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Abstract –  This study aimed to design and develop a
watermelon  ripeness  detector  using  Near-Infrared
Spectroscopy  (NIRS).  The  research  problem  being
solved in this study is developing a prototype wherein
the watermelon ripeness  can be detected without the
need to open it. This detector will save customers from
buying  unripe  watermelon  and  the  farmers  from
harvesting  an  unripe  watermelon.  The  researchers
attempted to use the NIRS technique in determining
the ripeness level of watermelon as it is widely used in
the agricultural sector with high-speed analysis. The
project was composed of Raspberry Pi Zero W as the
microprocessor  unit  connected  to  input  and  output
devices,  such  as  the  NIR  spectral  sensor  and  the
OLED display.  It was programmed by Python 3 IDLE.
The  detector  scanned  a  total  of  200  watermelon
samples. These samples were grouped as 60 % for the
training dataset, 20 % for testing, and another 20 %
for evaluation. The data sets  were collected  and are
subjected  to  the  Support  Vector  Machine  (SVM)
algorithm.  Overall,  experimental  results  showed that
the detector  could correctly  classify  both unripe and
ripe watermelons with 92.5 % accuracy.
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I. INTRODUCTION

Watermelon,  with  the  scientific  name  Citrullus
lanatus,  is  a  non-climacteric  fruit  [1].  It  is  popularly
cultivated  and  consumed  in  most  tropical  areas  of
agricultural  countries,  especially  in  Asia.  Watermelon
growth reports for almost 9.5 percent of the world's total
vegetable production [2]. Every year, 111 million metric
tons  of  watermelon  were  consumed in  the  world  [3].
Unlike other fruits, watermelon does not tend to ripen
after picking, so it is not good to harvest it unripe and let
it ripen on the counter. Because after removing from the
vine,  the  fruit  does  not  develop  external  color  or
increase sugar content [4], [5]. 

There  are  various  types  of  watermelon,  some  of
which are red flesh and yellow flesh. For this study, the
watermelon variety tested by the device is the "Sweet

Gold" watermelon. This variety is oblong, has a bright
green outer rind with a yellowish ground spot, and its
flesh  is  yellow.  This  variety  weighs  between  2  to  4
kilograms.

The traditional method of determining watermelon's
maturity is  by thumping with a finger,  which gives a
hollow sound as an indication of maturity  [6]. Farmers
and watermelon retailers use this traditional method of
determining  the  ripeness  level  of  the  watermelon.
However,  these  decisions  lead  to  subjective
interpretation  and  ensure  that  enormous  quantities  of
watermelons  are  harvested  too  early  or  too  late  on
schedule  [7].  Another  method  of  determining
watermelon's maturity is by cutting it and look for its
seeds. The immature watermelon (unripe) has shrunken
white seeds shown in Figure 1(a). Ripe watermelon has
most  of  the  seeds  black  shown  in  Figure  1(b) [8].
However,  this  approach  is  not  practical  since  the
watermelon needs to be cut. 

Different types of researches have been done about
ripeness  detection  by  its  acoustic  properties  [9],
capacitance  sensing  [10],  dynamic  technology  using
complex analysis including Laser  Doppler Vibrometry
(LDV)  [11]–[13],  image  processing  [14],  and
spectroscopy  including  visible  light  (VIS)  [15],  and
near-infrared  (NIRS)  [16],  [17].  All  of  the mentioned
studies  are  about  the  classification  of  fruit  ripeness
using  non-destructive  methods,  which  is  also
incorporated  in  this  study  using  near-infrared
spectroscopy.

