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Abstract

In this study, we propose an automated method that
combines frequency integral spectrum analysis with the
Hough transform to identify outburst events in the solar
radio spectrum. By leveraging the distinct characteristics
of various radio events, we effectively differentiate
between type II and type III events in the automatic
detection results. Furthermore, we eliminate misclassified
WBI, which enhances the validity and accuracy of the
detection outcomes. This work may benefit the study of
establishing a crucial foundation for space weather
warnings and heliophysical research.

1. Introduction

A primary driver of Sun-Earth space weather is the
intense activity of the sun, particularly the solar flares and
coronal mass ejections (CMEs) [1]. These phenomena are
often accompanied by solar radio bursts at various
frequencies. Based on their spectral characteristics, radio
bursts are classified into five types: I, II, III, IV, and V [2].
When electromagnetic radiation, energetic particles, and
plasma from these solar eruption events, along with the
magnetic fields they carry, propagate toward the Earth,
they can have significant effects on human activities. For
instance, energetic particles and shock waves in the near-
Earth space environment can damage satellites and probes;
disturbances in the ionosphere can disrupt oceanic
communications [3]; energetic electrons injected into the
magnetosphere can excite electromagnetic radiation in the
auroral region, thereby interfering with the normal
operation of communication systems; and the coupling of
high-speed solar wind or magnetic clouds with the Earth's
magnetic field can trigger geomagnetic disturbances,
potentially damaging terrestrial power grid equipment [4].

To enhance our understanding of solar activity, research
organizations worldwide are continuously investing in
advanced observational equipment to collect solar activity
data with high temporal, spatial, and frequency resolution.
Currently, over 150 observatories are operational globally,
facilitating all-weather monitoring of the sun. These
stations generate vast amounts of data, presenting a
significant challenge for data analysis experts. At present,
global monitoring of the solar radio spectrum still relies

heavily on traditional manual detection methods. This
reliance creates an unmet need for real-time detection and
response to solar outburst events. Furthermore, the
complexity of radio data exacerbates the difficulty of
identifying these outbursts. The duration of solar radio
bursts varies considerably, and some of these events are
transient, making it challenging for traditional manual
analyses to effectively capture these fleeting phenomena.
Additionally, the faintness of the radio signals increases
the risk of confusion with background noise, which may
lead to misclassification or omission of outburst events
[5]. In light of these challenges, the development of
automated event selection and feature extraction methods
is crucial for scientific research.

2. Methodology

In this study, solar radio dynamic spectral data were
collected by the Xinjiang Astronomical Observatory,
Chinese Academy of Sciences, and Qitai Observatory[6].
The observatory consists of eight dual-polarized, log-
periodic antennas, each measuring 10 meters in length,
covering a wavelength range of 3 to 30 meters and a
frequency range of 0 to 100 MHz. The radio receiver is a
self-developed, eight-channel radio analyzer capable of
storing acquired data in binary format (.bin files) on a disk
array, organized by date. The dataset includes both
horizontally and vertically polarized components, with a
time resolution of 20 milliseconds and a frequency
resolution of 24 kHz. For this study, data collected
between 2023 and 2024 were selected for analysis.

The automatic detection algorithm presented in this article
is based on the frequency integral spectrum and the
Hough transform. The algorithm begins with interference
suppression in the radio spectrum through data
preprocessing. Next, the interference-suppressed spectrum
is integrated along the frequency axis to generate a
frequency integral spectrum, which serves as the
foundation for identifying potential burst events. To
enhance detection accuracy, the algorithm employs an
adaptive thresholding technique similar to the constant
false alarm rate (CFAR) method in the frequency integral
spectrum. Then, because the preliminary detection results
cannot differentiate between Type II and Type III events,
and due to potential interference, the algorithm performs



binary processing based on the spectral line flow of the
preliminary detection results and executes the Hough
transform. Since radio bursts exhibit different frequency
drift characteristics in the spectrum, this information can
be utilized to effectively classify these events. The flow
chart of the algorithm is shown in Figure 1.
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Figure 1. Flow of the Automatic Radio Burst Detection
Algorithm Based on frequency integral spectrum and
Hough Transform.

