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ABSTRACT 

 

 
One of the bound vegetables element of our daily life is potato. There are 4200 kinds of 

potato species and among them 82 kinds are found in Bangladesh. It is usually grown for 

numerous reasons apart from having as a food. Different potatoes are used in different 

cases. If there’s a curry making procedure there will a different potato be used and if 

there’s a French fried making recipe there also a different potato be used. But the 

problem is many people of our country fail to understand the right kind of potato for the 

right use. Thus, a big confusion is created in every genre of these potato consuming 

sector especially for the people who are unaware about potato species. This is where our 

project idea born, using a machine vision based recognition of these potato species which 

can help people to recognize them. In this paper, we perform an in-depth exploration of a 

machine vision approach for recognizing different species of potatoes of Bangladesh. A 

number of potatoes are classified based on the figures analyzed by their images. For our 

experiment, we collected the data of 4 verities total 1200 potato images. In this process, 

we wanted to identify the real image of potatoes. we have applied machine learning 

algorithms as like Random Forest Classifier (RF), Linear Discriminant Analysis (LDA), 

Logistic Regression, Support Vector Machine (SVM), CART, NB and KNN on our 

datasets. Here we apply our developed algorithms to (color, texture and shape) 

features. The data obtained from image processing were classified using extraction, resize 

and gray scale convert. After applying all algorithms each of them produced different 

results. Random Forest Classifier (RF) show best result and its accuracy rate 100% and 

SVM gives lowest rate. Its accuracy rate 74.074%, which is not only good but also 

promising for future research. 
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CHAPTER 01 

INTRODUCTION 

 

1.1 Overview: 

One of the plants of the nightshade family is the Potato (Solanaceae), It is usually grown 

for numerous reasons apart from having as a food, like its tenacious esculent   tubers.   

Native potatoes has enormous species (more than 4000) and mostly of them are found in 

different countries like Andes, Specially in Bolivia, Peru, Ecuador, Colombia and Chile. 

These come in different shapes and sizes. This also includes the wild potato species 

which is more than 180. Even though they taste bitter, their vital biodiversity is 

tremendous which includes natural counteraction pests, malady other climatic states. 

Potato cultivars comes in different diversities of color, shape and size. 

 

          Table 1.1: Potato scientific classification chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Cultivars
https://en.wikipedia.org/wiki/Taxonomy_(biology)
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Potato plant shrubs are perennial kinds which is estimation heights are about 60 cm or 24 

inches. Of course it depends on the variety, the flowers that dies after the formation of 

flowers, fruits and tubers. They  usually contain pink, white, blue, purple or red flowers 

with yellow pollens. In general, different types of tubers come with white flowers mostly 

have skins like white, but colorful flowers have different types of pink skin. 

 

1.2 Motivation: 

The potato is a bound vegetable element in our daily life, the plant itself a perennial kind 

in the potato family of Solanaceae with a starchy tuber of the plant Solanum tuberosum. 

The rapid growing characteristics of potato allow poor families to cultivate it on small 

plots and break the cycle of poverty. Millions of people around the world depends on 

potatoes for their livelihood. Potatoes are grown almost every countries in some 

environmental circumstances like under temperate, tropical and some subtropical 

conditions as it is world's third most important food element after rice grain and wheat. 

China is now the largest producer of potatoes, followed by India, the Russian Federation 

and the United States. 

Potato is a nightshade of the Solanum variety like tomatoes. The vegetable and fruit parts 

of the potato contains a toxic ingredient solanine which is harmful for human 

consumption. Ordinary potato tubers are which are properly grown in agricultural lands 

are preserved and produced sufficient amounts of glycoalkaloids, which are insignificant 

for human hygiene. The green parts of the plant (such as leaves, sprouts and skins) are 

directly exposed to sunlight, but a high concentration of glycoalkaloids of the tuber’s can 

accumulate, will throw. 

Potatoes are mostly infected like any other plants by the insects such as grasshoppers, 

flees, bumbles which carries pollen from other plants, although a sufficient amount of 

self-fertilizer is given. Tubers are formed in the response to reduced the day length, 

although this bias has declined among in commercial species. Potatoes are a great food 
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that provides sugars, proteins, vitamins (mostly vitamin C, vitamin B6) and minerals 

(mainly iron, potassium). So now it’s used in national dishes and most popular dishes. 

 Different varieties of potatoes are now available in Bangladesh.  

 Many people are ignorant of varieties of potatoes. 

 Many people are deceived in shopping due to the ignorance of varieties of 

potatoes.  

 Many people are unaware of Bangladeshi heritage of potatoes.  

