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ABSTRACT 
 

Vegetables cultivation is part of our Bangladeshi Farming Industry. Vegetables also helps 

human to get lot of vitamins which keep body energetic and fit. Furthermore, in our nation 

almost every people get benefits from agriculture. Hence, it’s important to maintain 

vegetables freshness. Unhealthy vegetables can harm human body. Also, farmers and 

retailers or vendors can get losses if they buy rotten or spoiled vegetable. For this reason, 

I came up with an idea to distinguish all the rotten & fresh vegetables. I suggested a model 

that can identify the fresh-rotten veggies. It’s nearly impossible for humans to do this 

difficult task as there can be thousands of vegetables. To distinguish all of them will be 

challenging. Our model will classify the veggies as Fresh & Rotten.  To do this task, I used 

CNN model. It will classify our data into fresh- rotten after giving input of vegetables 

image. Then I compared our model with SVM & KNN techniques too. Our proposed model 

performed better than these two algorithms. CNN model obtained accuracy of 93%. I’ll 

work with other types of vegetables & more images with other techniques to get better 

result in future. This research will be helpful for our country.
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CHAPTER 1 

                           INTRODUCTION 

 
1.1 Background 

 

Human body requires vegetables as it’s rich in vitamins, fiber and minerals including 

folate, potassium etc. Fresh vegetables consumption is given a special consideration as it 

helps humans to have a healthy and fit body. Fresh vegetables also help body to physically 

develop and grow. To be free from digestive problems, fresh vegetable is really important. 

Bangladesh is a nation which main industry for employment is agriculture. Agriculture 

plays a vital role in our economic growth. And Bangladesh is one of the largest countries 

to produce vegetables in the world. But every year our nation faces a huge loss because of 

spoiled or defective vegetables. Our farmers also don’t have enough money to cope up 

with the loss. So, it’s necessary to maintain the quality of the vegetables and also early 

detection of defective vegetables from the fresh ones to avoid any kind of loss. To able to 

find difference between rotten and fresh vegetables is really a challenging task as it can be 

looked fresh just by looking at it but can be rotten from within. Human are capable of 

classifying and rating fresh and rotten vegetables but it totally wastes their time and also it 

is expensive, dissatisfying and troublesome. Sometimes, we can’t find difference between 

the health and unhealthy ones of some items just by observing. And some shops or sellers 

can mislead by giving the rotten ones. Hence, it’s really important to classify rotten or 

spoiled, unhealthy vegetables from the fresh vegetables.  

As the world is fast-developing, everything now-a-days is done automatically by machine 

without human brain. Automation in classification is doing really well as it reduces manual 

errors. Traditional methods are displeasing and also inconvenient. In this matter, machine 

can do better performance with less errors. We can get successful output by machines 

without doing manually anything and it saves our precious time, efforts, farmers extra work 

and production cost etc. Machine learning and deep learning based techniques are doing 

extraordinary performance in detecting or classification. It’s making our monitoring  
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of everyday work or any kind of activities easy. Image classification or categorization is 

an important technique that we need in our daily life to detect and classify important things. 

We can evaluate many tasks of our everyday life implementing image classification 

through machine or deep learning models. It’s benefits and importance growing day by 

day. And in the near future, people will use these models more widely.  

There are many types of methods or models which are used to solve problems of image 

classification or recognizing any image. But Convolutional Neural Network which is called 

CNN, based on deep learning is found doing better performance in detection or image 

classification. It can detect images by finding valuable features of an image without human 

oversight. In many studies, researchers used different types of models to do this type of 

works and most of them used CNN method and obtained better result. As this is image-

processing related work, therefore in this work, we proposed a methodology for 

classification of our vegetables. We are using CNN to detect our datasets of vegetables and 

classify them into two category which are – Fresh vegetable and Rotten vegetable. We will 

build an automated system for finding which is spoiled or which is fresh.  This proposed 

model will save time and cost of farming sector because through this, dividing unhealthy 

veggies from fresh ones is much easier.  

