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Abstract

Fruits classification from image is a very challenging task, particularly for Indonesian

indigenous fruits, due to some similarities occurred in several types of the fruits. This

study proposes a method to classify Indonesian fruits from image using MPEG-7

color and texture descriptors. The descriptors were directly extracted from the image

without pre-processing and segmentation steps. Principle component analysis was

then applied to reduce the dimension of the descriptors. Four simple classifiers, deci-

sion tree, naïve Bayesian, linear discriminant analysis, and k-nearest neighbor were

used to classify the fruit image based on extracted descriptors. An ensemble of sim-

ple classifiers trained with some combination of MPEG-7 descriptors has been con-

structed to increase the classification accuracy of single simple classifier. To validate

the proposed method, an Indonesian fruit images data set consisted of 15 classes

was developed in this study. The experiment result showed that the ensemble of sim-

ple classifiers achieved the best accuracy of 97.80% by employing linear discriminant

analysis, and k-nearest neighbor as base classifiers trained using CSD, SCD, and the

combination of CLD and EHD. Therefore, the proposed method achieved a good

classification accuracy and can be applied in vision-based classification system in

industry.

Practical Applications

This study proposes a method to classify Indonesian fruits from image using MPEG-7

descriptors and the ensemble of simple classifiers. The proposed method can be

applied in vision-based fruit sorting system in fruit industry as well as vision-based

fruit pricing system in supermarket.

1 | INTRODUCTION

Indonesia is a tropical country located in Southeast Asia which has a

very high diversity of fruit plants. There are more than 300 species of

fruit grown in Indonesia. About 270 species of which have been

known as edible fruits (Uji, 2007). Furthermore, several types of Indo-

nesian indigenous fruits are difficult to distinguish from others due to

the similarity in color, texture, or shape. Nowadays, there are many

Indonesian indigenous fruits sold in both traditional market and super-

market (Siswantoro, Arwoko, & Widiasri, 2019). In supermarket, rec-

ognizing the type of fruit is a routine task performed by a salesperson

during pricing process. To determine the price of a fruit, the salesper-

son usually uses code and picture provided in a booklet to recognize

the fruit. The code is then entered to weighing scale to generate

barcode containing the information about fruit name, weight, and

price. This process is not only time consuming but also causing error

in pricing process (Rocha, Hauagge, Wainer, & Goldenstein, 2010).

Fruit recognition can also be applied to other fields such as the food

industry as well as dietary management. In food industry fruit recogni-

tion is used in shorting (Kheiralipour & Pormah, 2017; Le, Lin, &

Piedad Jr., 2019; Roomi, Priya, Bhumesh, & Monisha, 2012) and grad-

ing (Arakeri, 2016). Fruit recognition can be applied to determine
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nutrient content of fruit for dietary management in mobile application

as reported by Waltner et al. (2015). In general, fruit recognition is a

classification process that can be divided into two categories, inter-

classification and intra-classification (Roomi et al., 2012). Inter-classifi-

cation is used to classify multiple types of fruit, while intra-classifica-

tion is used to classify a certain type of fruit into its variants.

Fruit classification from image is an automatic fruit recognition

method that has good accuracy (Zhang et al., 2019) and can be used

as alternative to manual classification method (Roomi et al., 2012).

This method is inexpensive compared to manual recognition, since the

user only needs to provide a digital camera and a computer once

(Zhang et al., 2019). On the other hand, manual fruit recognition

needs human experts who must be continually paid. Several fruit clas-

sification methods from image have been proposed by employing

either machine learning model or deep learning model. In general, the

steps in fruit classification method from image consist of image acqui-

sition, pre-processing, segmentation, features extraction, and classifi-

cation. Segmentation is a process used to separate object of interest

in an image from its background (Gonzalez & Woods, 2018). Although

images used in fruit classification are generally captured using same

background color, segmentation is still carried out in almost all pro-

posed fruit classification method from image. Furthermore, employing

segmentation has an impact on increasing computational time

(Siswantoro et al., 2019).

Roomi et al. (2012), Arakeri (2016), and Kheiralipour and

Pormah (2017) have proposed intra-classification method for mango,

tomato, and cucumber, respectively. The proposed methods used

thresholding technique for segmentation. Roomi et al. (2012)

extracted 11 features consisted of object contour modeling, region-

based descriptor, and boundary-based descriptor from mango image.

The features were used to classify three variants of mango using naïve

Bayes and produced the accuracy of 90.91%. Arakeri (2016) used sta-

tistical color features and color texture features to identify the defec-

tive and ripeness of tomato. Sequential forward selection was also

applied to reduce the number of features before inputted artificial

neural network (ANN) classifiers. The classification accuracies for

defective and ripeness were 100% and 96.47%, respectively.

Kheiralipour and Pormah (2017) introduced new shape features for

cucumber, namely centroid non homogeneity and width non-

homogeneity. The features together with centroid and eccentricity

were used to classify whether a cucumber has desirable shape or

undesirable shape using ANN. The highest classification accuracy of

97.10% was obtained using three layers ANN with 4-20-2 structure.

Deep learning model was also used in intra-classification method as

proposed by Le et al. (2019) and Katarzyna and Paweł (2019). Le et

al. (2019) employed mask region-based convolution neural networks

(Mask R-CNN) to classify banana tiers into normal and abnormal tiers

and produced the classification accuracy of 96.05% if data augmenta-

tion is used in training process. Katarzyna and Paweł (2019) used nine

layers convolutional neural networks (CNN) trained with original

image and individual image. You only look once V3 (YOLO V3)

method was used to obtain the region of interest for single object.

