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Abstract–More commonly banana stem are affected by different diseases. Identifying stem 

disease a thrust area. This research paper classifies the regions of infected area either by virus 

or bacterial. This research is a progressive model of segmentation outputs. This research 

implemented CNN with BSOA (Banana Stem Optimization Algorithm) model to perform 

banana stem disease detection and classification using segmented images of healthy and 

diseased banana stem images. This method classifies the following diseases Panama wilt or 

Fusarium wilt, Rhizome rot, bacterial wilt and Banana bunchy top virus.The experimental 

result shows the performance of the proposed method CNN-BSOA. The proposed method 

has shown significant improvement, compared to the existing models. 
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1. Introduction  

Biological materials might allude to biomass, living or dead biological matter, frequently 

plants developed as staple. Bananas are the world's fourth most delivered food commodity, 

after rice, wheat and apple. Bananas are filled in excess of hundred nations, generally in the 

tropical and sub-tropical locales of the world. Nonetheless, an impressive piece of the harvest 

is lost. It is assessed that 40% of the bananas created in China die. China right now delivers in 

excess of 640 million tons of deserted banana stem each year, Hainan region representing 

about 12.5% of the complete country creation in 2010. Handling of banana brings about a 

colossal measure of waste age, leaves, Stem and strips and somewhat the corrupted bananas 

itself. Aimless removal of these squanders when deteriorated produces poisonous gases like 

hydrogen sulphide and alkali, which present genuine ecological risks. The banana squander is 

a concentrated wellspring of biological materials, ideal for extraction of from the pseudo stem 

to deliver material of mash and Phase. Hainan JinHai Pulp and Phase Co. has the world's 

biggest mash and Phase creation lines, the utilization of the Hainan banana Stem squander as 

Phrasemaking crude materials, transforming waste into treasure, preserving restricted assets 

of lumber, ensuring the ecological climate and having an extremely wide application 

possibilities. 

The significant employments of banana Stem are in making specific and great clean 

items, for example, child spoils, materials, and Phases like banknotes. The banana Stem can 

likewise be utilized for ropes, for example, marine rope since this has great protection from 

ocean water and has lightness properties. Different employments of this are for making 

espresso and tea sacks, channel materials, as support fibbers for mortar, expendable textures, 

and light-thickness woven textures. The internal piece of delicate pseudo-stem is palatable 

and has numerous restorative properties too. Pseudo-stem is sinewy and is exceptionally 

valuable for the people who are on a health improvement plan. It is additionally a rich 

wellspring of potassium and nutrient B6 which helps in the creation of insulin and 

haemoglobin. In case it is devoured once in seven days, it monitors hypertension. It 

additionally keeps up with liquid equilibrium inside the body. It is a diuretic and assists with 

detoxifying the body. The centre of the pseudo-stem is accepted to be helpful for stomach 

issue and diabetes. The concentrate of the equivalent is viewed as helpful in dissolving the 

stones in kidney and urinary bladder. The inflorescence blended in with coconut oil and 

flavours is utilized for flushing the urinary blocks. 
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Figure 1.Banana Pseudo Stem Classification 

Classification is a typical decision making position of human exercises. Classification 

issues happen when articles are to be assigned into pre-indicated gatherings or classes based 

on the quantity of noted components identifying with that item. A few mechanical issues are 

acknowledged as classification issues. The test in the goal of these issues in a numerical way 

rests in the precision just as conveyance of information attributes just as model limits. 

Patterns recognition is used for recognizing sound stem cells used for examination of 

development rates. A few methods for recognizing patterns are available. Certain normal 

classification conventions are Support Vector Machines (SVM), Artificial Neural Networks 

(ANN), and Naïve Bayes just as Decision Tree conventions. Elements of the cells like mean, 

varaiance, standard deviation, maxamp, minamp, power are removed utilizing Discrete 

Wavelet change. They got highlights are chosen with the classification algorithms like Naïve 

bayes, Support Vector Machine and Stem Optimization algorithms. 

Physical and mechanical properties 

 Banana Stem have physical and chemical attributes and different properties that make 

them great quality. As far as physical properties, it has been accounted for in the literature 

that the banana Stem has great modulus of elasticity, rigidity, and firmness, which makes it a 

promising material. The presence of banana Stem is very similar to ramie and bamboo, yet its 

twist capacity and fineness are obviously superior to that of ramie and bamboo. It has normal 

fineness of 2400 Nm. It is a solid and has lower resist break. Its appearance is very sparkling, 
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which relies upon the extraction and spinning processes. It has low thickness and solid 

moisture retention quality. Its absorbance and arrival of moisture are very quick. 