 

 

1.3 Objectives: 

About 28 local varieties of potatoes are cultivated in different parts of the country. They 

have different well-known local names. It's estimated that between the year of 2004-

2005, local varieties has cultivated potatoes on about 1,833,466 acres of land, of which 5, 

99, 51 metric tons of tubers were produced. In Bangladesh’s aspect, potato is commonly 

used as a vegetable in daily life. But is not same with other countries. Many countries of 

the world potato is the foremost food. In fact, it contributes more than 92% of the 

carbohydrate food source. Countless numbers of potatoes are processed annually in 

countries like Europe in dextrose, potato meal, alcohol, starch, and flour. Sometimes 

huge number of potatoes are processed into potato chips and french fries, processed into 

dehydrated mashed potatoes, and some into canned. Almost every Asian country uses 

more rice than potatoes to meet the shortage of sugar in the national diet. In this case, the 

countries of Europe are the opposite. In Bangladesh, however, potatoes, along with fish, 

meat and eggs, are mainly used to make curry. There is a variety of uses in different 

products made of potatoes. Among the potato dishes, many varieties have now become 

essential for breakfast e.g. boiled potato, fried potato, spicy potato and baked potato are 

notable. Nowadays, Bakery as well as the fast-food shops now have a variety number of 

delicious dishes made of potatoes to entice anyone such as french fries, potato chips, 

potato singara etc. They have started preparing various food delicacies based on potatoes. 

It has created a lot of employment as well as human needs. In Bangladesh, urban or rural 
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areas have a different impact. Different types of potatoes are used to make different types 

of food. And now the biggest problem is that we don't have much idea about potatoes. 

And we are using technology to solve this problem.  

 

 To solve the problems of potatoes that identify them. 

 To give a clear idea about them. 

 To help Bangladeshi people in shopping. 

 To help retain Bangladeshi heritage. 

 

1.4 Expected outcome: 

 

 Successful deployment of existing or new machine learning algorithm for 

recognizing potato varieties. 

 Publication of one or more articles in international conference proceedings or 

journals.  

 Reduction of deception in shopping.  

 Building of a large data set for potato varieties in the context of Bangladesh.  
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CHAPTER 02 

BACKGROUND STUDY 

 

2.1 Introduction: 

We have done research on this kind of work for others for the convenience of our work. 

In this we wanted to get an idea about the work of others in this regard. This kind of work 

is basically a lot of challenges. Related tasks, research summaries, problem areas and 

decision challenges. We compare our work with the work of others, we summarize a few 

research papers, related works, the underlying methods and the accuracy related to our 

work. We show summaries of some related work in the middle of the brief section in the 

study. The Problems section discusses the various problems of working time and the 

different solutions to the problems. Finally, in the Challenge section we talk about the 

various issues of our working time that made it difficult to do the work. 

 

2.2 Related Works: 

Habib et al. [1] presented a agro-medical expert system based on machine vision. It 

narrates a two-feature set for the papaya disease recognition solution consisting of a total 

of ten feature. Image processing techniques are implemented to extract some features. 

SVMs, C4.5, Naïve Bayes, Logistic Regression, K-NN, Random Forest, BPN, CPN, 

RIPPER using those techniques. The classification of papaya disease was done with 

SVM and then they analyzing relative quality of their work was determined by results of 

similar work. Achieved 90.15% accuracy, which is good as well as committed. 

Zawbaa et al. [2] paper presents a technique which is used for recognizing fruit images 

automatically. The proposed model’s formation is in three stages. The first stage is pre-

processing, second is feature extraction and the third stage is classification. Feature 

extraction consists of two algorithms; The first algorithm is for shaping. Color algorithms 

uses color moments (color variance, color mean, color kurtosis, and color skewness) and 

shape (elevator number, centroid, and concentricity) for creating feature vectors. The 

second algorithm is known as the Scale Invariant Feature Transform (SIFT). The 

classification can work, once feature vectors are created for each image. Data set use 
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Orange-46  and Strawberry-55 and SIFT, K-NN ,SVM algorithm for methodology and 

best result on using the SVM apple - 90.91% orange -78.89% using SIFT apple - 96.97% 

strawberry - 85.71% as feature extraction. 

Lak et al. [3] develop a more general algorithm in various natural lighting conditions of 

the main discussion. Through this, long-end light sources will be used for luminance 

controllers. The image was created by two algorithm and the images could be viewed 

with an apple. An Algorithm based on Edge detection, Algorithm based on Color-Shape 

and Gaussian low-pass filter, Canny (1986) method are used for classifier. To standardize 

the luminance of the obtain images, no light control was used. Here the edge detection 

based procedure did not seem triumphant but the Algorithm based on color-shape was 

capable of detecting 83.33% of those images. 

Arivazhagan et al. [4] Try to develop a propose method that can be analyzed, identified 

and processed fruits based on features like color and texture. To improve the functionality 

and flexibility of the recognition system, features like size and shape can be combined 

with texture and color features. In fact, by increasing the number of images in the 

database the recognition rate can be increased. This algorithm can be used for service 

scales like smart selfie. Here they use 15 categories total 2633 image and algorithms use 

Minimum distance criterion (MDC) and statistical analysis. Using Color and Texture 

Features show best result on Cashew fruits 99.047%. 