The two CNN models were then combined using the certainty factor

to recognize six varieties of apple and obtained the recognition rate of

100%. Although the proposed intra-classification methods produce

good classification accuracy, the methods are only used to classify

object into a few numbers of classes. The accuracy might decrease as

increasing the number of classes, as reported by Prabuwono,

Siswantoro, and Abdullah (2015) and Siswantoro, Prabuwono, Abdul-

lah, and Bahari (2017).

Koslowski, Santos, Borba, and Gamba (2013), Prabuwono et

al. (2015), and Siswantoro et al. (2017) have proposed inter-classifica-

tion method to classify fruits and vegetables from image with high

classification accuracy. However, the proposed methods can only be

applied to image containing single object. Furthermore, the object

must be placed on a black background during image acquisition.

Koslowski et al. (2013) used patch detection to find pixel in fruit

image that has the brightest color intensity. The image was then

cropped to a 192 × 192 window around the pixel. From the cropped

image, 454 MPEG-7 descriptors were extracted. ANN and support

vector machine (SVM) classifiers were used to classify eight types of

fruit and obtained the classification accuracy of 93.75%. Prabuwono

et al. (2015) and Siswantoro et al. (2017) used thresholding technique

for segmentation process and extracted 16 statistical color and shape

features from the segmented image. Three layers of ANN were used

by Prabuwono et al. (2015) to classify three types of fruits with the

classification accuracy 99.87%. Siswantoro et al. (2017) used hybrid

ANN and linear model trained with Kalman filter to classify 10 classes

of natural produces and obtained the classification accuracy

of 98.40%.

Rocha, Hauagge, Wainer, and Goldenstein (2008), Rocha et

al. (2010), and Faria, dos Santos, Rocha, and Torres (2012) have pro-

posed inter-classification methods for fruit images from Supermarket

Produce data set (Rocha et al., 2008). Each image in the data set con-

tained different number of objects, acquired in different illumination

intensity and different pose. However, most of the fruits in the data

set cannot be categorized as Indonesian indigenous fruits. Rocha et

al. (2010) employed background subtraction for segmentation, while

Rocha et al. (2008) and Faria et al. (2012) did not implement segmen-

tation process in their proposed method. The combination of various

features with the length between 368 and 840, namely Unser's

descriptors, color coherence vectors, border/interior pixel classifica-

tion, appearance descriptors, global color histogram, color

autocorrelogram, local activity spectrum, quantized compound change

histogram, and edge orientation autocorrelogram, used to classify 15

classes of fruit together with the fusion of classifiers. Although the

proposed methods produce accuracy between 96.60 and 98.80%, it

requires a long computational time for features extraction and training

process. As reported by Rocha et al. (2010), it required about 1 hr to

train classifiers fusion using 720 images in training data on a 2.31 GHz

computer with 2 GB of RAM.

Zhang and Wu (2012), Zhang, Wang, Ji, and Phillips (2014), Wang

et al. (2015), and Zhang et al. (2016) have also proposed inter-classifi-

cation method for fruit from image. The fruit images used in their

experiment consisted of several objects from a type of fruit. Split and

merge technique was used to separate object from its background in
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segmentation process. Zhang and Wu (2012) used 79 features from

color histogram, Unser's descriptors, and shape features. Furthermore,

principle component analysis (PCA) was used to reduce the dimension

of features. The classification was done using multiclass SVM. Zhang

et al. (2014) and (2016) extracted the same features as used by Zhang

and Wu (2012) while Wang et al. (2015) used 30 features from wave-

let entropy. They used also PCA for dimensionality reduction and

employed feedforward neural network (FNN) trained with several

swarm intelligent optimization methods. However, the proposed

methods only achieved the classification accuracy less than 90%.

CNNs have also been applied for inter-classification of fruits from

images as reported by Wang and Chen (2018), Zhang et al. (2019), and

Steinbrener, Posch, and Leitner (2019). Segmentation process using

split and merge technique was still carried out by Wang and

Chen (2018) and Zhang et al. (2019) on fruit image before inputted to

CNN. Wang and Chen (2018) used eight-layer CNN with parametric

rectified linear unit (PReLU) and dropout technique to classify 18 types

of fruit. They used data augmentation in training data and obtained

the classification accuracy of 95.67%. Zhang et al. (2019) used 13-layer

CNN with three types data augmentation methods, including image

rotation, gamma correction, and noise injection, and achieved the clas-

sification accuracy of 94.94%. Steinbrener et al. (2019) used a popular

CNN architecture, called GoogLeNet (Szegedy et al., 2015), to classify

13 class of fruit from hyperspectral image. The highest classification

accuracy of 90.96% was achieved by combining GoogLeNet with two-

layer CNN, called kernel model. The kernel model was used to trans-

form 16 band hyperspectral image to three band images before input-

ted to GoogLeNet. Although CNN can produce accuracy greater than

90%, training CNN model requires both a high specification computer

and a high computational time. As reported by Zhang et al. (2019), the

computational time for training CNN with data augmentation was

414.55 hr on an Intel Core i5–3470 computer with frequency of

3.20GHz in CPU, while in GPU required 2.34 hr.

Siswantoro et al. (2019) have proposed Indonesian fruit recogni-

tion method from image using one of MPEG-7 visual descriptor, called

color structure descriptor (CSD), and k-nearest neighbor (k-NN). The

proposed method was used to classify seven classes Indonesian fruit

image data set collected from Google Image. CSD was extracted

directly from fruit image without segmentation process. A variance-

based feature selection was used to reduce the dimension of CSD.

The proposed method achieved the best classification accuracy of

90.86% with 10-fold cross validation.

MPEG-7 is a multimedia content descriptor developed by Moving

Picture Experts Group (MPEG) and standardized by ISO/IEC. It is a

complete audio-visual descriptor for describing multimedia data.

