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Abstract— Fingerprint-based attendance devices are a
secure and efficient solution, but their matching
performance is highly dependent on image quality. Noise
caused by finger conditions and sensor limitations can
reduce the accuracy of the system, so it is necessary to
improve the quality of fingerprint images. This study
compares four image enhancement methods, namely
Gaussian, Median, Bilateral, and CLAHE filters, using two
data categories to determine the most suitable method for
the BRAIL laboratory attendance machine. The evaluation
was based on the increase in matching confidence. The test
results show that the Gaussian filter increased confidence
by 23.81% in the first data category, but only 1.02% in the
second data category. The Median filter produced a
confidence increase of 21.37% in the first data category and
the highest increase of 7.59% in the second data category.
Based on these results, the Median filter produced the
highest cumulative confidence due to its ability to maintain
fingerprint ridge details and its resistance to noise.
Therefore, the Median filter is recommended as the most
effective method for improving fingerprint image quality in
fingerprint-based attendance systems.
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I. INTRODUCTION

With the advancement of modern technology, fingerprint-
based attendance systems are the most widely used and
effective biometric solution for automating student and
employee attendance records due to their practicality and high
level of security. [1],[2]. Compared to traditional attendance
systems that still use manual recording [1],[2],[3],[4]. BRAIL
(Barelang Robotics and Artificial Intelligence Lab), which is a
robotics laboratory, has also implemented a device called
Attendance Machine, a fingerprint-based attendance system
designed to improve the efficiency and effectiveness of the
attendance recording process [5]. This tool is integrated with a
MySQL database that stores and manages attendance data
centrally, facilitating regular data monitoring and analysis
[2],[6]. The fingerprint matching process is highly dependent
on the image quality of the acquired fingerprint. Good image
quality will facilitate the feature extraction process and improve
matching accuracy during identification.

However, this system often faces obstacles due to poor
fingerprint image quality, which can be caused by various
factors such as noise, low contrast, uneven lighting, or
suboptimal sensor quality [2]. This condition can cause
misidentification (false reject or false accept), which can
impact system performance.

To overcome this problem, image preprocessing is required
to improve image quality before the matching stage is
performed. One commonly used technique is the application of
image filters, which serve to reduce noise, enhance contrast to
improve image quality, and preserve important features such as
ridges, valleys, and minutiae in fingerprint patterns [7]. This
enhancement algorithm plays a crucial role in improving the
quality of fingerprint images that have been degraded due to
noise and other factors [8],[9]This facilitates accurate feature
extraction and recognition. [10]. Thus, the matching results can
be more accurate and stable. This study aims to examine and



compare the effects of four types of image filters in pre-
processing, namely Gaussian, Median, Bilateral, and CLAHE,
on the accuracy of a fingerprint-based attendance system using
AFIS (Automated Fingerprint Identification System) developed
using the C# programming language with an interface in Visual
Studio 2022. The results of this study can be used as a reference
in selecting the most effective filter method to improve the
performance of fingerprint identification systems for
attendance applications. Thus, the developed system is capable
of providing an efficient and secure attendance recording
method, while overcoming the limitations of manual systems
that are prone to errors and require more time [9],[11]. An
attendance method that utilizes fingerprints as a unique
biometric identifier that is extremely difficult to forge, thereby
ensuring the authenticity and accuracy of attendance data

[71.[91.[11].

Il. METHOD

A. System AFIS Based on C#

The attendance system developed in this study uses an
automatic fingerprint identification system as the primary
method to ensure accurate and secure attendance. This approach
significantly improves efficiency, reduces the potential for
fraud, and increases the reliability of attendance records
compared to traditional manual methods, which are often
tedious, relatively time-consuming, and prone to errors and
falsification [1],[3].[5].
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Figure 1. Diagram system pada attendance machine lab BRAIL.

Figure 1 shows the workflow of the attendance machine
system, the fingerprint sensor captures the user's fingerprint
data, which is then sent to the Arduino Bridge as a hardware
connector. Next, the Arduino Bridge communicates with the
Mini PC for data processing. The Mini PC will match and store
attendance results in a MySQL database, so that attendance data
can be stored and managed centrally. Biometric ~ fingerprint
recognition utilizes the unique patterns of each finger,
minimizing the possibility of false attendance data and
preventing identity theft [11].

