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Abstract

Evaluating the approach of the apple’s maturity is a crucial aspect of enhancing agricultural
efficiency, especially in the context of harvesting. Traditional approaches depend on fixed
criteria that fail to account for the natural growth conditions of the fruit. To address this
limitation, a fuzzy logic-based system was introduced to evaluate apple ripeness. This
model highlights a notable disparity between these factors and maturity. It incorporates the
essential elements anticipated to correlate with ripeness, while maintaining the integrity of
the inputs to create a holistic framework for assessing maturity. This system ensures that
apples are harvested at the optimal time, thereby improving their overall quality.

Keywords: fuzzy logic system; apple; agriculture 4.0; membership function; AI

1. Introduction
Fruits represent one of the main raw materials delivered for human consumption.

Based on advanced food research [1–4], it has proven that the maturity detection of the
fruit is related directly to visual aspect (color, hue, texture and size) to be multi-classified
through the opinion of experts.

This complex indicative of fruit being ready to be harvested or not, could reduce a
huge loss, under the pretext of the low price the worker receives, the large size of the
farm and the blind picking without checking if the fruit get its total maturity. For maturity
detection [5], by external edges, included inputs mentioned before, are non-destructive,
while others of them are destructive. To have the best quality possible in the supply chain,
it requires to check and ensure that the product be harvested before a short period (around
20 days) from the total maturity for the climacteric fruits.

The integration of Agriculture 4.0 into modern farming practices has a deep impact
on the efficiency and sustainability of the agricultural supply chain. Since, managing the
supply chain plays a crucial role in determining the profitability of agriculture 4.0. Globally,
apples (Malus Domestica) are one of the most consumed species of fruits, in demand by all
humans. Moreover, they offer several advantages such as they contain important nutrients
for health care.
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In general, apples stand out as one of the most famous fruits by world and especially
the Moroccan context. As mentioned in Figure 1, in 2022, apples represented the third most
consumed fruit in the world after bananas and watermelon [6].

Figure 1. Statistical Database 2022 Fruit Production.

Their shiny, round appearance, appealing color, sweet taste and balanced acid content
and crispness make them a compact, compatible, delicious and highly marketable fruit for
all socioeconomic classes. Imagine yourself eating an apple as mentioned earlier. Have
you imagined the scenery? It’s a panoramic view, in the sensual sense that crunching an
apple is both a therapeutic and a joyful scene. The apple itself is a source of antioxidants
and vitamins. We can’t deny that there’s an English proverb that supports that point,
indicating that the benefits of apples are so numerous that they can absolutely substitute
for a doctor: an Apple a day keeps the doctor away [7]. Overall, apples contain fiber and
antioxidants that either reduce and prevent cancer or Alzheimer’s disease.

2. Related Works
Developed by Dr. Lotfi Asghar Zadeh in 1965, the fuzzy logic method represents a

continuation of binary logic or the real value of the variable instead of having a range of
approximative values between 0 and 1 for analyzing data through degree of truth [8].This
is a major advancement in the modeling of complex systems in which uncertainty and
approximation are dominant. Fuzzy logic is prized for its capacity to examine intermediate
specifics employing gradations of precision that underline standard logic, which only
deals with binary values (0, 1). Its adaptability suits it as a decision-making instrument
to control difficulties in which the limits between classes are vague, for example, in light
source of targets to characterize harvest products dependent on their subjective parts, for
example, taste, smell, and so forth as color, texture and size. For example, in intelligent
agriculture, fuzzy logic has been widely used in optimizing sorting and quality control
processes, allowing a more precise and adjustable judgment of fruits. It is especially well
suited to regulatory systems where linguistic rules of the form ‘if X is A, then Y is B’
enable the translation of expert knowledge into workable models. The growth of artificial
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intelligence has made the potential of fuzzy logic even stronger by incorporating it with ML
& optimization approaches. A prime example of this synergy is the Adaptive Neuro-Fuzzy
Inference System (ANFIS), which combines the learning capabilities of neural networks
with the assistive features of fuzzy models. It can also automatically tune the parameters of
membership functions and fuzzy rules based on training data, resulting in more flexible
and efficient models. This paper presents a hybrid ANFIS-Fuzzy-CNN that combines CNN
with a fuzzy system (ANFIS and Local Binary Pattern (LBP), a texture analysis technique,
to enhance bell pepper leaf disease detection with an accuracy of 99.99%. It enhances
the optimization of agricultural monitoring by automated early detection of plant disease
through advanced feature extraction, making it a more efficient process and reducing the
costs of loss and pesticide use [9]. At [10], a smart model based upon a combination of
fuzzy logic and CNN for classification of high-resolution satellite images specifically in
agriculture to identify vegetation zones with an accuracy of 84%.

