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ABSTRACT

Seedless raisins are graded according to their quality which is determined based on several
features such as color, size, texture, and humidity. Currently, most of the raisin grading
process is performed by human experts manually, which is laborious and subjective work.
Therefore, an automated system that enables objective evaluation of the raisins would be
helpful for both producers and experts during this process. In this study, we propose a
simple machinery prototype that takes images of raisins under standard background and
illumination conditions and an automated system that performs quality grading of raisins
using convolutional neural networks. The proposed model not only targets color classes but
also aims to identify foreign matters and defected raisins. The model achieves about 88.2%
average classification accuracy on five classes including four color classes and a defected
raisin class; whereas the model's accuracy becomes 98.6% if defected raisins are excluded.
Hence, the proposed model is very successful in differentiating color classes and has also
considerable success in detecting foreign matters and defected raisins. We provide a
comprehensive analysis and discussion on these results.

e-ksper: Cekirdeksiz Kuru Uziim Kalite
Degerlendirmesi i¢in Evrisimsel Sinir Aglari

Temelli Sistem

0Z

Cekirdeksiz kuru liziimler, renk, boyut, doku ve nem gibi cesitli 6zelliklere gore belirlenen
kaliteler dogrultusunda degerlendirilir. Mevcut sartlarda kuru iiziim smiflandirma
isleminin ¢ogu insan uzmanlar tarafindan manuel olarak gerceklestirilmektedir. Bu islemin
manuel olarak yapilmasi insan giicli agisindan zahmetli olmakla birlikte 6znel sonuglar
ortaya ¢ikarmaktadir. Bu nedenle, kuru tiziimlerin objektif bir sekilde degerlendirilmesini
saglayan otomatik bir sistem, bu siirecte hem kuru {iziim treticilerine hem de uzmanlara
yardimci olacaktir. Bu ¢alismada, standart arka plan ve aydinlatma kosullar1 altinda kuru
uziimlerin goriintiilerini alan basit bir makine prototipi ve evrisimsel sinir aglari kullanarak
kuru iiziimlerin kalite derecelendirmesini yapan otomatik bir sistem éneriyoruz. Onerilen
model sadece renk siniflarini degil, ayni zamanda yabanci maddeleri ve kusurlu
cekirdekleri de tespit etmeyi amaglamaktadir. Model, dort renk sinifi ve bir kusurlu
cekirdek simifi dahil olmak f{izere bes sinif lizerinde ortalama %88,2 siniflandirma
dogrulugu elde ederken, kusurlu ¢ekirdekler hari¢ tutuldugunda modelin dogrulugu %98,6
olmaktadir. Dolayisiyla, onerilen model renk smiflarini ayirt etmede ¢ok basarihdir ve
ayrica yabanci maddeleri ve kusurlu kuru tiziimleri tespit etmede de dnemli bir basariya
sahiptir. Bu calismada elde edilen sonuglar ilizerine kapsamli bir analiz ve tartisma
sunuyoruz.
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1. Introduction

In today's world, applying technological tools and techniques in agriculture has become vital to survive
in the competitive world market and ensure sustainable agriculture. The continuous increase in
population and prosperity comes with a food demand that agricultural production is struggling to meet.
Although agricultural mechanization has come close to meeting this demand in the past centuries,
artificial intelligence (AI) applications can produce sustainable solutions to the ever-increasing
demand for food [1]. The progress in the field of internet-of-things and machine learning (ML) has
enabled many applications of smart systems in food and agriculture sectors. Recently, Al started to
reform the processes in the agricultural sector as well as other sectors. The use of Al can be seen
throughout the food supply chain, starting from crop planting scheduling [2], irrigation management
[3], pest monitoring [4], autonomous harvesting [5] to product quality evaluation [6] and food logistics

[7].