We are working with some vegetables like – brinjal, tomato, beans, chili, onion etc. The 

proposed model will categorize these vegetables into fresh and rotten. We will be able to 

identify fresh tomato or rotten tomato, fresh onion or rotten onion, fresh beans or rotten  

beans and like this many vegetables and according to this, we can buy or sell our 

vegetables. Thus, it will make our daily life simpler as we can rapidly find difference of 

the good or bad ones. We can decide what we will buy. This proposed model will work on 

this type of image classification like detecting any fresh and spoiled fruit or good and bad 

chemicals. 
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1.2 Motivation of the Research 

 

Vegetables are an important item that we buy in our daily items. We need vegetables every 

day to have a healthy body free from health problems because vegetables have such 

nutrients that keeps human body active. But we need fresh vegetables for that. Nowadays, 

many people purchase vegetables from supermarkets or wholesalers. Those supermarkets 

or wholesaler keep all types of vegetables whether it can be spoiled or rotten and fresh. 

Sometimes, shortage of time prevents them from determining whether the fruit is fresh or 

decaying. Sometimes, if we have the time, we don't think twice about purchasing. 

Therefore, lots of vegetables are getting spoiled every day, whether on purpose or by error. 

These rotten vegetables are not only a financial loss, but they are also bad for our health. 

In addition to this, Bangladesh which is farming based country, recently became 3rd in 

vegetables production. Currently, 3.73M tons of vegetables are produced annually on 

2.57% of our nation’s total geographical area. And Bangladeshi food prices are getting 

increased day by day. In this worst situation, if the farming products get spoiled then it will 

be huge loss for people. So, if steps are taken before selling then it will be benefited for 

farmers or wholesalers. And also, it is nearly hard to identify difference between decay or 

fresh veggies. People can do rating and categorizing but it’s impossible to do it correctly 

as there can be thousands of datasets. From this perspective, we want to build a system 

which will automatically detect if the vegetables are rotten or fresh. Thus, we can save 

money & or valuable efforts because doing these things manually will be really tough. But 

automated system will easily classify those vegetables. Using image classification and the 

proposed model, it will be easy to identify our desired results. 

 

1.3 Problem Statement 
 

Finding defective or unhealthy vegetables is important for every country because 

vegetables is our daily needs. It’s become more important when a country depends on 

farming. Earlier, many studies have been done on finding spoiled or fresh fruits and less 

work on vegetables. But research on Bangladeshi vegetables classification is rare. Also,  
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many researchers have applied different kinds of methods. Some used SVM, KNN, some 

used CNN, some used segmentation etc. Some works are done with Kaggle data & some 

are with google data. Some have worked for their own country. But our country’s 

environment or climate is different from others. That’s why, I decided to work for our 

country, Bangladesh. We want to implement deep learning model, CNN on various types 

of vegetables which will be collected from many big Bazars of our country. We will 

categorize our data in 2 types which is rotten vegetable & fresh vegetable. We will also 

then compare with other models to get assured that our model is working better to classify 

the vegetables images. 

 

1.4 Research Questions  

 

The main questions for our research are given below –  

➢ Q1: Can our model classify vegetables into fresh or rotten with the training data? 

➢ Q3: Can our model perform better than the other models? 

 

1.5 Research Objectives 

 
The main goal of our work is to do classification of vegetables into fresh & rotten from 

vegetables image datasets. We also want to propose a model which give better accuracy. 

The other objectives are – 

➢ Classifying the vegetables into fresh & rotten successfully with our proposed 

model 

➢ To get better outcomes than the other models. 
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1.6 Research Scope 

 

Our research scopes are given below – 

➢ Vendors or Retailers can identity the defective vegetables. 

➢ Consumers can check quality of the vegetables before buying. 

➢ Supermarkets, Bazars and factories can use this automated system. 

➢ Magistrates can perform their responsibilities in different wholesale stores  

      around our country that sell rotting items. 

     

1.7 Thesis Organization 
 

In the chapter 1, we talked about vegetables classification and its necessity, the background 

of our work like what we’re doing, motivation of our research, problem statement, 

objectives, research questions, scopes etc. 

In the 2nd chapter, we’ll talk about pervious literatures and studies related to our works 

where we can see many researchers work, their proposed models, methodologies. 

In the chapter 3, the methodology of my work is discussed where we’ll show diagram, data 

samples, data pre-processing steps and our proposed models etc. 

In the next chapter, experimental results and discussions, model loss graph etc. will be 

covered. 

In the last chapter, our work limitations, findings & contributions lastly recommendations 

for future work will be discussed. 
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CHAPTER 2 

LITERATURE REVIEW 

 
2.1 Introduction 

 
A researcher does a literature review by reviewing past work, research, conference papers, 

books, articles, and so on. With this, one may determine what kind of work has done before 

on the problem., summarize the entire topic, and determine what are the lacking in the 

study. Then according to this, they can perform models on their respective works and try 

to get better outcomes than other studies. Some literature related to our study are described 

and reviewed in this chapter. 