By successfully recognizing the crop classes more accurately, this technique helps in
effective land management by identifying crops and infrastructure. Due to its ability to
manage uncertainty and variability relating to agricultural data, fuzzy logic has proved
itself to be the scientific methodology relevant in terms of optimizing agricultural produc-
tion systems. By 2017, this logic is shown to work well in landslide risk mapping [11]
as illustrated by Gheshlaghi and Feizizadeh. Similarly, this approach can be applied to
dealing with agricultural hazards such as soil erosion and flooding. Besides, these pro-
gresses consist of soil cultivation and many researchers like Ghosh et al. apply it [12] who
elaborated a fuzzy classifier combined with neurons to examine extensive databases of
images, which have been identified as essential approach for modern agriculture. An article
of details on satellite image classification methods by [13] highlighted the importance of
fuzzy logic systems, especially for agricultural resource optimization. Consequently, the
research of Feizizadeh et al. [14] focused on the evaluation of fuzzy operators in satellite
image analysis. This approach is proving particularly relevant for forecasting agricultural
risks and improving the resilience of production systems.

Ma et al. [15] highlighted the effectiveness of land-cover image classification tech-
niques, including fuzzy approaches, for optimizing land use and maximizing yields. Fur-
thermore, a fuzzy logic-based optimization strategy for LiDAR image analysis, a method
adaptable to agricultural infrastructure management and crop planning, has been proposed
by Sameen and Pradhan by 2017 [16]. This study combines a smart drip irrigation system
with a fuzzy Sugeno controller that interprets temperature and soil moisture inputs to
regulate the watering time of aromatic chili plants. The system manages water effectively
with 99.98% accuracy through sensors (temperature, humidity and soil moisture) alimented
by Arduino-based configuration and resource-saving features, reducing tedious manual
labor by system support. Two methods, carried out separately, are injected into the soil
at the same time, significantly improving crop quality in difficult growing conditions as
well as irrigation efficiency [17]. This current study offers a fuzzy logic system utilizing
triangular and trapezoidal membership functions, a Mamdani inference mechanism, and
a centroid defuzzification process to assess and classify apples based on color (RGB) and
size inputs obtained via image acquisition. The algorithm imitates experts. The authors
introduce 125 if-then rule-based systems to grade Golden Delicious apples using their color
and size through non-destructive methods to obtain an aggregate grading final accuracy of
90.8% which is impressive compared to human vision. The post-harvest grading process
is more accurate and less subjective with this automated solution [2]. It highlights the
importance of color and size features in apple grading, utilizing fuzzy sets and Mamdani
acquisition for its inference process which integrates expert knowledge as well as com-
putational performance. The following study [18] uses fuzzy logic (FL) to define coconut



Eng. Proc. 2025, 97, 51 4 of 13

maturity by assessing the percentage of brown in the coconut shell through image pro-
cessing and by analyzing sound spectral characteristics to measure the texture of the pulp
and the hardness of the shell. These sensory inputs are combined by the fuzzy inference
system to distinguish between different stages of ripeness. Simulation results establish the
technique as a robust tool for automated coconut maturity assessment, despite the lack of
specific accuracy metrics [19].

Marcos Jesús Villaseñor Aguilar et al. propose a novel classification method, des-
ignated as the fission system, which is based on fuzzy logic and utilizes image-derived
attributes to determine the maturity of tomatoes. The proposed system employs visual
indicators to differentiate between various levels of ripeness, thereby facilitating the devel-
opment of a decision support tool that can adapt to variations in tomato appearance [20].
All these studies mentioned above highlight the potential of fuzzy logic as an advanced and
reliable solution for agricultural system optimization, resource management and real-time
decision-making, while adapting to the complex challenges encountered in the context of
modern agriculture.