Over the centuries, technological advancements are
applied in agriculture, and near-infrared spectroscopy is
increasingly  used.  This  method  is  relatively
inexpensive,  non-destructive,  and can measure  several
properties  concurrently  [17].  It  can  also  be  used  to
evaluate multiple components in just a single scan. The
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(a)                    (b)

Figure 1. Ripeness level of watermelon by its seed
color: a) unripe watermelon, and b) ripe watermelon
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significant advantage of NIRS is that it is typically not
necessary  to  prepare  a  sample,  so  the  analysis  is
straightforward  and  very  quick  (between  15  and  90
seconds) [18]. The NIRS spectrum assessment does not
allow samples'  grounding because the spectra  of  light
show some different properties in another sample when
the light passes through it [19].

Infrared spectrometry is a technique commonly used
by  researchers  to  examine  food  and  agricultural
products  [20].  In  addition to that,  near-infrared  (NIR)
spectroscopy  is  based  on  electromagnetic  (EM)
radiation  absorption  at  wavelengths  between  700  and
2,500  nm  [21].  During  industrial  processing,  the
reflectance measurement technique would be useful in
the  quality  analysis  of  watermelon  fruit.  It  can  be
performed online in packing houses and on-farm [22].

There is a need for automated detection techniques
for  this  study  using  the  reflectance  measurements  of
watermelon to an algorithm by using machine learning.
Machine  learning  algorithms  can  be  used  to  predict
long-term  data  that  can  be  used  in  this  analysis,
including  the  Support  Vector  Machine  (SVM)  [23].
MATLAB software has the Classification Learner app
that can help build the model of the proposed device. 

According  to  past  research,  SVM  provides  the
highest  accuracy  as  it  has  a  higher  generalization  of
durability  and  a  more  robust  classifier  than  other
algorithms  [24].  The  classification  to  separate  data
classes  using  SVM  is  used  in  many  different
applications.   Andika  [25] used  the  SVM  method  to
classify  all  texture  features'  value  extracted  from the
image ROI Kintamani inscription. The SVM models are
usually used to classify one or two classes [26].

This  study  focused  on  the  design  and  develop  a
device for watermelon ripeness using NIR spectroscopy.
The device  only  classifies  whether  the  watermelon  is
unripe or ripe using the SVM algorithm. By measuring
light  scattered  off  and  through  the  watermelon,  NIR
reflectance spectra can be used to quickly determine the
watermelons'  internal  content  properties  [27]. Near-
infrared  spectroscopy  was  used  in  gathering  the
reflectance measurements. These data sets were subjected
to  the  SVM algorithm to  create  a  trained  model.  The
study uses  Raspberry Pi  Zero WH to process  the data
collected, control the device's operation, and display the
output data on a display screen.

II. RESARCH METHODS

A. Preparation of watermelon samples   

A  total  of  200  watermelon  samples  were
gathered  and  utilized  for  this  study,  containing  100
unripe watermelons and 100 ripe ones. These samples
were grouped as 60 % for the training dataset, 20 % for
testing, and another 20 % for evaluation. The training
and  testing  datasets  were  taken  from  Nanay  Zeny's
farm, while the latter was obtained from Nanay Girly's
farm.  These  farms  were  both  located  at  Calibuyo,
Tanza, Cavite.

For  the  training  datasets,  100  samples  each  of
predetermined  unripe  and  ripe  watermelons  were
scanned by the device.  The scan was done by placing
the prototype at  the center  of the oblong watermelon.
After  scanning,  the  watermelon  is  cut  in  two  to
determine whether it is according to the predetermined
class  of  ripe  or  unripe.  After  the  training  datasets
programmed to the classifier, the prototype was tested to
a  whole  watermelon;  again,  it  was  cut  in  two  to
determine if the samples were correctly classified.

B. Materials

Table 1 shows the material  and the total expenses
incurred  in  the  device's  construction,  including  the
chassis'  cost  and  labor.  The  total  cost  is  9,879.00
Philippine pesos,  which is cheaper  than commercially
available  NIRS  devices  wherein  the  cheapest  costs
250,000 pesos.

