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Abstract—Live fish recognition is one of the most decisive 

elements of fisheries analysis where the massive amount of 

data is promptly assimilated .Diverse from wide-ranging 

scenarios, experiments to underwater image recognition are 

forwarded by poor image quality, uncontrolled objects and 

environment, and efforts in obtaining demonstrative 

illustrations. In addition, most existing feature extraction 

techniques are caught up from automation due to human 

observation. Hence, we propose an underwater fish 

recognition framework that comprises of an entirely 

unsupervised feature learning procedure and an error-

resilient classifier. Object parts are modified based on 

saliency and slackening cataloging to match objective parts 

appropriately. A non-rigid typical part is then utilized based 

on fitness, partition, and refinement measures. For the 

classifier, an unsupervised clustering methodology yields a 

binary class order, where every individual node acts as a 

classifier. The main objective of this process is to appraise 

the basic beliefs of the efficient processes usually used to 

analyze type of fish. Experimentations illustrate that the 

proposed framework attains high accurateness on both 

public and self-collected underwater fish images with high 

uncertainty and class imbalance. Also to recover the 

effectiveness of the progression when related with the other 

existing process. 

 

Keywords —Fish recognition framework, Fishery survey 

applications, Error resilient classifier, Binary class 

hierarchy. 

 

1. INTRODUCTION 

 

     Marine biologist established the existence and quantities of 

distinct types of fish with the help of casting nets, human sub 

aquatic surveillance and photography. General object 

recognition methods have been applied to fish 

recognition[1].These techniques include color histogram, 

texture and bag-of-feature classification. Image-based 

sampling for fish abundance estimates generates the vast 

amount of data which remained challenge to the respective 

data analysis. These are reduced by using automated image 

processing algorithms for using automated detection, 

segmentation, tracking and length/size measurements. In the 

previous paper, we found these existing techniques could have 

acceptable results for fish recognition and its types 

identification. However, the recognition performance on 

general fish was not as promising .Based on this, a 

spontaneous camera-based fisheries inspection system is 

realized by evolving liable species identifications algorithm 

that allows for observing the species composite and assessing 

fish stocks as well as the ecosystem[2]. 

In this model, a more flexible location mechanism for food 

ingredients was used to represent food with more deformation. 

The second contribution is development of a multi-view, 

multi-kernel SVM to classify various combinations of food 

ingredients under occlusion. Then the design of SVM with 

multiple kernels that include a hierarchy of element kernels is 

focused. The top level is the viewpoint level where a multi-

view scheme is utilized to address occlusion. On the viewpoint 

level, each view corresponds to a kernel function, and all the 

kernel functions from multi-view are combined together 

according to the geometry similarities between viewpoints. 

Under each viewpoint kernel, the design of spatial pyramid 

kernels to achieve scale invariance was used. Then under each 

scale, there is a linear combination of linear, quasi-linear, and 

nonlinear element kernels to classify fish ingredient 

features[3]. By employing such a hierarchy of kernel 

functions, a classifier that detects and classifies food of 

different scales and points of view is accomplished. The 

experimentations exhibited the efficiency of the suggested 

classifier. 

The remaining section of this paper is systematized as 

follows: Section II analyses some of the existing works 

associated with fish tracking mechanism and classification. 

Section III offers the comprehensive explanation for the 

overall proposed methodology. Section IV presents the 

performance results of the proposed system. Finally, this paper 

is finished in Section V.  
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2. RELATED WORK 

This section illustrates some of the existing works related 

to fish tracking mechanism and classification..Huang, et al. 

[4]clarified an inimitable Balance-Guaranteed Optimized Tree 

with Reject option(BGOTR) classifier for live fish gratitude. 

This different category of hierarchical classifier enhanced the 

normal hierarchical method by positioning the precise 

categorizations at a complex level and the hierarchical tree 

balanced. This system comprised of three distinct stages 

namely: 

 Feature extraction  

 Hierarchical classification 

 Result rejection  

Huang, et al. [5] suggested an state-of-the-art method to 

distinguish the fish in an unlimited natural atmosphere. Also, a 

set of heuristics were helpful to construct a hierarchical tree. 