Seedless raisin is one of the main agricultural products in the world and the main exporters are Turkey,
USA, China, India, and Iran. It is one of the major agricultural products in Turkey, especially for the
Aegean Region. Turkey, which realizes 27% of seedless raisins in the world, is the biggest seedless
raisin producer and exporter (32%) in the world [8]. The price of a bulk of raisins is determined based
on its quality grade which depends on factors such as color, texture, size, and humidity. Currently, most
raisin grading is done manually by human experts under daylight, which is a labor-intensive, subjective
and error-prone process due to varying light conditions and the human factor in general. Thus, an Al-
powered automated system that enables objective evaluation of the raisins would be helpful for both
producers and experts during this process. Such a system would pave the way for the validation of the
process in terms of ethical concerns such as fairness, transparency, and explainability.

The main objective of this study is to develop an automated process for classifying seedless raisins
according to their quality. Within the scope of this work, we only consider image-based features like
color, size, and texture by omitting humidity and mass. In this work, we propose a hardware prototype
and a software methodology for classifying raisins into one of four color classes or defected raisins. The
current system targets Turkish standards for raisin grading; though, it is possible to adapt and calibrate
the system for other countries' standards.

The hardware component is constructed for taking photos of raisins under standard illumination
conditions since color is the main factor in determining the quality and it is highly affected by
illumination. Yet, the hardware is designed to be used for materials other than raisins. For the software
part, we employ convolutional neural networks (CNN) as one of the state-of-the-art machine vision
techniques to obtain a mapping between the input raisin images and expert labels. We named our
automatic raisin grading system as "e-ksper".

The rest of the paper is organized as follows: Section 2 reviews the literature in the field of food and
raisin grading. Section 3 includes the details about our data, hardware prototype, and software
methodology. Quantitative and qualitative results are elaborated in Section 4; and Section 5 wraps up
the study.

2. Related Work

In the literature, computer vision techniques are widely employed for quality inspection of agricultural
products such as fruits and grains. Some examples include grain classification [9, 10], quality
assessment of cocoons [11], and fruit maturity grading [12]. Surveys on the application of computer
vision techniques for agricultural product grading and characterization can also be found [13, 14, 15,
16].

Although there are a number of studies on raisin or grape variety classification using machine vision
and deep learning methods [17, 18, 19], in different wavelengths [20], these studies do not take raisin
quality into account. The studies on raisin quality grading can be analyzed based on their
methodologies, extracted features, or classes. Omid et al. [21] proposed a simple algorithm to identify
good and bad raisins on a given image, by analyzing their color and size features. Wang et al. [22]
proposed a machine vision system based on hybrid image features of color, texture, and morphological
properties to classify raisins into four varieties produced in China. They compared several classifiers
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including partial least squares (PLS), linear discriminant analysis (LDA), soft independent modeling of
class analogy (SIMCA), and least squares support vector machine (LS-SVM) with linear and radial basis
function (RBF) kernels. They achieved up to 99% accuracy using LDA. Yu et al. [23] combined HSI color
space and texture features and utilized LS-SVM classifier. They showed that integrating texture features
to the system improves the classification accuracy when compared to using color features solely. Pawar
and Sarkar [24] proposed a fuzzy classification system using hue, saturation, and intensity features.
The main difference of their study from the others is that the classification is done based on the whole
image, instead of dealing with individual raisins.

