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Abstract — Fruit quality, including color, texture, size, and defects, signi􀅫icantly in􀅫luences their market value and

customer preference. Conventional manual fruit quality assessmentmethods are both time-consuming and labor-

intensive. Image processing methods, particularly convolutional neural networks (CNNs), have proven to be ef-

􀅫icient in automating fruit quality recognition to address this issue. This study compares various CNN models'

accuracy in classifying images of fresh and rotten apples, bananas, and oranges. We assessed three pre-trained

CNN models—MobileNet V2, ResNet50, and VGG19—alongside the K-Nearest Neighbors (KNN) algorithm. The

􀅫indings suggest that VGG19 achieved the highest accuracy at 99.56%, followed by MobileNet V2 at 98.37%, and

ResNet50 at 94.21%. The accuracy of the KNN algorithm, however, was notably lower at 68.18%. This study sheds

light on the effectiveness of different CNNmodels for assessing fruit quality and offers direction for future research

in fruit image classi􀅫ication.

© 2023 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Each country's horticultural industry is signi􀅫icant to its 􀅫i-

nancial development. Pakistan is one of theworld's top pro-

ducers of a wide range of agricultural goods, according to

the Food and Agriculture Organization (FAO). For a num-

ber of important products, including wheat, cotton, sugar-

cane, mangoes, dates, and oranges, the nation is among the

top ten producers in the world. Remarkably, rice, a funda-

mental food crop essential to both local and international

trade, is produced in Pakistan in the tenth-largest amount

[1]. By the end of 2023, Pakistan's agriculture sector is ex-

pected to contribute signi􀅫icantly to the country's economy.

More speci􀅫ically, it is anticipated that agriculture will con-

tribute roughly 9,143,105 million Pakistani Rupees (PKR)

to theGDP.Macroeconomicmodels andprofessional assess-

ments from Trading Economics and other economic fore-

casting organizations serve as the foundation for this pre-

diction. [2]The sectorhas a vital part inPakistan's economy,

as seen by its expansion, which also shows how important

it is to the livelihoods of millions of Pakistanis.

Farming comprises the biggest area of our economy. Larger

part of the populace, straightforwardly or by implication,

subject to this area. Our brains are generally able to ana-

lyze our vision. It requires little effort on the part of our

brain to understand and read a sign, distinguish between a

tiger and a leopard, or identify people by their faces. Ev-

erything here is too basic for people. However, for comput-

ers, these are the real challenges to overcome. Systems that

graspwhatweare looking at andwhat actionsweneed todo

may nowbe developed. thanks to advancements that image

processing algorithms can analyze images. Fruit grading is

an essential part in the agriculture sector due to the mar-
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ket's signi􀅫icant demandsworth after being inspected, eval-

uated, and sorted. Fruits are gradedand sortedbyhanddur-

ing the process of fruit grading. Fruitsmaybe sorted by size,

shape, and quality using machinery when they are being

graded. Fruits graded by human eye can sometimes cause

errors in grading qualitywhileworkingwith a large amount

of fruits. Fruit quality grading by image processing may of-

fer signi􀅫icant advantages and versatility. Fruits' image pro-

cessing reduces inaccuracywhile simultaneously advancing

processing time. Fruits are in high demand in both domes-

tic and international markets. The fruits must be handled

carefully during grading since they are quite sensitive. The

image processing methodology is fast, dependable, and ob-

jective for fruit inspection, and the industry has embraced

it. Fruit grading has relied more and more on cutting-edge

image processing techniques in recent years to increase ef-

􀅫iciency and accuracy. The shortcomings and inef􀅫iciencies

of manual grading led to this technological change. In the

past, human inspectors evaluated each fruit piece for a vari-

ety of quality factors, such as size, color, and the existence of

􀅫laws or illnesses. But in addition to being labor-intensive,

this manual procedure is also prone to human error and in-

consistency. Sophisticated algorithms and high-resolution

cameras are used in modern image processing systems to

assess fruits more accurately. These systems take close-up

pictures of every fruit and then classify and identify 􀅫laws

like blemishes, malformations, and bruises. They also eval-

uate the extent of any potential ailments, such as rot or fun-

gal infections. When compared to human inspection, our

automated gradingprocedure guarantees amore consistent

and impartial evaluation. So many fruit grading systems

have been created using image processing methods with

deep learning models or machine learning algorithms. The

fundamental steps of the fruit grading based on image pro-

cessing are mage acquisition, image segmentation, feature

extraction, Comparison anddecision-making based ondata.