3. Recognizing the Apple Maturity Level
Identifying the maturity level of apples is an essential component of smart farming

and offers a lot of benefits for farmers. The maturity level of an apple indicates the stage
of ripeness at which it should be harvested or not, and this factor remarkably affects the
quality and storage period of the fruit. Recognizing the apple maturity in agriculture 4.0
is essential for many purposes. At first level, the users can use these inputs as data of the
output which is the maturity level, once to decide the perfect time to harvest their yields.
Harvesting apples at the perfect level of maturity improves their sweet taste, shelf life and
quality, reaching a significant profit for farmers and the satisfaction of clients. Secondly,
recognizing the maturity level of apples can reduce waste and losses especially when the
fruit is harvested at the wrong time.

For farmers, avoiding under-ripe or overripe apples means less spoilage, which in turn
saves them money on labor and transportation costs related to harvesting and disposing of
badly bruised or spoiled fruit. Using the right maturity stage of apple for harvesting gives
better flavor, quality and appearance, leading to higher demand by consumers requiring
high quality goods. This means that farmers can ensure that the fruit supplied to customers
must pass the most stringent quality tests, which is not only a desire of consumers but also
a factor that builds the reputation of farmers in the marketplace.

It is imperative for growers to priorities quality to cultivate a foundation of confidence
and fidelity with consumers, thereby positioning themselves as reliable suppliers within a
highly competitive agricultural sector. This character possesses the ability to encourage
the growth of demand, reduce costs and ensure long-term sustainability. However, the
implementation of intelligent farming technologies that assess the maturity level of apples
provides farmers with real-time data on their crops, thus optimizing resource management.

For example, these technologies help determine the ideal timing for irrigation, fertilizer
application, crop harvesting, and the implementation of pest control measures, ensuring
optimal yields. By leveraging this data, farmers can make informed decisions that enhance
both profitability and sustainability in their agricultural practices. Apples encircle a diverse
range of species, each characterized by unique phenotypic features such as color, flavor
profile, texture, and ripening periods. Among these, the Royal Gala variety has emerged as
a dominant variety due to its early maturation, high yield potential, and consumer demand.
Despite its relatively higher production costs, Gala apples are increasingly favored by
farmers, because not only of their sensory attributes or their easy growth but also for their
adaptability to various agronomic conditions and market demands. The choice of this kind



Eng. Proc. 2025, 97, 51 5 of 13

of apple is not only influenced by personal taste but also by the specific purpose for which
the fruit is planted. As a characteristic of this kind of fruit, Gala has a delicate and sweet
flavor that makes it desired by many consumers and gives it huge importance.

ROYAL Gala apples have a special texture, which makes difference to other varieties
by their crispiness and firmness. All those characteristics make them a good opportunity
for snacking and cooking. Its texture allows them to maintain their shape even after being
cooked, thus making them an excellent choice for popular sweet pastries like apple pies
or crumbles. In addition, they could be available throughout the whole year in most
countries, of which Morocco is a part, making them an appropriate option for consumers
who eat fresh apples. In other words, this fruit is available for purchase and consumption
at any time of the year, regardless of the season due to its unique shelf-life. About this
part, numerous farmers have started to plant the GALA variety because of its great taste,
sweetness, faster rising, important production, and long shelf-life. With all these advantages
and characteristics mentioned above, we choose this special kind of apple to do our research
as presented in Figure 2.

Figure 2. Mature ROYAL GALA apple.

4. Fuzzy Logic System
The fuzzy logic Approach or uncertain logic is one of the mathematical methods

that help people and scientists to take pertinent decisions in real-time using this fuzzy
approach that needs a huge knowledge of artificial neural networks, in which the user
enters some crisp inputs that pass through several stages to be defuzzied and then get right
and pertinent decisions. This entity works equivalently to human discipline philosophy.
It is an advantageous device that uses human language to define the inputs and outputs,
providing an easy way to make the user aware of the nature of the link between them.
The tool uses human language to describe inputs and outputs and gives a simple method
to define the kind of relationship between them. The fuzzy logic approach usually uses
operators such as “if”, “then”, “and”, “not” and “or” [21]. Fuzzy rules are defined to
make decisions based on uncertain or imprecise data like forecasting, predicting rainfall,
predicting real-time harvesting according to experts’ opinion. This method allows for the
use of degrees of truth or membership between 0 and 1 or true and false.