Li and Liu [25] proposed an artificial neural network (ANN) architecture to classify raisins into three
grading classes, based on color and size features. Another grading algorithm that uses ANN was
developed by Angadi and Hiregoudar [26] and employs color and size features such as RGB mean, RGB
variance, RGB moment, area, aspect ratio, etc. They achieved about 95% average classification accuracy
on seven industrial classes. Mollazade et al. [27] compared the performance of several data mining
classifiers such as ANN, SVM, Bayesian networks, and decision trees (DT) on raisin classification. They
obtained up to 96% classification accuracy using ANN. Karimi et al. [28] used a Principle Components
Analysis (PCA)-reduced subset of texture features such as gray-level co-occurrence matrix (GLCM),
gray-level run-length matrix (GLRM), and local binary patterns (LBP); and then compared the
performance of ANN and SVM classifiers. Their purpose is to classify mixtures of raisins based on 10
mixture percent. They achieved about 93% classification accuracy with SVM. Similarly, a machine
vision system for classifying bulk raisins was developed using several texture features including GLCM,
GLRM, and LBP [29]. They compared the performance of SVM and LDA classifiers and obtained about
86% and 70% classification accuracy for six classes and fifteen classes of good and bad raisin,
respectively. Zhao et al. [30] trained a neural network by extracting waveform resolution features on
hyperspectral images of raisin samples, to classify raisins into eight categories produced in China
region and obtained about 93% classification accuracy.

Several machines were also developed for automatically sorting raisins using conveyor belts. Shinde
and Patil [31] used average color values to classify and sort raisins into four categories; namely green,
golden, brown, and black. Abbasgholipour et al. [32] developed a machine vision system to segment
image pixels into desired and undesired raisin regions under varying luminance conditions, using
genetic algorithm on HSI color space.

As the literature review indicates, the studies on automatic raisin grading are very limited. Most of
them classify raisins into just two categories as good and bad. The rest are generally proposed for
region-specific grading criteria. The standards used in Turkey differ from those criteria. For example,
possible defects on raisins have a significant effect on the Turkish standard for grading raisins.
Detecting foreign matters and defections is a challenging task compared to just color classification.
Furthermore, most of the proposed methods require a hand-crafted feature extraction process, which
is labour-intensive. Instead, the application of modern machine vision techniques such as CNN would
remove the necessity for manual feature extraction and explore descriptive features and their
hierarchical and non-linear interactions automatically.

3. Materials and Methods

In this section, we explain the hardware/software methods and algorithms that are employed in the
study. We have developed a simple hardware prototype that takes images of raisin samples under
standard illumination conditions. These images are then fed into a CNN model to be classified according
to their quality. The details are explained in the subsequent sections.

3.1. Data

In the development process, Sultana-1 seedless raisins were used. The origin of this variety is Asia
Minor and commercially it is very popular around the world and commonly cultivated in the Aegean
Region of Turkey. Raisin samples were classified and labeled by experts into five classes according to
the Seedless Raisin Quality Grading Standard of Turkish Standards Institute [33]. These classes are
shown in Figure 1 and shortly explained below.

e (lass1: raisins of light yellow or similar color.
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e (lass2: raisins of light brown or similar color. Raisins of light yellow-light brown mottled color
are also included in this class.

e (lass3: raisins of dark brown or similar color. Raisins of dark brown-black mottled color are
also included in this class.

e (lass4: raisins of black color.

e (lass5: Defected raisins and foreign matters:

o Capstems: The small stems that attach the raisins to the branches of the bunch.

o Immature raisin: Raisins with a very small mass, with no sugared tissue indicating
that growing is incomplete, completely wrinkled, with almost no flesh, hard structure,
and raisins of less than 5 mm diameter.

o Moldy raisin: Raisins with visible mold filaments.

o Defected raisin: Raisins with significant defects in appearance, consumption, quality,
transport, and storage due to visible sunburn, mechanical injury, insect defeat, and so
on.

o Sugared raisin: Raisins with sugar crystals inside and outside, which affect the
appearance.

o Conjoint raisin: Raisins stuck together, usually due to exocarp injury.

o Foreign matters: Any other material than raisins.

A B C

D

Figure 1. Samples for four color classes and the class of defected raisins and foreign matters. A) Class1, B) Class2, C) Class3, D)
Class4, E) Class5: Defected raisins and foreign matters.

