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Abstract 
 
The exponential rise in technologies has broadened the horizon for socio-

scientific communities to develop more robust and efficient solutions to meet 

contemporary demands. Amongst the major critical innovations, Radar 

Signal Processing (RSP) has gained widespread attention, whose significance 

has been increasing exponentially due to increased oceanic maritime 

movement, unmanned aerial vehicles detection, coastal movement 

surveillance demands. in this research a highly robust and efficient RSP 

model has developed. Realizing the significance of clutter suppression, RCS 

independent detection and classification system is taken into consideration. 

Unlike classical TF approaches, we have converted input signals into images, 

which is processed for feature extraction (say, TFA) using DWT and STFT. 

In addition, to detect precise dimension of the target, we have developed an 

Evolutionary Computing algorithm named Firefly Algorithm based Fuzzy C-

Means clustering (FFA-FCM) algorithm as post-segmentation approach that 

enabled both clutter suppression as well as optimal dimensional 

characterization of the moving target. Once obtaining features from the 

detected target we have applied two well known transferable deep learning 

algorithms named AlexNet-CNN and SqueezeNet-CNN to perform target 

classification.  
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1 Introduction 

 
The high pace up-surge in technologies and allied applications has 

revitalized academia-industries to achieve better and efficient solutions to 

fulfil the contemporary demands. The advancements in technologies have 

broadened the horizon for exploring better solutions; however such 

developments often takes the shapes based on intends and goals, comprising 

constructive as well as destructive[4]. The dynamism in socio-economic 

activities including international trades, strategic cooperation, tourism etc has 

explored oceanic movement as cost-effective transportation measure; 

however a parallel destructive approach has been applied by unauthorized or 

malicious intruders who intend to intrude other geographical region 

illegitimately[15]. Such events can be found in both oceanic environment as 

well as aerial ecosystems [8]. Considering the oceanic transportation aspect, 

undeniably it has enabled an easy access approach for tourism sector as well 

commercial entities. However, it has become an ease-of-access approach for 

adversarial entities as well such as terrorism, illegal immigration, smuggling, 

human trafficking etc. 

 

2 Related Work 
 

This section describes the key literatures pertaining to target detection 

using Radar processing techniques. Authors in [6] developed a fractal-based 

detector for small floating target detection. An enhanced approach named 

orthogonal projection was designed in [1] for small target detection using 

single radar set up. Recently, authors intended to amalgamate multiple 

techniques such as non-coherent integration, coherent integration and Kelly 

detector the adaptive linear quadratic detector in [3,14] for floating target in 

sea clutter. Similarly, authors in [5] applied wavelet analysis method to 

assess scattered signal within the Doppler spectra of non-Gaussian sea 

clutter. Authors applied wavelet determination scheme as feature extraction 

tool to perform target segmentation in sea clutter[13]. Similarly, Normalized 

Doppler Power Spectrum (NDPS) was used in [7] to detect floating small 

target detection in clutter. On contrary, different polarization features 

including the relative surface scattering power, the relative volume scattering 

power, and the relative dihedral scattering power were applied to perform 

target detection in [9]. This approach obtained a multi-polarization channel to 

form a 3-D feature detector which helped detecting floating target on the sea-

surface. Radon transform, which is a variant of wavelet transform was 

applied in [10,12] for RCS targets detection in cluttered environment. 

Undeniably, combining different features such as the received signals, 

relative amplitude, and relative Doppler peak height along with the relative 

entropy of the Doppler amplitude  
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spectrum can be helpful for target segmentation under cluttered environment 

[11].   

 

3 Proposed System 
 

This section primarily discusses the proposed model and its 

implementation to achieve a novel and robust RSP model for small moving 

target detection and classification. The overall research has been 

accomplished in two sequential phases. These are: 

Phase-1 F2CM based ROI Segmentation  

Phase-2 Transferable Deep Learning (AlexNet, SqueezeNet) based 

Target Classification.   

The detailed discussion of the proposed model is given in the sub-

sequent sections. 

 

3.1   F2CM Based ROI Segmentation 
 

FCM algorithm is usually applied to cluster certain set of n patterns, 

which can be defined as   *             +, where the individual object 

or variable     states the feature vector containing d real-valued 

measurements presenting features   . Typically, Fuzzy based clustering can 

be categorized into two types, Hard Fuzzy Clustering (HFC) and Soft Fuzzy 

Clustering (SFC). HCF splits input data x into different clusters   ,   , 

  …,   ,where one object pertains to only one cluster, while in SFC input 

data x can be the part of more than one cluster. The output of the cluster 

signifies a membership matrix   [   ](   ). The Fuzzy membership 

function is obtained as (6). 
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In (6), the variable     ,   -states the fuzzy membership of the ith 

object to the jth cluster. Additionally,     ,   -where      and 

     . FCM functions as an iterative process where it reduces the 

objective function as per (7). 
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In this model, the centroid of the cluster be{  }   
 
‖ ‖, which signifies 

the inner-product norm from the data element   to the j-thcentroid. Here, 

Fuzzy membership function refers the extent of fuzziness of the patter –

classification outputs by the weighting exponent   ,   -. Functionally, 

FCM follows the following steps to cluster input radar data.  

Step-1: Start FCM with c randomly selected centroid. 

Step-2: Calculate Fuzzy membership function of each data point present in 

each cluster  

Step-3: Recalculate the centroid iteratively by reducing the objective 

function.  