2. Existing methodology 

1. Karthik .G et al. In this paper, among various plants, Banana is considered to be one of 

the most valuable plants. Musa Paradisiacal is the scientific name of banana and the existence 

of this plant is up to10 to12 months. Discovery of diseases was, observed of banana Stem. 

The creators have seen that the banana Stem can undoubtedly be influenced by a Banana 

Streak disease and for anticipation of this disease Embedded Linux improvement board was 

utilized by creators. The Banana Streak disease can diminish the development of the plant. 

The ETL (Economic Threshold Level) calculation is utilized for handling of caught image. 

This calculation has been utilized to set the threshold an incentive for a healthy image of 

banana Stem. Distinguishing proof of the disease was acted in such a way that If threshold 

esteem has been cross by the pixel worth of the chose image then banana streak disease have 

been affirmed and as needs be particular recuperation strategy is to be applied. 

2. SharadaPrasannaMohanty et al. a model for the distinguishing proof of the diseases in 

Stem utilizing the image processing and back spread neural network and for the execution of 

this work MATLAB has been utilized. The manual assessment emotion has been wipe out 

utilizing computerized image processing and precisely recognized the diseases in rice plant 

which are Bacterial Stem scourge, earthy colored spot and rice impact. MATLAB capacities 

have been utilized for the image processing and it comprises of method, for example, image 

division and enhancement, include extraction. 

3. MelikeSardogan et al. automatic methods for classification of the bacterial spot, late 

blight, sartorial leaf spot and yellow curved leaf diseases on banana. For a superior Stem 

yield have the early discovery of diseases in agribusiness. In this Phase, Convolution Neural 

Network (CNN) model and Learning Vector Quantization (LVQ) calculation based strategy 

was utilized for tomato leaf disease recognition and classification. The dataset have banana 

Stem images with four indications of diseases and it contains 500 images. In this model, they 

chose channels are applied on Red Green Blue channels of images. For preparing the network 

the convolution part of component vector has been taken care of with LVQ. The exploratory 

outcomes approve that the technique adequately perceives four distinct kinds of Stem 

diseases. 

4. Zulkii Bin Husin et al. In this paper author take the Stem image of banana and processed 

to find the health status of the banana Stem. This strategy guarantees that the chemicals ought 

to apply to the diseased banana Stem as it were. For extraction of provisions and for 

recognition of image MATLAB has been utilized. Pre-processing has been finished utilizing 

the edge discovery, Fourier separating, and morphological tasks. Image classification has 

been performed utilizing PC vision method. In this Phase, advanced camera constructs the 

GUI for the image capturing. 

5. Wenjiang Huang et al. In this paper for indirect monitoring of diseases on plants has been 

done through vegetation indices from hyper spectral data. Be that as it may, the various 
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diseases on crop can't recognize utilizing this. The creator makes the new records to 

recognize the wheat disease for the examination. As per this examination, three unique bugs 

have been chosen. These nuisances are as per the following: yellow rust, aphids and fine 

mould. For recognition of max and less applicable frequency for various diseases RELIEF-F 

algorithms have been utilized. In this Phase, the classification of new files for healthy and 

contaminated leaves has been finished with precision of 86.5%, 85.2% individually. 

3. Proposed Methodology 

 This research implemented CNN with BSOA (Banana Stem Optimization Algorithm) 

model to perform banana stem disease detection and classification using segmented images of 

healthy and diseased banana stem images.This method classifies the following diseases 

Panama wilt or Fusarium wilt, Rhizome rot, bacterial wilt and Banana bunchy top virus. The 

dataset contains 500 images of stems with four side effects of diseases. 

3.1 Convolutional Neural Network (CNN) 

 Deep learning is a class of machine learning algorithms that has sequential layers. 

Each layer involves the result of the previous layer as input. Deep learning doesn't need to 

partition the feature extraction and the classification on the grounds that the model naturally 

separates the features while preparing the model. It is utilized in many exploration regions. 

