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Abstract
Finding underwater sound sources is quite difficult because of how complex and interconnected the undersea world is. When trying to use ship-radiated noise for Underwater Acoustic Target Recognition (UATR), the complicated presence of aquatic creatures makes the process even more tough. An innovative DNN called the Audio Perspective Region-based Convolutional Neural Network (APRCNN) is presented in this study. In order to train APRCNN, we used Depth Wise Separable (DWS) Convolutional Deep Neural Network architecture using initial underwater acoustic wave data. After that, APRCNN is used to categories and forecast underwater sound waves. Novel aspects of the suggested APRCNN model include optimization, adaptive learning, processing in parallel with residual connections, and underwater environment adaptation. With the help of integration layers that were influenced by the perceptual processing of the SPDNN system. Machine translation approaches also improve the model's performance through the use of time-dilated convolution. In this research, we offer a technique for underwater target detection with a full-featured DNN architecture.
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1. Introduction
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The complicated and tough environment makes it difficult to discover underwater communication sources. Shallower classifiers, which may include variables that were hand-designed, are used in traditional machine-learning approaches to underwater audio target detection [1]. Scientists retrieve the manually specified properties of ship-transmitted noise using time frequency, spectrum, wavelet transform, and a few other features [2, 3]. The generalizability of these manually-created traits is poor since they rely on past and specialized information. On the other hand, traditional underwater acoustic target monitoring methods exhibit subpar concordance and generalization when confronted with massive amounts of complicated data [4]. The current method of underwater sound detection is thus mostly carried out by trained sonars. Underwater target recognition using Deep Learning (DL) techniques has been a hot topic as of late. From the ship's radiant sound spectrogram, researchers used a stacking auto-encoder and flexible-max classification to extract deep properties [5]. Deep learning and deep neural network models may be used to extract deep information from radiation noise spectra of ships. The researchers combined Deep Belief Networks (DBN) with competitive learning approaches to create a Deep Beliefs network that is competitive ship-transmitted noise using time frequency, spectrum, wavelet transform.
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	Dataset
	Class
	Number of Segments
	Total Time
	Number of Samples
	Percentage (%)

	Training
	Small ship
Ferry
Big ship
	327
561
120
	0.92
1.56
0.34
	260742
447746
95234
	26.2
44.7
9.6

	Testing
	Small ship
Ferry
Big ship
	83
140
31
	0.24
0.40
0.09
	65235
111941
23862
	26.6
11.2
2.5



Table 1. Dataset training and testing



position of amino acids versus score curve, in which the negative value/score implied lower hydrophobicity and the positive value indicated greater hydrophobicity, thereby indicative of transmembrane regions. ANCHOR (61) had been used to find out the binding sites present in the IDP regions of EBL protein. RAMPAGE (62) gave us the Ramachandran plots of EBL proteins of different Plasmodium species and showed their allowed region. structured portion) contains up to ~525 amino acids, U-2 contains around ~ 825 amino acids and the S-2 (last structured portion) is up to ~1050 amino acids and the rest amino acids up to ~1061 forms the short tail. Based on the studies, a representative schematic has been drawn of the primary structural organization of full length EBL of P. vivax (see Figure 1A) (the segments as indicated, though proportional, are not in scale).

The first structured portion, S-1 (200-525 amino acids) of P. vivax EBL forms a compact protein structure (PDB ID: 3RRC). It is concentrated on the unsolved U-2 and S- 2 regions.

1.1. Characterization of last unstructured or disordered region, U-2

Noticing that a massive part is actually unstructured raised a question as to what could have been the properties of these specific unstructured regions. This led us to study whether the unstructured regions can be intrinsically disordered (IDRs) or not and hence explore their salient features.

1.1.1. To identify and ascertain whether the claimed IDP regions actually are intrinsically disordered or not
For further affirmation and validation, four routes were taken.

Presence of disorder
Subjecting the sequences to PONDR and verifying it with the DISOPRED (PSIPRED series), softwares to identify not only the disordered regions in the EBL protein sequences  but  to  predict  the  secondary structure also, led us to believe that our suspect regarding the unstructured regions being Intrinsically Disordered may be actually true (Figure 1B and 1C). With the disordered percentage overall increasing more than 40%, a standard threshold considered in bioinformatics study to ensure whether the protein or peptide sequence under study has a classic intrinsic nature of disorder or not. More the value, (>40%), more tends to be the disordered dynamics.