In this study, our main aim is to cover five classes including defected raisins. However, we also compare
the prediction performance when only four color classes are targeted. For five classes, a total of 1751
sample raisin images were captured and labeled by experts. There are 409 Class1, 300 Class2, 314
Class3, 410 Class4 and 318 Class5 raisin images in the dataset. For four classes, defected raisin class is
excluded and 1433 raisin images were used. The datasets were divided into three sets: Training (70%),
validation (15%), and testing sets (15%). All images were resized to 64 x 64 pixels and online data
augmentation techniques were used to mitigate overfitting by randomly rotating and flipping the raisin
images. Unlike offline data augmentation, which generates images once before training, online data
augmentation generates images randomly for each batch based on the predefined augmentation rules
during the training.

In Figure 2, the distribution of class samples in RGB and HSV color spaces are plotted. Each datapoint
in the figure represents the average color for a raisin image in a color space. The plots show that the
classes are not trivially separable in both spaces. Instances of Class5 (purple) are spread over the whole
samples and they are especially intertwined with Class3 and Class4 instances. Thus, it is not
straightforward to classify the samples using just a rule-based system.
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Figure 2. Distribution of the samples in RGB space (left), in HSV space (right).
3.2. Hardware

Since raisin quality is mainly determined by the color which is highly affected by illumination
conditions; we have developed a machine prototype (Figure 3) which takes images of raisin samples
under standard illumination conditions. A white fiberglass tray is used as a background. The tray is
illuminated with two LED panels. The color temperature of those panels was selected as 3000K. The
panels were placed at a 45° angle with the tray to reduce the shadows. To capture the RGB images of
the raisins, a Raspberry Pi Camera Rev 1.3 which is placed 28 cm above the tray was employed. The
resolution of the captured images was 1920x1200 pixels.

Figure 3. The hardware in which the photos of raisin samples to be evaluated are taken and processed.

Raisins were manually placed on the tray, and then each of tem was separated from each other; similar
to the process during human expert evaluation. Defected raisin clusters such as twin raisins were not
separated because those raisins are defined as defected in the standards. After distributing the raisins,
images were captured by the integrated Raspberry Pi camera.
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Due to its small size, Raspberry Pi 3 Model B is used as a micro-computer. It has a quad-core 64-bit
ARM Cortex-A53 (1.2 GHz) processor and a dual-core Videocore IV (400Mhz) multimedia processor.
Its 1 GB of LPDDR2 memory is sufficient for image processing. This micro-computer was not used for
the training of the CNN model, it is just used for test queries. Raspberry Pi compatible LCD touch screen,
which is 5-inch in size and 800x480 resolution, is used to facilitate the image acquisition process and
display the results.

3.3. Methodology

The raisin quality classification process is illustrated in Figure 4. All the raisins are annotated by human
experts according to their quality class and their images are taken. After capturing the images of
randomly distributed raisins on the tray, images of individual raisins are obtained through several
preprocessing steps. The constructed dataset is randomly split into train, test, and validation sets. A
CNN model is trained to produce predictions of quality classes based on color and texture properties.
Lastly, the size analysis of the raisins is performed and the user is presented with a report on the quality
of the sample being tested.

Labeled Unprocessed

.Classl Ve geo® 3 04
Classd‘ "‘ ) "'/ . 4
.Class3 —>|eseydod t"A" —>

[ 909 ®o0
Defected‘ ""‘. .‘.::

Preprocessed Cropped Data Aug.
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L Y
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Report Size analysis Prediction CNN model
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Figure 4. Raisin quality classification process.
3.3.1. Preprocessing

After capturing RGB images of raisins as described above, the images go through several preprocessing
stages before the CNN model. The main objective of the preprocessing is to crop the individual raisin
images from the overall picture. The preprocessing stages operate on the greyscale version of the input
image.

