
 

 

 
Abstract—In Thailand, once pineapples are harvested, they must 

be classified into two classes based on their sweetness: sweet and 
unsweet. This paper has studied and developed the assessment of 
internal quality of pineapples using a low-cost compact spectroscopy 
sensor according to the spectroscopy approach and Neural Network 
(NN). During the experiments, Batavia pineapples were utilized, 
generating 100 samples. The extracted pineapple juice of each sample 
was used to determine the Soluble Solid Content (SSC) labeling into 
sweet and unsweet classes. In terms of experimental equipment, the 
sensor cover was specifically designed to install the sensor and light 
source to read the reflectance at a five mm depth from pineapple flesh. 
By using a spectroscopy sensor, data on visible and near-infrared 
reflectance (Vis-NIR) were collected. The NN was used to classify the 
pineapple classes. Before the classification step, the preprocessing 
methods, which are class balancing, data shuffling, and 
standardization, were applied. The 510 nm and 900 nm reflectance 
values of the middle parts of pineapples were used as features of the 
NN. With the sequential model and ReLU activation function, 100% 
accuracy of the training set and 76.67% accuracy of the test set were 
achieved. According to the abovementioned information, using a low-
cost compact spectroscopy sensor has achieved favorable results in 
classifying the sweetness of the two classes of pineapples. 

 
Keywords—Spectroscopy, soluble solid content, pineapple, neural 

network.  

I. INTRODUCTION 

N the process of pineapple cultivation, a significant amount 
of effort and patience from the farmer is necessary. The 

plants take considerable time to grow and produce fruit, and the 
frequency of harvests is relatively low compared to other crops. 
Additionally, prevailing market prices often result in meager 
prices for pineapples. The large batch of pineapple would be 
randomly investigated for internal quality using a chemical 
method. The pineapples that did not satisfy the requirements 
would be discarded and became a bio-waste that is only 
partially utilized. 

Numerous methods of evaluating the internal quality of fruits 
have been developed during the past 20 years [1]-[9], [11]-[13]. 
The high accuracy method called the Dielectric Constant was 
developed to assess the acidic level of apple flesh [1]. Near 
Infrared (NIR) and Mid Infrared (MIR) wavelengths were used 
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to perform a freshness assessment of cut pineapple flesh stored 
in different temperatures based on an optical technique known 
as the spectroscopy method [2]. Durian maturity was 
determined using Microwave Moisture Sensing [3]. The 
assessment of translucency in pineapple using an X-ray was 
presented [4]. In addition, spectroscopy was used to 
automatically classify peach maturity into different levels [5]. 
Consequently, these methods were used to measure the internal 
quality of fruits. 

According to researches, the nondestructive measurement 
method called the Acoustic Impulse Response was used to 
separate the maturity levels of pineapples which are 
significantly related to SSC and Fresh Firmness (FF) of 
pineapple [6]. A meter to evaluate total SSC and the acidity in 
pineapple pulp using an optical technique was developed in [7]. 
SSC prediction of pineapples using non-invasive, low-cost 
visible and shortwave NIR in the range of 650-1000 nm, 
including with Artificial Neural Networks (ANN) was 
performed in [8]. Furthermore, the analysis of SSC in 
pineapples using NIR spectroscopy to predict the SSC in 
pineapples with different harvest dates in the wavelength of 
662-1005 nm was performed in [9].  

Consequently, the spectroscopy is an exciting method for the 
internal quality assessment of pineapples. It uses light's 
reflection, transmission, absorption, and scattering properties. 
Light is a type of electromagnetic wave that can be classified 
by frequency or wavelength: radio, microwave, infrared, 
visible, ultraviolet, x-ray, and gamma-ray. Since incident light 
strikes an object such as a fruit, the chemical composition of the 
fruit absorbs the light energy, which is different in each 
wavelength, the reflected light is measured using a spectrometer 
for further analysis [10]. In the past, the spectroscopy has been 
applied for several purposes. Accordingly, a predictive study of 
nitrate content in Batavia pineapples was conducted using the 
Vis-NIR wavelengths [11]. The feasibility of using a portable 
NIR spectrometer to detect and predict SSC in pineapples was 
studied and achieved 85% of prediction accuracy [12]. In 
addition, the portable NIR sensor from Light Emitting Diode 
and photodiode with the use of ANN was investigated. The 
wavelengths from 700-1100 nm were used to classify the 
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internal quality of pineapple. By utilizing the scaled conjugate 
gradient algorithm, the proper number of hidden neurons is 
seven with 70% accuracy [13]. 