This study compares some effective image processing algo-

rithms and CNNmodels for grading fruits in order to assess

their comparative effectiveness.

II. FRUIT GRADING PROCESS THROUGH IMAGE

CLASSIFICATION

A number of crucial steps are involved in the image

processing-based fruit grading process, all of which con-

tribute to the precise and effective assessment of fruit qual-

ity. First, high-resolution photographs of the fruits are

taken using specialized cameras or imaging systems dur-

ing the image acquisition and pre-processing stage. The

pre-processing stage then improves the photos by utiliz-

ing methods such histogram equalization and 􀅫iltering to

increase contrast and clarity, as well as modifying lighting,

color correction, and noise reduction.

The next step is feature extraction, which involves quantify-

ing particular fruit features. Measuring characteristics in-

cluding size, shape, color, texture, and the existence of 􀅫laws

or illnesses is part of this. Measurable data is created from

the visual information, which is essential for additional

analysis. For instance, color analysis evaluates ripeness and

maturity, whereas texture analysis assists in locating sur-

face 􀅫laws.

Following their extraction, the features are compared to

predetermined standards or reference datasets using data-

based contrast analysis. This study aids in the differentia-

tion of various quality grades, such as grade A or premium,

according to the kind and degree of 􀅫laws or illnesses found.

A. Image Acquisition and Preprocesssing

Images of fruits can be obtained from primary sources such

as to capture them with a camera or secondary sources

can be used such as acquiring data from already developed

datasets from different sources. To adjust the brightness

value in an output image, preprocessing techniques employ

a method known as 􀅫iltration, which involves examining a

small, localized area surrounding each pixel in the input im-

age. This approach allows for precise modi􀅫ications to the

image based on its immediate context. Local preprocess-

ing approaches are often classi􀅫ied into two primary kinds,

depending on their intended function. The 􀅫irst type fo-

cuses on smoothing out image noise and slight differences.

This method can assist in producing a result that is cleaner

andmore visually consistent byminimizing high-frequency

events in the image. Randomnoise andminor irregularities

are lessened by this approach, which averages the pixel val-

ues within the surrounding area. But this smoothing pro-

cess comes with a cost. It may aid in the suppression of

noise and small changes, but it may also result in the im-

age losing some crucial features. Edges and limits, which

are essential for identifying minute details and preserving

the image's overall clarity, may become blurry as a result

of the smoothing effect. As a result, even though the image

looks cleaner, important details could become less distinct

or even invisible. The foundation of gradient operators is

a local component of the input image. In areas of the im-

age where the picture function varies quickly, derivatives

are bigger. Such areas in the image are what the gradient

operators are intended to show. In the frequency domain,

gradient operators reduce low frequencies
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B. Image Segmentation

Image segmentation is essential for effectively categoriz-

ing and sorting fruit according to its visual qualities in fruit

grading. Using this technique, digital photographs of fruit

are divided into discrete segments or regions that corre-

late to various characteristics like color, size, and surface

􀅫laws. In this case, the main objective of image segmenta-

tion is to streamline the picture representation in order to

facilitate the analysis and assessment of the fruit's quality.

Fruit grading techniques include thresholding, which uses

color intensity to help distinguish ripe from unripe fruits;