MPEG-7 visual descriptor consists of color descriptor, texture descrip-

tor, shape descriptor, motion descriptor, and localization descriptor

(Bastan, Cam, Gudukbay, & Ulusoy, 2010). The advantage of using

MPEG-7 descriptor is it can be directly extracted from entire pixel in

the image without pre-processing and segmentation if the image is

captured using homogeneous background, as reported by Siswantoro

et al. (2019). Therefore, the using of other MPEG-7 visual descriptors

to classify Indonesia fruit from image needs to be investigated.

This study proposes a method for classifying Indonesian fruits

from image using MPEG-7 color and texture descriptors. Three

MPEG-7 color descriptors and two MPEG-7 texture descriptors were

extracted from the fruit image and used as input features to classifier.

PCA was applied to reduce the dimension of the features. Four simple

classifiers, including decision tree (DT), naïve Bayesian (NB), linear dis-

criminant analysis (LDA), and k-nearest neighbor (k-NN), were used to

classify the fruit image. To increase the classification accuracy, an

ensemble of simple classifiers was constructed based on LDA and k-

NN trained using some combination of MPEG-7 descriptors.

2 | MATERIALS AND METHODS

2.1 | Materials

2.1.1 | Hardware and software

A Canon EOS Kiss X6i digital camera was used to capture the image

of fruit samples. A LED lamp with two intensities, 1,050 and 160 lm,

was used as illumination source during image acquisition. An Intel

Core i7-8550U CPU @ 1.80GHz 2.00 GHz with Windows 10 Pro

64-bit Operating System, ×64-based processor and 20 GB RAM was

used as hardware to conduct an experiment for validating the pro-

posed method. The proposed method was implemented in Python

3.7.3 language programing supported by some libraries to perform

feature extraction, and classification. An open source computer vision

library OpenCV 2.3.1 (Bradski, 2000) together with an MPEG-7 Low

Level Feature Extraction Static/Dynamic Library (Bastan et al., 2010)

were used to extract MPEG-7 descriptors from the image in the data

set. For classification, the proposed method employed a machine

learning library in Python scikit-learn 0.20.3 (Pedregosa et al., 2011)

and a Python library for scientific computing NumPy 1.16.2

(Oliphant, 2006).

2.1.2 | Ubaya-IFDS3000 image data set

One of contribution in this study is the developing of Indonesian fruit

images data set called University of Surabaya—Indonesian Fruit

Images Data Set 3000 (Ubaya-IFDS3000). The data set consisted of

15 classes of Indonesian fruits, including Ambarella, Avocado, Dragon

fruit, Duku, Durian, Guava, Mangosteen, Pacitan orange, Persimmon,

Pineapple, Salak, Sapodilla, Siam lime, Soursop, and Star fruit, as

shown in Figure 1. The fruit samples were randomly collected from

traditional market around Surabaya, East Java, Indonesia. The images

of samples were then acquired in the laboratory. Every class in the

data set consisted of 200 images or totally there were 3,000 images

in the data set. The image in the data set was acquired in RGB (Red,

Green, Blue) color space with 8 bits per channel. The dimension of the

image was 2,592 × 1,456 pixels with the resolution of 72 dpi. The

image was saved in a file in JPEG format. The resolution and the

image format were chosen to demonstrate that the proposed method
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does not require high quality image. Therefore, it can be applied in

vision-based fruit sorting system in fruit industry as well as vision-

based fruit pricing system in supermarket using low cost camera.

Every image in the data set was acquired using five different

background, white, pink, light yellow, light green, and light blue, as

shown in Figure 2. The illumination source with two intensities, 1,050

and 160 lm, was used during image acquisition. In addition, the image

was also acquired in two orientations, 0� and 45�. The examples of

image acquired in different illumination intensities and orientations

are shown in Figure 3. The number of objects in each image varied

from one until almost covering the entire of image, as depicted in

Figure 1. The presence of shadows in almost all images in the data set,

as in Figures 1–3, will increase the complexity of the data set during

classification. However, in real application the presence of shadows

could decrease classification accuracy. To overcome this problem, the

object needs to be placed right under the illumination source in cer-

tain distance.

2.2 | Method

2.2.1 | Image descriptors

The proposed method used features in MPEG-7 visual descriptors to

classify Indonesian fruit images. MPEG-7 visual descriptors consist of

basic visual features for multimedia content, including color descrip-

tors, texture descriptors, shape descriptors, motion descriptors, and

localization descriptors (Bastan et al., 2010). In this study, MPEG-7

visual descriptors used to classify Indonesia fruit image were color

descriptors, including Color Structure Descriptor (CSD), Scalable Color

Descriptor (SCD), and Color Layout Descriptor (CLD); and texture

descriptors, including Edge Histogram Descriptor (EHD) and Homoge-

neous Texture Descriptor (HTD). Since the fruit image in Ubaya-

IFDS3000 data set was captured using a homogenous background

and noise-free, then the features used in this study were directly

extracted from the entire image without preprocessing and

F IGURE 1 The examples of image in Ubaya-IFDS3000 data set: (1) Ambarella, (2) Avocado, (3) Dragon fruit, (4) Duku, (5) Durian, (6) Guava,
(7) Mangosteen, (8) Pacitan orange, (9) Persimmon, (10) Pineapple, (11) Salak, (12) Sapodilla, (13) Siam lime, (14) Soursop, and (15) Star fruit

F IGURE 2 The examples of image in Ubaya-IFDS3000 data set with different background color: (1) white, (2) pink, (3) light yellow, (4) light
green, and (5) light blue
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segmentation to reduce computational time. The following subsec-

tions describe the detail of each descriptor according to Manjunath,

Salembier, and Sikora (2002).