The architecture of the fuzzy logic system is shown in Figure 3. Its inputs are placed
in the fuzzifier module, that crucial step that transforms the raw inputs or raw inputs into
fuzzy sets: at that level, the system can know if a given element belongs or not thanks
to the split of the crisp inputs into multiple levels. The fuzzy rules base or sometimes
called knowledgebase, is a conditional statement that includes the previously defined
fuzzy operators such as “and”, “or” . . .to create a rule that can help the user in the final
stage to make great decisions. The inference engine, a tool simulating human thinking
that determines when the current input corresponds to the rule or not based on the rules.
And finally, the defuzzifier, which provides and gets the output needed to arrive at the
best, most effective, and the cheapest choice. In our case study, the color, size, and the
appropriate time before total maturity will be applied to apples to decide if they are entirely



Eng. Proc. 2025, 97, 51 6 of 13

mature, half-mature, or not yet. To create fuzzy sets from crisp sources, membership
functions must be defined. Language-based variables including “minimum”, “medium”
and “maximum” are employed to define functions of membership, which specifies the
amount to which an input value is a member of a specific fuzzy set. The current study aims
to develop an algorithm capable of automatically determining the maturity level of apple
fruit by employing fuzzy logic techniques based on visual attributes. The proposed system
avoids the use of destructive testing methods by leveraging color, size, and harvesting time
as primary inputs, thus enhancing the efficiency and accuracy of apple harvesting. This
approach is particularly suitable for climacteric fruits, such as apples, which continue to
ripen after harvest.

Figure 3. Fuzzy Logic Workflow.

Figure 4 appears to provide a visual representation of the various membership func-
tions that are frequently employed in fuzzy logic systems. Each subfigure is designed to
illustrate a specific form of membership function. These functions are of crucial importance
in the context of fuzzy logic, as they facilitate the defining of how input values are related
to degrees of membership.

Figure 4. Membership functions.

5. Methodology
To carry on and keep up in the same investigation into the visual characteristics and

features of the ROYAL GALA brand as outlined in the previous table (Table 1), for the
aim to assess and detect the level fruit maturity. The following section regrouped in the
following table below will analyze and describe some raw inputs key parameters such
as color, size, and time before harvesting. To predict the ripeness of the examined fruit,
the parameters mentioned before have three membership functions for each: “minimum”,
“medium” and “maximum”. The fuzzy system was implemented through the mathematical
tool MATLAB R2022a (fuzzy platform). At this stage in the MAMDANI fuzzy method
is forming a fuzzy set based on crisp variables linguistics, which will be deployed into
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a membership function curve to recognize the level of maturity of the variety of ROYAL
GALA. The following diagram illustrates the fuzzy logic architecture employed for apple
maturity detection, highlighting the input parameters, fuzzification stage, the inference
engine system, and defuzzification procedure.

Table 1. ROYAL GALA apple characteristics.

Variety Color Size Specifications
(Per Piece) Shape

Malus Domestica
(ROYAL GALA)

Bright
Red Medium Diameter: [6.5–7.5 cm]

Weight: [120–150 g] Round

The fuzzy logic technique was selected in our case study for several criteria to assess
the maturity of apples, not only for its direct ability to model a complex system that manages
uncertainty and gradual natural variations (intervals) rather than binary choices. Unlike
traditional approaches, fuzzy logic is based on well-defined thresholds and references, or,
as we call them, rules, which are generated by experts in the field. The architecture of our
fuzzy logic model contains three inputs and one output as shown in Figure 5.

 
Figure 5. The architectural framework of the fuzzy logic model.

The fluidity and flexibility of fuzzy logic and, above all, the multitude of stages in the
parameters mean that users can be very precise in the results and increase the reliability
of the model, even with a small database, without the risk of using or leaning towards
destructive methods. This avoids both agricultural and environmental losses and reduces
the errors made when blindly selecting product conformity. This precision improves the
accuracy of the method by allowing a fuzzy, continuous progressive assessment rather than
a binary one. In our case study, our output is the ripeness of the apples, which depends
on various sensory and visual factors (inputs) such as color, size, and time. These factors
are not always measurable quantities but rather quantities that follow (fuzzy) intervals for
each parameter. In our case, each parameter has three levels, and the three inputs have
three levels each, which explains 27 rules at the end, as shown in the table of rules.