Consistent with the information, the relation between the 
chemical substance of pineapple and electromagnetic radiation 
in the Vis-NIR wavelength ranges was studied in this research. 
A spectroscopy-based apparatus was conceived and built to 
evaluate the quality of Batavia pineapples. NN was used to 
classify pineapple classes. The research purpose is to assist 
farmers and purchasing industries in precisely assessing the 
internal quality of each pineapple prior to trade in order to 
reduce the number of pineapples discarded due to unqualified 
traditional random sampling findings. 

II. MATERIALS AND METHODS 

A. Measurement of the Vis-NIR Reflectance Spectra 

According to the purpose of this research, SparkFun Triad 
Spectroscopy Sensor AS7265x was used as a sensor detector 
which detects 18 different channels of light wavelength from 
410 nm (UV) to 940 nm (IR). The sensor would be operated via 
the Arduino mega 2560. 

OSL2-High-Intensity Light Source (OSL2) was used as the 
light source. The operational wavelength range of 400-1600 nm 
was utilized under condition of a 150 W, 3400 L, EKE/10H 
lamp at 25% light intensity. The light was transmitted to the 
object using the 8 mm diameter fiber probe. 

The major function of the black cover is to install the fiber 
tip of OSL2 light source and the body of AS7265x sensor, and 
to protect the sensor from being interfered with external light 
due to the black ABS material and its specified form. The 
complete design of the cover is shown in Fig. 1, in which area 
(a) is used to install the fiber tip of OSL2, and area (b) is used 
to install the sensor. 

 

 

Fig. 1 The designed sensor cover: (a) OSL2 fiber tip installation’s 
hole; (b) Sensor installation’s area 

 
The (a) area of Fig. 1 is intended for the installation of the 

OSL2 fiber tip, which forms a 25 angle with the cover's 
perpendicular line, as shown in Fig. 2. According to the 
designed angle, the sensor is able to read the reflectance at a 
five mm depth from outer surface to ensure that the reflectance 
point is the flesh of pineapple. 

According to the experimental apparatus used in the 
measurement of the Vis-NIR reflectance spectra, the 
measurement setup is shown in Fig. 3. 
 

 

Fig. 2 The cover angle design (a) The cover, (b) Pineapple, (c) Light 
direction, (d) Perpendicular line of the cover 

 

 

Fig. 3 The measurement setup 
 

The reflectance spectra were obtained by the measurement at 
the specific positions on a pineapple shown in Fig. 4. The 
reflectance of three points (middle, upper-middle, and lower-
middle point) was measured as a sample of the NN input. In the 
experiment, the reflectance spectra of middle point were 
measured initially, then we turned the pineapple to the right for 
45 angle and the reflectance spectra of upper-middle and 
lower-middle point were measured. The processes were 
repeated to the next 45 angle for the second sample until the 
reflectance spectra of four samples of a pineapple were wholly 
obtained and stored. According to the experiment, 100 samples 
were recorded and used for the training set and test set of the 
NN. 

 

 

Fig. 4 The specific position of the measurement 

B. Measurement of the Reference SSC 

In the process of SSC acquisition, the peel of the pineapple 
at the specific position shown in Fig. 4 was peeled off for about 
2-3 mm depth and then we used a fruit picker to scoop out small 
pieces of flesh. After that, we squeezed the pineapple juice and 
dropped it onto the digital refractometer (PAL-1 Pocket 
Refractometer, ATAGO). The SSC of each point was recorded 
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and matched with the reflectance value at the same point. 

C. Classification of Pineapple Class 

To classify the sweetness of pineapples, the NN was utilized. 
The NN consists of an input layer, hidden layers, and an output 
layer that are connected by nodes. Its purpose is to train the data 
and enhance the precision of the model through learning. 
Before training, class identification and class balancing were 
performed as shown in Table I. At the class identification, the 
sample with an average SSC value of middle, upper-middle, 
and lower middle point less than 8.99 Brix was identified as 
"unsweet" class, whereas greater than 8.99 Brix was identified 
as "sweet" class. 