Raspberry  Pi  Zero  W  served  as  the  brain  of  the
watermelon  ripeness  detector.  Spectral  sensor  is  a
complete single-chip spectrometer designed to identify
wavelengths  in  6  near-IR  channels  at  610,  680,  730,
760,  810,  and  860  nm  of  light.  Out  of  six  NIRS
channels,  only  four  were  utilized  for  the  prototype.
These are 730, 760, 810, and 860 nm because only these
four  channels  exhibit  pronounces  differences  between
unripe and ripe watermelon, thus excluding 610 and 680
nm. A 128x64 OLED LCD  screen with 1.3 inch  blue
display  and  a  module  I2C  interface  for  Raspberry  Pi
was  used  to  show  the  ripeness  level  of  watermelon,
whether it is unripe or ripe, and a power bank with 5000
mAh was used to power the device. 

C.  Design  and  construction  of  the  watermelon
ripeness detector

Figure 2 shows the  circuit diagram of the system.
The  individual  components  were  connected  to  the
microprocessor using jumper wires. The NIR sensor and
buttons  were  the  input  devices  to  the  Raspberry  Pi,
while the LCD was the output device. The sensor and
OLED display used similar pins: SCA, SDA, 3.3V, and
GND, and were connected directly to the Raspberry Pi.
The start button was connected on GPIO17 and GND,
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Table  1. Bill  of  materials  for  the construction of  the
device

Qty Description
Cost (P)

Unit Total
1 Raspberry Pi Zero W 

Kit
2419.00 2419.00

1 NIR Spectral Sensor IC 1400.00 1400.00
1 OLED display 300.00 300.00
1 Powerbank 700.00 700.00
1 Slider wwitch 10.00 10.00
2 Push button 25.00 50.00
1 Acrylic chassis 4000.00 4000.00

Miscellaneous 1000.00 1000.00
Total cost 9879.00



while  the  shutdown  button  for  raspberry  pi  was  on
GPIO27 and GND. The on/off switch was in series with
the cathode of the battery.

Figure 3 shows the  construction of the watermelon
ripeness detector. Two switches were used in the device.
First,  a  slider  switch is placed on the right side.  This
switch turns the device on and off. Second, a normally
open  push  button  switch  that  was  placed  beside  the
LCD so  that  the  user  may  freely  operate  the  device.
Clicking  this  button  leads  to  the  functioning  of  the
spectral  sensor.  Inside  the  prototype's  casing  contains
Raspberry Pi Zero W, NIRS Spectral Sensor, and power
the supply. The spectral sensor was placed near the tip
of the device to read the reflected light signals from the
watermelon.  As  the  sensor's  processor,  Raspberry  Pi
Zero  W  classified  the  watermelon  according  to  its
ripeness level. 

Finally, LCD that was placed facing the user displays
the ripeness level of the watermelon. The whole device
was made-up of an acrylic board to support its portability
and compactness goals. The researchers also considered
the size of the electronic components that were used. The
dimensions of the device in different perspective views
were shown in Figure 4.

D. Detection operation 

Initially,  the  device  is  manually  turned  on  via
SHUTDOWN switch, which boots up the Raspberry Pi
Zero W, and the program for the system automatically
starts.  Also,  the  display  turns  on  and  prompts  the
message  ‘start’  when  everything  was  initialized.  To
classify,  the  user  will  press  a  START button.  This
button  pressing triggers the program's code to turn on
the sensor and start measuring the reflected signals and

save it to a CSV file. This data is fed on a pre-trained
SVM  classifier.  The  result  from  the  classification  is
displayed  on  the  LCD.  This  process  can  be  repeated
multiple times until the user switched off the device.
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Figure 2. Pictorial circuit diagram of the device

Figure 3. Construction design of the device

           
                                               (a)                                                                           (b)

          
                                               (c)                                                                           (d)

Figure 4. Dimensions of the device from a different perspective: a) front view, b) left side view, c) back view,
d) right side view 



E.  Development  of  the Python  program  for  the
system 

The  program  that  ran  on  the  Raspberry  Pi  was
written  in  Python  language  using  the  pre-installed
Python  3  IDLE in  the  Raspbian  OS.  First,  necessary
packages  were  imported,  and  variables  were  defined.
The script had imported the essential library to control
the sensor and OLED display using the Raspberry Pi.
General  Purpose  Input/Output  (GPIO)  pins  were
declared, and variables were then initialized. 

