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Accurate determination of the crescent moon (hilal) is crucial for 

establishing the start of lunar months in the Islamic calendar; however, 

observations are frequently hindered by daylight conditions, atmospheric 

disturbances, and subjective visual interpretation. This research proposes a 

fuzzy logic-based classification system to evaluate crescent moon images 

using contrast and arc thickness as input parameters, providing a transparent, 

rule-based alternative to black-box machine learning models for hilal 

visibility assessment. Images were collected on four distinct observation 

dates (May 28, 2025, August 5, 2024, September 16, 2023, and May 9, 2021) 

under varying atmospheric conditions and crescent appearances. Each image 

underwent pre-processing to extract quantitative measures of arc contrast 

and thickness, which were subsequently fuzzified using triangular and 

trapezoidal membership functions. A fuzzy inference system employing 

expert-defined rules was then used to compute a visibility score for each 

observation. The resulting visibility scores of 0.4691, 0.4604, 0.4689, and 

0.4154, respectively, placed all four observations within the “partially 

visible” category. These findings demonstrate the system's capability to 

manage observational ambiguity in daylight conditions, showing potential 

for reliable classification while still requiring validation on larger datasets 

and clear non-visibility cases, and offering a transparent and interpretable 

framework to support more consistent and standardized hilal classification 

for calendrical purposes. 
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1. INTRODUCTION 

The task of determining the commencement of Ramadan has been consistently challenging, and as a 

result, not all Muslims begin Ramadan at the same time [1][2]. The primary reason is the reliance on individual 

observations of the new crescent Moon, which are contingent upon a variety of factors that affect the final 

results [3][4]. These factors encompass the proficiency of the observers, the location from which the 

observation is conducted, the cloudiness or clarity of the sky, and the tools used for Moon observation [5]-[7]. 

In addition, the utilization of astronomical calculation methods or the eye-sighting of the new crescent 

Moon has been the subject of debate in light of technological advancements [3],[8]. This issue becomes even 

more significant given the large number of Muslims worldwide who eagerly await the announcement of the 

first day of Ramadan. During the ninth month of the Hijri calendar, Muslims observe fasting from sunrise to 

sunset. Additionally, all Muslims worldwide must reach a consensus on that day. Muslims constitute the 

majority of the population in approximately 50 countries worldwide. As of 2021, Muslims account for about 

1.9 billion people worldwide, representing 24.7% of the global population [9][10]. Muslims worldwide make 

a significant effort and use a variety of instruments, including telescopes, binoculars, astronomy, and the naked 

eye, to observe the visibility of the new crescent Moon at the end of the eighth month (Sha’ban) every year 

[11]. This is done to confirm the commencement of the holy month of Ramadan. The majority of the time, it 

is difficult to predict the beginning of the month in advance, resulting in a division among Muslims who fast 

on different dates [12]. 

In the Islamic Hijri calendar, the crescent moon, or hilal, plays a crucial role in determining the start of 

each month [13]. The observance of Ramadan and Eid al-Fitr is contingent upon the precise and timely 

observation of the crescent moon [14]-[16]. It is imperative to observe the crescent during daylight hours to 

enhance the accuracy of determining the Islamic calendar [17], despite the common practice of observing the 

hilal prior to sunset. Nevertheless, the crescent’s faint visibility in clear daytime skies, combined with 

atmospheric factors such as air turbulence and light scattering [18][19], presents substantial challenges during 

daytime observations. The crescent becomes increasingly challenging to observe as the air humidity increases 

[20]. 

In the past, the detection of crescents has been contingent upon the manual labour and expertise of 

astronomers and skilled observers. These manual observations are frequently subject to human error, observer 

fatigue, and are significantly impacted by environmental conditions. Daylight hilal detection is often 

subjective, leading to inconsistent results and differing opinions. There is a growing demand for a system that 

can accurately and automatically detect the crescent moon, thereby minimizing human intervention, to 

accurately determine the lunar calendar, particularly in regions with diverse weather conditions. 