PEST motif identification
The PEST motif usually is an identification marker for the commonly known motif present in EBL proteins of the Plasmodium sp. (known sequences) is presented (Figure 1D). The identification arker is representative of the fact that with increasing PEST motif or in other words, more abundance of the amino acids Proline (P), Glutamate (E), Serine (S) and Threonine (T), irrespective of them being in sequence or not helps to determine whether the propensity of a particular protein is to attain intrinsically disordered dynamics or not.



Comparative graph analyses
A comparative plot as depicted in Figure 2 shows the similarity in the percentage of disorder in normally known IDPs (such as- Tau, P53 etc.) as well as the EBL proteins in our Plasmodium species under study (Figure 1E). With this graph, an analogy or rather a comparison has been done to check how similar this protein under consideration is, with respect to other known intrinsically disordered regions. The graph comparison clearly depicts that it is comparable that all the proteins in different known Plasmodium species shows striking similarity to that of the control proteins, known widely as intrinsically disordered.

Ramachandran Plot
The IDPs are rich in poly proline II motifs and they have their significant allowed regions in Ramachandran Plot for commonly known IDPs. Ramachandran plots for the unstructured regions, suspected as IDPs, were plotted and as shown in Figure 3, the allowed regions for the commonly known IDPs and our unstructured regions of the Plasmodium species under study are similar, reflecting on the fact that the unstructured regions, as suspected are genuinely Intrinsically Disordered. To generate the Ramachandran plots of EBL proteins and to demarcate their allowed regions, RAMPAGE was used (Figure 2a). 

1.1.2. Net charge of the amino acids presents in the U-2 region of EBL
The net charge was measured and compared to have an idea of the condition of the protein in physiological condition and to reflect on its hydrophilicity/hydrophobicity. This gives an indirect idea as to whether the protein remains in a bound/compact state (if hydrophobic) or tend to remain in soluble/in free access regions of the solvent (if hydrophilic). A comparative study of the net charge (ProtCalC.sourceforge.net) of the total amino acid sequence in the EBL protein and the amino acids present in the U-2 region indicates that the net charge of the U-2 portion is bulkier and consisting of negatively charged amino acids i.e. more hydrophilic (less hydrophobicity) than that of total sequence (Table 5).

Thus, as depicted, this less hydrophobicity of the U-2 region inhibits them to form a compact structure and in turn prevents to anchor properly with the membrane, it can be predicted that the reason behind them being unable to show trans-membranous or membrane-bound property.

1.1.3. Hydropathy plot
Hydropathy plots are good markers for identifying the hydrophobicity/hydrophilicity of a protein, depending on the score projected in a particular method. Hydropathy plots were carried out by Kyte-Doolittle method, a process that is indicative of reflecting the hydropathy context of a protein depending on the particular window size. For individual U-2 regions of the EBL proteins of the Plasmodium species, the above point was validated, referring to its hydrophilicity, which is hence proved to be water soluble in nature (see Figure 2B).


Figure 1: (A)Ramachandran Plot for U-2 region of P. vivax EBL indicates that U-2 is enriched in poly proline II motifs, signifying that U-2 is an Intrinsically Disordered Region (IDR). (B) Hydropathy Plot for the U-2 region of P. vivax EBL implies that U-2 is more hydrophilic (less hydrophobic) in nature.
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1.1.4. Binding partner prediction of U-2 region
To find out in partial authenticity, the possible interacting mechanisms of the protein EBL, a software tool, ANCHOR, was used to find out the potential binding sites of the U-2 regions of the respective EBL proteins of each Plasmodium species. ANCHOR prediction of U-2 of P. vivax EBL thereby reveals the probable binding sites of the U-2 region (see Figure 3A).

1.1.5. Comparison between the U-2 regions of EBL protein of different Plasmodium species	and	prediction	of	conserved residues
The unstructured regions in proteins with intrinsically disordered nature may signify plasticity and	thereby	evolutionary competence. Thus, these unstructured regions are rich centers for extracting much more information on their evolutionary mechanism. Based on the sequences, a phylogenetic tree was constructed for the EBL proteins of the different Plasmodium species (see Figure 3B) and subsequently all those sequences were aligned on the basis of multiple sequence alignment in Clustal-W (see supplementary)
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