This system is implemented using the C# programming
language, with an interactive interface and powerful database
integration such as MySQL to securely store and verify each
user's unique fingerprint data.

Jain et al [2] explaining that AFIS is a widely recognized
biometric method for user identification due to the unique,
detailed, and durable nature of fingerprints [8], Padkan et

al.[12], dan Vibert et al [13], explains that the main function of
this system is to automatically identify individuals by extracting
and comparing minutiae features from fingerprint images.

The red dots in Figure 2 represent the shapes and positions
of human finger minutiae. The architecture of this system
utilizes an image preprocessing stage, which is a crucial step
prior to the fingerprint matching process, as image quality
greatly affects the recognition algorithm. During
implementation, the open source AFIS library handles feature
extraction and fingerprint template matching.

When the user places their finger on the sensor, the captured
image will be saved in bmp format and then processed using
various image enhancement filters. These filters include
Gaussian, Median, Bilateral, and Contrast Limited Adaptive
Histogram Equalization (CLAHE), each of which plays a role
in reducing noise and enhancing the clarity of ridge patterns in
fingerprint images [14].

CLAHE, for example, is known to improve local contrast
while reducing noise, and smoothing, Gaussian can reduce
noise generated by contrast enhancement [15].

After the preprocessing stage, the enhanced fingerprint
image is evaluated by the Automated Fingerprint ldentification
System (AFIS) algorithm. This evaluation produces a matching
score, typically ranging from over 40 points of confidence if the
fingers are identical, which measures the similarity between the
input fingerprint and the user data stored in the attendance
database [16],[17]. A higher matching score indicates a higher
degree of similarity [16]. This matching score is then used by
the system to automatically confirm the user's identity and
record their attendance in the MySQL database [18][19].

B. Image Filtering Process

To optimize fingerprint images before they are processed by
AFIS, several filtering techniques are used to reduce noise,
enhance contrast, and preserve the characteristic ridge-valley
patterns [9]. Accurate and consistent minutiae feature
extraction is highly dependent on this preprocessing step
[20],[21]. This study applies and compares four main
approaches to improving fingerprint image quality, namely
Gaussian filter, Median filter, Bilateral filter, and CLAHE.

These four methods were chosen because each represents a
different category of image filtering: Gaussian for convolution-
based smoothing, which effectively reduces high-frequency
noise and improves image quality [22], Median for nonlinear
noise reduction [23], Bilateral for smoothing with edge



preservation

[23] and CLAHE for adaptive contrast

enhancement.

1.

Gaussian filter is a low-pass smoothing filter that reduces
high-frequency noise by averaging the pixel intensity
within a specified kernel. [22],[24]. Mathematically, the
two-dimensional Gaussian function is defined as:
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Where x and g indicate the pixel distance from the
kernel center, while ¢ is the standard deviation that
controls the smoothing level. In this study, a Gaussian
filter was applied using a 5 x 5 kernel with a standard
deviation (o) of 1.0 to balance noise reduction and ridge
sharpness. The selection of these parameters was based on
the characteristics of fingerprint images, which have ridge
patterns with medium spatial frequencies. A medium-
sized kernel is effective in reducing random noise without
causing excessive blurring, while a relatively small (o)
value preserves the sharpness of the ridge structure. This
parameter is selected to achieve an optimal balance
between noise reduction and ridge detail preservation.
Although effective in reducing random noise, excessive
smoothing can cause ridge edges to become blurred,
potentially reducing the sharpness of minutiae features
[15].

Median filter works by replacing the intensity of each pixel
with the median value of the surrounding pixels in a
specified window (kernel). Unlike linear filters such as
Gaussian filters, median filters are non-linear filters that
are very effective at removing salt-and-pepper noise
without blurring edges. Mathematically, the output value
of the median filter can be expressed as:

g(x,y) = median{f(s,t)| € Sxy (2)

Where f(s,t) represents the pixel intensity in the local
window S, ,,, and g(x, y) is the result of filtering the center
pixel. In this study, the median filter was applied using a

3 x 3 kernel, which provided an optimal balance between
noise removal and ridge-valley structure preservation. This
property is very useful for preserving the fine details of

ridge patterns in fingerprint images [14].