Color structure descriptor

CSD is a color histogram which describes both the color distribution

and the local color structure in an image. The descriptor is constructed

by sliding a small structuring element, for example, an 8 × 8 structur-

ing element, to entire the image. An N-bins color histogram is con-

structed by counting the number of colors ci, i = 1, 2, …, N covered by

the structuring element to obtain CSD features of length N. CSD is

extracted in HMMD (Hue, Max, Min, Diff) color space quantized into

N color, where N can be 256, 128, 64, or 32. The value of Hue compo-

nent is equal to the value of Hue component in HSV (Hue, Saturation,

Value) color space. The value of Max and Min channels is obtained by

calculating the maximum and minimum values of R, G, and B compo-

nents in RGB (Red, Green, Blue) color space, respectively. The value

of Diff component is obtained from the difference between Max and

Min components. The value of N used in this study was 256.

Scalable color descriptor

SCD describes the color distribution in an image. SCD is a color histo-

gram in HSV color space with a uniform quantization of 256 bins, 16

levels in H component, four 4 levels in S component, and four levels

in V component. The histogram is normalized and nonlinearly mapped

into four-bit integer representation. The histogram is then coded

using Haar transform which consists of a sum operation and a differ-

ence operation related to primitive low-pass and high-pass filters. The

sum and difference operations are applied to every two adjacent bins

of the histogram. These operations produce histogram with 128 bins

from the sum operator and 128 bins from the difference operator or

256 bins in total. If the sum and difference operators are repeated

these operations will produce histogram with 128, 64, or 32 bins. In

this study, the length of SCD extracted from image was 256 bins.

Color layout descriptor

CLD represents the spatial color distribution of an image obtained by

transforming 2D array of local representative colors in YCbCr (Lumi-

nance, Chrominance red, Chrominance blue) color space using Dis-

crete Cosine Fourier Transform (DCT). To extract CLD, the image is

firstly partitioned into 8 × 8 blocks. From every block, a representa-

tive color is chosen by calculating the average of pixel intensities in Y,

Cb, and Cr components. DCT is then applied to each block. Some low

frequency of DCT coefficients are selected by zigzag scanning and

then nonlinearly quantized to form CLD. In this study, the length of

CLD extracted from the image was 120 bins, which is 64 bins from Y

component, 28 bins from Cb component, and 28 bins from Cr

component.

Homogeneous texture descriptor

HTD describes the direction, hardness, and frequency of the pattern

in the image. It is ideal for quantitative characterization of texture that

has homogeneous characteristic. HTD represents the region texture

using the mean and deviation of energy from 30 channels of 2D fre-

quency space. The frequency space is divided into 30 channels with

equal division in the angle direction (at 30� intervals) and octave divi-

sion in the radial direction (5 octaves). HTD is constructed by filtering

the image using Gabor-filtered Fourier transforms in every frequency

channel and calculating the energy and the deviation of energy of the

filter output. The HTD consists of 62 bins, one bin for the mean of

pixel intensities, one bin for the standard deviation of pixel intensities,

30 bins for the energy, and 30 bins for the deviation of energy of the

filter output.

Edge histogram descriptor

EHD describe the spatial edge distribution of image. To extract EHD,

the image is firstly divided into 4 × 4 nonoverlapping large blocks. The

edge information on each block is then calculated and classified into

five categories, namely vertical, horizontal, 45� diagonal, 135� diago-

nal, and isotropic using four directional selective edge-detectors and

one isotropic edge-detector. Therefore, EHD has 5 bins on each block

or 80 bins on the whole image.

2.2.2 | Principle component analysis

The total length of MPEG-7 descriptors extracted from a fruit image

was 774, consisted of 256 from CSD, 256 from SCD, 120 from CLD,

62 from HTD, and 80 from EHD. A large number of features using in

classification can increase training complexity and computational time

but it does not guaranty produce a high classification accuracy

(Zhang & Wu, 2012). Therefore, reducing the number of features need

to be considered to solve that problems. One of the methods that can

be used to perform this task is PCA.

F IGURE 3 The examples of image
in Ubaya-IFDS3000 data set with
different illumination intensity and
orientation: (1) 1050 lm and 0�, (2)
160 lm and 0�, (3) 1050 lm and 45�,
and (4) 160 lm and 45�
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PCA is an unsupervised statistical method used to reduce the

dimension of features vector contained correlated variables but still

preserve the variability of variables in the original features vector as

much as possible. The method performs dimensionality reduction by

projecting the original features vector to a new vector space such that

every variable in the new vector space, called principle component, is

linearly uncorrelated to each other. The variables are ordered such

that the most variation of variables in the original features vector is

preserved in the first few of variables in new vector space

(Jolliffe, 2002). In this study the number of principle components used

in classification was heuristically determined during the experiment

with the maximum of 200 components such that the higher classifica-

tion accuracy is achieved.

2.2.3 | Classifiers

The proposed method employed four simple classifiers, including deci-

sion trees (DT), naïve Bayesian (NB), linear discriminant analysis (LDA),

and k-nearest neighbors (k-NN), as base classifiers. All classifiers used

default parameters implemented on scikit-learn 0.20.3 library except

for k-NN. In the previous study on Indonesian fruits classification

using CSD and k-NN, Siswantoro et al. (2019) have been reported

that the highest classification accuracy of k-NN was achieved using

k = 1. Therefore, the parameter k in k-NN was set to k = 1.

Suppose F is a set contained all possible combinations of CSD,

SCD, CLD, HTD, and EHD. Therefore, there were 25−1 elements in

F = fi j i=1,2,…,31f g , where fi, i = 1, 2, …, 31 are defined in Table 1.

To investigate which combination produces the best classification

accuracy, each classifier was trained using every f∈F as input feature.