Hussain et al. [5] Work with Deep Convolution Neural Network (DCNN). Try to propose 

a novel fruit recognition classification system and the proposed method could recognized 

fruits images easily with many challenges. The proposed method has too efficiently 

growth the recognition rate to meet the requirements of actual word application. For data 

set them use 15 different categories 44406 images and use technology K-means 

clustering algorithm, CNN and DCNN for classification. The experiments were 

performed on their datasets and the results showed that taxonomy system had achieved a 

fair accuracy rate of 99%.  
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Rochaa et al. [6] this paper has reached the multi-class classification of many classes in 

such a way that a person can combine different features simultaneously and interact with 

the classifiers according to the part of the problem and It represents a unified solution 

which can be combined of many classifications and features. This type of strategy is 

required less training and better performance compared to a naïve method. The outcome 

reveals that the proposed solution can reduce the errors occurred by the classification by 

15 percentage points(respect of the baseline). For data set they use 15 different categories 

2633 images and use technology Linear Discriminant Analysis (LDA),  K-means 

clustering algorithm, Classification Trees, Ensembles of Classifiers and Vector Machines 

(SVMs) show better result between naïve method. 

Astuti et al. [7] another Automatic fruit classification system has been put and amplified. 

It is found that the existing method based on artificial neural network (Ann)’s accuracy is 

not as good as The accuracy of the SVM-based fruit classification method. Use 2 

different categories images and technology KNN, Multilayer perceptron (MLP), SVM, 

artificial neural network (Ann) and result show SVM-based classification 100% 

accuracy. This was also distinct from simulation of our computer results that the 

proposed method required much less training than the existing one. 

Naik et al. [8] here supervisions the initial process of fruit grade and classification. 

Feature extraction strait for shape, color, size and texture are properly expound with 

properties like HOG, LBP and SRF. Eventually some machine learning methods like 

Decision Tree, KNN, Linear Discriminant Analysis (LDA), Artificial Neural Networks 

(ANN), Principal Component Analysis (PCA), SVM, Fuzzy Logic and CNN are briefly 

discussed. 20 categories fruits used for experiment and best result show SVM (Tomato 

92%), Fuzzy (Mango 90%) ANN (Orange 88%). Even though there are some appeals still 

need to be overcomed, Future’s non-destructive fruit classification and grading will be 

Machine Vision . 

Sekar L et al. [9] Machine vision fruit grading system has the capability to replace labor 

work to inspect fruit and morphological has given a accuracy rate which is highest among 

all of them. For grading, HIS (Hue, Saturation, Intensity) color model is frequently used 
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because it relatesd to human Psychology. In here use 5000 images data set and machine 

learning techniques showed the best result out of these techniques. On the other hand, 

Fuzzy is easy to implement but gave lowest accuracy rate result. 

Zawbaa et al. [10] this paper presents automatic fruit classification different types of 

techniques on machine learning. The proposed classification system has pre-processing, 

feature extraction and collision-splitting order. At the pre-processing stage, the the fruit 

images is reshaped. Also it features Two algorithms which are used to extract the 

properties of the fruit images at the extraction stage. Random Forest (RF) algorithm is 

applied for classification. The outcomes of the Random Forest (RF) algorithm are 

compared k-nearest neighbors (KNN) and Support Vector Machine (SVM) algorithms. 

178 type fruit images are used for data set and best result for KNN (71.42% orange and 

72.72% strawberry) For RF (87.50% orange and 90.91% strawberry. 

 

2.3 Research summary:  

Table 2.1: Summary of previous researches 

SL Problem 

Domain 

Data Set Algorithm Number of    

Feature 

Accuracy 

1 Machine 

vision based 

papaya 

disease 

recognition 

129 color 

images of 

papaya  

K-means clustering, 

LogisticRe-

gression, Random 

Forest, KNN, SVM, 

Decision Tree, 

Naive Bayes 

Contrast, 

correlation, 

energy, 

entropy and 

homogeneity 

Accuracy 

has been 

90.15% on 

using SVM 

2 Automatic 

Fruit Image 

Recognition 

System 

Based on 

Shape and 

Color 

Features 

Orange - 46 

Strawberry - 

55 

SIFT, K-NN, SVM 

algorithm 

Pre-

processing, 

feature 

extraction,cla-

ssification 

Using the 

SVM- 

apple - 

90.91% 

orange -

78.89%  

Using SIFT 
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apple - 

96.97% 

strawberry 

- 85.71% 

as feature 

extraction 

 

3 

Apple Fruits 

Recognition 

Under 

Natural 

Luminance 

Using 

Machine 

Vision 

Apple –(25-

80) 

Edge detection 

based Algorithm, 

Color-Shape based 

Algorithm, 

Gaussian low-Pass 

filter, Canny 

(1986)method 

 

Color, Shape, 

Edge 

detection 

Color-

shape 

based 

algorithm 

detect 

83.33% of 

images 

 

4 

Fruit 

Recognition 

using Color 

and Texture 

Features 

15 categories 

total 2633 

image  

Statistical Analysis, 

Minimum distance 

criterion (MDC) 

Contrast, 

energy, local 

homogeneity, 

cluster shade 

and cluster 

prominence  

 

Cashew 

fruits 

99.047 

Using 

Color and 

Texture 

Features 

5 Automatic 

Fruit 

Recognition 

Based on 

DCNN for 

Commercial 

source Trace 

System.  