Bilateral filters operate by adjusting the intensity of each
pixel based on the values of its neighboring pixels, where
each output value is the median of the set of intensities
around the central pixel. This non-linear approach has
proven to be very effective in removing salt-and-pepper
noise while preserving image edge details.
Mathematically, the median filter process can be expressed
as:

BF[1], = Wipzw Go, (II0 = al])Go, (1 = 1,D1;  (3)

Where G, is a spatial Gaussian function that measures
the proximity of positions between pixels, G, is a

radiometric Gaussian function that measures the similarity
of intensities between pixels, and W,, is a normalization
factor. This filter effectively reduces noise without
blurring ridge boundaries, allowing ridge-valley structures
to be clearly preserved.

In this study, the parameters used include a kernel
diameter of 9 pixels and spatial deviation. (o5) and
intensity deviation (o,) are each set at 75, which is
selected to maintain a balance between smoothing and
preserving edge details. The selection of a kernel diameter
of 9 pixels and values of (g,) and (o,) of 75 was done
empirically based on preliminary testing and literature
references. These parameters were chosen because they
provide a balance between image smoothing and edge
detail preservation. This method has been proven to
improve ridge pattern clarity without causing halo artifacts
that often appear in conventional edge enhancement
methods. [22].

CLAHE technique works by enhancing the local contrast
of an image by dividing it into several blocks (or tiles) and
performing adaptive histogram equalization on each block.
To prevent excessive noise amplification, a clip limit
mechanism of 2.0 and a tile size of 8x8 used. Several
parameter combinations have been tested, and these values
produce the best visual quality on the research dataset.
CLAHE is very useful for fingerprint images with uneven
illumination or low contrast, as it can improve ridge clarity
across the entire image area uniformly [15].

Each filtering method is applied individually to the
identical fingerprint image dataset before feature extraction
and matching using the AFIS system. This stage aims to
evaluate the effectiveness of each filter in improving image
quality. Given that the performance of this recognition
algorithm is highly vulnerable and influenced by image
quality, especially for images with high noise levels, low
contrast, or uneven textures due to finger pressure or sensor
conditions. Therefore, efficient enhancement is crucial,
especially for poor-quality images [15]. The filtered image
is then evaluated based on recognition accuracy and
similarity scores generated in the fingerprint-based
attendance system [25]. To provide a clearer picture or
illustrate the stages of applying each filtering method, Figure
3 on the next page shows the results of processing the original
fingerprint image, which is then processed again using four
image enhancement techniques. image enhancement
techniques as proposed in this discussion, each with its own
purpose and uniqueness, namely: Gaussian, Median,
Bilateral, and CLAHE.



Figure 3. Images processed using various filters (a. Original Image,
b. Bilateral, c. Gaussian, d. Median, e. CLAHE)

Figure 3 shows the differences in the results of the filtering
process with the aim of improving the quality of fingerprint
images using several filtering methods. Visually, the original
image (Fig 3. a) still contains noise and has low contrast, so that
the ridge and valley patterns are not clearly visible. After
applying the filter, it can be seen that:

o Bilateral filter (Fig 3. b) It can reduce noise while
maintaining edge details, but the results tend to be
blurrier or less clear, especially in areas with fine
textures.

e  Gaussian filter (Fig 3. ¢) produces a good smoothing
effect while eliminating high-frequency noise, but
slightly reduces the sharpness of ridge patterns.

e Median filter (Fig 3. d) effective in removing impulse
noise without blurring fingerprint patterns, so that
ridge lines appear more consistent compared to images
produced by Gaussian filters.

e CLAHE (Fig 3. e) significantly increases the contrast
of the image, producing more prominent ridge
patterns, but can cause increased noise in certain areas.