The best features set might come from one or more descriptor(s) par-

tially. However, to determine which features in a descriptor can be

included in the best features set is not a simple task due to the large

number of features. To overcome this problem, before inputted to the

classifier, every f∈F was transformed into a new feature space using

PCA such that every feature in the new space is linearly uncorrelated

to each other. The dimension of transformed features set was

reduced to obtain reduced features set fr by selecting some features

in the new space with the largest variance. Some classifiers, such as

LDA and k-NN, need to calculate distance between two points. If

some features have a wide range of values, then the distance will be

dominated by these specific features. Therefore, the result of PCA

was then normalized to [0, 1] to avoid the domination of some fea-

tures to the others using the following equation,

fn =
fr−min frð Þ

max frð Þ−min frð Þ

where fr and fn are reduced and normalized features, respectively;

while min(fr) and max(fr) are the minimum and the maximum of

reduced feature, respectively.

To increase accuracy and to reduce the variance of classification

result, an ensemble of simple classifiers was proposed, as depicted in

Figure 4. The proposed ensemble of simple classifiers is similar to inde-

pendent ensemble methodology (Rokach, 2010), since it uses several

independently trained classifiers. However, the proposed ensemble of

simple classifiers employed selected features set and PCA to determine

input features that produce high classification accuracy for each simple

classifier. This step was performed to ensure the ensemble of simple

classifiers also produce high classification accuracy. Let S be a training

data set, F be a subset F containing n selected features set, and M be

a set containing m simple classification models. Suppose Sf is the train-

ing data set with features set f used as input features, for an f∈ F. For

example, S f1 is the training data set with f1 (CSD) used as input fea-

tures. PCA and normalization to [0, 1] were performed on the input

features of Sf before used in training process. Each simple classifica-

tion model in M was trained with Sf for all f∈ F. Let C be the set of

classifiers CMf, where CMf is built using classification model M∈M with

training data set Sf. Therefore, there were m× n classifiers in C used in

the proposed ensemble classifier. The detail steps for the proposed

ensemble of simple classifiers are shown in Algorithm .

The steps for classifying an unknown image sample are explained

as follow. Let x be the features extracted from the image and xf be

selected features set from x according to an f ∈ F. PCA and normaliza-

tion to [0, 1] were then performed on xf before inputted to appropri-

ate classifiers in C: The output of each classifier in C was combined to

predict the label for the unknown image sample using majority voting

scheme. In this scheme, the unknown image sample was assigned to

the class using the following equation,

class xð Þ= argmax
k∈Dy

X
M∈M

X
f∈F

I yMf ,k
� � !

TABLE 1 All possible combinations of CSD, SCD, CLD, HTD,
and EHD

i fi i fi

1 CSD 17 CSD + SCD + HTD

2 SCD 18 CSD + SCD + EHD

3 CLD 19 CSD + CLD + HTD

4 HTD 20 CSD + CLD + EHD

5 EHD 21 CSD + HTD + EHD

6 CSD + SCD 22 SCD + CLD + HTD

7 CSD + CLD 23 SCD + CLD + EHD

8 CSD + HTD 24 SCD + HTD + EHD

9 CSD + EHD 25 CLD + HTD + EHD

10 SCD + CLD 26 CSD + SCD + CLD + HTD

11 SCD + HTD 27 CSD + SCD + CLD + EHD

12 SCD + EHD 28 CSD + SCD + HTD + EHD

13 CLD + HTD 29 CSD + CLD + HTD + EHD

14 CLD + EHD 30 SCD + CLD + HTD + EHD

15 HTD + EHD 31 CSD + SCD + CLD + HTD + EHD

16 CSD + SCD + CLD
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where Dy is the domain of class labels, yMf is the output of classifier

CMf with input features xf, and I(yMf, k) is a function defined as follow.

I yMf ,k
� �

=
1,yMf = k

0,otherwise

�

2.2.4 | Baseline

A classifier ensemble method called ensembles on random patches

proposed by Louppe and Geurts (2012) was used as base line. The

method was performed in the following steps.

1 Choose a base classifier

2 Select ns samples from data set and nf features from all extracted

features at random

3 Train the classifier with selected samples and features from step 2.

4 Repeat step 2 and 3 for T times, where T is a predefined positive

integer.

5 Aggregate the output of T trained classifiers using majority voting.

Ensembles on patches were applied on every f∈F and all simple

classifiers: DT, NB, LDA, and k-NN. Furthermore, the ensemble used

default parameters implemented on scikit-learn 0.20.3 library.

3 | EXPERIMENTAL SETUP

To validate the proposed method, an experiment has been carried out

in the laboratory. In the experiment, Ubaya-IFDS3000 data set was

randomly portioned into two mutually exclusive sub sets, training data

set and testing data set using stratified random subsampling

(Alpaydin, 2010). Five training data sets and five testing data sets

were constructed from Ubaya-IFDS3000 image data set using strati-

fied random sampling without replacement with proportion 50% for

training data set and 50% for testing data set. Stratified random sam-

pling was chosen to guaranty all classes have same proportion both in

training data set and testing data set.

F IGURE 4 The proposed ensemble of
simple classifiers

Algorithm 1

Algorithm for the proposed ensemble of simple

classifiers

Input: the training data set S, the set of

selected features sets F, the set of simple

classification models M.

Output: the set of trained classifiers C
Set C = ;
for M in M:

for f in F

Perform PCA on the input features of Sf

Normalize the input features of Sf to

[0, 1]

Build classifier CMf using

classification model M with training data set Sf

C = C[CMf

end for

end for
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Each training data set was used to train all classifiers used in this

study. The performance of each classifier was evaluated using respec-

tive testing data set by calculating the classification accuracy on ith

testing data set, acci, i = 1, 2, 3, 4, 5 using the following equation,

acci =
Nci
Ni

×100%

where Nci is the number of correctly classified objects in ith training

data set and Ni is the number of objects in ith training data set. The

average and the standard deviation of acci were then calculated to

obtain the final performance of each classifier.