edge detection, which uses the fruit's contours to measure

size and shape; and region-based techniques, which divide

the fruit's surface into sections to look for 􀅫laws like bruises

or blemishes. Utilizing image segmentation techniques in

fruit grading improves sorting fruit for commercial sale's

accuracy and ef􀅫iciencywhile guaranteeing that buyers only

purchase high-quality food. Notwithstanding its bene􀅫its,

the method is not without problems. For example, differ-

ent lighting conditions and fruit looks can have an impact

on the accuracy of segmentation. Metrics like accuracy, pre-

cision, and recall are used to assess performance in order

to make sure that the grading system can consistently dis-

criminate between fruit varieties with varying quality lev-

els [3]. Methods for segmenting images are grouped ac-

cording to two characteristics: discontinuity and resem-

blance. One of the most important steps in fruit grading is

image segmentation, which is separating individual fruits

using their visual attributes from both their backdrop and

from one other. The goal of boundary-based segmenta-

tion techniques is to locate and examine image discontinu-

ities. By identifying edges or borders where color or tex-

ture abruptly changes, this technique enables the system to

accurately de􀅫ine each fruit's features. For instance, it can

tell an apple's smooth surface apart from the surrounding

area or tell fruits apart if they are grouped together. On the

other hand, region-based techniques depend on how com-

parable the pixel values are within speci􀅫ic regions of the

picture. These methods assist identify and classify various

fruits based on shared properties by grouping pixels with

comparable characteristics, such color or texture. A region-

based method, for example, might identify all pixels falling

inside a speci􀅫ic color range as either suggestive of a speci􀅫ic

ripeness level or as belonging to a speci􀅫ic fruit kind.

C. Feature Extraction

A simple formof image processing is feature extraction. The

important part is the feature of an image. The word fea-

ture is frequently used in pattern recognition to refer to the

particular descriptors that identify and distinguish differ-

ent objects within a picture. The process of extracting vi-

sual characteristics that de􀅫ine the fruits comes after an im-

age has been segmented, which separates the areas of in-

terest. This entails recognizing and evaluating characteris-

tics like size, texture, color, and shape. To distinguish dif-

ferent fruit varieties and their maturity levels, for exam-

ple, color feature extraction entails evaluating the dominant

hues and color distribution among the divided fruit sec-

tions. Fruit dimensions are measured by size feature ex-

traction, which provides crucial information for size-based

sorting and classi􀅫ication. Shape feature extraction looks

at the fruits' geometric characteristics and curves to iden-

tify 􀅫laws and differentiate between types. To improve ob-

ject recognition and classi􀅫ication accuracy, a range of visual

descriptors and local feature detectors are also used. To-

gether, these techniques allow for an accurate and thorough

description of every fruit, which makes sorting and grading

proceduresmore ef􀅫icient. Themost visually compelling as-

pect of any image is its colour, which is crucial for classi􀅫i-

cation, grading, and differentiating faulty from healthy pro-

duce. The majority of the systems in use today determine

a fruit's maturity by contrasting its colour with a set of es-

tablished reference colours. Methods for extracting colour

features are frequently utilised in agricultural applications,

particularly in the grading and classi􀅫ication of fruits. Date

fruit maturity and quality are assessed using back projec-

tion and 2D colour histograms to determine co-occurrence

frequency in [4]. For fruit disease detection and fruit grad-

ing, a review of several segmentation approaches, colour

models, and feature extraction strategies are included in [5].

Mango fruit sorting done in [6] Classifying fruits based on

color and texture features within a class is done in [7] ANN

achieving 83-98% accuracy in presents a method of recog-

nizing fruit using color and texture features.

D. Data Based Contrast, And Decisive Procedures

The prede􀅫ined classi􀅫ication and sorting criteria are com-

pared with the features that were collected from the im-

age. Based on the features identi􀅫ied, comparison is per-

formed. The fruits are classi􀅫ied and graded. Machine learn-

ing algorithms can be used to compare information and

make decisions based on that information. Some of the ma-

chine learning algorithms and CNN models are K-nearest

neighbor (KNN), VGG-19,Resnet 50,MobilenetV2. Some al-

gorithms are explained below inmethod section. Classi􀅫ica-

tion and grading procedure ends with this stage. Therefore,

the fruit classi􀅫ication and grading procedure includes all of

the steps listed above.
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III. LITERATURE REVIEW

One of the most essential and important processes that

follows harvesting is the sorting of agricultural products

according to the product quality. This practice makes it

easier for customers to judge a product's quality and pro-

motes a more coordinated supply and distribution of agri-

cultural goods. Quality control in the food industrywas pre-

viously handled by professionals. It is obvious that tradi-

tional methods perform poorly and are expensive and inef-

fectivewhen trying tomeet rising customer demands. Mod-

ern technology like image processing has advanced signi􀅫i-

cantly, both theoretically as well as practically. These tech-

niques have recently bene􀅫ited the food business, and their

application has allowed for successful inspection of food

goods. Sorting is the process of grouping items into uniform

and standardized classes. This procedure is one of themost

signi􀅫icant uses of an image processing approach that sep-

arates items or products on their apparent physical charac-

teristics. [8] Quality control by customers highly depends

on the shape of a fruit.