3. Event detection

Given a time-frequency dynamic spectrum Ifing (f, t)
after interference suppression, the frequency-integrated
spectrum is obtained by integrating the dynamic spectrum
along the frequency axis. The equipment used in this
study collects spectrum data with 4,096 frequency
channels. The integration process is expressed in Equation

(D).
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The selection of an appropriate threshold is crucial when
detecting events in the frequency integral spectrum.
Setting the threshold too low can lead to a high number of
false alarms, potentially obscuring genuine solar events.
On the other hand, setting the threshold too high reduces
false alarms but limits detection to only major solar events,
resulting in the omission of many low-energy solar events.
A common approach to addressing the false alarm
problem is the cell CFAR detector. In this study, an
adaptive threshold, denoted as 'Th' is applied to the
frequency integral spectrum sf(t). The threshold 'Th' is
determined using the calculation shown in Equation (2).

Th=KxP )

Where P corresponds to the average power of the
background noise within the referenced time window N.
K is a threshold factor that is adjusted immediately to
maintain a CFAR. The average power P is calculated in
Equation (3).
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Where N is the selected window length and s¢(t) is the
spectral signal in the window after interference
suppression. The threshold factor K can be calculated
from Equation (4).

L
K=N(FAR ¥ -1) @)
Where N is the selected window length, and FAR is the
false alarm rate.

Since the assumed independent identically distributed
Gaussian model does not match the actual data model, in
practice, instead of using the K-value computed by the
above formula, one wusually adopts the value
corresponding to the target false alarm rate, which is
obtained through actual training and is called the
‘experimental’ value. In addition, in order to prevent
energy leakage, all past points and protection signals that
have been detected as ‘event’ signals in the reference
window are eliminated in this paper. Based on the
detection principle outlined above, we obtained the results
shown in Figure 2. It is evident from the figure that the
threshold line effectively differentiates between
background noise and actual events, successfully
detecting two events. For Event 2, the orange line
indicates that this event appears three times with values
exceeding the threshold. However, this actually represents
a single event. Consequently, when the distance between
two labeled events is less than the minimum distance of 3
seconds—calculated based on the resolution of the radio
spectrometer and the averaging time of the solar events—
the two signals are merged into one event. Conversely, if
the distance between any group of detected solar radio
events and another group exceeds the minimum distance
of 3 seconds, the signals from that group are classified as
anew event.
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Figure 2. Results of radio burst detection based on
frequency integral spectrum.

Through the radio burst detection method based on the
frequency integral spectrum, we can determine whether
there is a radio event in the solar radio spectrum signal,
but it is not yet possible to determine the type of the event.
For this reason, a detection algorithm based on the Hough
transform is used in this paper to identify type II and type
IIT radio burst events detected based on the frequency
integral spectrum. In addition, frequency integral
spectrum analyses may reveal misleading additional peaks



produced by WBI that resemble the peaks of genuine
solar radio events. This similarity increases the risk of
misidentifying the interference as a legitimate radio event.
As shown in Figure 3, we selected a section of the solar
radio spectrum from 29 July 2024, where the red arrow
marks the location of the solar radio event and the green
arrow indicates the WBI. This interference resulted in
inaccurate detection results. To ensure the accuracy and
validity of the results, effective measures must be taken to
identify and reject these WBI.

Solar bursts WBI
20240729 Denoising Resali A s

Full Band Power (di)

. o -~ e -
2 10:3548 103922
Tirme{ haur)

Figure 3. Solar radio spectrum after interference
suppression. The red line represents the solar radio signal,
and the green line represents WBI.

4. Event classification principle

Before performing the Hough transform, it is essential to
binarize the image. Without binarization, the Hough
transform considers every pixel in the grayscale image as
a potential edge point, which significantly increases
computational demands and the likelihood of false
detections. Therefore, binarization is a critical step in
executing the Hough transform. Following binary
processing based on spectral line flow, the Hough
transform is employed to identify solar radio burst events.
For solar radio burst events, we can distinguish these
occurrences by identifying the straight lines typically
observed in the radio spectrum. The fundamental
principle of Hough line detection is rooted in the duality
of points and lines: every straight line in the image space
corresponds to a point in the Hough parameter space. By
locating the peaks in the Hough parameter space, we can
ascertain the parameters that characterize the straight-line
features of the radio burst, allowing us to locate and
identify the events in the original image. In this paper, we
extract the coordinates of the endpoints of the line
segments to directly obtain the onset frequency, cutoff
frequency, onset time, and cutoff time of the burst event
from the detected red line segments. Additionally, the
average drift rate of the event can be calculated using
Equations (5):
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If the average frequency drift rate is negative, it indicates

that the event is shifting from high to low frequencies.