 

2.2 Previous Literature 

 

Food safety is a major issue in the modern world. Industry like – food processing uses fresh 

fruits & vegetables to produce many healthy food products. But it has many stages to 

process those products like – harvesting, sorting, grading, classification etc. Human can do 

these steps manually but it requires expert resources and also time-consuming. That’s why, 

automation in this industry really saves time. Susovan Jana, et. al., 2021 proposed a method 

which automatically detect the rotten fruits & vegetables using a CNN architecture 

consisted of 4 convolutional layers and for the processing of the images, they used 

Computer Vision & also machine learning. But in their segmentation process, there is 

background color issue. But this paper showed that deep learning models outdo other 

approaches. 

This research (Arvind Vishnubhatla, 2021) main goal was to utilize machine learning 

algorithms to distinguish between fresh and rotting veggies. To do this work, they had to 

partition their data into the training & the test set and load a number of libraries. CNN was 

used for feature extraction purpose. Here data augmentation is used for preventing over-

fitting. But this study was done with a less variety of dataset. 

https://www.researchgate.net/profile/Susovan-Jana?_sg%5B0%5D=k0RdpA7nW5pCHHUmcb2ujKZG3Ww1vwLhZb_YcB1mPYbRtUIPoVY3SZC4qHf2Kutxch_wItY.-7XEuvK3UifOhwhPaabF9Ajg5qNpbWInhr9LLzphw4qSycx2J4LDFm9rFPRWjYLR27VIpjX6f9a-hZuUcgliDA&_sg%5B1%5D=d_tQIzR60XvFWC_gmlO-O2ve5aSDR_NHz2Bs5zm__DNXMeS-o8Dlnbkv-HYU4chOcghj838.IZ9dkUhnjY8wQ2a1TYKcfEWbbSGMxsBPL352-Sj1OMsq1SOl3Fa5WANGtbL_q_AO16S0197iVaILGGW7NROEgQ
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As Fruits & Vegetables are really needed nutrients for humans to grow & develop 

physically & fruits can be rotted if they’re not stored properly because of the spread of 

bacteria, hence Chai C., et. al., 2021 proposed a method which apply the deep learning 

technique-CNN which extract feature and then do classification of three types of rotten 

fruits (Orange, Banana, Apple). They got 98.89% of validation accuracy using this method.  

To avoid food waste, a method was proposed in this research to differentiate spoiled fruits 

and fresh fruits. This study included a variety of fruits including apples, oranges & bananas. 

CNN models were used to categorize images into fresh & rotten. The effectiveness of the 

proposed model was assessed using a dataset from Kaggle & 97% accuracy was obtained. 

(T. Bharath Kumar, et. al., 2022) 

Another similar kind of work is done to prevent fruit rottenness. Palakodati, et. al., 2020 

suggested a model that divides the input fruit dataset into fresh and rotting categories. 

Three different kinds of fruits were employed in this study which were derived from 

Kaggle.  Softmax was used to categorize the input fruits into fresh & rotten fruits and CNN 

model was utilized for feature extraction from images. It got accuracy of 97% The findings 

shown that the CNN model can successfully categorize both fresh and rotting fruits better 

than transfer learning models. 

Febrian Valentino, et. al., 2021 proposed a design which is based on Computer vision with 

CNN model and it detect freshness of fruits. This study evaluated by public datasets 

consists of fresh fruits and rotten fruits derived from Kaggle. Accuracy is 88% 

Automation categorization is needed in fruit freshness as conventional method can be 

inconvenient and troublesome. This work completed by Rupali Pathak, et. al., 2021 

approached CNN model to extract features from the fruit images and then category them 

in ‘fresh’ or ‘rotten’. Their proposed model gives a good accuracy which is 98.23%. This 

research also done comparison with transfer learning model and show that CNN models 

are comparatively more effective than the transfer learning models. 

The goal of the study is to develop a model for fruit identification and categorization. They  
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used deep learning model – CNN for extraction. It may be used to determine if the fruits 

are fresh or not by examine their condition. ImageNet dataset was used as it’s quality is 

high. Five types of fruits were used. The achieved accuracy is 92.23%.ML algorithms give 

less accuracy than deep learning. (Deepali M Bongulwar, 2021) 

Diclehan Karakaya, et. al., 2019 done a study on classifying fruits using Support Vector    

Machine (SVM) as the traditional methods are time consuming. In this paper they analyzed 

image dataset of 3 kinds of fruits to differentiate the fresh ones from the rotten ones.  