The proposed method was evaluated on a live fish dataset and 

automatically they generated hierarchical tree (BGOT) with an 

improvement of average recall compared to the flat SVM 

classifier. 

Chuang, et al. [6] recommended a novel multiple fish 

tracking system for low-contrast and low-frame rate 

underwater stereo cameras. With the help of histogram back 

projection, they successfully generated a reliable fish 

segmentation in shape boundary under very low contrast. In 

order to overcome the complications of abrupt target motion 

and frequent entrance/exit due to the low frame rate,  each 

target and its neighborhood was utilized into two distinct types 

of bounding box for the objects like, 

 Upright bounding box and  

 Oriented bounding box. 

Ren, et al. [7]anticipated a noise-resistant LBP (NRLBP) 

to stand-in the image local configurations in incidence of 

noise. Theminor pixel modification was susceptible to noise 

and then the importance was indomitable based on   the 

additional bits of the LBP code. It was extensively recognized 

that the mostimage local structures were represented by 

uniform codes and noise patterns most likely fall into non-

uniform codes.The meticulous strengths were superfluous, and 

only the qualified strengths with respect to the center were 

preserved.Chuang, et al. [8] suggested a robust manifold fish 

tracing method for low-frame rate underwater stereo cameras. 

A multiple-feature equivalent cost function is utilized to 

provide a modest but active metric for ruling the temporal 

match of individual target. Built upon reliable stereo 

matching, a multiple target tracking algorithm via the Viterbi 

data association was established to overcome the reduced 

motion endurance of targets. 

Advantages:  

 Computational process is reduced. 

 Achieve the accurate underwater live fish tracking 

result. 

Disadvantages: 

 More errors are occur due to the variation in fish 

numbers. 

Chu, et al. [9] introduced an innovative technique that 

used projected gradient to simplify multiple-kernel outlining 

in identifying the greatest match under predefined restraints. 

The main contributions of the research work are listed below: 

 The suggested gradient optimization is used to 

enable the multiple kernels to find the exact match of 

the tracked target under predefined constraints. 

 Various weights are assigned to the kernels based on 

their similarity as not all the kernels remain reliable 

due to occlusion. 

 They effectively used the gradient of the density 

estimator with respect to the kernel bandwidth to 

update the scale of object. 

Gavves, et al. [10] examined the fine-grained 

categorization of human interaction with the aim of localizing 

the distinctive details by aligning the objects for successful 

recognition. Terayama, et al. [11]suggested a graphic tracking 

method for compact fish schools in which blockings occur 

regularly. Although considerable advancement had been 

completed for pursuing numerous substances in video images, 

it remained challenging to track individuals in highly dense 

groups. For occluded fishes, approximation of their situations 

and guidelines was also demanding. However, the number of 

fishes in a local area, was accurately estimating their states by 

matching all of the combinations of possible parameters on the 

basis of the appearance model.Qian, et al. [12] examined the 

effective method of fish detection and tracking through 

extremum detection and ellipse fitting. The Kalman filtering 

and feature matching were used to recognize the target present 

in the complex motion. The tracking of swimming fish with 

various densities remained to be accurate and reliable.Pittman, 

et al. [13] provided a straight evidence of environmental 

connectivity across a system of MPAs, comprising projected 

activities of more than 40 km involving a near shore MPA 

with a shelf-edge depositing arrangement. Maximum tagged 

fish exhibited high reliability to MPAs, but also consumed 

time outside MPAs, possibly donating to spillover. They 

recommend that key species movement patterns be used to 

inform and evaluate MPA functionality and design, 

particularly size and shape. A re-scaling of our observation of 

Caribbean reef fish agility and locale uses the imperative and 

chief allegations for ecosystem and managing usefulness. 

 Clark, et al. [14]presented results from the first attempt to 

autonomously track and follow a shark using an autonomous 

underwater vehicle. Despite the current prototype hydrophone 

configuration having high drag, the ambiguity in bearing 

measurement sign, the high variance in signal strength 

measurements to distance mapping, and the low signal 

reception rate, the AUV was still able to follow atagged 
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leopard shark for several hours. There existed the considerable 

work to be done to improve this system, including reducing 

the hydrophone frame profile and drag, incorporating multiple 

AUVs, demonstrating the use of signal strength measurements 

during real-time state estimation, and developing optimal 

control policies for active shark state estimation. 