For example, picture processing, picture rebuilding, discourse acknowledgment, natural 

language processing and bioinformatics. CNN is liked as a deep learning method in this 

review. CNN, which can undoubtedly distinguish and order objects with insignificant pre-

processing, is successful in dissecting visual images and can without much of a stretch 

separate the expected features with its multifaceted design. It comprises of four principle 

layers: convolutional layer, pooling layer, initiation work layer and completely associated 

layer. The following fig. 2 shows an overall CNN general architecture. 
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Figure 2.A general CNN Architecture 

A. Convolutional Layer  

 CNN takes its name from the convolution layer. In this layer, a progression of 

mathematical operations is performed to separate the feature guide of the input image. The 

input image is diminished to a more modest size utilizing a filter. The filter is moved bit by 

bit beginning from the upper left corner of the image. At each progression, the values in the 

image are increased by the values of the filter and the result is added. Another network with a 

more modest size is made from the input image. Fig. 3 shows the convolution activity in the 

convolution layer for a 5x5 input image and a 3x3 filter. 
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Figure 3.Convolution for 5x5 input image 3x3 filters 

B. Pooling Layer  

 The pooling layer is normally applied after the convolution layer. The size of the 

output matrix got from the convolution layer is diminished in this layer. In spite of the fact 

that filters of various sizes can be utilized in the pooling layer, for the most part 2x2 size 

filters is utilized. A few capacities, for example, max pooling, normal pooling and L2-norm 

pooling can be utilized in this layer. In this max pooling filter with step 2 has been applied. 

Max pooling is finished by choosing the biggest worth in the sub windows and this worth is 

moved to in another matrix. Fig. 4 shows an example pooling activity. 
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Figure 4.Max pooling 2x2 filter and stride 2 

C. Activation Layer  

 In artificial neural networks, the activation function gives a curvilinear relationship 

between the input and output layers. It influences the network execution. Non-linear learning 

of the network happens through the activation function. Several activation functions, like 

linear, sigmoid, hyperbolic digression, exist, however the nonlinear ReLU (Rectified Linear 

Unit) activation function is normally utilized in CNN. In ReLU, values less than zero are 

changed to nothing, while values greater than zero are unchanged by (1). 

   (1) 

D. Fully Connected Layer  

 The last acquired matrix, subsequent to completing the convolution, pooling and 

activation operations, is taken care of into the completely connected layer as input. 

Recognition and classification are acted in this layer. In this LVQ algorithm has been utilized 

for preparing the information classification. All layers are not completely connected in this 

concentrate because of the structure of LVQ utilize a completely connected structure. 

3.2 Banana Stem Optimization Algorithm (BSOA)  

Banana stem optimization algorithm was motivated by conduct of stem work in 

banana. High velocity, low degree of calculation, and straightforward execution are the 

principle benefits of proposed algorithm. This algorithm is a populace based EA. It's anything 

but an altogether new idea inside the area however enhancements as far as speed of assembly 

just as getting away from neighbourhood minima are proposed in this method. The algorithm 

possesses incredible flexibility just as adequate speed in examination with other optimization 

algorithms, to a great extent. It is to be noticed that comparative just as divergent 

multiplication of picking banana stems in all cycles just as its utilization is the key centre of 
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the algorithm. The limit of banana stem to be appealing is additionally one more huge part of 

the algorithm. The beginning populace is fixed, while in this algorithm, populace is given in 

ranges with the goal that algorithms can bring populace up in continuous way emphasis till 

ideal arrangement is reached.  

 Initial matrices that are comprised of problem parameters, which are banana stem 

characteristics which are inherent, are created. For instance, multi-dimensional characteristic 

may be defined as the capacity of banana stem to transform to banana stem and so on. Initial 

matrices are given by: 

   (2) 

     (3) 

 Where in S means all out quantity of cells participating in execution strategy of this 

rule while D alludes to issue space measurements introductory populaces are picked with the 

end goal that appropriations are uniform just as self-assertively stretched out in issue spaces. 

Measure work is used to discover cost of each banana stem. The banana stem is the one 

having the most reduced expense for the main emphasis. District savvy banana stems is 

picked. Worldwide memory stores the expense and area of cells, all things considered, and 

from this banana stems are chosen and used in following iterations. 

Cost functions for all cells are given by: 

 

  (4) 

 

Where in refers to positive arbitrary number ranging between [0,1], however for other 

cases with normal complex (such as Dimension (D) < 50), refers to constant with value 1, 

while fi refers to cost values of solutions SCi. For maximization issues, cost functions may 

be directly utilized as fitness functions. Costs of all cells are normalized through: 

 

(5) 

 

Where in Cost (SCn) refers to costs of nth stem cells, Max [Cost (SCi)] refers to 

maximal costs amongst banana stem while Cost N (SC) n) denotes normalized costs of nth 

banana stems. Prominent variable in the determination of banana stem (optimal solutions) 
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is the relative potency (that is, potential of all banana stem in distinguishing between 

various banana stems kinds, for instance, marrow and banana stem). It is got by: 

    (6) 

 

Self-renewal procedure is performed by: 

   (7) 

 

Where int denotes every iteration while t refers to an arbitrary number between [0, 1]. 