They’ve done segmentation of the images and then extracted feature using histograms, 

CNN, co-occurrence matrix. This paper shows that better success rate is obtained from 

CNN based feature extractors. Concatenation of many of proper features can induce better 

success. 

In fruit sector image processing & machine vision systems are found to be helpful to 

enhance product quality. This study discusses numerous image processing algorithms for 

fruit categorization. In this methodology seven types of fruits classification were done. 

CNN based models were used for the classification. Accuracy was 98%. It showed CNN 

gives better performance in this field. (Mehenag Khatun, et.al., 2020) 

CNN models have shown extraordinary performance in image classification. And also 

humans can do error sometimes because of distraction in ensuring quality of fruits. That’s 

why, Shawon Ashraf, et. al., 2019 have done a study which uses CNN models (VGG16, 

Inceptionv3) to identify fruits whether as fresh or as rotten. For training the datasets they 

used transfer learning. Training set accuracy is good for VGG16 but not for multiclass 

classification (Inceptionv3) due to dataset low dimensionality.  

The techniques shown in this research (Ann Nosseir, et.al., 2019) distinguishes between 

four different types of fruits and tells the fresh from the decaying. The algorithms are based 

on colour and textural characteristics of the photos of the fruits. They used KNN & SVM 

respectively for this purpose. They worked with less fruits. 

Automation improves nation’s economic growth, quality and production in agriculture  
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science. Fruits & vegetables selection has an impact on the export market and quality 

assessment. Even though human can do grading & sorting but it’s not always appropriate 

also time is wasted & readily impacted by their surroundings. Consequently, a proper 

technique is required for fruit grading. The quality of fruits and vegetables was addressed 

using a number of approaches, including pre-processing, feature extraction, segmentation, 

and classification, in this work. (Anuja Bhargava, et.al., 2021) This study makes an effort 

to examine and contrast the various approaches and algorithms put forth by scholars at 

each stage. They used computer vision for this. 

In order to increase the precision of automatic vegetable detection and classification, this 

research of Zhenbo Li, et. al., 2020 proposes a deep learning-based approach for doing so. 

They used VGG, VGG-M, VGG-M-BN, AlexNet models to train the datasets. VGG-M-

BN had accuracy of 96.55% compared to VGG (92.1%) and AlexNet (86.3%). This 

research also demonstrates that an increase in batch size enhances the VGG-M-BN 

network's classification accuracy. 

This study propose method for rotten vegetables segmentation. The segmentation 

techniques like - Color Based Segmentation, Edge Detection & Marker Based 

Segmentation were used successfully to distinguish between from healthy & unhealthy 

veggies.8 sets of images were used for the evaluation of the methods. (Kyamelia Roy, et. 

al., 2019) 

This paper gives a description on several techniques including – data pre-processing, 

feature extraction, segmentation & classification to do quality check of Tomato. To extract 

tomato properties including color, shape, image processing etc procedures have been done 

using MATLAB software. ANN, SVM & Decision tree models were compared in this 

research. SVM gave better accuracy than the other two algorithms. (Haichun Zuo, 2022) 

This study done by Jianxin Xue, et. al., 2022 shows that fresh-cut cauliflower samples were 

divided into several groups and checked for levels of rotting using machine vision. First, 

segmentation of the fresh-cut samples & extraction of the single samples was done using 

the modified watershed algorithm. Then using two feature extraction techniques pictures 

https://www.sciencedirect.com/science/article/pii/S131915781830209X#!
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feature parameters were extracted. ELM and PLS-DA discriminant models were developed 

concurrently. PLS-DA and ELM discriminant models had identification accuracy for 

decaying samples of 95 and 90.9%, respectively. The findings demonstrated the capability 

of machine vision to separate coherent fresh-cut cauliflower samples and to identify fresh 

and rotting cauliflower samples both qualitatively and quantitatively. 

The fruit/vegetable crop okra is sometimes referred to as lady's finger. Okra is graded 

according to its freshness, softness, shape, color, decay, scarring etc. Four categories are 

made in this research. To classify the okra, machine vision technology is investigated. The 

researchers Meenaxi M, et. al., 2020 used AlexNet, ResNet50 and GoogLeNet for Okra 

grading. Dataset size of Okra which includes all sizes, is 3200. The accuracy for ResNet50 

is 99%, which is higher than the accuracy for AlexNet, which is 63.45%, and GoogleNet, 

which is 68.99%. 