 [Guo, et al. [15]]presented a moving target detection and 

tracking system to address the image degradation problem in 

underwater scenarios. The proposed system was capable of 

precisely detecting and tracking various target objects in both 

underwater and terrestrial environments in real time. With the 

features of low power consumption, high-real-time 

performance, and good environmental adaptability, it was able 

to meet the potential demands of the small-sized spherical 

amphibious robot in multi-robot cooperation and multi-target  

tracking tasks. 

3. PROPOSED METHOD 

    This section presents the detailed description to accomplish 

a classifier which detects and classifies the food of various 

scales and points of view. The overall process of the proposed 

system is shown in Fig 1, which includes the following stages:  

 Preprocessing  

 Segmentation 

 Feature Extraction 

 Classification 

An ingredient-based food recognition method improved 

the current part-based object recognition model was used to 

detect the food ingredients. They enriched the model with the 

ability to verify detection with texture models focusing on the 

shape model and texture model to detect food ingredients. 

They employed more flexible location mechanism for food 

ingredients to signify more deformation. This hierarchy of 

Kernels to classify the food ingredient features. The 

effectiveness of the proposed classifier were shown in the 

experimentations. 

 
Fig 1. Overall flow of the Proposed System 

 

3.1. Preprocessing  

Pre-processing is well-defined as the method for 

eliminating the low-frequency background noise, reflections 

as well as normalizing the image intensity clearly as in Fig 2.It 

enhances the data images prior to computational processing 

which is carried out before correcting image or processing 

image. There exists four various categories of image pre-

processing procedure as per the scope of pixel neighborhood is 

used for calculation of new pixel brightness. 

 Pixel brightness transformations 

 Geometric transformations  

 Local neighborhood of the processed pixel and  

 Image restoration that requires knowledge about 

the entire image. 

In this module, Gaussian filtering technique is applied to the 

input image to remove the noise from the particular image. 

Wiener function is used in the input image The Gaussian 

smoothing operator performed a weighted average of 

surrounding pixels in order to remove the Gaussian noise 

based on the Gaussian distribution. The radius slider is used to 

control the size of template and noise are added with the help 

of sliders. 

 

Gaussian filter algorithm: 
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1. Given window size 2N+1 calculate support points 

xn=3n/N, n=-N, -N+1, ... , N; 

2. Compute values G"n; 

3. Calculate scale factor k'=∑G"n; 

4. Determine window weights G'n=G"n/k'; 

5. For every signal element:  

I. Place window over it; 

II. Prefer the elements; 

III. Multiply elements by corresponding window 

weights; 

IV. Sum up corresponding products — this sum 

is said to be a  new filtered value. 

 

Fig 2.Preprocessing of Image 

3.2. Segmentation  

 The method of segmentation remains decisive stage in 

image analysis as the accomplishment or failure of the task 

exhibits a direct consequence of success or failure. It is the 

technique of segregating an image into numerous segments. 

Usually, the division regulates the enhancement of illustrative 

information for human interpretation and observation as in Fig 

3. 

 
Fig 3.  Segmentation of image 

 

In this module, K-means clustering is the technique of 

vector quantization which is employed to fragment the n 

observations into k clusters aiding as a exemplar of the cluster. 

The extremely effective heuristic algorithms are active and 

congregated to a local optimum. They used cluster centers to 

model the data which is used to find clusters of comparable 

spatial extent while the expectation –maximization mechanism 

allowed clusters to have diverse shapes. The algorithm 

encompasses an unattached association to the k-nearest 

neighbor classifier with a current machine learning method for 

grouping. The adjacent neighbor classifier is attained by k-

means to classify the novel data into prevailing clusters. This 

is designated as adjacent centroid classifier or Rocchio 

procedure. 

