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ABSTRACT

The study aims to produce a theoretical design of a Machine Vision system. The system will be capable of
looking for and identifying fruits, especially oranges, that are about to spoil. The system will make use of image processing
to identify oranges and determine whether they are about to go bad. The system will serve as quality control that can be
utilized by manufacturers and suppliers. The system is designed to be accurate, reliable and consistent as opposed to the
human eye which is more susceptible to errors. The process of the system is as follows: the input of the images of fruits to
the system, the identification of the orange using edge detection, the identification of dark spots, molds or skin peeling off
the orange, and the identification that the orange is no longer qualified produce. The process that the system follows
ensures the capability of the system to check for oranges that are about to go bad.
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1. INTRODUCTION

In today’s modern world, automation has been a
vital part of industrial tasks. Manually doing tasks with a
lot of labor just does not meet industry standards today
mainly because of inconsistency based on the person’s
state. Therefore, automated machines were made, to be
able to do tasks that keep up with the industry.

These automated machines are of course not
enough, they have to be smart enough to do tasks that
would require them to adapt and for them to adapt, they
have to learn. Of course, learning is not enough, they
should have some way to be able to perform certain tasks,
complex industrial tasks to be exact. This is where
machine vision comes in. Machine vision uses the
combination of hardware and software that provides
guidance to the machines through capture and processing
of images. With the images captured, the machine
processes this through a computer made to do the process,
and after the process, the machine works based on the
information provided to it by the computer.

Machine vision systems rely on digital sensors.
These sensors are part of industrial cameras that acquires
images that are sent to the computer hardware for
processing and analysis of information. Automated
Imaging Association (AIA) claims that machine vision is
the peak in industrial and non-industrial applications
where hardware and software work together to operate
guidance to machines [1].

An example of a machine vision application is
using a machine to test the qualities of products
manufactured. The computer is programmed to analyze
captured images of the products produced; it will access its
data based on information about the required qualities of
each product where it serves as the basis for product
inspection [2]. After analyzation and processing of
information, the machine connected to the computer will
then either accept or reject the product. This application of
machine vision helps in quality control of products.

2. BACKGROUND OF THE STUDY

Machine Vision is the study and development of
systems capable of artificial vision. It carries out tasks that
can be done by human vision. It can be made to identify
and process anything the human eye can see. Image
processing is the direct application of machine vision [3].
Machine vision is comprised of a hardware and software
component. The hardware component obtains the imagery
and works as the artificial eyes of the system, while the
software part is capable of identifying and processing the
imagery the system is feeding to it [4].

Machine Vision 1is an essential field in
engineering. There is a lot of research needed to further
develop image processing. Image processing has a lot of
application in the daily life of people [5]. One of the major
users of image processing is the manufacturing and
production field. Error detection can be made easier with
the further development of machine vision [6].

The Philippines is one of the top exporters of
fruits. Tons and tons of fruits are being exported from the
country every year. Image processing can be utilized to
maintain the quality of these exported goods. Machine
Vision can be used to look for and identify fruits that are
about to go bad [7]. Instead of doing the manual labor of
checking this absurd amount of fruits which can be more
inefficient due to human error, image processing can be
used [8].

Dark spots, mold and peeling skin can indicate
that fruits are going bad. Image processing can be used to
look for these indicators and can alert the system that the
fruit is not good quality anymore [9]. By doing this, the
system can be more efficient and there is a smaller chance
of exporting fruits that are about to rot. Quality control of
export products will surely be improved if the concept of
machine vision is implemented.
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3. STATEMENT OF THE PROBLEM

When it comes to industrial production of things,
ideally, top quality is always a must for every individual
product. While this is possible, when seeing things
practically, there will always be errors big and small.
Another problem here is that in the stage of production,
quality inspection is difficult to do manually with labor
and machines that are tasked to produce and assemble
things are not smart enough to do the job. So basically,
without the means to inspect the quality of all productions,
there is always a product with a defect or failed quality
that would get into the market. Of course, this is
minimized by industrial manufacturers by reducing the
margin of error in production but again, without the means
to inspect, there is always a chance for the defective or bad
quality product to get into the hands of consumers in the
market.

