithm based on inter-
section-over-union. The final YOLO model can identify most large sunspots and sunspot groups, with only a few
isolated small sunspots being unidentified. For the purpose of further improving recognition rate of small sunspots,
the second layer model applies AGAST (adaptive and generic accelerated segment test) feature detection algorithm
to specifically identify the missing small sunspots. The experimental results on SDO/HMI sunspot data set show that
all kinds of sunspots can be recognized effectively with high recognition accuracy by using the model proposed in
this paper, thus realizing the real-time sunspot detection task.
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Process of data pretreatment

Overview: Sunspots are small dark spots, patches or regions appearing on the sun’s surface where strong magnetic
fields converge. As an important solar phenomenon, observation and analysis of sunspots can promote understanding
and learning of solar activities. For example, it can help astrologists to study the relevance of sunspots groups with flare
eruptions. With the development of solar physics and observation instrument, methods of sunspots detection proposed
earlier can not satisfy the rapid growth of data amount and data processing performance. Thus, it is urgent for solar
physics to propose new methods to detect sunspots with higher accuracy and efficiency.

Traditional digital image processing methods and algorithms based on the sliding window are usually characterized
by a slow speed and cannot achieve high accuracy. For instance, pure digital image processing methods are usually not
flexible enough to detect sunspots because of the divergence of colors and patterns of different types of sunspots. In ad-
dition, the sliding window algorithm proposed earlier is of high time complexity, which shows poor performance in
practical applications. To solve problems mentioned above, this paper aims to rapidly recognize all types of sunspots for
real-time detection.

We proposed a hierarchical model composed of two components. The first layer is based on deep learning model
YOLO. According to the nature of YOLO network, the raw image data with a size of 4096 pixels would be divided into
smaller sub-images because sunspots are relatively tiny compared with the whole solar image. At the same time, suns-
pots will be compressed and disappear in neural network, which will influence the training process of network. In order
to improve the ability of first layer to detect more smaller sunspots, the k-means algorithm is applied to optimize the
anchor parameter in YOLO model. After the first layer model, most sunspots and sunspot groups are able to be recog-
nized, with just a few smaller sunspots being unidentified. For the purpose of detecting more unidentified smaller suns-
pots in the first layer, the second layer utilizes AGAST algorithms for feature detection, in which the smaller sunspots
are viewed as speckles.

In the experiment, 700 original images from SDO/HMI data set are used to train YOLO network. After training
process, the loss function reduces from 935.12 to 0.22. The detecting results show that all kinds of sunspots can be rec-
ognized effectively with intersection-over-union being 73.41%, detecting accuracy being about 98.50%, and error recog-
nition rate being around 0.60%. Therefore, the hierarchical model can be used to complete real-time sunspot detection
task, and relevant ideas and models could also be applied to solve other object detection problems.

Citation: Zhao Z L, Liu ] Z, Hu Z, et al. A hierarchical method for quick and automatic recognition of sunspots[J]. Op-
to-Electronic Engineering, 2020, 47(7): 190342
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