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Abstract. We present a new approach for real-time retrieval and clas-
sification of solar images using a proposed sector-based image hashing
technique. To this end, we generate intermediate hand-crafted features
from automatically detected active regions in the form of layer-sector-
based descriptors. Additionally, we employ a small fully-connected au-
toencoder to encode and finally obtain the concise Layer-Sector Solar
Hash. By reducing the amount of data required to describe the Sun im-
ages, we achieve almost real-time retrieval speed of similar images to the
query image. Since solar ATA images are not labeled, for the purposes
of the presented test experiments, we consider images produced within
a short time frame (typically up to several hours) to be similar. This
approach has several potential applications, including searching, classi-
fying, and retrieving solar flares, which are of critical importance for
many aspects of life on Earth.

1 Introduction

The Solar Dynamics Observatory (SDO) was launched by NASA in 2010 as a
part of the Living with a Star program with the aim of providing data to study
the interconnected Sun-Earth system and how the Sun impacts life on Earth.
The Sun’s activity, such as massive electromagnetic storms, can negatively affect
various technologies including electronics, navigation systems, and electric power
grids. Solar activity, which is influenced by the sunspot cycle and other transient
aperiodic processes, plays a significant role in creating space weather that affects
both space- and ground-based technologies, as well as the Earth’s atmosphere.
Furthermore, the Sun’s behavior is partially responsible for climate fluctuations
on a scale of centuries and longer. Comprehending and forecasting the sunspot
cycle continues to be a significant scientific challenge, with far-reaching con-
sequences for space science and our understanding of magnetohydrodynamic
phenomena in the Solar System and on Earth.
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The SDO is a 3-axis stabilized spacecraft equipped with three main sen-
soric instruments, one of which is the Atmospheric Imaging Assembly (AIA).
ATA continuously captures full-disk observations of the solar chromosphere and
corona in seven extreme ultraviolet (EUV) channels, producing high-resolution
images with a 12-second cadence at 4096 4096 pixels. The commencement of
the SDO program enabled the analysis of solar activity, despite the challenge
of dealing with big data. SDO generates around 70 thousand images every day,
which makes it impossible to manually search and annotate this vast collection
of images. Additionally, the repetitiveness and monotony of these images make
the annotation process even more difficult for humans. The images captured
by the SDO are quite similar to one another, making it challenging to describe
them using general-purpose visual features. Additionally, the images are only
labeled by their timestamp, which further adds to the difficulty in analyzing and
categorizing them.

For our research, we utilize a 4K resolution dataset that has been prepared by
Kucuk et al. [17] specifically for image retrieval purposes. This dataset comprises
hundreds of thousands of full-disk images of the Sun, with temporal and spatial
event features included in the records.

Traditionally, hand-crafted features have been used to classify or predict the
state of the Sun from its images. For instance, Banda et al. [2] identified ten
distinct image parameters that are the best representation of the Solar state
when extracted from Solar full-disk images. These parameters are also present
in the dataset we use. In [4], the Lucene retrieval engine was modified to retrieve
solar images based on descriptive solar features developed in [3]. These features
have also been utilized by Boubrahimi et al. in [6] and Ma et al. in [18] to forecast
solar event trajectories.

Our paper introduces a solar hash designed to locate similar solar images
from a vast collection of solar images. We employ a fully-connected autoencoder
that operates on preprocessed solar full-disk projections. Our emphasis is on
optimizing the retrieval process, and our proposed method outperforms existing
methods in terms of speed and accuracy. The proposed solar hashes are key
to achieving faster retrieval times. It is worth noting that direct full-disk solar
image hashing is computationally demanding, which was the primary motivation
for our work.

The rest of the paper is organized as follows. In Section 2 we describe shortly
other content-based image retrieval methods. The proposed method is described
in Section 3. The experiments are described in Section 4. Section 5 concludes
the paper.

2 Related Works

The article [1] details a system for content-based image retrieval that covers the
entire disk. The authors experimented with eighteen image similarity measures
and a range of image features, resulting in one hundred and eighty unique com-
binations. Through these experiments, the authors identified suitable metrics
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for comparing solar images, which can aid in the retrieval and classification of
various phenomena. The article referenced as [3] outlines a segmentation method
for full-disk SDO images, where sub-images are created based on a 64 64 grid.
Ten parameters are then calculated for each sub-image, including entropy, frac-
tal dimension, mean intensity, third and fourth moments, relative smoothness,
standard deviation of intensity, Tamura contrast, Tamura directionality, and
uniformity.