In response to this problem, this study aims to be
able to help solve the said problem of the industry with the
use of machine vision application. The machine vision
system will be responsible for inspecting certain products
through the use of captured images, images in the database
for quality basis, and a program that analyzes the
product’s quality that then tells the machine whether to
discard the product or not.

4. SIGNIFICANCE OF THE STUDY

The aim of the study is to reduce the number of
defective products, or products that did not pass the
quality requirements. With a machine vision application in
industrial manufacturing, the machine will be able to
distinguish produced products that have passed the quality
check in order to prevent products that are factory rejects
to go out into the market.

With the data that will be gathered in the
research, it will help improve machines that will be used in
industrial manufacturing in quality checking the products
individually. The data will not only contribute to simple
inspections by the machine but will also help in the in-
depth checking of the product based on images from the
database that the researchers used. The system will help
advance the technology used in industrial manufacturing
that will be able to not only prevent recalling of products
but also help in bringing out the best quality products. The
machine will also help set the standards in manufacturing
products because it will serve as the guide to the produced
items. With this, the margin of error can be reduced in
manufacturing and thus not only helping in distinguishing
bad productions from the good ones but also help reduce
producing a big number of defective products. This also
serves as prevention for wasting resources in the industry.

5. LITERATURE REVIEW

Agriculture has been an essential part of
harvesting in any culture. That early human civilization
has dependent on increasing the food source by using
agriculture [10]. The demand for a growing global
population has never decreased which calls for an increase
in its production however to do this effective growth
would need proper monitoring [11]. Safe storage of the

fruits is proportional to our daily life and health it is
crucial because there are different factors that will affect
the produces growth, therefore, a need for a real-time
monitoring system that would analyze the plants growth as
changes in the environment develop with the use of
various interface and sensors as opposed to human
monitoring that is expensive and ineffective [12].
Automation increases the productivity, quality and
economic growth of the agricultural industry [13].
However, diseases in fruits result in heavy economic loss
and production worldwide which can be hard for a small
scale farming plant to have to lose their capital [14].
Therefore, usage of automatic methods is to be used also
as a detector early on would be a game-changer because it
would also protect the other crops of the production and
remove potential crops that may be infected [15]. These
automatic methods are namely using image processing to
let the computer detect signs of diseases by having the
fruit classified from its color, texture, and morphology
with the use of artificial neural network which employs
effective algorithms that would read the extent of spread
of disease a fruit has suffered [16]. Moreover, we could
also use image processing could also be used to estimate
the volume of fruit it would be categorized into simpler
shapes like ellipsoid, spherical, and paraboloid this also
helps production to cut off outlier sizes of the products
which would maintain the quality of the production [17].
Additionally, when applying artificial neural network there
must be the usage of K-means clustering to be able to
detect the spots of the infected produce that would be
categorized based on the classifications said above [18].
Machine vision has become a key technology in the are of
quality control. The vision system is focused on computer
vision in becoming an inspection tool of the product such
as pharmaceuticals, and food [19]. This is also supported
by Feng et al as they stated that machine vision system can
be used for automatic high-speed fruit sorting with the use
of segmentation techniques such as the Ohta-color-space
thresholding algorithm, blob algorithm is used to improve
the image by removing noises, while the spline-
interpolation algorithm was adopted to detect the contour
of the fruit, and the fruit sorter was a Bayes classifier
which achieved a 90% of accuracy [20, 21]. This has been
a common occurrence with the usage of machine vision
system even when with different classifier they still
maintain a 90% accuracy rate with their classification
which we could say that the usage of machine vision hand
in hand with artificial neural networks and Digital Image
processing is successful in determining the disease of a
fruit. In a machine vision system, it is essential to take into
consideration the different theories that will improve the
efficiency of the system. For example, spatial imaging is
crucial in image processing in the sense that, the number
of pixels is utilized in the analysis of the image. Spatial
imaging is important in the recognition of the image and in
the analysis of whether the system deems the product as
good quality or bad quality product. Electronic sensors,
another theory is also essential in a machine vision system.
Some form of the sensor is responsible for feeding the
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program the information it needs which, in the case of the
system, is the image of the product it will identify.