In this paper (Yanlei Xu, et. al., 2022) the researchers proposed an autonomous 

classification of lettuce freshness based on the Improved ResNet (Im-ResNet). They 

created an image capturing method to increase the classification accuracy. The compared 

Im-ResNet with 4 other models ResNet50, GoogleNet, AlexNet, VGG16. The findings 

demonstrated that their proposed approach gave better result which has accuracy of 96.50 

percent. 

Labiba Gillani, et. al., 2021 suggested automatic categorization of fruits & vegetables. 

They used dataset consists of 11 vegetables & fruits divided into 3 freshness groups. 

VGG16 & YOLO-deep learning models were used for recognition. They also developed 

android based app. They got 84% mean average precision. 

Kausar, et. al., 2018 suggested PCNN model with the fewest parameters to distinguish 

numerous fruits more reliably. To prevent overfitting, they used gap layer. They showed  

classification results using PCNN on the freshly released fruit-360 dataset. The PCNN 

achieves an accuracy of 98.88% based on the trial findings of 55244 color fruit pictures. 

This paper (Mukhiddinov, et. al., 2022) describes a deep-learning technique which is updated 

YOLOv4 model that detects item type in images before categorizing it into fresh or rotten. 
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The suggested system works with collecting a picture dataset of fruit & vegetable, 

developing an efficient YOLOv4 model. Furthermore, the suggested model's backbone 

was improved with the Mish activate function and quick detection. 12000 images & 5 types 

of fruits & veggies were used. The result shows that, improved YOLOv4 performed better 

accuracy than YOLOv4 with 73.5% and 72.6% accuracy on the dataset.  

 

2.3  Conclusion 

In the above mentioned literatures, we see that there are various types of machine and deep 

learning techniques to do this kind of work. To get their desired outcomes, they used 

segmentation, KNN, SVM, CNN various models, Feature extraction etc. In our work, we 

will used CNN model to classify our datasets and finding better result. 
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               CHAPTER 3 

                 RESEARCH METHODOLOGY 

 

3.1 Introduction 

 

The goal of our study is to detect the rotten and the fresh vegetables. We are mainly 

working with Bangladeshi vegetables. As ours is a farming nation so it’s really important 

to secure the safety of products to avoid losses. This proposed model will differentiate the 

defective or rotten fruits from the fresh or healthy ones. The detection model is built using 

data consists of Bangladeshi fresh and rotten vegetables. We have used deep learning 

model – Convolutional Neural Networks (CNN) to implement this. We’ve also used K-

Nearest Neighbor (KNN) and Support Vector Machine (SVM) for comparison with our 

model. This chapter explains the details of our proposed CNN model and also the SVM 

and KNN model. 

3.2 The Methodology Diagram 
 

To do our study, we have so many different steps to follow. If an architecture is done of 

the system, we can easily go with the flow to do the work without any confusion. Else the 

proposed methodology will not be easy to complete. For this, we need a diagram which 

will show all the working steps to continue the study. Through the methodology diagram, 

we can see the whole working process of what steps we’ve followed to complete this 

research. We’ve outlined every step of our workflow in the below Fig 3.2. This diagram 

shows components that makes the system function. This is our proposed methodology 

diagram. 
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Figure 3.1: Methodology Diagram 

 

We’ll follow these steps to do our study. Firstly, we have to collect data then the data have 

to be pre-processed following some steps. Then our classification algorithms have to be 

applied which are CNN, KNN, SVM. Finally, we can evaluate the model and get our 

predicted result. The steps are discussed in details below as follows:  
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3.3 Data Collection 
 

We worked with some Bangladeshi vegetables in our study that are almost available. Our 

data is divided into two categories: Fresh vegetables and Rotten vegetables. Six types of 

vegetables were used in our research. There were mostly works on Fresh fruits and Rotten 

fruits detection and a very few on vegetables but there is no work with Bangladeshi 

vegetables data. We collected our data manually from home, Kawran Bazar and some from 

Google. The vegetables are as follows:  

1. Tomato 

2. Chili 

3. Beans 

4. Onion 

5. Brinjal 

6. Cauliflower 

Some fresh vegetables samples: 

 

 

Figure 3.2: Fresh Vegetables samples 
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Some rotten vegetables samples:  

 

 

Figure 3.3: Rotten Vegetables samples 

 

The amount of data we have collected for the fresh and rotten ones are listed below in a 

table. 

