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This scientific investigation is dedicated to an in-depth exploration and comprehensive
evaluation of the Haar cascade classifier method as an essential component of facial recognition
technology. In addition to its rigorous analysis, this paper substantiates the rationale behind
selecting this particular algorithm and offers a detailed account of the system's implementation
process, shedding light on the intricacies of the experimental setup employed for our study. The
crafted facial recognition system underwent rigorous testing using a diverse dataset of facial
photographs. This dataset included a broad spectrum of images captured at varying distances from
the camera, under diverse lighting conditions, and encompassing various facial orientations within
the camera's field of view. Subsequent to the extensive testing phase, a meticulous analysis of the
test results was meticulously conducted. These results provided valuable insights into the system'’s
strengths and weaknesses, highlighting the significance of certain factors in achieving optimal
accuracy in facial recognition technology. The in-depth evaluation allowed us to draw robust
conclusions regarding the critical considerations essential for the effective design and deployment
of facial recognition systems aimed at attaining exceptionally high levels of precision and
reliability. By identifying these factors, our research contributes significantly to the advancement
of facial recognition technology, paving the way for more accurate and dependable systems in
various applications.
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Introduction. Advancements in technology, particularly in the fields of automation,
robotics, and artificial intelligence (Al), have significantly enhanced the quality of human life
by augmenting convenience and security measures [1-3]. In today's fast-paced world,
individuals are increasingly seeking out technologies that bolster their safety and peace of
mind. To safeguard their homes, vehicles, workplaces, mobile devices, laptops, and more,
people are turning to a diverse array of security systems. These systems often leverage cutting-
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edge technologies, including remote keyless access, near-field communication, touchscreen
interfaces, and various forms of biometric authentication. Among these, biometric systems
stand out for their efficiency and unparalleled accuracy, offering an elevated level of security

[4].

Within the realm of biometric systems, the realm of automatic face recognition and
detection takes center stage. This technology hinges on the principles of computer vision and
image recognition, enabling the identification of individuals by matching their facial features
against a database of known faces. The applications of this technology extend well beyond
mere security concerns, permeating diverse domains such as authentication, criminal
investigations, video surveillance, robotics, and medical sciences [5,6].

Facial recognition technology has emerged as a pivotal component of modern
applications, permeating areas like access control, security systems, and personalized user
experiences [7-9]. The Haar cascade classifier method, renowned for its efficiency and
accuracy in face detection, has been widely embraced across various computer vision
applications. In this scholarly article, we present the implementation of a facial recognition
system grounded in the Haar cascade classifier method, ingeniously adapted for the Arduino
platform.

The fusion of facial recognition with Arduino, a widely accessible microcontroller board,
ushers in a new era of possibilities for real-time and embedded face detection applications.
While traditional facial recognition systems once demanded substantial computational
resources, advances in hardware capabilities have rendered it viable to deploy such systems on
low-power microcontrollers like Arduino.

The initial stages of real-time automatic face recognition and detection encompass the
deployment of a camera to capture an image, the identification of faces within that image, the
identification of regions of interest (ROI) where further operations will be executed, feature
extraction, and the ultimate recognition of faces. The burgeoning interest in facial recognition
and tracking systems can be attributed to various factors. These include the proliferation of
high-resolution video cameras and the decreasing costs associated with computing technology.
These versatile systems find applications in an expansive array of scenarios, including
enhancing security in public spaces [10], facilitating access control, automating production
process monitoring, enabling emotion recognition, and detecting faces in images [11].

In addition to the well-established employment of machine learning models [12] and
neural networks in such systems, researchers worldwide are continuously working on
developing, refining, and exploring alternative approaches and algorithms for facial recognition
and tracking. Beyond the Haar cascade classifier method discussed in this study, other
prominent methods encompass Eigenfaces, Fisherfaces [13], and Local Binary Patterns
Histograms (LBPH) [14]. Each of these approaches boasts its unique strengths and limitations,
necessitating careful consideration when devising specific applications. The allure of facial
recognition and tracking systems continues to grow, attracting escalating resources year by
year. This commitment is driven by the unceasing pursuit of improving existing algorithms and
pioneering innovative methodologies in this dynamic field.