4 | RESULTS AND DISCUSSION

The classification accuracy for each classifier trained using all f∈F and

at different number of components to classify the fruit images in

Ubaya-IFDS3000 data set are depicted in Figure 5. From Figure 5, it

can be seen that the classification accuracy of k-NN and LDA were

TABLE 2 The highest classification accuracy for each classifier trained using every f∈F

f∈F

Accuracy (%)

The number of componentsAverage SD

DT NB LDA k-NN DT NB LDA k-NN DT NB LDA k-NN

f1 77.21 81.48 92.83 92.69 0.67 1.61 0.63 0.52 14 94 190 102

f2 74.14 86.24 95.23 96.09 0.93 0.47 0.49 0.33 21 100 195 73

f3 40.57 56.48 65.31 82.36 0.57 1.07 1.07 0.93 12 66 96 54

f4 17.88 19.23 21.36 20.76 0.53 0.47 0.53 0.55 12 4 37 12

f5 33.76 50.96 54.81 59.93 1.76 0.51 0.62 0.97 15 47 50 17

f6 76.85 83.73 95.96 93.08 1.17 1.13 0.14 0.47 13 157 200 139

f7 77.89 82.00 94.07 92.83 1.42 1.09 0.42 0.43 15 193 199 116

f8 74.64 80.39 92.96 92.41 1.39 1.08 0.54 0.87 20 91 153 13

f9 76.87 81.85 93.89 92.73 0.88 0.99 0.84 0.53 15 196 196 101

f10 72.65 87.69 96.13 96.28 0.91 0.33 0.20 0.37 21 111 196 83

f11 67.24 74.67 94.92 94.55 1.07 1.58 0.45 0.58 48 179 175 171

f12 73.69 88.19 96.05 95.67 1.10 0.80 0.50 0.47 19 113 196 54

f13 38.73 49.64 68.37 78.03 0.79 1.14 1.28 1.02 35 107 154 50

f14 42.73 66.72 80.33 84.01 1.29 1.29 0.76 1.24 13 80 176 39

f15 32.61 35.72 58.76 55.15 1.32 1.16 0.43 1.88 28 99 99 39

f16 76.05 85.16 96.23 93.39 1.25 0.94 0.23 0.56 12 193 200 197

f17 74.36 81.44 95.57 92.97 0.92 1.20 0.30 0.44 15 130 195 197

f18 75.85 84.71 96.32 93.17 1.06 0.92 0.41 0.37 14 197 200 112

f19 74.36 80.48 93.79 92.43 1.37 1.23 0.54 0.88 21 92 199 13

f20 77.36 82.85 94.42 92.84 0.85 0.96 0.36 0.44 15 196 200 112

f21 74.51 80.53 93.87 92.43 1.00 1.04 0.58 0.50 15 91 182 93

f22 67.05 78.13 95.61 94.65 0.85 1.43 0.32 0.53 38 196 200 94

f23 71.33 89.53 96.57 96.09 1.73 0.42 0.29 0.67 19 140 196 69

f24 61.12 79.56 95.65 94.44 0.94 1.43 0.44 0.28 31 189 190 76

f25 40.33 55.72 81.45 78.69 1.17 0.91 0.26 1.01 23 150 194 57

f26 73.84 82.05 95.96 92.92 1.06 1.24 0.19 0.59 12 129 200 198

f27 76.28 85.52 96.45 93.28 1.48 0.86 0.46 0.56 14 167 200 194

f28 73.68 81.99 95.97 93.05 0.96 0.98 0.44 0.45 15 131 199 137

f29 74.80 80.60 94.09 92.44 2.44 1.19 0.69 0.54 21 91 198 91

f30 66.87 81.25 96.49 94.95 1.15 0.89 0.32 0.44 32 180 198 98

f31 73.81 82.72 96.03 92.92 0.46 1.31 0.46 0.38 12 137 200 185

Note: Significance for the bold values in the tables is to show the reader that the classifier reaches the highest accuracy
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greater than DT and NB when the number of components is greater

than 25 for almost all f∈F except for HTD. To achieve high classifica-

tion accuracy k-NN required a smaller number of components com-

pared to the other classifier. For some f∈F , k-NN and LDA achieved

the classification accuracy more than 90%, while DT and NB only

achieved less than 78 and 90%, respectively.

For k-NN, increasing the number of components did not signifi-

cantly increase the classification accuracy. In some f∈F , increasing

the number of components could decrease the classification accuracy

of k-NN such as in f3, f5, f11, f13, f14, f15, f22, f23, f24, f25, and f30. For

DT, the highest classification accuracy was achieved when the num-

ber of components is less than 25 for almost all f∈F . Increasing the

number of components resulted in decreasing the classification accu-

racy of DT. In contrast with DT and k-NN, the classification accuracies

of NB and LDA increased by increasing the number of components

for almost all f∈F .

The highest classification accuracy for each classifier trained using

every f∈F is tabulated in Table 2. As can be seen in Table 2, DT

achieved highest classification accuracy of 77.89±1.42% when

trained using f7 with 15 components followed by f20 (77.36±0.85%)

with 15 components and f10 (77.21±0.67%) with 14 components. For

NB, the highest classification accuracy of 89.53± 0.42% was achieved

when trained using f23 with 140 components followed by f12 (88.19

±0.80%) with 113 components and f10 (87.69±0.33%) with 111 com-

ponents. For k-NN, the highest classification accuracy of 96.28

±0.37% was achieved when trained using f10 with 83 components

followed by f2 (96.09± 0.33%) with 73 components and f23 (96.09

±0.67%) with 69 components. LDA achieved highest classification

accuracy of 96.57±0.29% when trained using f23 with 196 compo-

nents, followed by f30 (96.49± 0.32%) with 198 components and f27

(96.45±0.46%) with 200 components. From these results, it can be

inferred that LDA produced the highest classification accuracy com-

pared to other classifiers. However, LDA required the combination of

more features and the greater number of components to obtain the

best classification results. In addition, LDA also produced a low stan-

dard deviation of classification accuracy in the range of [0.14%,

1.28%] compared to DT [0.46%, 2.44%], NB [0.33%, 1.61%], and k-

NN [0.28%, 1.88%]. This result shows that, the classification accuracy

of LDA did not much vary when applied in different training and test-

ing data sets. Furthermore, the highest accuracy of k-NN and LDA

outperformed the highest accuracy of Indonesian fruit classification

method using CSD and k-NN combined with variance based feature

selection proposed by Siswantoro et al. (2019).