While innovations such as Artificial Intelligence (AI) and image processing have made substantial 

progress in automating tasks that require pattern recognition and classification [21]-[24]. There is still a 

deficiency in integrating these technologies for specific astronomical observations, such as the detection of the 

moon [25]-[27]. Existing systems have not been fully optimized for daytime crescent detection, particularly in 

environments where the arc is very thin or barely visible, because most approaches assume higher signal-to-

noise ratios or depend heavily on image quality and do not explicitly model the ambiguity encountered by 

human observers in bright-sky conditions [28]-[30]. This presents an opportunity to create a more adaptive and 

resilient system to overcome these constraints, namely the fuzzy logic approach. 

The objective of this research is to propose the creation of a fuzzy logic-based classification system that 

is targeted at the classification of crescent moon images, especially daytime crescent moon images. The task 

is well-suited to fuzzy logic, as it is adept at managing imprecise data and uncertainty, such as the subtle 

differences in crescent visibility under varying atmospheric and lighting conditions, by representing expert 

descriptions like “thin”, “faint”, or “barely visible” as linguistic variables and IF–THEN rules that mimic 

human reasoning while remaining fully interpretable. The proposed system will reduce the necessity for 

subjective human interpretation by providing a reliable classification of crescent moon images based on arc 

thickness and arc contrast. This research contribution is the development of a fuzzy logic-based system that 

objectively classifies crescent moon visibility from daytime images using arc thickness and contrast, reducing 

reliance on subjective human interpretation and offering a transparent alternative to black-box models. 

 

2. RELATED WORK 

The Gregorian calendar, which was introduced by Pope Gregory XIII in 1582, is a widely used tool for 

global communication and coordination [31]. Nevertheless, Muslims worldwide depend on the Hijri calendar. 

This lunar system is approximately eleven days shorter than the Gregorian calendar [12], to commemorate 

religious observances, such as the month of Ramadan [14],[11]. The sighting of the new crescent Moon marks 

the commencement of each Hijri month [32]. This tradition has been deeply ingrained in theology and 
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astronomy since ancient Babylonian times [33],[34]. The visibility of this crescent has been a long-standing 

challenge due to its dependence on the Moon’s position relative to the Sun and Earth, resulting in varying 

phases of illumination [35].   

Our research suggests that a fuzzy logic based classification system could be a solution to this challenge. 

This system is designed to identify and classify crescent Moon images captured during daylight hours [27], 

[36]. This task is particularly well-suited to the application of fuzzy logic, which is particularly adept at 

managing imprecise inputs and uncertainties [37], including the subtle variations in crescent thickness, 

brightness, and visibility that are frequently influenced by environmental factors. This system endeavours to 

reduce subjective human interpretation and provide a more consistent and accurate tool for supporting Hijri 

calendar determination and crescent visibility studies by integrating astronomical parameters into an intelligent 

fuzzy model. 

 

3. RESEARCH MATERIAL AND METHOD 

This research employs observational methods for data collection and utilizes the Waterfall method for 

developing a data classification system. The image data shows the visibility level of the hilal, from a very thin 

arch to a thick arch (unobservable to easily observable). There is another possibility that there is no arch in the 

data. This could be due to atmospheric conditions that create excessive noise or improper telescope alignment. 

In this research, the “no arc” category is defined operationally as images in which no crescent edge is detected 

above the Canny threshold and the resulting normalized thickness falls below a predefined limit, while the 

contrast measure remains below the “Low” fuzzy set; such cases are then mapped to the “No Arc” membership 

function in the thickness input. Images were collected from Observatorium Universitas Ahmad Dahlan (UAD). 

Data collection included: 

1. Image Capture: Observatories will take hilal images using telescopes equipped with imaging tools and 

baffles (cylinders that block the Sun’s rays) [38]. Bias and dark frames are included for data calibration 

of the image. 

2. Metadata collection: Each hilal image data includes metadata in the form of date, time, location, 

atmospheric conditions, Moon altitude, and Moon-Sun elongation. This metadata is valid for the data 

classification process [39]. 