Although we take the images in a box under standard lighting, they are still exposed to some noise. We
first remove this noise by applying a 5x5 median filter. Afterwards, to segment the image into
background (tray) and foreground (raisin) pixels, we apply Otsu's thresholding algorithm [34]. As in
other thresholding methods, the image pixels with intensity values lower than a threshold value are
labeled as foreground. Otsu determines the optimum threshold value which separates two classes so
that their inter-class variance is maximal, using the histogram of the image. Thresholding segments the
image into two classes but the result may contain some gaps or surplus pixels. Therefore, the exact
boundaries of the raisins are extracted by morphological operations using erosion and dilation. Then
the foreground images were cropped from the overall image and resized to 64x64 pixels.

3.3.2. Classification

Although the characteristics of the quality classes are outlined in the standard, the expressions used
such as "light yellow", "similar"”, etc. are vague expressions. The fact that the color and size ranges are
not clearly defined makes it difficult to use a rule-based approach. In addition, there is no clear
definition of defected raisins and foreign matters. In this case, the best way is to learn the quality classes
from the data labeled by experts. Therefore, at this stage, modern machine learning techniques have

been utilized.
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Convolutional neural networks, a class of deep learning methods, have been developed with inspiration
from the interconnection of neurons in the visual cortex. One of the most important advantages of the
CNN model is that it creates spatial and hierarchical relationships in the image through hierarchical
filters without the need for manual feature extraction. Today, this method, which has become the basis
of computer vision, gives very successful results in fields such as image/video classification and object
recognition [35].

In our study, cropped raisin images feed a CNN model. The input to the model is the cropped RGB image
in the shape of 64x64x3 and the output is the class label to which the corresponding image belongs
with the highest probability. Since our problem is not as complex as standard image categorization
problems, we have not used a standard CNN architecture such as AlexNet [36] or GoogLeNet [37] pre-
trained on the ImageNet dataset [38]. Instead, we have constructed the simple CNN architecture shown
in Figure 5 and trained it from scratch.

Input layer Convolutional Convolutional Fully connected Output
layer 1 layer 2 layer layer

MaxPooling [(}.___ O

,,,/ 64 77 64 - "O

3 h

_____ 3@. <10

64 L 64 O

128 128 5

Figure 5. The CNN architecture developed for raisin quality classification.

There are six layers in this CNN model. The first layer is the input layer including the raisin images.
After that, there are two convolutional layers, both of which apply 128 filters on the given image. The
properties obtained with these layers are condensed with the MaxPooling layer and transmitted to a
fully connected layer of 256 artificial neurons. The last layer is the output layer which predicts the class
of the raisin. The application was implemented using Python. OpenCV libraries were used for the
preprocessing steps and Keras was used for the development of the CNN model.

3.3.3. Reporting Application

Our hardware prototype and software methodology were designed to be flexible enough to be used
even for the classification of objects other than raisins. However, our primary concern in this study is
to grade seedless raisins according to the Turkish grading standards. Therefore, we demonstrate the
sample application of our system in this section. Please note that all the parameters and thresholds
used here can be calibrated for different grading standards and preferences of different corporations.

According to the Turkish standards, the proportion of each color class must be in a certain range and
based on these proportions, the type of the raisin sample is determined as one of Type 7 through 11.
These proportions are given in Table 1 for each type. These values have a 10% tolerance. One drawback
of the manual grading process occurs at this stage. Counting the total number of raisins and calculating
the proportions of each class is a tedious work for human experts. Thus, our automated system is also
effective at objectively determining the type number of the whole sample, in addition to identifying
color classes of the individual raisins.

Table 1. Type properties of raisin groups.
Type Class1 Class2 Class3 Class4

7 10% 20% 55% 15%
8 26% 34% 32% 8%
9 45% 11% 12% 2%
10 64% 30% 6% 0%
11 75% 25% 0% 0%
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Besides the color properties, size is also a key factor in determining the quality of raisins. For this
reason, the size of each raisin on the tray is also calculated. Size of each object is first determined in
pixels using OpenCV functions. Then the values in pixels are converted to millimeters according to the
focal length of the camera. Width, height, and area of each raisin is displayed on the screen.