Based on our experience with the data from the Xinjiang

Observatory's Qitai Observatory that we utilized:

(1) The drift rate of Type Il radio bursts ranges from
approximately 1 to 15 MHz/s.

(2) The frequency drift rate of type II radio bursts is
typically less than 1 MHz/s.

(3) The frequency drift rate of WBI is infinite.

Therefore, matching the average drift rates obtained from

the detection results of the Hough transform and

successfully classifying type II and type III events can

also help eliminate the misclassification of WBI.

5. Event classification result

In this study, we analyze observational data collected on
July 29, 2024, at the Qitai Observatory of the Xinjiang
Observatory, part of the Chinese Academy of Sciences,
using an automated extraction algorithm. The objective of
this process is to identify Type II radio burst events and
accurately extract the key parameters associated with
these events. Figure 5 shows the detection results of Type
II radio events and WBI. We find that the Hough
transform effectively extracts the parameter information
of the event through the red line segments.
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Figure 4. Solar radio spectrum detections on 29 July 2024
at around 10:00 pm. The top image shows the detected
solar type II event, the middle shows the detection results
based on the frequency integral spectrum, and the bottom
shows the detected broadband interference.

In addition, parameters extracted from the Hough
transform show that the mean drift rate of Event 1 is
0.41457 MHz/s, which is consistent with the frequency
drift characteristics of our Type II radio events; thus, it
can be determined to be a Type II radio outburst.
However, the average drift rate of Event 2 is co, which
indicates that the event does not have frequency drift



characteristics, and thus it is judged to be a broadband
disturbance. The results of this detection are eliminated
from the final results, thus increasing the accuracy of the
detection. For the detection of Type IIl events and
parameter extraction, we employ the same approach, with
the exception that we utilize an average frequency drift
rate that meets the criteria for identifying Type III events
when differentiating between various events.

5.2 Performance Evaluation

Since our goal is to develop an automated detection
method, we define an evaluation scheme based on this.
Indeed, the concepts of TP (True case), TN (True negative
example), FP (False positive), and FN (False negative) are
very standard and widely used in detection and
classification theory. In this study, we use this assessment
scheme to compare the duration of events labeled by
experts (representing real situations) with the duration of
events detected by our method. Figure 7 shows the results
of solar event detection and the evaluation protocol
employed in our simulations. As depicted in the figure,
correctly detected solar events are time periods identified
as solar radio events by both the expert's manual labeling
and the method proposed in this paper. Conversely,
incorrectly detected solar events are time periods that the
expert does not recognize as genuine solar events but are
classified as such by this method. Based on the definitions
of these evaluation criteria, it is evident that high
sensitivity and accuracy can only be achieved if the start
and end times of the events detected by the system align
with the expert labeling. Utilizing the performance
evaluation methods outlined above, the sensitivity,
precision, and accuracy were calculated to be as high as
97.2%, 89%, and 93.1%, respectively, for 10 events
collected in 2024 at the Xinjiang Astronomical
Observatory of the Chinese Academy of Sciences.
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Figure 5. Comparison of automatic and manual test
results.

6. Discussion: Future Context

The effective detection of solar radio events is essential
for a comprehensive study of solar activity and space

weather forecasting. Here, we introduce and propose an
innovative method that combines frequency integral
spectrum analysis with the Hough transform. Through
interference suppression preprocessing, frequency integral
spectrum detection, binarization, and the Hough transform,
we can effectively detect solar radio events, classify type
II and type III events, and eliminate misdiagnosed WBI.
However, in our classification of radio events, we have
only identified type II and type III events. In the future,
we need to further investigate the characteristics of other
event types and develop effective identification methods
for them.
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