15 different 

categories 

44406 image 

K-means clustering 

algorithm , CNN, 

Deep Convolution 

Neural Network 

(DCNN) 

Color, shape Accuracy 

rate of 99% 



©Daffodil International University                                                                                                10 

 

6 Automatic 

fruit and 

vegetable 

classification 

from images 

 

 

15 different 

categories 

2633 images 

K-Means, Linear 

Discriminant 

Analysis (LDA), 

Support, Vector 

Machines (SVMs), 

Classification 

Trees, Neural 

Networks(NNs), 

and Ensembles of 

Classifiers 

Shape, texture 

and color 

Better than 

naïve 

method 

7 Automatic 

fruit 

classification 

using 

support 

vector 

machines: a 

comparison 

with 

artificial 

neural 

network 

2 categories 

fruits 

KNN, Multilayer 

perceptron (MLP), 

SVM, artificial 

neural network 

(Ann) 

Image 

preprocessing, 

Feature 

Extraction, 

Pattern 

Matching 

SVM-

based  

classificati

on  100% 

accuracy 

8 Machine 

Vision based 

Fruit 

Classificatio

n and 

Grading - A 

Review 

20 categories 

fruits 

KNN, Decision-

Tree,  Principal 

Component 

Analysis (PCA), 

SVM, Linear 

Discriminant 

Analysis (LDA), 

Artificial Neural 

Networks (ANN), 

Fuzzy Logic 

Maturity, 

Size, Volume 

Shape, 

Weight, 

Texture 

SVM 

(Tomato 

92%), 

Fuzzy( 

Mango 

90%) 

ANN(Oran

ge 88%) 

9 Fruit 

Classificatio

n System 

Using 

Computer 

5000 images Gray LevelCo-

occurrence 

Matrices (GLCM), 

K means clustering 

method, Artificial 

Colour, 

Morpholog-

ical, Texture 

GLCM(Chi

ckoo 94%, 

Apple 

93%, 

Sweet 
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Vision: A 

Review 

Neural Networks 

(ANN), Adaptive 

Neural Fuzzy 

Interference 

System(ANFIS). 

lemon 

93%, 

Orange 

92% and 

Mango 

92%) 

10 Automatic 

fruit 

classification 

using 

random 

forest 

algorithm 

178 type fruit 

images 

KNN and RF 

algorithms, Support 

Vector Machine 

(SVM) 

Shape, Colour 

characteris-

tics and Scale 

Invariant 

Feature 

Transform 

(SIFT) 

For KNN 

(71.42% 

orange and 

72.72% 

strawberry) 

For RF 

(87.50% 

orange and 

90.91% 

strawberry 

11 Automated 

Fruit 

Classificatio

n System 

Different 

type 

Canny method, 

Automated and 

embedded based 

due to system 

required several 

hardware, Support 

Vector Machine 

(SVM) 

Size and the 

colour 

Edge 

detection 

converted 

in to gray 

image and 

grey image 

detecting 

the edges 

of the fruit 

12 Potato 

Classificati-

on Using 

Deep 

Learning 

1200 images CNN, Computer 

model learns to 

perform 

classification tasks 

directly from 

images, text, or 

sound 

Size re-

scaling, 

rotations of 

40, horizontal 

shift, image 

zooming, and 

horizontal 

flipping 

Accuracy 

of 99.5% 
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2.4 Scope of the problem: 

Previous works in other domains have predicted many Automated fruit classification and 

Grading system by using varies machine learning techniques and different types of 

algorithm. With the help of previous research and analysis of works, we have decided to 

work with Potato varieties detection and classification with machine vision. 

 

2.5 Challenges: 

Different varieties of potatoes were our biggest challenge. There are about 4,000 varieties 

of potatoes in the world. There are about 72 varieties of potatoes in our country. There is 

very little difference between such huge potato varieties .Can't catch people's eyes very 

easily. The differences between them are mainly the color, size, structure, small holes in 

the middle of the body, the upper covering, including a number of things. Over time, as 

the potatoes mature, they also change color. Potatoes, on the other hand, are mainly 

seasonal fruits and not all types of potatoes are available in all season’s .And because 

some potatoes are more expensive to produce and not profitable in business, production is 

stopping. In general, for the structural properties of potatoes, it is difficult to diagnose 

with the human eye, but it is possible to diagnose through technology. A lot of this kind 

of work is happening now where machines are giving much more successful results than 

humans. 