Finally, all these results regarding the test sample are reported to the user in a simple text file format.
In the report, the number and proportion of each color class, the total number of raisins, type number,
minimum, maximum, and average area, and size category of the sample based on the preferences of the
client are listed.

4. Results

In this section, we present the quantitative results of the proposed method and discussion on these
results.

4.1. Quantitative Results

Although we aim to develop a method for predicting five classes including defected raisins, we compare
our results to just predicting four color classes. The annotated datasets were split into three sets as
training (70%), validation (15%), and test (15%) sets. Table 2 lists the parameters used in the training
of the CNN model. Training of the model was performed on an NVIDIA GeForce GTX 1060 3GB GPU and
it took about one hour to train for 650 epochs.

Table 2. Parameters of the CNN architecture.

Parameter Name Value

Loss function Categorical crossentropy
Optimizer RMSProp
Learning rate 0.0005

Decay 0.000001
Activation function ReLu

(middle layers)

Activation function Softmax

(last layer)

The results were evaluated according to the following metrics: prediction accuracy, precision, recall,
and F1 score. Prediction accuracy is the correct classification rate and it is the primary metric to
evaluate the overall success. Metrics are calculated for each class according to the following equations.

. . True Positives
Precision = — — (1)
True Positives + False Positives

Precision (Eg. 1) for a class x, measures how many of the objects that are predicted as class x actually
belong to that class

Recall = True Positives .

True Positives + False Negatives

Recall (Eg. 2) calculates how many of the class x objects are correctly predicted as class x by our
model.

2 xPrecision * Recall
F1 Score = 225500 ZeC07 (3)

Precision + Recall

F1 score (Eqg. 3) is the harmonic mean of precision and recall metrics. It measures the balance between
them.

4.1.1. Results for 5-Class Prediction

Accuracy and loss plots are given in Figure 6 for 5-class prediction case. According to the plots, one can
observe that overfitting starts after about epoch 160 since training and validation curves move away
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from each other. For this reason, we evaluate the accuracy of the test set for five classes based on the
model which is trained for 156 epochs.

Feature maps for the convolutional layers were analyzed to determine the number of filters as we
preferred to keep the architecture simple by not adding new layers after this stage to avoid overfitting.
In the first convolutional layer, shape, color, and texture properties of the raisin image are extracted
using 128 filters. In the second layer, 128 filters extract high-level features based on those previous
low-level features.

moedel accuracy model loss
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Figure 6. Accuracy (left) and loss (right) plots for 5-class training and validation sets.

The average prediction accuracy is measured as 88.21% and the confusion matrix is given in Figure 8.
The confusion matrix shows that the Class5 is confused with all other, as the defected raisins can
originally belong to any other class before a defect occurs. It is also clear that the Class1 and Class4 can
be easily classified as those classes consist of the brightest and the darkest raisins, respectively. Based
on the confusion matrix values; precision, recall, and F1 score metrics were also calculated for each
class and listed in Table 3.

Table 3. Precision, recall, and F1 Score (5-class).

Class Precision Recall F1 Score
Class1 98.21%  94.83% 96.49%
Class2 88.64%  88.64% 88.64%
Class3 93.02%  86.96% 89.89%
Class4 85.48%  84.13% 84.80%
Class5 77.59%  86.54% 81.82%

4.1.2. Results for 4-Class Prediction

Figure 7 shows the accuracy and loss plots for the 4-class prediction case. Based on these plots, the test
set for four classes was evaluated according to the model trained for 637 epochs. Similar to 5-class
scenario, confusion matrix for the 4-class prediction (Figure 8) also shows that the model can
successfully classify the brightest and darkest raisins while struggling for the Class2 and Class3.
Performance of the 4-class model is shown in Table 4 with the evaluation metrics. In this case, the
overall prediction accuracy is calculated as 98.60%.