From Table 2, it can be observed that color descriptors (CSD,

SCD, and CLD) were more discriminative compared to texture

descriptors (HTD and EHD). Furthermore, SCD (f2) was more discrimi-

native among three color descriptors when used to train NB, LDA,

and k-NN, while CSD (f1) was more discriminative when used to train

DT. For texture descriptors, EHD (f5) was more discriminative than

HTD (f4) for all classifiers. For the combination of descriptors, SCD

+ CLD + EHD (f20) was more discriminative compared to other combi-

nations when used to train NB, LDA, and k-NN, while CSD + CLD (f7)

was more discriminative when used to train DT. Furthermore, it can

be inferred from Table 2 that increasing the number of descriptors

used in training a classifier did not always improve classification

accuracy.

To compare the performance of MPEG-7 descriptors with other

features, the fruit images in Ubaya-IFDS3000 data set were also clas-

sified using other features such as statistical color features in HSV

(Hue, Saturation, Value) color space, global color histogram, Unser's

TABLE 3 The classification accuracy for each classifier trained using other features

Features

Accuracy (%)

Average SD

DT NB LDA k-NN DT NB LDA k-NN

Statistical color features 50.51 33.72 61.60 65.25 1.02 1.19 0.59 1.48

Global color histogram 78.00 57.77 57.32 73.63 1.13 1.14 2.21 0.44

Unser's descriptors 63.12 51.08 66.64 52.88 1.27 0.53 0.63 0.63

Color coherence vectors 32.25 20.24 23.88 30.83 1.55 0.58 0.66 0.98

Border/interior pixels classification 79.56 61.63 68.73 73.96 0.50 0.66 1.71 0.76

Color autocorrelogram 30.68 45.60 59.35 18.24 1.26 1.10 1.33 1.24

TABLE 4 The results of the proposed ensemble of simple
classifiers

f∈F Classifiers

Accuracy (%)

Average SD

f1, f2 LDA, k-NN 96.49 0.23

f1, f3 LDA, k-NN 95.89 0.42

f2, f3 LDA, k-NN 97.28 0.32

f1, f2, f3 LDA, k-NN 97.63 0.26

f1, f2, f3, f4 LDA, k-NN 97.13 0.15

f1, f2, f3, f5 LDA, k-NN 97.71 0.18

f1, f2, f4, f5 LDA, k-NN 97.76 0.17

f1, f2, f3, f4, f5 LDA, k-NN 97.41 0.28

f1, f2, f6 LDA, k-NN 97.73 0.15

f1, f2, f13 LDA, k-NN 97.53 0.17

f1, f2, f14 LDA, k-NN 97.80 0.28

Note: Significance for the bold values in the tables is to show the reader

that the classifier reaches the highest accuracy
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descriptors, Color coherence vectors, border/interior pixels classifica-

tion, and color autocorrelogram. Image preprocessing and segmenta-

tion were performed to separate fruit pixels and background pixels

before features extraction. Normalization to [0, 1] was also applied to

the features before inputted to DT, NB, LDA, and k-NN. The classifi-

cation accuracy for each classifier trained with other features is tabu-

lated in Table 3. As can be seen in Table 3, MPEG-7 descriptors

outperformed other features for all classifiers except DT. The classifi-

cation accuracy of DT trained with global color histogram (78

± 1.13%) and border/interior pixels classification (79.56 ± 0.50%) was

slightly higher when compared to MPEG-7 descriptors (77.89

± 1.42%). However, the performance of DT trained MPEG-7 descrip-

tors was still better when compared to statistical color features

(50.51 ± 1.02%), Unser's descriptors (63.12 ± 1. 27%), Color coher-

ence vectors (32.25 ± 1.55%), and color autocorrelogram

(30.86 ± 1.26%).

The proposed ensemble of simple classifiers, as depicted in

Figure 4, was implemented using LDA and k-NN, since only these two

classifiers produced classification accuracy greater than 90%. The

classifiers were trained using some f∈F and the results are tabulated

in Table 3. As can be seen in Table 4, the classification accuracy of the

proposed ensemble of simple classifiers was better than the classifica-

tion accuracy of single classifier when trained using the same features.

The highest classification accuracy of 97.80±0.28% was obtained if

the ensemble used f1, f2, and f14 as input features to LDA and k-NN.

The second place was f1, f2, f4, and f5 with the accuracy of 97.76

±0.17%, followed by f1, f2, and f6 in the third place with the accuracy

of 97.73±0.15%. From Table 4, it can also be seen that the standard

deviation of classification accuracy reduced to a value less than 0.50%

by employing the proposed ensemble. Therefore, it can be concluded

that the proposed ensemble of simple classifiers can increase the clas-

sification accuracy of single classifier as well as reduce the standard

deviation of classification accuracy.