The development research used the Waterfall method. This method is sequential, characterized by each 

phase depending on the completion of the previous phase. The Waterfall method was initially developed by 

Royce [40][41] and further refined by Sommerville [42]. The Waterfall model was selected because this work 

develops a standalone classification system with clearly defined stages (requirements, design, implementation, 

and testing) [43], where changes in requirements during the project are limited and a traceable, document-

based development process is preferred over highly iterative Agile-style cycles [44][45]. This approach is well 

suited to research-oriented system development, where the problem definition, system scope, and evaluation 

criteria are established at the beginning and remain stable throughout the research [46]. This phase consists of 

(Figure 1): 

1. Requirement Analysis and Design: In this phase, the researcher identifies the key features for 

classification, which are hilal arc thickness, brightness, and visibility. In the subsequent implementation, 

brightness information is incorporated into the computation of arc contrast, so that the fuzzy inference 

system finally operates on two input variables, arc thickness and arc contrast, while visibility is 

represented in the output variable. This clarification resolves the earlier design reference to three features 

and aligns it with the implemented two-input fuzzy model. 

2. Researchers conducted Fuzzy settings for Hilal image classification based on the literature. 

3. System Design: Researchers designed a Fuzzy logic-based classification system that includes 

fuzzification, inference, and defuzzification stages. Researchers also developed a system to process Hilal 

images and implemented Fuzzy logic to classify them. 

4. Implementation: The researcher implemented the system and integrated the Fuzzy logic-based 

classification algorithm. The researcher also prepared the system to classify the image into thin arc, thick 

arc, and no arc hilal categories. 

5. Testing: The researcher validated the system by comparing the classification of images from the literature. 

Additionally, we tested the system on a group of Hilal images to evaluate its accuracy and consistency. 

6. Operation: After successful testing, the system was finalized and prepared for use on daytime hilal 

observations at the Observatorium UAD. 

By using the Waterfall method, system development is more practical, and maintenance becomes easier 

[47]. Data analysis involves fulfilling classification accuracy indicators in three categories: image data with 

thin arcs, thick arcs, and no arcs. The system was also analysed for its consistency under various atmospheric 
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conditions. This is very important to compare the brightness of the moon and the background sky. More details 

of data collection and data classification methods can be seen in Figure 2. The pre-processing stage includes 

converting the image to grayscale, enhancing contrast with CLAHE, applying a Gaussian filter to reduce noise, 

and using the Canny algorithm for edge detection. Feature extraction then focuses on measuring the contrast 

and thickness of image curves for classification. A fuzzy logic controller processes these features through 

fuzzification, application of fuzzy rules, aggregation, and defuzzification, ultimately producing accurate image 

classification based on contrast and thickness. 

 

 
Figure 1. Fuzzy logic on hilal image data 

 

 
Figure 2. Research flowchart, this flowchart summarizes the overall research methodology, from acquisition and 

preprocessing of hilal images to fuzzy feature extraction, inference, and visibility classification 

 

4. RESULT AND DISCUSSION 

The research focuses on data in the form of video and the analysis of daytime hilal image data at the 

Observatorium UAD. This data includes variations in atmospheric conditions, light intensity, and thickness of 

the hilal arc. The implementation of the fuzzy inference system begins by determining the membership 

functions and fuzzy rules. 

 

4.1. Thickness 

This process transforms the quantitative (sharp) values of the arc thickness into fuzzy sets, each with a 

certain degree of membership. The input variable for arc thickness, labelled as Arc Visibility, is normalized 
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from 0 to 1, where a value of 0 indicates an undetectable or minimal arc thickness, and a value of 1 corresponds 

to the maximum observable thickness, as formulated in Equation (1) to equation (3). The breakpoints at 0.3, 

0.4, and 0.6 were selected heuristically based on expert inspection of a larger pool of crescent images from the 

observatory archive, by mapping ranges that observers consistently described as “thick”, “thin”, or “barely 

discernible”. In this normalization scheme, smaller values of 𝑡 indicate thicker, more prominent arcs, while 

larger 𝑡 values correspond to progressively thinner arcs; therefore, the membership function Thick is set to 1 

for 𝑡 ≤  0.3, and the No Arc membership increases as 𝑡 approaches and exceeds 0.6, reflecting the transition 

to non-observable crescents. 