In the proposed system at images are obtained from the rancher. The images are 

gotten from the rancher by means of the Android Application or page grew only for the 

help of the rancher. The fitting image of the banana stem caught. Then, at that point image 

will be resized in fitting arrangement then it will be transferred on worker on which an 

algorithm is carried out utilizing Convolutional Neural Network. Each Convolutional 

Neural Network utilizing classification and has primary parts.  

Classifier after each layer this apply ReLu for example non linearity so tackle 

complex issue like classification. Then, at that point these guides are straightened and given 

to completely associated layer where it is grouped into the various classes of diseases and 

return. 

Stem Cells Optimization Algorithm 

Step 1: All the images in dataset are resized to 100x100 pixel format.  

Step 2: Data is divided into two parts 80% training set, 20% test set.  

Step 3: Data process of Training set to rotate, resize and adding some random noise to 

images in order to avoid over fitting.  

Step 4: Extracted instarting layers of CNN based convolutional operation.  

Step 5: In our case we will use LeNet is developed we will train the model with Training set 

features.  

Step 6: Evaluation of Accuracy of model would be evaluated with the help of Test set.  
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Step 7: Reset theLnet based output  in last fully connected layer. 

Step 8: Store the image pixel differencein  final model which has trained save it in a  file so 

for new data.  

Step 9: Classify the diseases based on the output classes. 

The proposed method is shown in Figure 5. 

 

Figure 5. Proposed method 

4. Experiment Results 

 The image classification is carried out in python utilizing Numpy and PANDAS, the 

Anaconda system is utilized for execution. The Table 1 addresses the output of the CNN 

algorithm executed in the Anaconda Navigator utilizing Tensor-flow with proposed 

activation function. The output is displayed with the classified results which includes the 

classified parameters like accuracy, loss and disease anticipated are tabulated. As the 

preparation accuracy expands the sensitivity and specificity of the prediction increments. 
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S.NO STEM IMAGE ACCURACY LOSS 
DISEASE 

PREDICTED 

1 

 
 

0.96 0.0996 

 Panama wilt/ 

Fusarium wilt. 

 

2 

 
 

0.94 0.1238 Rhizome rot 

3 

 
 

0.972 0.0843 bacterial wilt 

4 

 
 

0.953 0.109 
Banana bunchy 

top virus 

To quantify the presentation of the model proposed a confusion matrix is built. The 

confusion matrix is a tabular layout addressing the effectiveness of the proposed model and 

how it performs. There are 4 elements utilized in the confusion matrix they are.  

True positive (TP): proposed model predicts true, while actually it is true  

True negative (TN): proposed model predicts false, while actually it is false  

False positive (FP): proposed model predicts true, while actually it is false  

False negative (FN): proposed model predicts false, while actually it is true  
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The metrics used to appraise the presentation of the proposed model are precision, 

recall, accuracy, and error rate. Following are the equations for computing the presentation 

metrics. 

    (8) 

     (9) 

     (10) 

Images ETL LVQ Proposed CNN-

BSOA 

Image1 0.864 0.482 0.962 

Image2 0.812 0.535 0.974 

Image3 0.839 0.621 0.979 

Image4 0.863 0.659 0.984 

Table 1.Comparison table of Accuracy 

 The Comparison table 1 of Accuracyvalues explains the different values of existing 

algorithms (ETL, LVQ) and proposed CNN-BSOA. While comparing the Existing algorithm 

(ETL, LVQ) and proposed CNN-BSOA, provides the better results. The existing algorithm 

values start from 0.864 to 0.863, 0.482 to 0.659 and proposed CNN-BSOAvalues starts from 

0.962 to 0.984. The proposed CNN-BSOA (Banana Stem Optimization Algorithm)gives the 

great results. 

 

Figure 6.Comparison chart of Accuracy 
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 The Figure 6 Shows the comparison chart of Accuracyvalues demonstrates the 

existing1, existing 2 (ETL, LVQ) and proposed CNN-BSOA. X axis denote the images and y 

axis denotes the Accuracy value. The existing algorithm values start from 0.864 to 0.863, 

0.482 to 0.659 and proposed CNN-BSOA(Banana Stem Optimization Algorithm)values starts 

from 0.962 to 0.984. The proposed CNN-BSOA(Banana Stem Optimization Algorithm)gives 

the great results. 