6. THEORETICAL CONSIDERATION

6.1 Spatial imaging

Spatial Imaging is the process of processing an
image digitally with a certain number of pixels utilized in
the construction of the image [22]. The higher the spatial
resolution means that the number of pixels is larger. The
higher the resolution, the more detailed the image is. For
this research, spatial imaging is a crucial part of detecting
even the tiniest details in inspecting the quality of the
product [23].

6.2 Rough set theory

The rough set theory is a mathematical approach
to understand and manipulate a problem given the lack of
knowledge [24]. This theory is supported by other
mathematical theories. Rough set theory tackles the
problem by using different theories on set theories and
approximations [25]. In approaching a problem using the
theory, the vagueness of the problem is expressed by a
boundary region of a set [26, 27]. For this research, rough
set theory can be used for approximations of data because
processing and analyzing of images is not always perfect
compared to the database in the system that will be used
for comparison in order to determine the quality [28, 29].

6.3 Electronic sensors

Usually, when an electronic system needs to
gather information from outside its system, sensors are
used. Using the sensors, the system can do certain tasks
depending on how the system is made or programmed
[30]. These sensors can be classified into analog and
digital sensors. Example of electronic sensors is IR sensors
that could detect certain characteristics of its surroundings,
ultrasonic sensors that could detect physical objects and
their distance, temperature sensors, and many more.
Electronic sensors are a critical part of this research
because they will serve as the once used for gathering
information on the object being analyzed [31].

6.4 Logic scoring of preference

Logic scoring of preference is a multicriteria
decision-making method that would work with some fuzzy
reasoning with some analysis and some computing [32].
This research, this decision-making method can be used
together with information gathered from processed image
and analyzation to decide whether the product has good
quality or not. This method requires multiple input criteria
[33].

6.5 Artificial neural network

An artificial neural network is a tool used for
machine learning [34, 35]. This type of system enables a
machine to adapt and learn from gathered information,
similar to how humans learn. The neural network has an
input and output and has a hidden layer that has units that
could transform the input into something that the output

can use in later occasions [36]. The artificial neural
network can be used for finding patterns that are difficult
to do manually without programming [37]. In this
research, this is especially useful for quality checking
while not only relying on current information but with new
once gained from the capture and processing of images
[38].

6.6 Database monitoring

Database monitoring is used to help the system
know of what information is used, new information
gathered, and how it will help the process improve. In this
research, database monitoring is used for accessing the
database of perfect quality fruits for analyzing newly
captured images of fruits. The database can also be
updated through machine learning whenever it learns of a
pattern, making the process better and more efficient [39].

6.7 Data/Information transfer

Data is a critical part of this research. The system
must first have an initial database that contains
information that tells the system the type of fruit quality it
is supposed to follow when doing the process [40]. This
data contains information and transferring this to the
system at work enables the machine to work its function.
Basically, the data is the source of information, which is
updated, and the transfer of the information from it is a
vital part in doing the process of checking the quality of
the fruits being captured and processed in machine vision
[41].

7. DESIGN CONSIDERATION
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Figure-1. Flowchart of the system process.
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The system will follow the process presented in
the flowchart to function. It will first process the image
that is being fed into the program. It will then determine
the object, which in the case of the study, an orange. The
system will use edge detection to determine each
individual orange being identified by the system. The
system will then check for indicators that the orange is no
longer quality produce by checking for dark spots, molds
or peeling skin. Based on these criteria, the system will
determine if the orange is about to or already spoiled or
not. The system will now be able to determine all the
oranges that are likely close to spoiling or already spoiled.

8. METHODOLOGY
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Figure-2. Flowchart of the theoretical system design of a
Quality control system using image processing.

The system’s main objective is to inspect a fruit
using machine vision that would determine whether it has
an acceptable quality or not. This can be done possible
using the concept of machine vision together with some
mathematical theories such as rough set theory, logic
scoring, and many more. These theoretical concepts will
help build the system’s overall Al or program that
calculates information based on multiple inputs gained
from image processing. The calculations are based on
theories such as the logic scoring of preference and rough
set theory. The system is also supported by an artificial
neural network, which is where the system learns more
information whenever it captures and processes images.
Information learned here are beyond from what the initial
database is [42].

The overall summarized process is, the machine
captures an image, the image is processed and the database
will be used for reference, the calculations will be made,
feedback from calculations will go to the database for any
updates through machine learning, and finally, the output,
which will determine whether to reject or accept the fruit
[43].