 𝑇ℎ𝑖𝑐𝑘 = {
1

1 − (𝑡 − 0.3)(10)
0

        
𝑡 ≤ 0.3

0.3 < 𝑡 ≤ 0.4 
𝑡 > 0.4

 (1) 

 𝑇ℎ𝑖𝑛 = {

(𝑡 − 0.3)(10)
1

1 − (𝑡 − 0.6)(10)
0

       

0.3 < 𝑡 ≤ 0.4
0.4 < 𝑡 ≤ 0.6
0.6 < 𝑡 ≤ 0.7
𝑡 > 0.7

 (2) 

 𝑁𝑜_𝑎𝑟𝑐 = {
1

1 − (𝑡 − 0.6)(10)     
0

𝑡 ≤ 0.7
0.6 < 𝑡 ≤ 0.7
𝑡 ≤ 0.6

 (3) 

These parametrizations were tuned iteratively with domain experts to ensure that the fuzzy sets Thick, Thin, 

and No Arc qualitatively match human judgments over representative examples from different observation 

conditions. 

As depicted in Figure 3, this variable is partitioned into three fuzzy sets: Thick Arc, Thin Arc, and No 

Arc. The Thick Arc set, represented by the blue trapezoidal membership function, attains full membership (1,0) 

for thickness values between 0 and 0.2, decreasing linearly to 0 as the thickness approaches 0.4; this set 

effectively categorizes the crescent as clearly visible and thick. The Thin Arc set, represented by the yellow 

triangular membership function, peaks at a normalized thickness of 0.4, representing a transition state where 

the arc is visible but thin. Finally, the No Arc set, represented by the red trapezoidal membership function, 

begins to have a nonzero degree of membership after a thickness of 0.6 and reaches full membership at 0.8, 

signifying a condition where the arc is too thin to be reliably observed. This membership function design allows 

the fuzzy logic system to interpret the thickness data with flexibility, reflecting a qualitative assessment 

method. These fuzzy outputs then serve as important inputs for the fuzzy inference engine, which processes 

them along with other variables, such as brightness and contrast, according to a defined rule base. The fuzzy 

membership function can be graphed as shown in Figure 3. 

This research positions itself among the various attempts to objectify crescent observations using 

technology and offers distinct advantages in interpretation and handling ambiguity compared to previous 

studies. The application of the Canny edge detection method for segmenting crescent images before analysis 

have been done [18]. Although an important fundamental step, the approach is still part of the pre-processing 

stage, while this research builds on it by adding an intelligent inference layer using fuzzy logic. The computer 

vision approach, utilizing Gaussian Blur, Adaptive Thresholding, and Circular Hough Transform [19][20] has 

demonstrated improved accuracy in detecting the post-conjunction crescent moon through digital imagery. 

However, this method presents limitations due to its strong dependence on image quality and visual conditions 

during observation. In contrast, the fuzzy logic-based approach developed in this research offers superior 

adaptability to atmospheric uncertainty [48]. In the realm of deep learning, applied a modern object detection 

model, YOLOv5, to directly detect and classify crescents in images [21]. End-to-end methods like this are 

potent but often operate as a “black box”. 

In contrast, the fuzzy model in this research is a “white box” model, where the decision-making process 

is based on IF-THEN rules that can be understood and validated by experts. A similar approach using deep 

learning was also demonstrated [49]. Meanwhile, the Backpropagation Artificial Neural Network (ANN) 

successfully implemented, which also demonstrated good classification performance but faced the same model 

interpretation challenges as other deep learning approaches [23]. Thus, this research positions itself as a 

transparent and computationally efficient alternative amidst the dominance of more complex machine learning 

models, by offering a transparent, robust, and computationally efficient method for crescent image 

classification. 
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Figure 3. Research flowchart Fuzzy rule graph based on hilal arc thickness 

 

4.2. Contrast 

The image processing workflow starts by separating each crescent image into its primary color 

components such as red, green, and blue. This decomposition is essential to examine how each channel 

contributes spectrally to the image’s total brightness. Subsequently, the brightness of the image is accurately 

assessed at predetermined boundary regions that are defined using a reference template. This region-based 

method ensures uniformity in measurement points across all images, effectively reducing unwanted variations 

and improving the consistency of the data. The brightness within each chosen region is then computed by 

averaging the pixel intensity counts, providing a precise measure of light strength. The resulting values for 

crescent and background brightness are further analyzed to determine the crescent’s contrast levels [50]. 