In [4], the retrieval of solar images is performed using Lucene, a versatile
retrieval engine. Each image is considered a distinct document, comprising 64
elements (rows of each image). To locate similar solar events, wild-card charac-
ters are used in the query strings. In [5], the effectiveness of the Lucene engine
is compared to distance-based image retrieval approaches, but no clear winner is
identified. The tested methods each exhibit advantages and drawbacks in terms
of accuracy, speed, and suitability. The balance between accuracy and speed is
considerable, with retrieval times of several minutes being necessary for precise
outcomes. In [13], a sparse model representation was introduced for solar images,
utilizing the approach from [19]. The proposed method surpassed previous solar
image retrieval techniques in both accuracy and speed.

In [15], certain solar image parameters are selected to monitor various solar
events across images with a 6-minute interval. In [14], sparse codes for AIA im-
ages are also utilized, with ten texture-based image parameters being employed
to generate the code. The parameters are determined for regions identified by
a 64 64 grid for nine wavelengths. A dictionary of K elements is learned for
each wavelength, and a sparse representation is subsequently calculated. In order
to address the issue of dimensionality that impacts solar data, the researchers
employed the Minkowski norm and carefully selected an appropriate value for
the parameter p. As a result of their efforts, they were able to utilize a 256-
dimensional descriptor that demonstrated both efficiency and accuracy, surpass-
ing previous methodologies. In recent years, significant progress has been made
in image retrieval using learned semantic hashes [16]. The objective of semantic
hashing [21] is to generate concise vectors that capture the semantic information
of objects. By searching for similar hashes, we can quickly retrieve similar ob-
jects, a process that is considerably faster and requires less memory than direct
manipulation of the objects themselves. Generating hashes from high-resolution
full-disk solar images would not be feasible due to the sheer size of the image
collections. As a result, we have devised a new rapid binary hash based on the
engineered features we refer to as intermediate descriptors throughout this pa-
per.

3 Proposed Method for Solar Image Hashing

In this section, we introduce an innovative approach to create a hash for so-
lar images. This hash can be used later on to retrieve solar images from vast
collections of solar image datasets. We obtained the solar images from the So-
lar Dynamics Observatory (SDO), which were refined and released through a
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Web API by [17]. Although the API provides several resolutions, we opted for
a resolution of 2048  2048. The algorithm we present comprises three primary
stages: computing the descriptor of the solar image, hashing the descriptor, and
retrieving the solar image.

3.1 Calculating Solar Image Descriptor

At this stage, we input a solar image and generate a corresponding solar im-
age descriptor as output. After extensive research, we concluded that the most
suitable image resolution to use is 2048 2048. Hence, we obtain a solar im-
age descriptor as output by providing a solar image as input at a resolution
of 2048 2048. The input image (see Fig. 1) is obtained from the SDO’s ATA
instrument. The brighter areas visible in the input image correspond to Active
Regions (ARs), which are of great significance in studying solar flares. These
flares pose a significant risk to the safety of power grids, satellites, and other
electronic devices situated in Earth’s orbit or on its surface, making the study
of ARs particularly important.

Active Regions (ARs) can exhibit a wide range of shapes and positions rel-
ative to the SDO telescope that can change as a result of the Sun’s rotational
movement. The first stage of the proposed method involves detecting and describ-
ing the shapes and positions of ARs. This stage comprises a sequence of steps,
starting with the conversion of the image from RGB to grayscale to reduce the
number of color channels from three to one. Subsequently, the pixel intensity
values are in the range of [0 : 255]. A Gaussian blur filter, a widely used image
filter, is then applied to remove insignificant and small regions. Next, we filter
the pixel intensities using the threshold parameter th. After these preliminary
steps, the resulting image undergoes thresholding. In this step, we compare the
intensity of each pixel with the provided threshold value, th. If the intensity is
greater than or equal to th, we classify the pixel as a part of the active region.
The value of the th parameter was determined empirically based on experimen-
tal observations. For the given solar image dataset, we adjusted this parameter
value to 180. After thresholding, the resulting image is subjected to common
morphological operations, such as erosion and dilation.

The erosion operation eliminates small, isolated objects, also known as “is-
lands”, leaving only significant objects in the image. On the other hand, the
dilation operation enhances the visibility of objects and fills small holes within
them. By applying these two types of morphological operations, we are able
to enhance the important features of active regions. Further information about
morphological operations can be found in [9] or [22]. The process described above
can be presented as pseudo-code, as shown in Algorithm 1.

Figure 1 illustrates the results of the active region detection process. The
applied operations successfully identify the active regions in the solar image.
The precise detection of these regions, including their location and shape, is
crucial for predicting Coronal Mass Ejections (CME) and solar flares.

After obtaining the active regions through the previous steps, the next step
involves representing them mathematically in the form of a descriptor. Since the