 

 

 

 

 

 

 

 

 

 

 

 

 



©Daffodil International University                                                                                                13 

 

 

 

CHAPTER 3 

 

RESEARCH METHODOLOGY 

 

 

 

3.1 Introduction 

This chapter, we will talk about data collection method, data preprocessing, proposed 

methodology and implementation requirements. First of all, we will discuss how we 

collected our data in the data collection method. Next, in the data preprocessing part, we 

have discussed how we pre-processed it for our model. Then in the proposed 

methodology, here we have discussed in detail those algorithms that we have used for our 

classification. Finally, the chapter is closed by a clear concept about what we used for the 

project. 

  

 

3.2 Data Collection Procedure 

 

There are about 81 varieties of potatoes in our country. We have basically collected the 

data of the potatoes that are commonly available in local market. We have collected 

about 1200 data set of four varieties of potatoes. 

 

 

3.2.1 Image Samples 

Show an image of the potato samples. Here we use four varieties of potatoes. 

    

 

 

 

(a)                                   (b)                               (c)                                        (d) 



©Daffodil International University                                                                                                14 

 

Figure 3.1: Images of potato samples (a) BARI Alu-14 (Cleoptra), (b) BARI Alu-18 (Baraka), (c) BARI 

Alu-28 (Lady Rosetta), (d) BARI Alu-55 (Red Fantasy)  

 

 

3.3 Data Preprocessing 

After data collection there may be some inconsistent, missing and uncategorized data. We 

preprocessed our data by the sklarn library in two ways one is LabelEncoder and another 

is MinMaxScaler. Here, For normalizing lebels in a way that they only contain values 

between 0 and n, there is an utility class know as LebelEncoder. MinMaxScaler converts 

properties by scaling each feature to a specific range. The scaling and translating 

operation is done by the estimator for each feature such that it falls within the range 

which was provided by the training organization. 

 

Image pre-processing steps: 

 Read image 

 Resize image 

 Features descriptor 

 Gray scaling of image 

 Hu Moments: COLOR_BGR2GRAY 

 Haralick Texture: COLOR_BGR2GRAY 

 Color Histogram: COLOR_BGR2HSV 

 

 

3.4 Proposed Methodology 

We could do our research on different platforms like image processing, deep learning, 

machine learning, but we used a machine learning algorithms. Because of Machine 

learning is a branch of artificial intelligence connect with algorithm making that can 

metamorphosis itself except human intervention to acquire the desired results. We want 

to classify machine learning algorithms to help categorize such images. It usually 

requires structured data and these algorithms are designed to understand labeled data and 
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then work effortlessly on new data to give better results. That’s why we applied machine 

learning algorithm. 

 

Figure 3.2: Non-interactive proposed systems and Interactive proposed system. 

 

3.4.1 Feature Description 

Hu Moments:  

Hu Moment is that a set of seven numbers using indomitable central moments in image 

transformations. For translation, scale, and rotation, and reflection 6 moments have been 

proved to be invariant and when the 7th moment’s appear sign changes for image 

reflection. 
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This 7 moments are indomitable using that formulae: 

 

Figure 3.3: Figure of Hu Moments formulae. 

 

 Shape Matching by Hu Moments: 

Before we tell, 7 Hu Moments are invariant under translations, scale and rotation.  

This is an example for Hu Moments. 

 

Figure 3.4: Shape Matching using Hu Moments 
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Here we can see, At first, we have moved the letter Ko in K, and S0 in the letter S. 

Similarly, we moved the letter S in S1, and scaled it in S2. Here we used rotation to make 

S3 and for make S4 we flipped more. 

 Here we see that Hu Moments for S0, S1, S2, S3, and S4 are close to each other, and the 

sign of last Hu moment of S4 is flipped and K0 is different from other. 

 

Haralick's texture features: 

Haralick's texture features were calculated using the haralick () function of the cytometry 

tool box for Khoros. The principle of these properties is the gray-level co-presence 

matrix. Here, the matrix is square with dimension Ng, where Ng is the number of gray 

levels. Matrix elements i and j are generated by counting the number of pixel bars with a 

value attached to the pixels and then dividing the entire matrix by comparing. Each entry 

is calculated as a probability that a pixel value with the value of i is found adjacent to the 

j pixel. 

                       (1) 

 

Color Histogram: 

 At present, the color histogram is employed to represent the distribution of colors in an 

image. The color histogram represents the number of pixels that have colors in a fixed list 

of color range that span the image’s color space. For monochromatic images, the set of 

possible color values is sufficiently small that each of those colors may be placed on a 

single range; then the histogram is merely the count of pixels that have each possible 

color. For color images using RGB space, the space is divided into an appropriate number 
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of ranges, often arranged as a regular grid, each containing many similar color values. 

Figure 2(a) is an original rainbow image with RGB channels from 0 to 255, so there are 

totally 256 × 256 × 256 = 224 colors. Figure 2(b) uses four bins to represent each color 

component, Bins 0, 1, 2, 3 denote intensities 0-63, 64-127, 128-191, 192-255, 

respectively, so there are in total 4 × 4 × 4 = 64 colors. Figure 2(c) is the histogram of 

Figure 2(b), where the x-axis denotes the index of the 64 colors, and the y-axis denotes 

the number of pixels. 