For further analysis, the confusion matrix is used to investigate

the classification accuracy of the proposed ensemble of simple classi-

fiers for each class in Ubaya-IFDS3000 data set. Figure 6 exhibits the

confusion matrix of the proposed ensemble using LDA and k-NN

trained with f1, f2, f14. The diagonal elements of confusion matrix indi-

cate the classification accuracy of images in each class which are cor-

rectly classified. The element of confusion matrix located at ith row

F IGURE 6 The confusion matrix (%)
of the proposed ensemble using LDA and
k-NN trained with f1, f2, f14

TABLE 5 The minimum and maximum classification accuracy of
ensembles on random patches for each base classifier

f∈F Base classifier

Accuracy (%)

Average SD

Minimum f4 DT 20.13 0.35

f4 NB 20.04 0.95

f4 LDA 19.33 0.45

f4 k-NN 19.80 0.23

Maximum f18 DT 92.57 0.90

f27 NB 71.68 1.31

f20 LDA 93.36 0.59

f16 k-NN 93.24 0.74
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and jth column, for i 6¼ j, indicates the classification accuracy of images

from ith class classified as images from jth class. As can be seen in

Figure 6, all images from Dragon fruit class and Soursop class in the

testing data set were 100% correctly classified. It can happen since

these two classes have color and texture that are very different from

other classes, as shown in Figure 1. For other classes, a little part of

the testing data set was misclassified. Almost all class had classifica-

tion accuracy greater than or equal 97.00% except Mangosteen,

Pacitan orange, and Sapodilla. There were 3.60 and 0.20% images

from Mangosteen class misclassified as from Salak class and Sapodilla

class, respectively. For Pacitan orange, 2.20% were classified as

Ambarella, 0.40% as Avocado, 0.20% as Guava, and 2.20% as Siam

lime. For Sapodilla, there were 6.40% classified as Duku. These facts

indicate that the proposed ensemble of simple classifiers still has

weakness in classifying the images from Mangosteen, Pacitan orange,

and Sapodilla classes.

For comparison, the fruit images in Ubaya-IFDS3000 data set

were also classified using ensembles on patches as described in the

earlier section. In the experiment, ensembles on patches used DT, NB,

LDA, and k-NN as base classifier and trained with every f∈F . The

minimum and maximum classification accuracies of ensembles on pat-

ches for each base classifier are tabulated in Table 5. As can be seen

in Table 5, the minimum classification accuracy was obtained when

ensembles on patches used HTD (f4) as input features for all base clas-

sifiers. Ensembles on patches achieved the highest classification accu-

racy of 93.36±0.59% when used LDA as base classifier and f20 as

input features. In term of computational time, on average the pro-

posed ensemble of simple classifiers only needed 6.12 s to perform

training and testing processes, while ensembles on patches needed

24.81 s. These results demonstrate that the proposed ensemble of

simple classifiers outperforms ensembles on patches both in accuracy

and computational time. Furthermore, the proposed method required

about 70.77ms to classify a fruit image, 67.78ms for features extrac-

tion and 2.99ms for classification. Therefore, it is possible to apply

the proposed method for fruit sorting in fruit industry or fruit pricing

in supermarket.

5 | CONCLUSION

In this study, a classification method for Indonesia fruits from image is

proposed. The proposed method used five color and texture descrip-

tors from MPEG-7 as input features to simple classifiers. To identify

the most discriminative descriptors, all possible combinations of the

descriptors were used as input features to four simple classifiers. This

study employed PCA to reduce the dimension of input features. From

the experiments, it can be observed that color descriptors were more

discriminative compared to texture descriptors. Furthermore, SCD

was the most discriminative descriptor. It has been proven that com-

bining some descriptors could improve classification accuracy. How-

ever, increasing the number of descriptors used as input features to

the classifiers did not always increase classification accuracy. The best

classification accuracy has been achieved using LDA with the

combination of SCD + CLD + EHD used as input features. An ensem-

ble of simple classifiers was proposed used LDA and k-NN as base

classification models and trained with some combination of MPEG-7

descriptors. The experiment results show that the proposed ensemble

classifier could increase the classification accuracy and reduce the

standard deviation of classification accuracy of single simple classifier.

In term of computational time the proposed method only required

70.77 ms to recognize a fruit image. Therefore, there is a chance to

apply the proposed method in vision-based fruit sorting system in

fruit industry as well as vision-based fruit pricing system in

supermarket.
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Overview

The Journal of Food Process Engineering publishes the best original research on applications of engineering
principles and concepts to food and food processes. The processes include any physical properties and
changes to the food product that result in preservation of the food, extending to transportation, product
shelf-life, or improvements in the product quality attributes. Articles should address sustainability of
process technology and means to reduce energy/water waste and consumption.

Aims and Scope

The Journal of Food Process Engineering publishes the best original research on applications of engineering
principles and physics concepts to food and food processes with emphasis on process simulation,
including mathematical models to describe processes and to allow for scale-up of processes for food
manufacturing. Read by researchers, food, agricultural, biological, and chemical engineers, and industry
experts, this is the only international journal speci�cally devoted to the engineering aspects of food
processing. JFPE covers a range of topics, including:

• Transport of liquid and solid foods
• Heating and cooling processes
• Food freezing and frozen food storage
• Frying processes
• Membrane separation processes
• New and improved extrusion processes
• Packaging processes including Modi�ed Atmosphere Packaging and intelligent packaging
• Non-thermal processes including irradiation processing, high pressure processing and other high
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under ×100 magni�cation: (a) fresh sample, (b) sample
on 2 days, (c) sample on 6 days, and (d) sample on 12 
days.
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A mechanistic understanding was developed for
microwave pu�ng of a starch-based snack. The
development of the crust and its contribution to
pu�ng were studied experimentally. The critical
product and process factors in a microwave pu�ng
process were identi�ed. Thicker material and lower
microwave power reduced expansion in the pu�ng
process.
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