3.3. Feature extraction  

Feature extraction is the progression of shortening the 

quantity of resources essential to designate a large set of data 

accurately.It mainly reduces the handling by excluding 

redundant and pointless data. It is anticipated that feature sets 

abstract related evidence from input data to perform the 

desired job. The resulting representation is subsequently used 

as an input to a number of pattern recognition and 

classification techniques. These are used to label, classify and 

recognize the semantic contents of image or its objects as in 

Fig 4. 

𝜇𝑗 =
1

𝑁
∑ 𝑥𝑗𝑖

𝑁

𝑖=1

𝜎𝑗 = √
1

𝑁
∑(𝑥𝑗𝑖

𝑁

𝑖=1

− 𝜇𝑗)2 

-where  

𝜇𝑗 determines the mean and 𝜎𝑗 signifies the standard deviation 

of  where j=1,2,….32.  

 

 MEAN - mean has several different definitions 

depending on the context. The mean and expected 

value are mentioned to refer one level of the central 

affinity either of a probability distribution or of the 

random variable classified by that distribution. 

 STD - In measurements, the standard deviation (SD, 

is signified by the Greek letter sigma σ or the Latin 

letter s) which is used to enumerate the extent of 

discrepancy or scattering of a set of data values. 

 VAR - The variance (σ2) is explained as the quantity 

of how far every value in the data set is obtained 

from the mean. This gives the exact range of the 

distance between each value from the respective 

mean. 
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Fig 4.Feature extraction of image 

3.4. Classification  

 The grouping of images are used to allocate equivalent 

levels with respect to the assemblies with similar features. The 

main aim classification is discriminating multiple objects from 

each other within the image as in Fig 5. Classification is 

always done on the basis of spectral or spectrally defined 

features like density, texture etc. in the feature space. 

 With the help of pattern recognition and 

acknowledgment, the k-nearest neighbors algorithm 

(k-NN) is resoluted as a non-parametric method used 

for combination and regression. In mutual cases, the 

input includes the k closest training samples present 

in the feature space. The output is indomitable by 

procedure of k-NN for arrangement or regression. 

 In k-NN classification, the suggested output remains 

as class suggestion. An object is categorized by a 

mainstream vote of its neighbors, with the object 

being allocated to the class most communal among 

its k nearest neighbors (k is a positive integer, 

typically small). If k = 1, then the object is simply 

allocated to the course of that distinct adjacent 

neighbor. 

 Concerning with k-NN regression, the output is 

considered as the property implication for the object. 

This assessment is the typical summation of the 

values of its k nearest neighbors. 

 

 
 

Fig 5.  Classification of image 

4. PERFORMANCE ANALYSIS 

This section presents the performance results of the 

proposed system. The results are analyzed and evaluated in 

terms of 

 Accuracy 

 Specificity 

 Sensitivity  

 Precision &Recall 

The accuracy, sensitivity and specificity of the classifier is 

measured. The accuracy represents the efficiency of the 

process. The sensitivity shows how the algorithm gives correct 

classification. The specificity shows how thealgorithm rejects 

the wrongly classification results as in Table 1and Table 2.A 

spatial consistency restraint in a graphical type is used to 

progress the recognition performance. Our lesion 

characterization method is based on the multi-atlas approach. 

We have improved the appearance constraint for better 

structure estimation and lower method complexity without the 

additional structure delineation step.Moreover, the proposed 

k-means based classification technique is compared with the 

existing morphological segmentation technique for proving 

the better performance of the proposed system. From this 

analysis, it is proved that the proposed k-means classifier 

gives the best results. The numerical values of proposed 

method regarding sensitivity, specificity and accuracy are 

100%, 100% and 98.7% as in Fig 6. 