Overall, the most notable difference between the results of
the filters is in the smoothness of the texture and sharpness of
the ridge patterns. The Median and Gaussian filters provide the
best balance by reducing noise while maintaining the details of
the fingerprint patterns, such as the ridge structures, thereby
producing a more stable image for the matching process. The
next section will detail the experimental setup, present the
results of this comparative analysis, and discuss the
implications of each filter's performance on the overall
accuracy of AFIS. Testing will be conducted by dividing the
data into two categories: the first category will consist of data
with an initial confidence value below 40, and the second
category will consist of data with confidence value above 40
points.

I1l. RESULTS AND DISCUSSION

This study used 40 sets of fingerprint data, which were then
divided into two categories based on the initial confidence level
where the images had not been filtered:

1. Low- confidence data (< 50 point)

2. High- confidence data (> 50 point)
With a minimum limit of 40 points for identical fingers.
Objective the division is to see how various images affect the
confidence of the AFIS system in both data conditions.

A. Testing and evaluation of low- confidence data (<50
points)

Testing on 20 low- confidence data sets showed that the
application of image filters had a significant impact on AFIS
accuracy, thereby helping to identify the most effective filters
for low-quality data.

TABLE |
FILTER MATCHING SCORES LOW CONFIDENCE DATA
Name Original Median  Gaussian CLAHE Bilateral
Abdi wijaya 41.89 78.47 76.06 56.02 76.22
Bernard Sitio 41.24 42.64 59.7 52.77 36.64
Boby 36.62 36.93 46.20 38.10 29.81
Erik 30.78 31.92 49.81 44.53 48.93
Eza 37.53 38.35 39.38 37.53 37.87
Jossua Hotua 36.87 40.68 37.87 36.46 29.35
Marel 47.19 51.72 78.19 50.52 65.81
Pilo 28.17 31.42 315 27.9 30.08
Revino 44.25 47.87 47.63 46.45 32.29
Ricard 36.58 60.71 53.42 33.88 47.31
Riovaldo 39.43 42.43 48.27 42.43 38.40
Rio 43.69 51.81 49.61 43.63 45.08
Sasmitha 30.62 56.29 62.46 34.26 52.43
Elwin Silalahi 40.99 55.74 68.57 38.05 65.73
Timothy Nico 49.78 54.32 74.29 59.44 40.09
Rey Rizky 49.80 67.95 51.84 51.21 37.71
Delon 44.74 44.58 45.49 43.82 37.56
Arifin 33.52 55.06 29.95 30.48 45.44
Roger Siregar 40.59 45.19 29.77 41.42 22.32
Beni Candra 24.73 41.24 34.36 27.98 16.25

Table | presents the results for 20 test data sets in the first
data category, where the confidence value of the initial image
without filters shows a low range of 20 to 50 points.
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Figure 4. Median vs original confidence comparison chart



Figure 4 shows a comparison of confidence values between
the original image and the image resulting from Median
filtering on category 1 data (low-confidence data) consisting of
20 test data points. The test results show that Median filtering
produces higher confidence values than the original image.
Median filtering shows a significant improvement, marked by
higher median and maximum values and a wider distribution
range compared to the original image.
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Figure 5. Gaussian vs original confidence comparison chart

. Figure 5 shows a comparison of confidence values between
the original image and the Gaussian-filtered image in category
1 data (low-confidence data). The Gaussian filter shows an
increase in median and maximum confidence values compared
to the original image, although with a more varied data
distribution based on the box-and-whisker plot.
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Figure 6. Bilateral vs original confidence comparison chart < 50 Point

Figure 6 compares the confidence values between the
original image and the image processed using a bilateral filter
across 20 data samples. Overall, the bilateral filter demonstrates
an increase in confidence compared to the original image.
However, this improvement is not consistent, as several data
points exhibit a decrease in confidence, indicating unstable
performance.

For the first data category (low-confidence data), visual
analysis of the graph shows that the most prominent confidence
improvement occurs with the Gaussian filter, particularly at the
sixth data point. The observed fluctuations in confidence values
indicate that each filtering method responds differently to the
characteristics of the input data at each test instance.
Consequently, this study does not aim to achieve perfectly

constant confidence values, but rather evaluates filter
performance based on the overall stability of confidence
changes.