                                           

                                                                          

Figure 3.5: Image of Color Histogram 

The histogram provides a compact summarization of the distribution of data in an image. 

The color histogram of an image is relatively invariant with translation and rotation about 

the viewing axis. By comparing histograms signatures of two images and matching the 

color content of one image with the other, the color histogram is well suited for the 

problem of recognizing an object of unknown position and rotation within a scene. 

 

3.4.2 Classifier  

K-Nearest Neighborhood:  

K-Nearest Neighborhood (K-NN) classifier execution time is very fast and it is very 

dominant. It works on the basis of the minimum distance between the curry example and 

the training data set to determine the k-nearest neighbors. Using distance function (x, y) 
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computing the distance between two scenarios, where x, y are query example and the 

training data set created of N features as showing in equation 2. Using one of the two 

functions as in the equations 3, and 4 distance measure is computed. 

  {              }   {              }                              (2) 

        ∑        
 
                                                               (3) 

        ∑ √  
    

  
                                                            (4) 

After gathering k-nearest neighbors, simple majority of these k-nearest neighbors is taken 

to be the prediction of the query instance. An object is classified by a majority vote of its 

neighbors, with the object being assigned to the class most common amongst its k nearest 

neighbors. 

 

Support Vector Machine:  

Support Vector Machine Classifier is a higher-level machine learning algorithm that is 

used to regression and classifies of high-dimensional datasets with good results. There is 

an optimal individual hyperplane for solving classification problems which looks into 

effectively to split between classes known as SVM. SVM aims to maximize the margin 

around a hyperplane that separates a positive class from a negative class. Let us a training 

dataset with n samples ( x_1,y_1), ( x_2,y_2),...., ( x_n ,y_n),where a property vector x_i 

in n-dimensional property spaces and y_i∈ { −1, 1} with the labels corresponding to two 

separate linear classes C_1 and C_2. Share equations 5 and 6 with decent funds in 

optimal happiness plan to solve optimistic problems with maximum margin between two 

classes.                   

                            Maximize  ∑    
 
    

 

 
 ∑   

 
                                                (5) 

                               Subject − to:∑       
 
                                                                   (6) 
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Where,     the weight determined in the training sample is determined   .when    > 0, 

the     is a support vector. Parameter C of a regulation permit used to use trade-off 

training assurances and the model complexity has a higher general capacity .Here, K is a 

kernel function, which can measure the equality between two samples. 

 

 

Decision Tree Algorithm: 

The decision tree is a flowchart-like structure of the tree where the internal node 

represents the feature, the branch represents the decision rule, and each leaf node 

represents the result. The node at the top of the decision tree is called the root node. It 

learns to divide based on attribute values. This is called repetitive partitioning of the tree 

in a repetitive manner. Structures like this flowchart help you make decisions. It’s a scene 

like a flowchart diagram that easily copies human-level thoughts. That’s why it is easy to 

understand and explain. 

 

Figure 3.6: Flowchart diagram of Decision Tree 

We know about many types Machine Learning Algorithm. Decision Tree is one of them. 

Basically, it is a type of  Machine  Learning  algorithm known as white box. It shares the 

logic of internal decision making, which is not found in black box type algorithms like 
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neural networks. Its training time is faster than with neural network algorithms. Time 

complexity is depends on several numbers of thing for any function. For the decision tree, 

it goes to the same. It is a function of records number and attributes number in the given 

dataset. The decision tree is a method which is distribution free or non-parametric. It 

simply means it does not depend on any probability assumptions. Decision tree has the 

capability to handle a good accuracy rate of high dimensional data.  

The main concept of the decision tree algorithm is as follows: 

 Best attributes should get selected , Here Attribute Selection Measures (ASM)  

can be used to split the records. 

 Transform the attribute to a decision node which break the datasets into smaller 

sets(subset). 

 Tree building should be started building by recursively repeating this process for 

each child.  

 Same attribute value should own all the tuples 

 No attributes should remain. 

 No instances should remain. 

Figure 3.7: Decision Tree Generation 
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Linear Discriminant Analysis: 

Linear Differential Analysis (LDA) is a dimensional reduction strategy, which means that 

dimension reduction techniques reduce the number of dimensions in a datasheet while 

retaining as much information as possible. For an example, suppose we plot the 

relationship between two variables where each color represents a different class.       

 

Figure 3.8: Plot diagram of Linear Discriminant Analysis 

 

Logistic regression: 

A regression analysis is required when a dichotomous(binary) dependent variable is 

found. Logistic regression is the right analysis to perform. The logistic regression is 

predictable same as all other regression analyses. Mostly this function is called when a 

data needed to be described and explained relationship between one dependent binary 

variable and other independent variables(nominal, ordinal, interval or ratio-level). 