Figure  5 shows  the  flowchart  in  developing  the
source  code  that  controls  the  program's  flow  for
initialization  up  to  sending  the  data  to  the  SVM
classifier.  The  watermelon  ripeness  detector  uses  the
SVM  classifier.  Figure  6 shows  the  process  of
developing  the  SVM  model  that  would  classify  the
ripeness  level  of  watermelon  based  on  its  reflectance
measurements.  Training  datasets  were  imported  and
undergone  preprocessing.  Then,  these  were  fed  to  a
support vector machine classifier. The network was fit
and had undergone validation. If the result of it is not
satisfactory,  the  network  parameters  will  be  changed
and undergo retraining. If the model prediction accuracy
is acceptable, then we can now detect the ripeness level
of watermelon. 

Finally, the model was deployed to the Raspberry Pi
Zero W. This model was used to classify watermelon
from its reflectance. This model was integrated into the
program of the system.

III. RESULTS AND DISCUSSION

Figure 7 shows the actual design of the watermelon
ripeness detector. The circuit connections were inside of
it  and can be opened by removing the screws  on the
corner. The sensor and OLED display were secured by
its cover to protect it from the dirt.

Figure 8 shows the training datasets. It was plotted
on a 2-dimensional axis using 730 nm and 760 nm as
the X and Y-axis, respectively. It can be seen that the
data  were  linearly  separable.  Figure  8(b) shows  the
statistical  information  of  the  dataset.  Unripe
watermelons have values less than 100, while the ripe
has higher than it.

The  SVM  model  was  subjected  to  numerous
training, validation, and testing. Moreover, as a result,
an accuracy of 95.6 percent from the 40 samples in the
testing  dataset  was  obtained.  Then,  the  model  was
already integrated into the system.
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Figure 5. Program flowchart of the system

Figure 6. General process in building an SVM model

(a)

(b)

Figure 7. Actual view of the device: a) external view,
adn b) internal view



The  evaluation  was  conducted  at  Bailen,  Cavite.
Table  2 shows  the  summary  result  of  the  evaluation
from  40  watermelon  samples  with  different  ripeness
levels. The samples were first tested by the device, then
opened it to verify the result. Thirty-seven watermelons
were classified correctly. Therefore, the device accuracy
is 92.5 percent.

Table 3  compares  the  percentage of  classification
accuracy  of  this  study  to  other  studies  in determing
watermelon   ripeness.  It shows  that  among  non-
destructive  techniques  in  classifying  ripe  and  unripe
watermelon,  this  study  has  the  highest  percentage  in
classification accuracy of 92.5 %. This result means that
NIRS frequencies of 730, 760, 810, and 860 nm are a
promising  technology  for  watermelon  ripeness
classification,  as  in  [15]-[17],  [19]-[22],  [27] for other
non-destructive detectors. This paper's main contribution is
the proof that a low-cost NIRS IC using its four frequencies
can be used for determining the ripeness of watermelon.
Moreover, the SVM classifier has proven its effectiveness
in discriminating unripe from ripe watermelon using the
four NIRS frequencies as inputs [26].

IV. CONCLUSION

The  detector  can  detect  the  watermelon  ripeness
level  using  spectroscopy  with  trained  SVM  model
integration on  Raspberry Pi Zero W. The device was
able  to  identify  the  ripeness  levels  of  watermelon  by
placing it on the ground spot or yellowish part of the
watermelon.  The device  accuracy  has  met  the  desired
objectives of about 92.5 %. Therefore, NIRS frequencies
of 730, 760, 810, and 860 nm are a promising technology
for watermelon ripeness classification.
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