Table 4. Precision, recall, and F1 Score (4-class).

Class Precision Recall F1 Score

Class1 100.00% 100.00%  100.00%
Class2 95.56% 100.00% 97.73%
Class3 97.37% 94.87% 96.10%
Class4 100.00% 98.44% 99.21%
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Figure 7. Accuracy (left) and loss (right) plots for 4-class training and validation sets.
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Figure 8. Confusion matrices for 5-class model (left) and 4-class model (right).

4.2. Discussion

The most prominent observation from the results given in Section 4.1 is that detecting defected raisins
is a demanding task compared to identifying color classes. This is validated by both the significant
improvement in the prediction accuracy and relatively low values for precision, recall, and F1 scores of
the defected raisins class (Class5) in Table 3. The reason behind this may be two-fold: First, Class5 is a
complex class that comprises many different categories like stems, foreign matters, immature raisins,
etc. Considering such kind of items are not common in the market, it is difficult to collect a sufficient
number of samples in the dataset to let the model learn the characteristic patterns of each category.
Expanding the dataset with more samples could alleviate this problem to some extent. Secondly, using
2D images from a single viewpoint may not capture all the characteristics of the raisins. This second
reason will be scrutinized in the next section with some examples.

Correctly classified instances of Class5 in our test set are displayed in Figure 9. As seen from the figure,
our test set has sufficient diversity to encompass different categories of Class5 such as stems, foreign
matters, and immature/defected/conjoint raisins. The proposed model correctly recognizes apparent
instances of Class5. The only misclassified instances are the raisins that are difficult to differentiate by

just inspecting visual features from a single viewpoint. These failure cases will be discussed in the next
section.

Figure 9. Correctly classified instances of Class5 in the test set.
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4.2.1. Limitations

As one can observe in the confusion matrix given in Figure 8, there are incorrect predictions in the first
four color classes which are predicted as one of the neighboring classes. This is plausible since their
colors are close. It can be tackled by increasing the number of samples per class in the dataset.
Nevertheless, there are also a notable amount of misclassified raisins that are predicted as defected
raisins although they belong to a color class. Furthermore, most of the false positives and false
negatives in Class5 are in Class4. As the color of the raisins in Class4 is black, it is possible to confuse
them with foreign matters or defected raisins (See Figure 1). It can also be explained by the fact that
since black color reveals any dust or similar defects clearly, Class4 raisins are more prone to be
recognized as defected raisins compared to other color classes.

We see that metric values are very close to 100% (Table 4) and prediction accuracy is very high for the
4-class case. Therefore, we speculate that foreign matters and defected raisins deteriorate the
prediction performance and one reason behind this is using 2D images of the raisins from a single
viewpoint. Raisins that are practically lacking in flesh with a very small mass are typical members of
Class5. We refer such kind of raisins as "empty raisins” in the rest of the paper. In Figure 10, sample
misclassifications because of empty raisins are shown. Raisins in the first row are predicted as Class5,
although they are not empty. Conversely, in the second row, there are actually empty raisins but
predicted as one of the color classes. As seen from the figure, their color properties are very similar to
each other but their mass is different. In such cases, 2D images are not sufficient to detect defected
raisins and alternative methods are needed such as taking images from several views, using infrared
cameras, or incorporating mass information into the prediction algorithm.

Figure 10. Samples of misclassification due to empty raisins. First row: Actually not empty but predicted as empty. Second
row: Actually empty but predicted as Class1, Class2, Class3, and Class4 respectively.

Another typical misclassification reason is illustrated in Figure 11. These raisins look mottled from this
view. They are predicted worse than their labels and assigned to the neighboring class. In this respect,
our system may be considered as low-tolerant to mottles. We also think that different sides of raisins
may produce different class predictions. It is even possible that experts would annotate raisins
differently if they checked them from opposite sides.