6. Normalization
Normalizing is one of the important steps in the context of intelligent agriculture based

on AI because it is the step which follows the data collection that is needed more when using
fuzzy logic applications. It represents a way that allows all inputs and output to be scaled
into the same range, usually between 0 and 1. It is necessary because these parameters often
come into different units. After collecting data and discussing with experts the norm and
the rules, the normalization process is essential to avoid the predominance of a parameter
to the detriment of the others, thus falsifying the output. By unifying the data to the range
that fuzzy systems work with, it becomes easier to apply the rules and make accurate
predictions. Without it, the system might not be able to interpret the data accurately,
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leading to unreliable outputs and less effective decision-making. In essence, normalization
is essential to adjust performance and give the finest results. Moreover, scaling all inputs
and output enhances the robustness of the system by reducing the impact of noise and
anomalies, thus ensuring consistent performance across varying conditions. In the context
of this study case, parameters transformation facilitates the equitable contribution of each
parameter to the final decision-making process, improving the model’s ability to provide
accurate and relevant predictions about apple ripeness and making AI decisions directly
actionable (whether the fruit is ripe or not yet). In this context, this approach not only
strengthens the generalizability of the model to new data but also ensures that its output
is directly applicable to real-word agricultural scenarios, to improve the effectiveness of
precision farming and agricultural practices. In summary, membership functions rely on
well-defined inputs and without standardization, the system is prone to bias, instability
and misinterpretation of agricultural conditions, and does not provide the right decision.

In our study case, and to standardize the decision-making process, we normalize all
parameters on a [0, 1] scale and classify them into three distinct levels:

• First level [0–33%]: it represents the initial stage for all inputs value.
• Second level [34–67%]: it represents the intermediate stage.
• Third level [68–95%]: it represents the final stage before the fruit gets its total maturity

to be harvested. For the time factor, the peak value is limited to 95% (instead of 100%).
This is because apples are a climacteric fruit, which means that they continue to ripen
after being harvested. Accordingly, the fruit is picked 15–20 days before full ripeness
to ensure optimum quality for storage, transport and market availability and avoid
wastage and losses. This categorization ensures a structured approach to assessing
the conformity of the fruit, while taking into consideration the post-harvest ripening
process as generated in the next table.

Table 1 which contains 27 rules discusses relationship between the inputs including
the shape, color, time and the output: degree of ripeness of apples. The table shows that
there is a relationship between the size and color of apples, since the smallest, still green
apples are often immature, while the most developed are almost always pre-mature. Using
fuzzy logic, these differences can be modelled by enabling transitions instead of implying
thresholds. To model these transitions, trapezoidal membership functions are used, and a
normalization of values has been carried out. By integrating these fuzzy rules based on
expert opinion into an agricultural management system, the result will be more efficient,
flexible and sustainable, that better meet market demands by minimizing post-harvest
losses. A large, red apple is more likely to be premature. Our system has been calibrated
according to a rigorous, well-defined approach to reinforce the model and ensure optimal
accuracy possible with 200 samples of ROYAL GALA apples and then manually adjusting
the rules ensured by experts in the agricultural field to eliminate any kind of inconsistency.
The reference thresholds for each parameter were defined using field observations and
expert advice. This innovative and special approach has made it possible to refine the
intervals associated with each level of the three parameters as shown in the table of rules
(for color: green, yellow, and red; for time: early, medium, and pre-harvest; for size: small,
medium, and large). The purpose of this sorting and calibration phase is to significantly
improve the model’s ability to detect product conformity while minimizing human error
and thus optimizing post-harvest. Fuzzy logic is an intelligent method that works well even
with limited data, depending on the expertise of farmers and experts in the field, to the
detriment of other methods such as neural networks, which require a large, well-labelled
database that is difficult to interpret and learn in a short space of time.
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7. Results and Discussion
The 3 graphs obtained from the fuzzy logic model illustrate the relationship between

the three main variables: the size, color and ripening time of the apples. These represen-
tations provide a better understanding of how these parameters influence the ripeness
level classification.