When overall performance stability is assessed by
considering both the magnitude of confidence improvement and
the occurrence of minimal decreases, the median filter
demonstrates the most consistent and reliable performance
compared to the other evaluated filters..
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Figure 7. CLAHE vs original confidence comparison chart

Figure 7 compares the confidence values between the
original image and the image processed using CLAHE on 20
data samples. Overall, CLAHE produces an increase in
confidence at several data points; however, its performance is
not entirely stable, as a decrease in confidence is also observed
at certain points. Compared to the bilateral filter, the range of
confidence values obtained using CLAHE is narrower,
indicating more limited performance variation.

B. Testing and evaluation of high- confidence data (50
points)

The test was conducted on 20 data sets with a high
confidence level to determine the effect of image filters on
data that already has good quality, particularly in maintaining
the performance of the AFIS system.

TABLE 1l
FILTER MATCHING SCORES HIGH- CONFIDENCE
Name Original Median Gaussian CLAHE Bilateral
Aldi 89.4 83.6 61.3 91.1 46.0
Bambang 97.9 118.9 121.2 101.2 95.5
Bintang 72.3 62.8 73.0 67.6 16.6
Daffa Lisfatia 135.2 141.6 154.3 135.3 142.8
Fitrah 83.2 104.2 95.9 79.8 40.5
Olivia 67.1 77.4 73.7 67.3 47.9
Piulina 54.7 52.8 43.9 54.6 28.3
Reyendra 68.3 71.1 70.3 65.4 56.9
Ricard 1 99.5 119.4 95.3 99.5 78.6
Vino 87.4 91.7 87.4 88.6 78.1
Viona Harefa 68.4 714 78.4 68.5 76.2
Zainul Daffa 100.3 107.7 105.6 100.7 100.8
Sinurat 61.5 69.3 714 414 62.5
Arya 81.7 96.1 76.5 88.3 83.5
Yudha 58.2 59.6 46.9 59.0 379
Beny 71.9 72.2 75.4 71.9 81.3
Harahap 79.4 90.2 87.9 79.4 84.1
Muh Daffa 61.8 71.2 74.6 62.8 45.0
Marolop 51.9 54.6 57.2 63.4 41.6
Bosum 60.0 60.2 31.3 62.2 19.0




Table 11 presents the results for the second data category,
which consists of samples with initial confidence values
exceeding 50 points. For these high-quality fingerprint images,
the application of image enhancement filters produced varying
effects, demonstrating how each filter affects data that already
has good matching quality. This evaluation aims to assess
whether the applied filters are able to maintain the existing data
quality without compromising AFIS performance, while still
showing patterns consistent with those observed in the first data
category.
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Figure 8. Median vs original confidence chart > 50 Point

Figure 8 presents a comparison of confidence values between
the original image and the image processed using a median filter
for the second data category, which consists of data with high
confidence (good quality). Based on the plot, the median filter
does not produce a substantial increase in confidence compared
to the original image. Some decreases in confidence are also
observed at certain data points. This shows that for data that
already has good initial quality, the application of a median
filter tends to maintain the existing confidence level rather than
increase it significantly, while avoiding excessive matching
performance degradation.
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Figure 9. Gaussian vs original confidence chart > 50 Point

Figure 9 compares the confidence values between the
original image and the Gaussian-filtered image for the second
data category. The results show no significant difference,
indicating that the Gaussian filter generally maintains the
confidence level in data with high confidence with only slight
variation.
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Figure 10. CLAHE vs original confidence chart > 50 Point

Figure 10 Shows that the CLAHE filter results are generally
comparable to the original image results; however, some loss
of confidence can be observed, as shown in the graph. This
indicates that although CLAHE does not significantly improve
data with high confidence, this filter can cause minor
degradation in certain samples when applied to images that
already have good quality.
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Figure 11. Bilateral vs original confidence chart > 50 Point