Figure 11. Samples of misclassification due to mottled raisins. A) Label: Class1, Prediction: Class2. B) Label: Class2, Prediction:
Class3. C) Label: Class3, Prediction: Class4.

At this point, it is pertinent to note that an inherent problem of supervised machine learning algorithms
is their high dependency on the dataset which is eventually annotated by human experts. Although
experts perform the annotation according to the standards, vague expressions such as "light yellow,
brownish, etc." in the standards lead to subjective annotations. We are planning to suppress this
problem and improve the prediction accuracy by increasing the size of our dataset to obtain better
generalization for the model and the number of experts for labeling to reduce human factor.
Nevertheless, updating the standards to make the terms more quantifiable would be a better solution.
We believe that our machine prototype will also make way for such a good standardization in the
medium term.

4.2.2. Comparison to Related Work

We also compare our results to the related studies in the literature and these results are tabulated in
Table 5. By inspecting the table, we can say that our results are on par with the results of state-of-the-
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art studies in terms of prediction accuracy. However, it is not fair to directly compare these studies
since their target classes and standards are quite different. Although the prediction accuracy for the 5-
class case is relatively low, this is still a promising result since the model also includes foreign matters
and defected raisin class. The superior aspects of our study can be summarized as follows:

e It covers defected raisins and foreign matters in addition to color classes. Therefore, it has a
diverse dataset.

e Itis the first study that applies deep learning methods in the problem of quality classification
of raisins, as far as we know.

e It does not require manual feature extraction thanks to the CNN classification method.

e The size of the dataset is larger than most of the datasets in other studies.

e It has a general-purpose hardware component that can be used for taking images of other
objects under standard illumination conditions.

Table 5. Comparison to other studies. The studies who used classes defined by a national standard are indicated with the issuing
country in parentheses.

Study Target classes Method(s) Accuracy
Omid et al. [8] 2 classes: Good and bad Rule-based 96%
Wang et al. [9] 4 classes (China) PLS, LDA, SIMCA, LSSVM 99%
Yuetal. [10] 4 classes (China) LSSVM 95%
Angadi etal. [13] 7 classes (India) ANN 95%
Mollazade et al. [14] 4 classes: Green and black MLP, SVM, Bayesian, DT 96%
(with and without stem)
Karimi et al. [15] Classes based on mixture ANN, SVM 93%
percentages
Our (5-class) 5 classes: 4 color classes + CNN 88%

defected raisins and foreign
matters (Tiirkiye)

Our (4-class) 4 color classes (Tirkiye) CNN 99%

5. Conclusion

In this paper, we propose a simple device and an algorithm for determining the quality class of seedless
raisins. We have designed a hardware module that helps taking photos of raisins under standard
illumination and background conditions. RGB images of raisins are cropped using several image
processing operations and they are used for training a CNN model that predicts the quality class of the
raisin. We obtain about 88% prediction accuracy for five classes including foreign matters and defected
raisins. On the other hand, when foreign matters and defected raisins are excluded, the model achieves
almost 99% prediction accuracy. Size features are also extracted to determine the overall quality of the
sample and a summary report is provided to the user. We have used Sultana-1 seedless raisins and
developed our system based on Turkish standards. However, it is possible to calibrate and train the
model to operate on other varieties and standards.

For the future, our first objective is to improve the prediction accuracy by increasing the size and
quality of the dataset and fine-tuning the parameters of the CNN architecture. We are also planning to
integrate mass and humidity measurement sensors into the system since these are also important
factors in determining raisin quality, especially for defected raisins. We have concluded that visual cues
alone are not sufficient to detect some kind of defected raisins. Another future work can be designing
a conveyor belt which sorts raisins based on detected quality class. In addition to these, a similar system
can be developed for measuring the quality of other fruits and grains such as olives, dried figs, and
apricots. Our hardware system is already designed flexible enough for general-purpose usage. A similar
CNN architecture can be constructed and trained for this purpose.
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