In Figure 4(a), employs the Schaefer model to display the Moonlight Brightness (Bmoon) in 

nanoLamberts (nL) across the nocturnal sky. It shows that the greatest brightness, reaching up to 5873 nL, 

occurs at small Angular Separations (𝜌) from the Moon due to pronounced Mie scattering effects (aerosol 

aureole) a key phenomenon for assessing the moon’s optical influence. Meanwhile, Figure 4(b) illustrates the 

relationship between Crescent Contrast (𝐶) and the twilight background brightness (𝐵𝑠𝑘𝑦) as functions of the 

Moon’s altitude (hm) and the Sun’s altitude (ℎ𝑠) for an elongation of 8.0°. The distinct shift from negative 

contrast (darker regions) to the visibility threshold at 𝐶 =  0.1 (indicated by the red line) emphasizes the need 

for the Sun to descend to approximately ℎ𝑠 ≈  −4° to −6° before the crescent becomes visible, underscoring 

the dependence of visibility on the rapid decline of twilight illumination. Notably, the white zone in Plot (b) 

represents extremely high contrast values (beyond the maximum plotted limit of 𝐶 =  5.0), occurring when 

the sky is darkest (Bsky → 0 at low hs) while the Moon remains high (large hm). This identifies the region of 

Optimal Visibility, where the contrast ratio is at its peak. 

Contrast parameters, as one of the fundamental attributes in image analysis, are represented in fuzzy 

membership functions. This research develops a model for perceiving crescent image contrast, with three 

criteria: “Low”, “Medium”, and “High”. The membership function for the “Low” criterion shows a well-

defined transition. The degree of membership is complete (with a value of 1) when the contrast value is at or 

below 0.2, clearly identifying very low contrast. Then, as the contrast value increases beyond 0.2 to reach 0.4, 

the degree of membership decreases linearly from 1 to 0. This decrease reflects an inverse proportionality to 

the increase in contrast value, where the “low” level gradually fades as the contrast increases. This reflects the 

cognitive reality where category boundaries are rarely discrete. 

The “Medium” criterion shows a sophisticated trapezoidal architecture, indicating stability and controlled 

transition. The degree of membership is zero when the contrast value is at or below 0.3. Then, it increases 

linearly from 0 to 1 as the contrast moves from 0.3 to 0.4, indicating a proportional increase in membership. 

Full membership (with a value of 1) is maintained for contrasts between 0.4 and 0.6. This period of stability is 

crucial, indicating the contrast range where objects can be seen clearly without exaggeration. Subsequently, 

the degree of membership decreases linearly from 1 to 0 as the contrast moves from 0.6 to 0.7, depicting a 

proportional decrease as the upper limit of this category is approached. 
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(a) 

 
(b) 

Figure 4. Crescent contrast value (a) Moonlight Brightness (𝐵𝑚𝑜𝑜𝑛) Schaefer Model, (b) Young Crescent Moon Contrast 

(ɛ = 8) 

 

 𝐿𝑜𝑤 =

{
 
 

 
 
  1   
1 

0.4 − 𝑐

0,2
0

          

𝑐 ≤ 0,0
0.0 < 𝑐 ≤ 0.2
0.2 < 𝑐 ≤ 0.4
𝑐 > 0.4

 (4) 

 𝑒𝑑𝑖𝑢𝑚 =

{
  
 

  
 

0
𝑐 − 0.4

0.1
1

0.7 − 𝑐

0.1
0

       