Methodology. The utilization of the Haar cascade classifier method as the foundation for
our facial recognition and tracking system represents a highly efficient approach for detecting
faces within images. This approach hinged on the utilization of the pre-trained standard
classifier haarcascade_frontalface_default.xml, a component readily accessible within the
OpenCV software package. This classifier incorporates a meticulously crafted set of rules
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specifically designed for facial detection, rendering it an ideal choice for the objectives of this
research.

To rigorously assess the system's capabilities, we conducted extensive testing
encompassing real photographs captured from a webcam. These images were acquired under a
diverse array of conditions, including variations in distances, lighting conditions, and an
assortment of parameters. The dataset thereby compiled was intentionally comprehensive,
designed to scrutinize the system's accuracy and robustness across a multitude of scenarios.

In order to gauge the accuracy of the system, we introduced the "face detection accuracy"
metric into our evaluation framework. This metric, calculated as the ratio of correctly detected
faces to the total number of images in the test set, furnished a quantitative assessment of the
system's performance. For each measurement, 100 photographs were meticulously collected,
and the corresponding ratio was meticulously computed.

The implementation of our system was executed through the Python programming
language, leveraging the power and versatility of the OpenCV library. Our choice to employ
the Haar cascade classifier method, coupled with the utilization of the pre-trained standard
classifier haarcascade_frontalface_default.xml sourced from the OpenCV software package,
was proven to be an exceedingly effective strategy for the precise detection of faces within
images.

Furthermore, the deployment of a comprehensive dataset featuring images under various
conditions, encompassing a gamut of parameters, was pivotal in evaluating the system's
accuracy and robustness. This diversified dataset enabled us to thoroughly examine the
system's performance across a spectrum of real-world situations. The incorporation of the "face
detection accuracy" metric, a quantifiable and objective measure of system performance, was
indispensable for the assessment of our system's success. This metric provided valuable
insights into the system's proficiency in accurately detecting faces, a critical facet in evaluating
its overall effectiveness.

Results and discussion. The sheer diversity of user needs highlights the intricacies of
facial recognition systems, reflecting the wide-ranging demands of different users. However,
despite this diversity, there exists a common thread in terms of the fundamental functionalities
and underlying algorithms that power facial recognition systems. While these systems can offer
a plethora of additional features such as gesture recognition and autofocus, at their core, they
follow a standardized sequence of operations, as illustrated in Fig. 1.

Image acquisition

Pre-processing
(converting to gray —
scale)

Loading Haar Face
cascade classifier detection attempt

Fig. 1. The sequence of events in the face recognition process
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At the heart of these systems lies the Haar cascade classifier method, a stalwart in the
realm of facial recognition and tracking. Particularly suited for Arduino-based systems that
utilize webcams to capture real-time images, this method shines as the go-to choice.

The Haar cascade classifier method plays a pivotal role in distinguishing between primary
and secondary image features. Primary features encompass images of the objects we seek to
identify, while secondary features comprise combinations of primary ones, enhancing the
precision of object detection [9]. To harness the potential of the Haar method for object
recognition, it is imperative to initiate the process with the training of a cascade using a set of
training images. Upon completion of the training, the cascade consists of multiple classifiers,
each assigned to a specific phase of the object recognition process, as depicted in Fig. 2.
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Fig. 2. Types of Haar features [6]

In the quest to detect objects within an image, the cascade classifier method orchestrates a
sequence of stages. Initially, the cascade classifier assesses whether the image contains the
desired object. If a positive detection occurs, the image advances to the subsequent stage of the
search, where the next classifier comes into play. This iterative process continues until the final
stage of the search is reached. Importantly, each successive classifier operates within image
regions pinpointed by the previous classifier, deliberately excluding areas where no object has
been detected. This intelligent strategy significantly reduces the number of regions that require
scrutiny at each detection stage, thereby accelerating the overall algorithm's performance.