9. DATA AND RESULTS
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Figure-3. Good quality mango as identified by the system.
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Figure-4. Bad quality mango as identified by the System.

CODES:

Figure-5. Sample program code for the System.

10. ANALYSIS OF DATA

The researchers have been able to implement
software for checking the quality of mangoes by having its
image sent to a computer wherein they would process for
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black spots and mark them as diseased produce. With the
usage of Digital Processing Image Toolbox, we're to use
K-means to be able to check whether the mango has a
consistent yellow color or has a big spot of black. The
group has chosen to have this method because it is
computationally less intensive while providing high
accuracy in determining the status of the mango.
Additionally, there are parts of the code like how 'image’
and 'show' are two different codes that should be used
separately because if we use the code 'image' for showing
the grayscale picture of the figure the picture would be
disoriented with what the system finds as the most
dominant color. Moreover, we are other than spotting
black marks in the figure we also measured the color of
the mangoes it's yellow intensity to be able to determine if
the produce is mature or not. If it is below the threshold
intensity it would also tell the user that is not ripe.
Furthermore, the system can also read the size of produce
by checking the edges of the mango which would tell the
user if the mango is large or small. All in all, with the
system we are able to segment the size, color, and
determine if the mango is not edible by having this
parameter the user can segregate the production into his
liking for him to continue the quality of the produce.

11. CONCLUSIONS

The research done was a machine vision system.
Image processing was used to determine and identify the
fruit and check whether it is rotten or about to rot. The
program implemented is a system that will contribute to
the quality control of the manufacturing and production
industry.

The process of the system works by first
recognizing the image. The system will use edge detection
to identify the fruit. In the case of the research, a mango
was used. The system will then detect for either black
spots, molds, or peeling of the skin. These are indicators
that will determine if the mango is spoiled or about to
spoil. The system will then process the image to give its
verdict.

The study was conducted with the basis of six
theories namely: Spatial imaging, rough set theory,
electronic sensors, logic scoring of preference, artificial
neural network, database monitoring, and data and
information tracker. Spatial imaging was crucial for
identifying the smallest detail of the image in order to
determine the fruit. Rough set theory was used to make
approximations for the data gathered in the research. Since
the focus of this topic is machine vision, electronic sensors
are one of the key factors in the study. Since the program
relies on the image being processed, machine vision
systems should have a form of electronic sensor to feed
the program the image it will process. For logic scoring of
preference, the decision-making methods were used to
further make the verdict of the system as accurate as
possible. Since quality control is a repeated process of
checking the produce, the artificial neural network helps
the system become more accurate when exposed to more
and more inputs. This helps make the decision making
faster and more efficient. Database monitoring is closely

linked to an artificial neural network. Since quality control
is a repeated process, the system can use what it already
knows and update its database to make it run more
efficiently. Data and information tracker is used to feed
the system the needed input.

12. RECOMMENDATION

For future studies, the researchers recommend
sampling of different types of fruits instead of just
mangoes. The system should be able to identify each type
of fruit from a large sample of fruits. The system should
also be able to check if each fruit going spoiled or about to
spoil. The theoretical system should also have more
parameters to check if the fruit is to spoil or about to spoil.
The program should not be limited to checking for dark
spots, molds, and peeling of the skin. These parameters
may include the size and color of the fruit. Size and color
may indicate if the product is good or not. Future studies
may consider these parameters to check if the fruit is
going bad. The researches did a theoretical design of the
system  without actual hardware or  software
implementation. The research would be more precise
given actual software and hardware implementation of the
system. More efficient image processing could also be
implemented given the topic; future researches can have
better-performing machine vision systems for image
processing. Also, the fruit detection method used was edge
detection. Other researchers can develop or use other ways
of identifying different types of fruits.

Future researches could also benefit from the
study presented. Quality control is not limited to fresh
produce like fruits. Quality control should be implemented
by every manufacturer and producers. The study can help
shed light in different ways machine vision can be used to
help implement quality control. Machine vision is not
limited to quality control. The medical field can also
benefit from image processing. Machine vision systems
can also be used in the diagnosis of different diseases.
Since the artificial neural network is under machine vision,
it can be used to predict if a person may have an injury or
a disease like tumors, fractures and the like.
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