Case 1: Maturity as a function of size and ripening time

Figure 6 shows a tendency for larger apples to reach a high level of ripeness more
quickly than smaller apples. Smaller size limits the development of maturity, even as the
ripening time advances. This shows that size plays an important role but cannot be the
only criterion for detecting ripeness.

 
Figure 6. Color and size Surface viewer.

Case 2: Maturity as a function of color and ripening time

Color is a key indicator: the more color an apple has, the more likely it is to be ripe.
Apples that are still green remain in a low maturity range as demonstrated in Figure 7, while
those that turn yellow and red reach higher levels. Our model therefore makes it possible
to manage this transition gradually, unlike the binary classification (‘ripe’ or ‘unripe’).

 
Figure 7. Color and Time Surface viewer.
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Case 3: Maturity based on color and size

Figure 8 represents the graph viewer of this third case. We can notice that the more
apples are large with attractive colors, they are selected as premature fruit. While smaller
apples with paler colors are considered immature. This link between size and color accentu-
ates the need to analyze both factors together to avoid errors in classification and decision
making. Figure 8 shows a transition zone, where maturity levels shift gradually. This
reflects how the fuzzy logic method effectively captures the smooth natural progression of
maturity. In view of multiple parameters as size and color, we can significantly improve
the precision and reliability of ripeness evaluation in agricultural systems.

 
Figure 8. Time and Size Surface Viewer.

The capability of fuzzy logic to identify gradual changes in apple maturity stages
outperforms traditional methods which apply fixed thresholds. As a result, farmers can
select the best moment for harvest since the approach helps to distinguish the near-optimal
maturity status of the apples, thus avoiding economic losses from early or delayed harvest-
ing. The model also improves the accuracy of classifying based on actual ripeness levels
which enhances the effectiveness and robustness of both result deployment and storage
extraction for apple distribution towards better market availability. There are crisp inputs
ranging from 0 to 95%, after being normalized then split into three sets variables (color,
size and harvest time). Table 2 presents the membership functions of all inputs and output.
The model adopted a trapezoidal membership function, this makes the fuzzy logic system
more stable, precise, and resistant to small fluctuations. The flat regions in this type of
membership ensure stability, precision, enabling smoother transitions between ripeness
stages, providing a more realistic result. In this paper, the authors proposed a method of
detecting the level of maturity of fruits, especially ROYAL GALA apples variety through
fuzzy logic system. We chose to make our study with the use of some crucial and visual
inputs to know their impact on the quality and caliber of the apple and later we added other
inputs. As perspectives, applying this study to another type of fruit or vegetables is well
recommended. We can also change our vision by doing our study on consumer satisfaction
using the same logical approach. The use of fuzzy logic in Agriculture 4.0 opens promising
prospects for the integration of IoT (robotic control arms). We can also couple our system to
hyper-spectral images to assess the ripeness and help farmers in decision making to benefit
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from precise monitoring of their crops daily in real time, thereby improving the quality of
the end products obtained from their farms.

Table 2. Fuzzy Rules Table.

No of Rules
INPUTS OUTPUT

Color Size Time Maturity

1 Green Small Early Immature

2 Green Small Middle Immature

3 Green Small Pre-Harvest Immature

4 Green Medium Early Immature

5 Green Medium Middle Immature

6 Green Medium Pre-Harvest Semi-mature

7 Green Large Early Immature

8 Green Large Middle Semi-mature

9 Green Large Pre-Harvest Semi-mature

10 Yellow Small Early Immature

11 Yellow Small Middle Semi-mature

12 Yellow Small Pre-Harvest Semi-mature

13 Yellow Medium Early Semi-mature

14 Yellow Medium Middle Semi-mature

15 Yellow Medium Pre-Harvest Pre-mature

16 Yellow Large Early Semi-mature

17 Yellow Large Middle Pre-mature

18 Yellow Large Pre-Harvest Pre-mature

19 Red Small Early Semi-mature

20 Red Small Middle Pre-mature

21 Red Small Pre-Harvest Pre-mature

22 Red Medium Early Semi-mature

23 Red Medium Middle Pre-mature

24 Red Medium Pre-Harvest Pre-mature

25 Red Large Early Pre-mature

26 Red Large Middle Pre-mature

27 Red Large Pre-Harvest Pre-mature
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