 

Random Forest algorithm:  

The random forest is an algorithm that is a supervised classification algorithm. The name 

itself tells its purpose which is to propagate a forest of data in some way randomly. 

Outcomes are directly dependent on the number of trees in the forest.  The result would 

be more accurate if there is  a larger number of trees. But there is one thing which should 
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be noted that forming a forest is not as same as comprising decision with gain index 

approach or information gain. 

We used Random Forest algorithm because of four advantages. One of the notable 

advantages are this algorithm can not only be applied for classification but also for 

regression tasks. Secondly, Major problem is overfitting which can make the results 

worse for a random forest algorithm, if enough trees in the forest, it will not be suitable 

compared to the classified model. Third is random forests classifiers are used to model 

the classified values . Forth is handle missing values.  The random forest algorithm has 

two levels, one is creation and the other is the prediction from random forest 

classification created in the first stage. The total process is given below, and for easy to 

understand here we used a figure . 

Pseudocode of Random Forest creation: 

 From total 'm' features, it randomly selects 'K' where (K <<m). 

 Calculating 'd' node using the best split point from the 'K' features. 

 Using the best split divide the nodes into leaf nodes. 

 Repeating to the step 'c' until 'I' number of nodes has been reached out. 

 Repeating the steps for 'n' number of times for creating 'n' number of trees. 
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Figure 3.9: Random Forest Simplified 

 

 

3.5 Implementation Requirements 

After Proposed Methodology, we created a list of developing tools we need for 

classification and identify of potatoes. The probable necessary things are:  

Developing Tools   

 

 python 3.7 

 Anaconda 

 Jupyter notebook 

 Pandas 

 Sklearn 
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CHAPTER 4 

EXPERIMENTAL RESULTS AND DISCUSSIONS 

 

4.1 Introduction:  

In the previous section we explain about the data collection method, data processing, 

proposed methodology, statistical analysis, and different implementation requirements for 

solving this type problem. In this section we will finally explain what we have found so 

far throughout our entire research period. We will try to describe our whole process here. 

 

4.2 Experimental Evaluation:  

We collected the data of 4 verities total 1200 potatoes image. We collected all of potato 

from local Market. First, we divided our data set with 4 class variables with different 

labeling. In feature extraction for preprocessing use sklearn library for Python and import 

LabelEncoder, MinMaxScaler. In this process, we wanted to identify the real image of 

potatoes. In this process, we wanted to identify each potato individually. Finally we 

applied machine learning algorithms as like Random Forest Classifier (RF),  Linear 

Discriminant Analysis (LDA), Logistic Regression,  Support Vector Machine (SVM), 

CART, NB and KNN on our datasets. After applying all algorithms each of them 

produced different results. Random Forest Classifier (RF) show best result and its 

accuracy rate 100% and SVM gives lowest rate. Its accuracy rate 74.074%.  
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Table 4.1: Summary of Accuracy from all using algorithm 

Using Algorithm Accuracy 

LR 99.35% 

LDA 99.35% 

KNN 98.33% 

CART 99.53% 

RF 100% 

NB 76.94% 

SVM 73.42% 

 

 

4.3 Descriptive Analysis: 

Basically we divided the whole process in 3 main parts: feature extraction, training our 

model and testing our model. The problem we mentioned can be solved in different ways. 

Notable among them are traditional machine learning, image processing, and deep 

learning. They all solve the problem separately. Individual algorithms are used in each 

case. We have chosen traditional machine learning for our work. We use Anaconda 

Python for our background support. Anaconda is a free and open-source distribution of 

Python. And it's an R programming language for scientific computing that is: data 

science, machine learning applications, large-scale data processing, predictive analytics, 

etc. whose goal is to facilitate package management and deployment. First step is feature 

extraction which is the part of data preprocessing. Here we use 1200 images which 

actually in different shape. We used 1,200 images in our work, each with different shapes 

and sizes. We took the pictures in different light conditions. For ease of work (350 * 450) 

resized the pixels and make sure all image are same size. We have fixed the path of our 
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data set. For preprocessing use most popular library (sklearn) for Python and import 

LabelEncoder, MinMaxScaler which work for labeling the different class and resize all of 

images. And import numpy, mahotas, cv2, os, h5py, re library. In processing there are: 

Hu Moments, Haralick Texture and Color Histogram. In Hu Moments with help of CV2 

library image converted BGR2GRAY scale. By using mahotas library so that compute 

the haralick texture feature vector. By using Color Histogram feature, its converted HSV 

color-space from original image. Hu Moments feature-descriptor BGR – GRAY image 

color converted. Haralick Texture feature-descriptor BGR – GRAY image color 

converted, 

 

 

(a)                                       (b)                                          (c)                                               (d) 

Figure 4.1: Gray scaling image (a) BARI Alu-14 (Cleoptra), (b) BARI Alu-18 (Baraka), (c) BARI Alu-28 

(Lady Rosetta), (d) BARI Alu-55 (Red Fantasy)  

 

After that we train labels with os library and sorting label with sort() function. We 

developed a functional structure with all sub-folders where loop over shape, color and 

others feature with training data. Then get the current training label using 

os.path.join(train_path, training_name) this function. In each sub-folder loop over the 

images with the help of CV2 library get the image file name and read the image first then 

with a fixed-size it resize.  