Vegetables Amount 

Fresh Tomato 200 

Fresh Chili 200 

Fresh Beans 200 

Fresh Onion 200 

Fresh Brinjal 160 

Fresh Cauliflower 180 
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Rotten Tomato 180 

Rotten Chili 180 

Rotten Beans 160 

Rotten Onion 160 

Rotten Brinjal 140 

Rotten Cauliflower 140 

 

                                                  Table 3.1: Data collection 

 

3.5 Data Pre-processing 

 

After collecting our data of fresh & rotten vegetables, we have to preprocess the dataset. 

Data pre-processing is a technique where raw data is prepared to make useful format for 

machine learning models. It is crucial step to make a machine learning model. As when we 

start to make a model, we don’t have clear or formatted data. Hence for this, firstly we 

have to apply preprocesses steps to the dataset. It’s necessary to get our expected result 

and also it increases the accuracy.  

We have collected total 2100 images for our research. For classification, our data is divided 

into two categories – Fresh and Rotten. From the above Table 3.1 we see the amount of 

our all types of fresh and rotten vegetables dataset. After collecting the vegetables images, 

I have split them into train datasets and test datasets. In both of the sets, there are total 6 

types of vegetables and these 6 types are divided into fresh & rotten categories. The below 

figure explains the labelling easily. 
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Figure 3.4: Dataset labelling 

 

We have 80% data in the training sets and 20% data in the test sets. We have listed these 

in the below Table 3.2 for showing it in an easy way. 

Vegetables Amount of train sets Amount of test sets 

Fresh Tomato 160 40 

Fresh Chili 160 40 

Fresh Beans 160 40 

Fresh Onion 160 40 

Fresh Brinjal 128 32 

Fresh Cauliflower 144 36 

Rotten Tomato 144 36 

Rotten Chili 144 36 

Rotten Beans 128 32 

Rotten Onion 128 32 

Rotten Brinjal 112 28 

Rotten Cauliflower 112 28 
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 Table 3.2: Train and Test sets amount 

 

Firstly, for the processing we have to examine and check all the datasets to ensure that 

there is no irrelevant data or information. This will be effective to do the processing. As 

we have fresh and rotten – 2 types of data so, it can be mixed together. Hence, we need to 

ensure that there is no such data that belongs to another category. And the unnecessary data 

will be removed in this way. 

Next, we removed the background of all the images. ‘rembg’ which is a third-party library 

was used to do this work. By using this tool, we can remove background of all our images 

at once. It’s really difficult to do this with the help of photoshop or manually one by one 

and it also waste our time. But this library done our work easily and fast.  

Next step is spot mark on all the images. Here, we additionally make use of the "contours" 

third-party library which is used for shaping and image detection. Many different stains 

and color alterations appear on fruits and vegetables when they begin to decay. The color 

that has altered from its natural color or the spots is basically how the machine decides if 

the vegetable is fresh or not. Therefore, in this situation, marking is required. The system 

will determine the precise percentage based on the size of the spot. It’s a very important 

step as depending on this, the system can predict if the vegetable is rotten or fresh. From 

the below Figure 3.4 we can understand this easily. 

 

Figure 3.5: Mark Spot Sample 
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Next, we have to resize all the images of our dataset because our images have different 

sizes. It’s import to have same size in all the datasets. NumPy will be used for this. For 

simpler analysis, images are turned into NumPy arrays. The neural network's input size is 

500*500 pixels. Since the machine can only handle integer & floating types of values, it is 

necessary to convert the scaled image to NumPy. Each pixel is converted to a float variable 

using NumPy. All data are transferred into one dimension. That’s how data is saved for the 

train sets. 

 

   3.5 Classification Algorithms 

 

For classification of our data, we have used three algorithms: CNN, KNN and SVM. The 

basic idea about these algorithms is given below: 

  3.5.1 Convolutional Neural Network 

 

For acquiring our output, we will use CNN as our proposed model which is a subset of 

machine learning and used for image classification or recognition. It can detect important 

features automatically without analyzing the whole image. And also, without any human 

direction. CNN model helps the machine to remember the features of images then it can 

predict if a new image is added.  

Convolutional layer comes first after taking input which is used for extracting features. 

Here, we used Conv2d layer. It starts with filter size of 16 and 3x3 karnel then it activates 

ReLu function.  