𝑐 ≤ 0.3
0.3 < 𝑐 ≤ 0.4
0.4 < 𝑐 ≤ 0.6
0.6 < 𝑐 ≤ 0.7
𝑐 > 0.7

 (5) 
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 𝐻𝑖𝑔ℎ =

{
 
 

 
 

0
𝑐 − 0.4

0.1
1
1

       

𝑐 ≤ 0.6
0.6 < 𝑐 ≤ 0.8
0.8 < 𝑐 ≤ 1.0

𝑐 > 1.0

 (6) 

Next, the membership function for the “High” category is designed to capture the essence of the prominent 

contrast. The degree of membership is zero when the contrast value is at or below 0.6, indicating a clear lower 

limit. Then, it increases linearly from 0 to 1 as the contrast moves from 0.6 to 0.8, indicating a proportional 

increase in membership. The peak of full membership (with a value of 1) is achieved and maintained for 

contrasts above 0.8, confirming the absolute dominance of “High” at higher contrast values. The graphical 

visualization intuitively reinforces this formulation, highlighting the inherent overlapping characteristics of 

fuzzy sets, which are essential for reasoning under uncertainty. The fuzzy membership function can be graphed 

as shown in Figure 5. 

In the research landscape, the formulation of membership functions is not a single domain, but rather a 

subject of continuous exploration for optimization. Recent studies have explored variations in the shape of 

membership functions from triangular to Gaussian and sigmoid to improve the performance of fuzzy systems 

in diverse applications. The careful parameterization of membership functions can significantly impact the 

effectiveness of fuzzy inference systems in complex classification tasks [51]. The theoretical foundation laid 

remains relevant [26], emphasizing that the power of fuzzy logic lies in its ability to model the inherent 

ambiguity in real-world data. In the realm of image processing, the research have illustrated how fine-tuning 

of contrast membership functions can lead to significant improvements in feature detection and image 

segmentation [52]. Furthermore, the contribution of [53] in image enhancement using a fuzzy approach 

highlights the importance of designing adaptive membership functions to achieve optimal visual results. This 
comparison collectively emphasizes that contrast membership function design is not just a technical issue but 

a dynamic research area with broad implications for intelligent system applications. 

 

 
Figure 5. Fuzzy rule graph based on hilal arc contrast 

 

4.3. System Implementation 

Figure 6 illustrates the output of the crescent image processing, which consists of three parts: the Original 

Image, which displays the initial crescent image taken from the observation. This image displays the shape of 

the crescent in its actual condition; however, it may still contain noise and lighting variations. Then there is the 

Crescent Mask, an image that focuses on the masking results in the crescent area. This process isolates the 

crescent from the background, making the relevant parts easier to identify. The area outside the crescent is 

marked in black, while the crescent itself can be seen more clearly. Finally, Edge Detection displays the results 

of edge detection on the crescent image. This method is used to highlight the boundaries of the crescent, making 

its shape and contours more easily recognizable. These results are essential for further analysis, such as 

measurement or classification. 
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Based on Table 1, the four data sets corresponding to four different dates of crescent images, the visibility 

score belongs to criteria of partially visible. In this research, the visibility score is a defuzzified output in the 

range [0,1], where values below 0.3 correspond to the “No Arc” category, values between 0.3 and 0.7 

correspond to “Partially Visible”, and values above 0.7 correspond to “Fully Visible”. All four observations 

yielded scores between 0.415 and 0.469, placing them in the “Partially Visible” band. In this case, all four 

observations gave visibility scores that fall into the partially visible range (0.415–0.469), indicating that, for 

this limited set of ambiguous cases, the fuzzy model produced consistent outputs that agree with expert 

assessments that the crescents were neither clearly invisible nor fully visible. While this consistency is 

encouraging, it also suggests that further calibration with a wider range of clear “No Arc” and “Fully Visible” 

cases is needed to fully exploit the separation between output categories. In the current dataset, none of the 

four test images were classified as “No Arc”, because each contained at least a faint crescent segment detectable 

after preprocessing and edge extraction. In future work, the system will be evaluated on datasets that 

intentionally include frames with no crescent (e.g., mis-pointed telescopes or heavily clouded conditions) to 

empirically validate and adjust the “No Arc” output region. 