Get the overall feature vector size using this function format(np.array().shape and then 

encode the target labels after that save the feature vector using h5py library finally end of 

training data. Here show this result,  
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Figure 4.2: Status for training data  

 

Here can see that total train 1200 images, vector size (1200, 532) target labels are train 

with [0, 1, 2, 3] numbering.  

Second step is training our model. In time developed a model for cassifier with help of 

those algorithm: Logistic Regression, Decision Tree Classifier, Random Forest Classifier, 

K-Neighbors Classifier, Linear Discriminant Analysis, Gaussian NB, SVM find a result 

which one is best and how much our data accuracy rate. After complete verifying then 

split the training and testing data in individual part, 

 

Figure 4.3: Status for Split the training & testing data  

After splitting train and testing data we get all Algorithm performing result. Here we can 

see mean and standard deviation. And this means actually accuracy rate. This accuracy 

rate close to 1 gives best result. Here RF gives best result. Next we testing our data with 

RF model because RF gives best result.  
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Figure 4.4: Output result from all using algorithm 

After find Algorithm result now comparison experimental result for displaying with 

boxplot, violinplot and plot. 

 

Figure 4.5: Boxplot algorithm comparison 
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Figure 4.6: Violin plot algorithm comparison 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Comparison compare with plot displaying 
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Now third and final step is testing model. For test this model use 4 category different 

images and it can detect all of them properly. One of them is given bellow – 

 

Figure 4.8: Output prediction of input image 

4.4 Summary: 

Must have a proper idea of all meanings and individual performance on every model to 

improve the accuracy of the model. These parameters are to find the best value for each 

individual part. Here we used Different types of parameters we used here. They are such 

that number of trees, maximum feature, oob score, random state of the object and others. 

That's why In RandomForest inherent better and more accurate models because here 

optimization of all used parameter values and finally give a best result. By comparison 

with others RF shows best results and its accuracy rate is 100% and LR, LDA, KNN, 

CART those are very close to each other. SVM and NB are also closer to each other but 

they show the lowest accuracy rate. They show 77% and 74% respectfully. 
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CHAPTER 5 

CONCLUSION AND IMPLICATION FOR FUTURE RESEARCH 

 

5.1 Conclusion: 

In order to make proper potato classification and identification, external properties of 

potatoes are very important attributes like color, shape, size, texture and defects. Now-a-

days machine vision has become so advanced and its very much available with low cost 

of hardware and software which is why in many cases potato classification and 

identification is replaced with automated vision systems. Another reasons behind this 

initiative is it has the ability to produce more accurate, rapid, fast, objective and efficient 

results over manual process.  

The entire paper schemes the basic process genre of potato classification and 

identification. With Hu Moments, Color Histogram and Haralick's texture features, 

feature extraction methods for color, shape, size and texture are shortly explained. 

Finally, some machine learning approaches are briefly discussed like Linear Discriminant 

Analysis (LDA), Support Vector Machine (SVM), Logistic Regression, CART, Random 

Forest Classifier (RF), NB and K-NN. Although still there are some challenges that 

needed to be overcome, but someday machine vision will certainly become a technique 

for non-destructive potato classification and identification in the future.  

 

5.2 Implication for Further Study: 

After achieving experiences from this project, we want to work on  image classification 

for different fruits and vegetables in the future. We will figure fruits and vegetables 

grading and then prepare algorithm and machine vision. It is a kind of a process that can 

also be used for classifying and identifying plants, leaves or flowers.  A system can be 

developed for identifying plants, leaves or flowers and give all the information regarding 
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them. Also, we can work on some other features for identification and classification like a 

system which can identify different types of defects or disease or texture structure of 

fruits and vegetable. Each of them can be used for future opportunities in different 

directions. For example, an individual can work on these ideas and prepare prototype 

model based on his vision which can be used in industries. Or he might develop mobile 

applications for the same cause based on above techniques. It will be easier for the 

agriculturist or common people for easily operate it for different purposes like 

horticultural products identification, classification and grading. 
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APPENDIX 

 

Appendix: Research Reflections 

We didn't have much knowledge about application of machine learning in classification 

and identification before we started. Our very kind and helpful supervisor helped us 

choose our research topic and gave the complete guideline needed to get our research 

done. We took a long time to learn, practice and get ready for work. In the first case we 

worked on a small number of dataset to check if the model works properly. When we saw 

that the model was working properly, then we applied it to the whole dataset to see our 

expected outcomes. Throughout this whole journey we have learned a lot and developed 

some new ideas to do something in our future works. 

 

One thing from our first research we are learning that once you have the whole picture of 

your work in your head and you already know how to do it, it won't take long to finish. 
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