Then comes pooling layer. Here 2x2 max-pooling layer reduced dimensionality of feature 

map. In this way it reduced number of parameters. Flatten function was used for single 

dimension. Then comes fully connected layer which does classification was used with 

ReLu activation. Dropout was used to remove the overfitting. Lastly a dense layer was 

used with sigmoid activation. 
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Figure 3.6: Convolutional Neural Network Structure 

 

3.5.2 K-Nearest Neighbor 

 

For comparison with our model, we’re using KNN classification here. It will classify the 

fresh and rotten vegetables. We know, KNN is based on supervised learning method. It is 

used mostly for classification problems. In our work, we’ll use KNN classification to 

categorize each of the classes in an image. KNN method assumes similarity between 

existing data and new data and then places the new data into that category which is most 

like to existing data. When new data enters, it can be easily classified as all the available 

data are stored in KNN. As we are working with fresh and rotten 2 types of vegetables so 

to classify the vegetables into fresh and rotten, we’ll apply this KNN method. It stores the 

data at train phase and when new data enters it’ll classify them into these categories. KNN 

mainly works by finding the K value which represents the number of nearest neighbor. To 

find K value, we’ll use Euclidean Distance between all data point. Then the new data point 

will be assigned to the category that has maximum number of neighbor.  

Euclidean Distance formula between two data point is:  

                            d = √[(x2 – x1)
2 + (y2 – y1)

2]                                                             (3.1)                                                            
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3.5.3 Support Vector Machine  

 

SVM is based on supervised learning which is used to find solution for 2 group 

classification problem and also in regression. But it mostly solves classification problems 

like – image classification, object detection etc. SVM create decision boundary called 

hyperplane which divide n-dimensional space in classes. Thus, it quickly can classify new 

data points when needed. SVM selects extreme vectors that creates hyperplane and those 

extreme classes known as support vector. 

There are two types of SVM. Linear SVM is used when it is simple to segregate data using 

a hyperplane and a straight line. Non-linear SVM can’t be used just by drawing a straight 

line. For linear input we’ve two dimensions, x & y and for non-linear we’ve another 

dimension, z. 

 

The equation formula is: z = x2 +y2                                                                               (3.2) 

 

3.6 Output 

 

We got our result after applying these above algorithms. We have worked with six types 

of vegetables. And our proposed model can classify the fresh and rotten ones successfully. 

We have got better result of the fresh tomato than the other vegetables. We got lowest for 

the fresh brinjal vegetable. Then in the rotten ones we got better result for tomato and less 

for cauliflower.  

Here are some fresh vegetables result samples:  
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Figure 3.7: Fresh Vegetables Output 

 

Here are some rotten vegetables result samples:  

 

                 

 

 

Figure 3.8: Rotten Vegetables Output 

 

We can view from the above samples that we got accuracy of 96.01% for fresh tomato 

data, like this for chili data 94.75%. Similarly, for rotten tomato we obtained 75.13%. 

That’s how we got our outcomes for all the data we used in this work. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1  Introduction 

 
Classification process of the fresh and rotten vegetables are described in previous part. And 

we saw that the model can successfully detect the expected outcome. In this chapter, we’ll 

see the experimental results of the models like- model loss, accuracy in details. 

 

  4.2 Experiment Result 
 

We obtained our model's accuracy and loss graph after applying the proposed model to our 

dataset. To obtain a graph of the model's accuracy and loss, train accuracy & validation 

accuracy are compared.  

Accuracy of a model decides how correctly a model can predict or detect the results. Based 

on training, data or the input, accuracy is used to indicate which model is better at finding 

patterns among datasets. There is formula for finding accuracy which is given below:  

 

TP+TN     

                                      Accuracy =                                                                              (4.1) 

     TP+TN+FP+FN 

Here,   

            TP = True Positive 

            TN = True Negative  

            FP = False Positive 

            FN = False Negative 

A result where the model properly predicted positive class is referred to as true positive. 

Similarly, true negative is a result for which the model accurately predicts a negative class. 

When a model predicts the positive class inaccurately, the result is false positive. False 
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negative occurs when the model predicts a negative class inaccurately. We got our model 

accuracy implementing this equation 4.1 The model accuracy graph is given below: 

 

 

 

                                     Figure 4.1: Training Accuracy vs. Validation Accuracy 

 

In the above Figure 4.1, training accuracy vs validation accuracy is showed. The blue line 

represents training accuracy and the orange line represents validation accuracy. We used 

100 epochs in this model. The accuracy for training and validation increases gradually. We 

got like 93% for training accuracy. 