Step-4: Repeat Step-2 and Step-3 till there is no variation in centroids. 

 Thus, obtaining the constant centroids for each cluster, FCM terminates 

and with the obtained centroid information each clusters are formed. 

 

3.2 Transferable Deep Learning (Alexnet) Based Target 
Classification 
 

Though, the use of F2CN model can enable optimal target detection and 

segmentation, it could not address classification of the different targets which 

as a result could help making critical decision based on respective threat 

level. Considering it as motivation, in this research we developed a novel 

deep learning approach for target classification. Noticeably, in this research 

we applied RCS information and respective TF image data to perform 

classification. Unlike classical deep learning models, we applied transferable 

deep learning methods like AlexNet CNN and SqueezeNet CNN. Once 

obtaining the image data retrieved from the TFR, we fed it as input to the 

AlexNet and SqueezeNet distantly where it performed two class 

classifications. AlexNet CNN: 

 AlexNet a recently developed CNN possesses the high robustness and 

computational efficacy to perform object detection and classification tasks. 

However, it has been mainly employed for general (object) image 

classification purposes. The robustness of AlexNet CNN is its ability to be 

transformed to cope up with different data and deep learning structures to 

perform deep feature extraction and classification. It enables AlexNet to be 

used for at hand moving sea target detection and classification. 
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4 Results and Discussion 
 

This section primarily discusses the simulation results and allied 

inferences.  

 As discussed in the previous section and the overall intend of this 

research, the predominant emphasis of this research has been made on 

developing a robust and efficient RSP model which could detect small 

moving target under clutter condition. Though, the research and contribution 

level of this work was raised to make target classification for early and 

efficient target classification or characterization.  

 Here, we named FFA-FCM as F2CM model, in which a total number of 

generations was fixed at 20. Noticeably, this approach enabled optimal 

centroid selection which helped in making clutter suppression as well as 

potential target detection to make real-time (critical) decision. In the sub-

sequent phase we fed TFR signal as input to the two well known transferable 

learning method named AlexNet-CNN which performed learning over the 

TFR signals to make optimal target classification. Noticeably, in AlexNet to 

perform learning we applied SGDM learning as well as ADAM, where the 

later performed well and hence we considered ADAM as learning approach 

for both AlexNet deep learning model. Initially, we assigned initial learning 

rate as 0.0001. The overall proposed deep learning model performed two-

class classification to categorize incurring RCS reflected signal (target) as 

cone and cylinder. 

 

 
Figure 1Variations of The Cylindrical Pattern RCS Aspect Angle (Upper) And 

Received Target Return With Time (Sec) 

 

 

Synthesizing the RCS patterns and accommodating the backscattered 

signal from the target, it was received at the received. Being a moving target  
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condition with clutter presence, the data was received at the different aspect 

angles (Fig. 1).Since, in this study, we simulated a total of 700 sample 

patterns for both cylindrical as well as conic RCS, the respective aspect angle 

variation and target returned (dB) are depicted in Fig. 2. 

 

 
Figure 2 VariationsOf The Conic Pattern RCS Aspect Angle (Upper) And Received 

Target Return With Time (Sec) 

 

As stated, the proposed model feeds scattering coefficients of the TFR 

data into AlexNet-CNN and SqueezeNet CNN distinctly which at first 

performs labeling of the input data as cone and cylinder, which is then 

followed by training using ADAM learning method. Noticeably, both the 

transferable deep learning models apply Cross-Entropy function to perform 

classification. Performing classification, we obtained confusion matrix to 

generate different statistical terms, Accuracy, Precision, Recall, F-Measure, 

Specificity etc. Table 1 provides Statistical Performance Analysis. 

 
Table 1 Statistical Performance Analysis 

 

Transferable 

Deep 

Learning 

Model 

Accuracy 

(%) 

Precision 

(%) 

Recall 

(%) 

F-

Measure 

Specificity 

AlexNet 100 100 100 100 99.03 

SqueezeNet 97.19 95.31 95.52 95.41 97.65 
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Observing the statistical performance output, it can be found that through 

both transferable learning models performs close to each other AlexNet-CNN 

performs almost 100% accuracy which is almost 3.8% higher than the 

SqueezeNet-CNN model. Considering precision performance AlexNet CNN 

performs better (100%) in comparison to the SqueezeNet-CNN (95.52%). 

The sensitivity performance also called Recall affirms superiority of AlexNet 

CNN (100%) as compared to the SqueezeNet CNN (95.52%). Similarly, F-

Measure performance which is one of the vital performance parameters 

affirms better results by AlexNet CNN (100%) as compared to the 

SqueezeNet CNN (95.41%). 
 

5 CONCLUSION  

 Considering the alarming significance of a robust Radar Signal 

Processing (RSP) technique for moving small target detection under sea 

clutter and its classification this research work contributed a multi-

dimensional optimization effort. This research emphasized on enhancing 

overall computational model of a standard RSP system including RCS based 

Time Frequency (TF) analysis, sea clutter suppression, enhanced wavelet 

technology based Time-Frequency Representation and allied analysis, 

evolutionary computing assisted potential target detection and segmentation, 

and enhanced deep learning based target classification to enable threat 

severity assessment and real-time quick decision. Unlike classical Doppler 

based approaches, in this research at first RCS was obtained for different 

shapes which was imposed over the reflected returning signals. 
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