Error Rate 

Images ETL LVQ Proposed CNN-

BSOA 

Image1 0.098 0.076 0.034 

Image2 0.094 0.081 0.029 

Image3 0.082 0.065 0.022 

Image4 0.074 0.052 0.018 

Table 2.Comparison table of Error rate 

 The Comparison table 2 of Error Rate values explains the different values of existing 

algorithms (ETL, LVQ) and proposed CNN-BSOA. While comparing the Existing algorithm 

(ETL, LVQ) and proposed CNN-BSOA, provides the better results. The existing algorithm 

values start from 0.074 to 0.098, 0.076 to 0.052 and proposed CNN-BSOAvalues starts from 

0.034 to 0.018. The proposed CNN-BSOA(Banana Stem Optimization Algorithm)gives the 

great results. 

 

Figure 7.Comparison chart of Error Rate 

 The Figure 7 Shows the comparison chart of Error Rate values demonstrates the 

existing1, existing 2 (ETL, LVQ) and proposed CNN-BSOA. X axis denote the images and y 

axis denotes the Error rate. The existing algorithm values start from 0.074 to 0.098, 0.076 to 

0.052 and proposed CNN-BSOAvalues starts from 0.034 to 0.018. The proposed CNN-

BSOA(Banana Stem Optimization Algorithm)gives the great results. 
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Precision 

Images ETL LVQ Proposed CNN-

BSOA 

Image1 0.098 0.076 0.034 

Image2 0.094 0.081 0.029 

Image3 0.082 0.065 0.022 

Image4 0.074 0.052 0.018 

Table 3.Comparison table of Precision 

 The Comparison table 3 of Precision values explains the different values of existing 

algorithms (ETL, LVQ) and proposed CNN-BSOA. While comparing the Existing algorithm 

(ETL, LVQ) and proposed CNN-BSOA, provides the better results. The existing algorithm 

values start from 0.074 to 0.098, 0.076 to 0.052 and proposed CNN-BSOAvalues starts from 

0.034 to 0.018. The proposed CNN-BSOA(Banana Stem Optimization Algorithm)gives the 

great results. 

 

Figure 8.Comparison chart of Precision 

 The Figure 8 Shows the comparison chart of Precision values demonstrates the 

existing1, existing 2 (ETL, LVQ) and proposed CNN-BSOA. X axis denote the images and y 

axis denotes the precision values. The existing algorithm values start from 0.074 to 0.098, 

0.076 to 0.052 and proposed CNN-BSOAvalues starts from 0.034 to 0.018. The proposed 

CNN-BSOA (Banana Stem Optimization Algorithm)gives the great results. 

Recall 

Iterations ETL LVQ Proposed CNN-

BSOA 

1 0.68 0.72 0.95 

2 0.79 0.75 0.86 
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3 0.65 0.71 0.78 

4 0.47 0.58 0.65 

5 0.35 0.47 0.59 

Table 4.Comparison table of Recall 

 The Comparison table 4 of Recall values explains the different values of existing 

algorithms (ETL, LVQ) and proposed CNN-BSOA. While comparing the Existing algorithm 

(ETL, LVQ) and proposed CNN-BSOA, provides the better results. The existing algorithm 

values start from 0.35 to 0.68, 0.47 to 0.75 and proposed CNN-BSOAvalues starts from 0.59 

to 0.95. The proposed CNN-BSOAgives the great results. 

 

Figure 9.Comparison chart of Recall 

 The Figure 9 Shows the comparison chart of Recall values demonstrates the existing1, 

existing 2 (ETL, LVQ) and proposed CNN-BSOA. X axis denote the No. of iteration and y 

axis denotes recall values. The existing algorithm values start from 0.35 to 0.68, 0.47 to 0.75 

and proposed CNN-BSOAvalues starts from 0.59 to 0.95. The proposed CNN-BSOA(Banana 

Stem Optimization Algorithm)gives the great results. 

5. Conclusion 

Banana is an encapsulation organic product for all age bunch individuals in light of its 

high dietary benefit. It is accessible in all business sectors. Be that as it may, the 

determination of banana is done wisely. Likewise quality recognition is the fundamental 

interaction in food enterprises. This paper proposed Convolutional Neural Networksystem 

with Banana Stem Optimization Algorithm to classify the diseases on banana stem. In this 

work banana stem segmented images are given as input to the Convolutional Neural 

Network. The image classification is carried out in python utilizing Numpy and PANDAS, 

the Anaconda system is utilized for execution. Proposed CNN-BSOA model was found to 

have fast of assembly, low degree of intricacy with simple execution measure. The proposed 

method has shown significant improvement, compared to the existing models. 
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