At evaluating the Haar cascade classifier method against its contemporaries, such as
Eienfaces, Fisherfaces [13], and LBPH [14], it emerges as the frontrunner in terms of accuracy
and efficiency in facial recognition. Eigenfaces and Fisherfaces tend to grapple with overfitting
issues and often exhibit suboptimal speed, while Local Binary Patterns Histograms fall short in
accurately recognizing faces in varying lighting conditions.

So, the Haar cascade classifier method stands as a beacon of accuracy and efficiency
within the realm of facial recognition, offering a robust and swift solution that excels where
other methods falter. Its application in Arduino-based systems equipped with webcams opens
up a world of possibilities for real-time and embedded face detection applications.

Threfore, the choice of employing the Haar cascade classifier method for facial
recognition and tracking within an Arduino-based system is a judicious one, particularly when
considering the constraints posed by limited computational resources.

In our research endeavor, we undertook the ambitious task of developing and
implementing a facial recognition and tracking system. Our choice of hardware revolved
around the Arduino Uno Rev3 microcontroller, a dependable platform known for its
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accessibility and versatility. To capture real-time images for our system, we harnessed the
capabilities of a Logitech C270 HD webcam.

Throughout the course of our project, we embarked on a comprehensive exploration of
system implementation, dissecting the intricacies of the facial recognition and tracking system
we were constructing. This entailed an in-depth analysis of pre-existing systems already
available in the market, leading to the formulation of a cohesive algorithm encapsulating their
essential operations. Moreover, we meticulously curated a list of both hardware and software
components essential for bringing our envisioned functionality to life. To provide a visual
representation of our system's architecture, we have included a structural diagram in Fig. 3.
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Fig. 3. The structural diagram of the device for face recognition and tracking

This project stands as a testament to our commitment to harnessing cutting-edge
technology, all while operating within the confines of limited computational resources. By
strategically integrating the Haar cascade classifier method and leveraging the capabilities of
the Arduino Uno Rev3 microcontroller, we endeavor to provide an efficient and accessible
solution for facial recognition and tracking applications.
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The development of our facial recognition and tracking system commenced with the
formulation of precise technical specifications, which would serve as the blueprint for the
future device. To provide a comprehensive understanding of the system's design, we created
structural, functional (as illustrated in Fig. 4), and schematic diagrams, meticulously detailing
the various components and their interconnections.
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Fig. 4. The functional scheme of the face recognition system
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In order to effectively process the incoming image data from the webcam, we employed
the Python programming language in tandem with the powerful computer vision library,
OpenCV. On the hardware front, we seamlessly integrated an Arduino Uno board alongside its
corresponding modules to bring the system to life. This amalgamation of hardware and
software is succinctly depicted in Fig. 5, offering a visual representation of our fully
implemented face recognition and tracking system.

Fig. 5. The appearance of the system for face recognition and tracking
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Delving into the algorithm that underpins the system, it becomes evident that a well-
defined sequence of operations governs its functionality. Upon initializing the system, a crucial
step is taken to reset the prior state of the servo motors, positioning them at a standardized
fixed orientation. This preliminary action ensures that the servo motors all initiate their
operation from a consistent starting point, establishing equal conditions for the subsequent
facial recognition process. Only once this initialization is complete does the system become
primed and ready to commence its facial recognition operations.

The operational framework of our facial recognition system is meticulously outlined in
Fig. 6, offering an insightful glimpse into its inner workings. A critical facet of successful
recognition is the visual confirmation it provides to the user. In a triumphantly recognized face,
the system adroitly draws a rectangular frame around the detected visage. This graphical
affirmation serves as an engaging and user-friendly indicator of successful recognition, paving
the way for further analysis and processing of the identified facial region.
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Fig. 6. Functioning algorithm for the face recognition and tracking

The next pivotal step involves the dynamic adjustment of the tilt angles of our servo
motors in response to the detected facial position in three-dimensional space. This real-time
adaptation ensures that the system keeps the face precisely centered within its observation
zone. Irrespective of the user's movements, the system tenaciously endeavors to maintain the
face within its field of view. This continuous and adaptive tracking mechanism guarantees an
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uninterrupted operation of the system, primed and responsive to user actions, offering seamless
interaction within the defined operating parameters.

