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ABSTRACT

The 1982 “United Nations Convention on the Law of the Sea” stipulates that the
sovereign states have the right to the exploration and utilization of marine resources in their
exclusive economic zone (EEZ). Facing the challenge of maritime surveillance for
prevention of illegal conduct on the extensive ocean, surveillance apparatuses play an
important role in maritime security. It is essential to be added an active, continuous, and
extensive monitoring instrument into the existing observation system. High Frequency (HF)
Surface Wave Radars is a strong candidate for a ship-monitoring network in wide ocean area.
The technique of ship identification with HF radar has been initially established at home and
abroad currently, and usually use the automatic identification system (AIS) information to
confirm the signal of large targets. However, operational mohitoring and major techniques
of ship echo signals still need to be improved and optimized. In addition, few studies focus
on the performance of ships detection with HF radar. Taiwan has established shore-based
HF radar network. This study expects to improve the technique of automatic detection of
ships based on the existing methods and assisted by deep learning methods of artificial -
intelligence. It is beneficial to increase the application value of current HF radar systems and

further enhance the effectiveness of ships detection.

The major purpose is to develop and improve the automated ship identification process
for quantifying the system surveillance performance via lots of case study. To achieve the
above-mentioned research goals. There are three major objectives: The first stage is to
establish the quality control process of radar spectrum and AIS data for subsequent
comparison and verification. The second stage is dedicated to developing adaptive signal
identification (ASI) algorithms and combing with multiple signal classification algorithms
(MUSIC) to extract relevant information of ship motion. The final stage is to carry out
statistical analysis of a many cases study via the proposed vessel recognition technique and

verifying with AIS information.



To ensure the quality of data used in subsequent analysis, this study provided quality
control (QA) méthods of AlS data and radar spectrum. Regarding the QA of radar spectrum,
it mainly integrates the morphology technique and Otsu’s method for the Bragg region
identification. Accordingly, the region of interest (ROI) can be selected from the radar
spectrum for subsequent vessel recognition procedure. In this study, data that has been
strongly interfered will be removed, which are affected more than 14% of the spectrum area
(outside the Bragg region). The quality control of AIS is based on the received data format

and rationality to facilitate subsequent comparison and verification with radar results.

The core work of the second stage is the development of adaptive signal identification
(AS]) algorithms. Based on image processing technique and statistical analysis, a set of
signal identification methods with rapid execution speed and adaptability threshold can be
established with environmental noise changes. The combination of the watershed algorithm
extracts the target voltage value from the ASI and input to the multiple signal classification
algorithm (MUSIC) for bearing estimation. This study integrates various technique into a set
of automatic vessel identification algorithms to facilitate subsequent quantitative analysis.
The Kalman filter was used to continuous track the target in the latter procedure. The results
show that the Kalman filter can be assisted to predict the target position in the Bragg region

and continue to track it until the target sails out of the region.

A suitable deep learning architecture U-Net is selected to extract the features of the
first-order Bragg region. The most famous characteristic of this architecture is that a
relatively small training set can be used to build a recognition model. In addition, this study
also compares the performance of activation functions and optimizers with different
combinations in the model: The U-Net model using ELu activation function and Adam
optimizer has better prediction performance, with an accuracy rate of over 90% and F1 score
over 80%, indicating good accuracy and recall rate; In addition, loU is even more than 60%
(usually more than 50% means that the model has good predictive ability). The results show

that the deep learning model can automatically identify the position of the first-order Bragg

13|



region under the influence of the strong ionosphere. It is beneficial to improve the selection

of the ROI in the vessel signal detection process.

In summary, this study quantified the ship detection performance through long-range
HF radar system in the northeast of Taiwan. The proposed algorithm was compared large
amounts of radar and AIS information. The statistical results confirm that the HF radar
detection rate can reach to 50% with the signal-to-noise (SNR) ratio of the target higher than
17 dB. In addition, large RCS values can be achieved 10 to 40 m? when the aspect angle of
ship is close to vertical radial relative to the radar station. The results of this research not
only enhance the technical capabilities of existing SeaSonde radar, but also prove the system

to be used as a response mechanism for early warning systems with long-range.

Key words: high-frequency radar; artificial intelligence; adaptive signal identification;

vessel echoes recognition
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