Several studies have been conducted in the area of cate-

gorizing and sorting goods like kiwi fruit [9], strawberry

[10], pear [11], tomato [12], apple [13] using image pro-

cessing technique. Fruit image processing has been used

extensively to identify 􀅫laws in fruit's size, shape, and ap-

pearance. Based on the shape of their external deformi-

ties, Riquelme, Barreiro, Ruiz-Altisent, and Valero organ-

ised olive fruits according to their defects. The fruits were

initially categorized by experts into seven groups, and then

those groupings were further subdivided into groups ac-

cording to features including color and the shape of any out-

ward anomalies. Liming and Yanchao [14] created a sys-

tem that sorts strawberries using images. The system rec-

ognized the physical attributes of strawberries by using the

imaging features. According to their study, the sorting pre-

cision was 90% for shape features and 88.8% for colour

features. Mousavi Balestani [15] utilized image analysis,

cherry fruits were distinguished and classi􀅫ied according to

fruit size, maturity, and defects. Their results showed that

sorting by size, ripeness, and 􀅫laws could be donewith 96%,

92%, and 90% accuracy rates, respectively. Kheiralipour

and Pormah [16] used arti􀅫icial neural networks and image

processing to sort cucumber fruits, and it was shown that

neural networks had the best sorting model with an accu-

racy of 97.1%.

Literature review on the subject shows that there is a need

to identify the comparartive study abour the accuracy re-

sults betweendifferent image processing techniques so that

most effective technique can be identi􀅫ied.

IV. RESEARCHMETHODOLOGY

Convolutional neural networks, or CNNs, have emerged as

the state-of-the-art technique for classifying images in re-

cent years. Arti􀅫icial neural networks, or CNNs, are used to

process and analyze data, particularly imagine data. In this

paper, wewill be using a quantitativemethodology to check

the accuracy rate of some CNN models for image process-

ing. We will be testing the models on a dataset of fruit im-

ages and measuring the percentage of images that are cor-

rectly classi􀅫ied by each model. Based on the results, we

will discuss the implications of using CNNs for image pro-

cessing and classi􀅫ication. In the 􀅫ields of computer vision

andmachine learning, fruit image categorization is a highly

contentious and signi􀅫icant research area. In this paper, It

is aimed to identify the high accuracy providing machine

learning algorithm or cnn model for image classi􀅫ication of

fruits. This argument is supported by conducting a review

of the literature and by discussing the results of various

studies. It will also be discussed that the possible results of

some of the known cnnmodels used for image classi􀅫ication

on the dataset of fruits.

I have tested the accuracies of three CNN pre-trained mod-

els for fruit quality grading for 3 different fruit; apple, ba-

nana, orange on their different states; rotten and fresh.

Along with that I also tested accuracy for quality grading of

these fruits on a machine learning algorithm KNN as well.

The test accuracy results are given below.

Fig. 1. KNN results

Fig. 2. MobileNetV2 results
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Fig. 3. ResNet50 results

Fig. 4. VGG-19 results

TABLE 1

OVERALL COMPARISON OF ACCURACIES

Model name Test accuracy

knn 68.18%

Mobilenet v2 pretrained model 98.37%

Resnet50 pretrained model 94.21%

VGG 19 pretrained model 99.56%

V. CONCLUSION

Fruits' external features such as color, size, shape and tex-

ture are essential for classi􀅫ication and grading. Advances

in image processing technology and low-cost hardware and

software havemade automated image processing systems a

great alternative to manual fruit classi􀅫ication and grading.

Automated systems offer accurate, rapid, objective, and ef-

􀅫icient results - making them a better choice for most tasks.

This paper examines the steps involved in fruit classi􀅫ica-

tion and grading. Some pre trained CNN models and a ma-

chine learning approach like MobileNetV2, ResNet50, VGG

19, KNN has also been tested for fruit classi􀅫ication. De-

spite some challenges, image processing is set to revolu-

tionize thewaywe safely test and analyze fruit classi􀅫ication

and grading. In the future, image classi􀅫ication can be done

on classifying and grading more fruits and vegetables. As

image processing technique is revolutionizing day by day

these techniques can also be used for identifying 􀅫lowers,

leaves and if a proper system is designed and adopts the im-

age processing through machine learning or CNN models it

can also be used for classifying plants through disease de-

tection. For future work one can work on these techniques

and develop a mobile application to help farmers and gen-

eral public for identifying, categorizing and simply grading

of fruits and vegetables.
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