Model loss is a function which compares predicted & target values. It indicates how bad 

was the model to predict a sample. The below Figure 4.2 shows the training loss vs 

validation loss where validation loss is decreasing. 

                                     

                                    

                                   Figure 4.2: Training loss vs. Validation loss 
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We have also used KNN and SVM to compare with our model. SVM got 65% training 

accuracy and KNN got 63%. All the classification result is given below in the Table 4.1 

 

Algorithm Techniques Training Accuracy Validation Accuracy 

CNN 93% 76% 

KNN 63% 57% 

SVM 65% 55% 

 

Table 4.1: Algorithms accuracy result 

 

 

4.3 Discussion 

After analyzing all the data that we gathered and developing a model utilizing the provided 

data, we were able to obtain the expected outcomes. We saw our model is doing good in 

terms of accuracy after training & testing the datasets. It can detect the fresh & also the 

rotten vegetables with an accuracy of 93%. We also saw that our model gives better 

outcome than the two models which we used to compare. So, CNN does a good job in fresh 

& vegetable’s classification.



  

     26                                                                                                      ©Daffodil International University  

CHAPTER 5 

CONCLUSION AND LIMITATIONS 

 

5.1   Findings & Contributions 
 

The main goal of our study was finding difference between rotten vegetables and the fresh 

vegetables from given input. In the farming sector, it’s really important to be able to 

determine which are the good ones or rotten ones or there can be huge loss. It will be a 

help to the farmers to avoid losses. They can identify the rotten ones easily. And with 

automation system, time will also be saved because manually doing this kind of tasks 

require lots of time.  There are many works on fruits fresh & rotten classification and some 

were implemented using Kaggle data. The other countries already built systems like this. 

But there is no particular work with Bangladeshi vegetables. And with this system, our 

farmers will get benefit. Here we have worked with some known Bangladeshi vegetables. 

We successfully detected our expected results. In our study a CNN model was used that 

concentrates on finding and classifying the rotten/unhealthy and healthy/fresh vegetables. 

For our inquiry, we first gathered data manually in many ways. After preprocessing, we 

split up the train & test data into our task. We have used total 2100 data where we used 

1680 images for train sets and 420 images for test sets. Later we got our outcome.  

We used Anaconda application to implement the code and testing. The CNN model’s 

convolutional layers constructed model’s accuracy and also loss graphs. The outcome 

demonstrated that our proposed CNN model can distinguish between the rotten & fresh 

data of vegetables with a better accuracy. We saw, for various vegetables data it gives 

different results. Then we also calculated training accuracy and validation accuracy. The 

proposed model obtained 93% accuracy. We have also used two other machine learning 

models – KNN & SVM for comparison with our model with same data. We saw from the 

outcomes that CNN does better result in classifying the datasets into fresh & rotten 

categories. So, our model can be used to classifying this type of work with less time. 
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   5.2 Limitations 

 

We have some limitations in our study. Our main limitation was datasets. In the deep and 

machine learning models, accurate data gathering is very essential. For image 

classification, we need clear, good quality images to do processing or else the model can’t 

give a good result. As we’re working with vegetables classification into fresh and rotten, 

hence we needed very clear and accurate data to have a better accuracy. We had a good 

amount of fresh vegetables data but we had less rotten datasets. We couldn’t find a large 

amounts of rotten ones. That’s why, our result for rotten vegetables isn’t that much good. 

We couldn’t obtain better accuracy for rotten datasets and also for some fresh datasets. We 

couldn’t obtain SVM & KNN model accuracy well as they’re very time-consuming 

models. My device was a little bit slow too and it takes much time to run models. That’s 

why, we couldn’t try enough to train the models. Hence, KNN & SVM accuracy isn’t good. 

 

5.3 Recommendation for Future Works  

 

As CNN requires a huge set of data, we will use more datasets in the future. Because of 

datasets our accuracy couldn’t do better in some vegetables. We couldn’t do well for the 

rotten ones so we’ll collect more images for the rotten ones to have better accuracy. And 

there are different kinds of vegetables so we will work with more types of vegetables in 

the future. And SVM and KNN models couldn’t do well. We will try to find better accuracy 

for these two models. As the world is fast in developing and technology is doing really 

well in this modern world so it will really be great to have an application for this. The 

application will be helpful for saving more time. So, I will try to implement an application 

in the future.  
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