The cyclic nature of this behavior empowers our system to remain versatile and agile,
capable of dynamically adapting to shifts in the environment and altering working conditions.
This dynamic responsiveness serves as the bedrock for the system's ability to deliver accurate
and stable tracking of the user.

As a testament to the system's effectiveness, rigorous testing was conducted, revealing an
impressive level of accuracy in facial detection, consistently exceeding 80%. This high level of
accuracy was observed across a diverse array of images, captured at distances of up to one
meter from the camera, spanning varying lighting conditions (both adequate and low), and
accounting for potential facial tilts in both horizontal and vertical directions. This extensive
testing showcases the robustness and reliability of our developed system.

The system's response time was also subjected to scrutiny, yielding satisfactory results.
This ensures its suitability for a multitude of facial recognition and tracking tasks, where timely
responses are paramount. Fig. 7 furnishes an illuminating visual representation of the system's
accuracy estimates at different distances from the camera, taking into account both normal and
subdued lighting conditions. These results underscore the trend of decreasing accuracy as the
distance from the camera increases and as lighting conditions become less favorable. Such
diminution in accuracy can be attributed to the declining image quality at greater distances and
the inherent challenges posed by low-light conditions.

The chart in Fig. 7 succinctly encapsulates the alterations in recognition accuracy with
respect to distance under both standard and subdued lighting circumstances, providing valuable
insights into the system's performance characteristics.
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Fig. 7. The accuracy of the system as a function of distance under normal and subdued lighting
conditions
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Fig. 7 presents a comprehensive analysis of the accuracy ratings obtained from our face
recognition system across various scenarios, where distances from the camera and facial tilts of
10 degrees in both horizontal and vertical directions were systematically examined. The
findings from this study provide valuable insights into the system's performance under diverse
conditions.

Our observations reveal a notable trend: as the distance between the subject and the
camera increases, and when the faces are subjected to a 10-degree tilt, the accuracy of the
recognition system experiences a discernible decrease. This phenomenon can be attributed to
the alterations in the image's perspective and the resultant changes in facial contours when the
face is tilted. Such variations in image characteristics pose a challenge to the system's ability to
accurately match facial features. To offer a more nuanced view, Fig. 8 offers a graphical
representation of the relationship between recognition accuracy and the distance from the
camera when the face is tilted horizontally and vertically by 10 degrees. This visual
representation highlights the progressive decline in accuracy as the subject moves further from
the camera, and the face tilts in either direction. These trends underscore the critical influence
of distance and facial orientation on the system's performance.
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Fig. 8. The chart of system accuracy changes relative to the distance during a horizontal and vertical tilt
of the face by 10 degrees

In essence, the test results underscore the multifaceted nature of facial recognition system
accuracy, which hinges on several interrelated factors, including but not limited to the subject's
distance from the camera, prevailing lighting conditions, and the angle at which the face is
presented. These factors collectively influence the system's ability to consistently and reliably
recognize faces. As such, they must be taken into careful consideration during the design and
deployment of facial recognition systems, particularly when the aim is to attain the highest
levels of accuracy and efficiency.
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Drawing upon the insights gleaned from our exhaustive research into the facial
recognition and tracking system integrated with the Arduino microcontroller, several avenues
for potential enhancement emerge. It is crucial to acknowledge that crafting an optimal facial
recognition and tracking system is a formidable undertaking, as it necessitates tackling a
multitude of challenges linked to real-time data processing and system efficiency. This
undertaking requires a holistic approach, encompassing hardware and software optimization,
algorithm refinement, and rigorous testing in real-world scenarios. By systematically
addressing these facets, we can pave the way for the development of more robust and accurate
facial recognition and tracking systems that hold the promise of revolutionizing a myriad of
applications across various domains.

Enhancing system efficiency entails several key strategies to elevate the performance of
facial recognition and tracking technology. A primary approach involves harnessing the
capabilities of more potent microcontrollers, which can significantly accelerate data processing
for facial recognition tasks. Prominent options in this regard include the Arduino Mega and
Raspberry Pi microcontrollers, both renowned for their heightened performance and processing
power. These microcontrollers furnish the system with the horsepower required to expedite its
operations, consequently bolstering its overall speed and efficiency.