 
TABLE I 

CLASS IDENTIFICATION AND CLASS BALANCING 

Brix Number of samples Number of samples per class Class 

< 5.99 1 

49 unsweet
6.00-6.99 7 

7.00-7.99 16 

8.00-8.99 25 

9.00-9.99 20 

51 sweet 

10.00-10.99 6 

11.00-11.99 4 

12.00-12.99 6 

13.00-13.99 9 

14.00-14.99 5 

15.00-15.99 1 

Total 100 100  

 

To perform NN, the Google Colaboratory was utilized, 
which enables users to write and execute Python code directly 
in a web browser. Two reflectance of 510 nm and 900 nm 
wavelengths were used as the features of the sample. After class 
identification and class balancing were performed, the data 
were shuffled and separated into training and test set. The data 
frames of the training and test set are shown in Figs. 5 and 6, 

respectively. 
Before training, all features were standardized to ensure that 

the data’s mean set to zero and the standard deviation set to one. 
During the training process of the NN, by utilizing the deep 
learning library called TensorFlow, the sequential model was 
utilized to group a stack of layers and deliver the data in 
sequential order through the model. A ReLU activation function 
was employed for all seven hidden layers with the Adam 
optimizer. The total number of NN parameters is 103,577 which 
all are trainable parameters. This information shown in Table 
II. 

 
TABLE II 

METHODS AND PARAMETERS USED IN NN 

 Description 

Pre-processing methods 

Class identification
Class balancing
Data shuffling 

Standardization�
Model Sequential 

Activation function ReLU 

Optimizer Adam 

Number of parameters 103,577 

III. RESULT AND DISCUSSION 

After the SSC of each position was obtained, the data were 
recorded and analyzed. Table III shows the statistical analysis 
record of the SSC. The maximum and minimum values of the 
SSC between the two classes were significantly different. The 
average value of the class sweet is 11.2 Brix whereas the class 
unsweet is 7.7 Brix. The sweet class has a greater standard 
deviation of 2.1, indicating a broader range of data than the 
unsweetened class. On the other hand, the standard deviation 
for the unsweet class was only 0.8, revealing a narrower 
distribution of data. This revealed the difference between the 
two classes of independent variable.��

 
 

 

Fig. 5 The data frame of training set 
 

 

Fig. 6 The data frame of test set
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TABLE III 
STATISTICAL RECORD OF THE SSC 

Class Minimum Maximum Average Standard Deviation

sweet 9.0 15.3 11.2 2.1 

unsweet 5.7 8.7 7.7 0.8 

 

The accuracy of NN classification in the training set and the 
test set was determined. Table IV shows the accuracy of the 
training and the test set classification, which achieves 100% 
accuracy in the training set and 76.67% accuracy in the test set. 
In the training set, 70 samples were correctly classified, 
whereas 23 samples out of 30 samples were correctly classified 
in the test set. This result clearly indicates the consistency 
between the SSC and the reflectance. Besides, the reflectance 
shows its substantial property as the dependent variable of the 
experiment. 

 
TABLE IV 

THE ACCURACY OF CLASSIFICATION IN THE TRAINING SET AND THE TEST SET 

 
Number of 
Samples 

Correct 
Classification

Wrong 
Classification 

Accuracy 

Training set 70 70 0 100% 

Test set 30 23 7 76.67% 

 

According to the result in the test set, the confusion matrix 
showing the efficiency of the model was obtained as shown in 
Fig. 7. Nine true positives, four false positives, three false 
negatives, and 14 true negatives were obtained. In this case, 
positive refers to the class unsweet whereas negative refers to 
the class sweet.  

 

 

Fig. 7 Confusion Matrix 
 

TABLE V 
PRECISION RECALL AND ACCURACY 

 Precision Recall Accuracy 

Positive 0.69 0.75 
0.7667 

Negative 0.82 0.78 

 

Based on the confusion matrix, precision, recall, and 
accuracy can be calculated as shown in Table V. The precision 
is 0.69 and 0.82 in the classes positive and negative, 
respectively. It indicates the precision of the model to predict 
each class. The value 0.82 suggests that the model has a better 
accuracy in the negative class. Since, in negative class, it 
prominently shows higher consistency between the SSC and the 
reflectance. The recall is 0.75 and 0.78 in the classes positive 
and negative, respectively. It indicates the number of correctly 
determines true positive or true negative from all actual positive 
or all actual negative of the model. The total accuracy was 

calculated to be 0.7667. 

IV. CONCLUSION 

According to the precise design of the sensor cover, the 
selection of the sensor, and the light source, the property of the 
chemical substance which is pineapple flesh at five mm depth 
was obtained as the reflectance. The 500 nm and 900 nm 
reflectance at the upper middle, middle, and lower middle 
points were used as the features of the NN, whereas the SSC 
was used to identify the class of each sample. Eventually, the 
NN gave 76.67% accuracy in test set classification. 
Consequently, this study shows strong consistency between the 
reflectance and SSC. The use of a low-cost compact 
spectroscopy sensor and the NN to classify the sweetness of 
pineapple could be accomplished with high accuracy. 
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