The specific scores on each date arise from different combinations of arc thickness and contrast within 

the fuzzy rule base. For example, the 28/05/2025 dataset exhibits a moderate normalized contrast and medium 

thickness, which activates rules associated with partially visible crescents, while the 09/05/2021 dataset has 

much lower thickness but still non-negligible contrast, leading to a slightly lower, yet still “Partially Visible”, 

score. These rule interactions reflect expert expectations that a thin yet moderately contrasted crescent can 

remain marginally observable under certain atmospheric conditions. For the 09/05/2021 dataset, the normalized 

thickness value of 0.009 falls deep within the No Arc membership function in the thickness input, but the 

corresponding contrast value still activates Medium contrast rules. During inference, the aggregation of rules 

that combine “No Arc” thickness with non-zero contrast yields a partially clipped output around the border 

between “No Arc” and “Partially Visible”, and centroid defuzzification shifts the final score into the lower part 

of the “Partially Visible” range. This behavior is consistent with the expert interpretation that the crescent is 

extremely thin but not completely absent At this stage, the quantitative evaluation is limited to four expert-

annotated images, which is insufficient to construct a meaningful confusion matrix. A larger validation set (20-

30 images) that includes clear “Visible” and “Not Visible” cases will be compiled in future work to compute 

accuracy and confusion matrices, and to compare the fuzzy system against baseline methods such as simple 

edge-thresholding or standard convolutional classifiers. 

This research achieves its objective of developing a fuzzy logic-based classification system designed to 

reduce subjective human interpretation in assessing crescent moon visibility, particularly for daytime 

observations. By employing arc thickness and arc contrast as input parameters, the system effectively handled 

the inherent uncertainty and subtle variability found in crescent images taken under diverse atmospheric and 

lighting conditions. Tested on four expert-annotated observation dates, the system produced consistent 

visibility scores in the “Partially Visible” range, which shows potential for reliable and interpretable 

classification but does not yet demonstrate full discriminative power across all visibility categories due to the 

small sample size. The limited number of datasets used in this research is the primary limitation and prevents 

comprehensive statistical validation of the fuzzy rule base. Future research will focus on expanding the dataset 

with clearly visible and clearly non-visible crescents, validating the system against human expert classifications 

and baseline image processing methods, and refining the fuzzy rules and membership parameters potentially 

using expert surveys or optimization techniques to improve separation between “No Arc”, “Partially Visible”, 

and “Fully Visible” outputs. The results confirm the suitability of fuzzy logic for this task, providing a 

transparent, rule-based alternative to deep learning and other black-box approaches for crescent visibility 

assessment, and supporting more consistent and explainable decisions in Hijri calendar determination. 

 

 
Figure 6. Output images 
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Table 1. The visibility score for four datasets 
Dataset (DD/MM/YYYY) Arc_contrast Arc_thickness Visibility score 

28/05/2025 0.000 0.373660633 0.469125 

05/08/2024 0.387 0.33692145 0.460436667 

16/09/2023 0.655 0.372602517 0.46887 

09/05/2021 1.000 0.00900145 0.4154 

 

5. CONCLUSIONS 

This research achieves its objective of developing a fuzzy logic-based classification system designed to 

reduce subjective human interpretation in assessing crescent moon visibility, particularly for daytime 

observations. By employing arc thickness and arc contrast as input parameters, the system effectively handled 

the inherent uncertainty and subtle variability found in crescent images taken under diverse atmospheric and 

lighting conditions. Testing on four separate observation dates yielded consistent visibility scores, all 

categorized as “partially visible”, demonstrating the method’s ability to deliver reliable and interpretable 

classifications, even where human judgment might otherwise vary. The results confirm the suitability of fuzzy 

logic for this task, offering an accessible and standardized approach to support crescent moon observation for 

calendrical purposes. Future research may focus on expanding the dataset, refining fuzzy rule bases, and 

integrating the approach into automated observation systems to further enhance its practical utility. 
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