 

Table 1: Parameter Descriptions 

 

 

 

Table 2: Parameter Values 
 

Parameters Descriptions 

True Positive (TP) 
Cases of correct predictions of 

classifications 

True Negative (TN) 
Cases of correct predictions of 

no classifications 

False Positive(FP) 
Cases of incorrect predictions of 

classifications 

False Negative 

(FN) 

Cases of incorrect predictions of 

no classifications  



                                                                                                      P-ISSN: 2347-4408  
E-ISSN: 2347-4734 

 

 

 

6 | P a g e         J u n e  2 0 1 7 ,  V o l u m e - 4 ,  I s s u e - 3  

 

 

 

 

 

 

 

 

 

 

 

4.1. Accuracy  

   Accuracy of a classifier is termed as the competence of 

correctness in classifier. A quantity of a classification 

technique emulates the equivalent number of times that the 

model is correct when it is applied to data. It is also mentioned 

as the ratio of true correct assessment and all assessment. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑁 + 𝑇𝑃

𝑇𝑁 + 𝑇𝑃 + 𝐹𝑁 + 𝐹𝑃
  

=
𝑠𝑢𝑚 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑡𝑖𝑣𝑒 𝑟𝑎𝑡𝑒 𝑎𝑛𝑑 𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑟𝑎𝑡𝑒

𝐴𝑙𝑙 𝑎𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡
 

 

Accuracy Calculation  

        𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 %  =  
(245+25373)

(245+9+25373+13))
 * 100  

   

 =     98.7% 

4.2. Specificity  

Specificity of a classifier describes the the ratio of 

respective true negative and the sum of corresponding true 

negative and false positive. It is otherwise termed as true 

negative rate.  

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 % =
𝑇𝑁

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑁 + 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑃
 

 

 

Specificity Calculation  

 

 

Specificity%   =  
(25373)

(25373+9)
 * 100  

   

  =   100% 

 

4.3. Sensitivity  

Sensitivity is defined as the ratio of the true positive and the 

number of true positive and the false negative.it is also called 

as true positive rate. 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑇𝑃

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑁 + 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑃
 

Sensitivity calculation  

 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 % =
(245)

(13+245)
 * 100 

 

         = 100% 

 

 
Fig 6.Effectiveness of proposed system  

4.4. Precision and Recall  

Precision is explained as the ratio of true positive and the 

sum of true positive and false positive it is called as true 

positive rate. Recall is described as the ratio of true positive 

and sum of true positive and false negative rate.  

 

Precision and recall calculation 

𝑃 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 

𝑃 =
245

245 + 9
∗ 100 

 

     =97.5% 

𝑅 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

𝑅 =
245

245 + 13
∗ 100 

     =95.1% 

The proposed system exhibits the 97.5% and 95.1% of 

precision and recall values as in Fig 7. 

Parameters Values  

True Positive 

(TP) 
245 

True Negative 

(TN) 
253733 

False 

Positive(FP) 
9 

False Negative 

(FN) 
13 
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Fig 7. Precison and Recall Analysis 

4.5. Mean and Standard Deviation analysis  

For the sample, 100 to 200, the variance value attains the 

peak value in between 10,000 to 12, 000.Also, for the given 

samples, 250 to 750 samples. The variance value maintains 

stable state around 2000. Mean, SD values are illustrated in 

Fig.8. 

 

 
Fig 9. Mean and standard deviation analysis  

4.6. Comparative Analysis  

The numerical values of the existing morphological 

system regarding the sensitivity, specificity and accuracy are 

91%, 93% and 96% respectively. 

 

Fig 10.  Comparitive analysis 

Similarly, the proposed work offers 100%, 100% and 

98.7% respectively. The comparative analysis of proposed and 

existing system states that the novel algorithm improves the 

measures by 9 % increase in sensitivity, 7% increase in 

specificity and 90.27% increase in accuracy as in Fig 10. 

 

5. CONCLUSION AND FUTURE WORK 

This paper suggested an underwater fish recognition 

framework that confined a completely unsupervised feature 

learning method and an error-resilient classifier system. The 

complete analysis on determining local invariant features 

remained more effective than the standard features like color, 

texture for image retrieval of LULC classes in HD aerial 

imagery. The information is used from indefinite images and 

the concept of partial classification is presented to allocate 

coarse labels which are improved by the advantage of 

indecision completed by the classifier. Thus, the experimental 

results are analyzed and evaluated for both existing and 

proposed techniques in terms of  Accuracy, Classification rate, 

Time and memory consumption, Precision recall, trust under 

dimension and over-all trust score evaluation. When compared 

to the existing morphological segmentation technique, the 

proposed K-means classifier based technique provided the best 

results. 
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