Figure 11 presents the comparison results obtained using
bilateral filters for the second data category (high confidence
data). Based on the box and whisker plot, the bilateral filter
shows a higher upper whisker compared to the original image,
indicating that some samples experienced an increase in
confidence values. However, the median and interquartile range
of the bilateral filter results are lower than the original image,
and the lower whisker extends further down, reflecting a more
pronounced reduction in confidence at certain data points.
Overall, although bilateral filters provide improvements for
some samples, they also cause greater confidence reductions,
resulting in less stable performance for data with high
confidence. In contrast, the median filter exhibits more reliable
behavior by providing relatively stable improvements with
smaller confidence reductions. Although all filters show some
confidence reduction at certain data points, the reduction from
the median filter is relatively minimal, while the Gaussian filter
shows a more noticeable reduction and CLAHE performs
similarly to unfiltered data with some reduction. Therefore,
bilateral filters are less suitable for data with high confidence.



C. Average Performance and Improvement Percentage
From the test results conducted on both categories using
40 fingerprint image samples, the following averages were
obtained:

TABLE 11l
LOW- CONFIDENCE CATEGORY AVERAGE SCORE
Filter Average
Original 38.37
Median 46.57
Gaussian 4751
CLAHE 40.80
Bilateral 41.77
TABLE IV
HIGH- CONFIDENCE CATEGORY AVERAGE SCORE
Filter Average
Original 77.505
Median 83.795
Gaussian 79.071
CLAHE 77.403
Bilateral 63.145

Based on the average values obtained, the percentage
increase produced by each filter method was then calculated
using the following formula:

. Filter value—Original value
% improvement = { ueorg ) % 100% (4)
Original value

The results of the percentage increase calculation for each
filter in the low confidence category are shown in Table V
below:

TABLE V
IMPROVEMENT PERCENTAGE FOR LOW-
CONFIDENCE CATEGORY

Filter Y%Improvement
Median +21.37%
Gaussian +23.81%
CLAHE +6.32%
Bilateral +8.85%
TABLE VI

IMPROVEMENT PERCENTAGE FOR HIGH-
CONFIDENCE CATEGORY

Filter %Improvement
Median +7.59%
Gaussian +1.02%
CLAHE —0.13%
Bilateral —18.53%

Based on the average filter effect table, the median filter
provides the best performance in both data categories, with a
significant improvement in both categories. To provide further
visualization of the average rate data, it is then visualized in
graph form as shown in Figure 12 and Figure 13.
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Figure 12. Improvement Graph Low-Confidence Category
Second Category Data ( > 50 Points)

2.02%

8.12%

-18.53%

Medial Gaussian

Figure 13.Improvement Graph High- Confidence Category

Based on the calculation results, the Gaussian filter provides
the highest confidence improvement in the first category of
data, with an increase of 23.81% compared to the original
image. In the second data category with > 50 points, the median
filter provides the highest increase of 7.59% compared to the
original image, and the bilateral filter provides the most
significant decrease in the second data category > 50 of 18.53%,
as visualized in Figure 13. Confidence

IV. CONCLUSION

Based on the results of calculating the average value and
percentage increase in confidence, the Gaussian filter provides
the highest performance improvement in the first data category
(low-confidence data), with an increase of 23.81% compared to
the original image. This shows that the Gaussian filter is
effective in improving the quality of fingerprint images with a
low initial confidence level.However, when viewed as a whole
across both data categories, the Median filter shows the most



optimal performance. This filter produces the highest
cumulative confidence increase and is able to maintain image
quality in data with already good confidence levels. Compared
to other methods, the Median filter outperforms the Gaussian
filter by 2.27%, the CLAHE filter by 9.65%, and the Bilateral
filter by 73.06%. Therefore, the Median filter is recommended
as the most effective filtering method to improve fingerprint
matching performance in this study.However, further research
is still needed to optimize filtering parameters, combine several
image enhancement methods, and integrate deep learning-based
approaches to improve image clarity and system robustness
against variations in lighting conditions and noise. In addition,
testing on larger and more diverse datasets is also needed so that
the performance of the AFIS system can be more consistent
under various conditions.
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