Another pivotal facet of system improvement revolves around the adoption of high-
caliber webcams characterized by superior resolution and data transfer speeds. The deployment
of such advanced webcams enables the acquisition of more nuanced and high-quality facial
images. By capturing detailed facial information, these webcams contribute substantially to
refining the system's efficacy in recognizing faces with greater precision.

To further augment system speed and responsiveness, the implementation of parallel data
processing and asynchronous data transfer mechanisms between the hardware and software
components becomes imperative. This innovative approach serves to curtail the time needed
for data processing and transmission within the system. As a result, it not only streamlines the
overall system operation but also enhances the accuracy and expediency of facial recognition.

To elevate the precision of facial recognition even further, the incorporation of neural
networks and other machine learning algorithms stands as a key strategy. However, this
necessitates the availability of an extensive and diverse database of facial images used for
training the neural network. Post-training, the model becomes adept at real-time facial
recognition, a capability that significantly bolsters the system's performance and practicality.
Such advancements have wide-ranging applications, spanning across security systems, video
surveillance, advertising, and various other domains.

Additionally, the exploration of deep learning technology presents an avenue for
achieving more accurate facial recognition through convolutional neural networks (CNNSs).
Nevertheless, it's essential to note that this approach demands substantial computational
resources, which might render it less suitable for real-time systems. Nonetheless, its potential
for precision enhancement remains a noteworthy consideration.

So, the facial recognition and tracking system underpinned by Arduino microcontroller
technology holds immense promise. To fully harness its capabilities and ensure greater
efficiency and accuracy, the integration of more potent microcontrollers, enhanced
programming environments, and the optimization of data processing algorithms are paramount.
These collective improvements will not only empower the system to excel in its current
applications but also open up new vistas of possibility in the ever-evolving landscape of facial
recognition technology.
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Conclusion. The overarching objective of this scientific research endeavor revolves
around an in-depth exploration and appraisal of the Haar cascade classifier algorithm's efficacy
in the realm of facial recognition. To accomplish this goal, a comprehensive and diverse
assortment of facial photographs was harnessed, encompassing images captured at varying
distances from the camera, under an array of lighting conditions, and featuring diverse facial
orientations within the camera's field of view.

The experimental findings yielded compelling insights into the algorithm's capabilities,
revealing a remarkable degree of accuracy that surpassed the 80% threshold in successfully
identifying faces. Significantly, the algorithm exhibited this high accuracy across a spectrum of
challenging conditions, including scenarios characterized by fluctuating lighting conditions and
a wide range of facial orientations. Furthermore, the Haar cascade classifier algorithm
demonstrated commendable efficiency, proving itself adaptable even within systems
possessing limited computational resources.

Drawing from the wealth of data and insights generated by this research, it is evident that
the Haar cascade classifier algorithm stands as a promising and effective solution in the realm
of facial recognition systems. Its robust performance under various testing conditions
underscores its potential as a robust tool in real-world applications.

Delving deeper into the intricacies of the Haar cascade classifier algorithm, it is essential
to elucidate its underlying principles. This algorithm operates on the principles of machine
learning, leveraging a profound understanding of facial features and patterns in digital images.
It achieves this by meticulously scrutinizing a set of discernible features within the image,
including edges, lines, and corners, which collectively form the building blocks for a cascade
of classifiers. These classifiers are then wielded as instruments of detection, meticulously
sifting through an image to identify the presence of crucial facial features.

This research not only validates the algorithm's capabilities but also unearths valuable
insights that can catalyze further advancements in enhancing its accuracy and performance.
These insights are invaluable not only for the scientific community but also for the practical
implementation of facial recognition technology in a myriad of domains, ranging from security
and surveillance to biometrics and beyond. Thus, the Haar cascade classifier algorithm emerges
not only as a robust tool for present applications but also as a fertile ground for continuous
innovation and refinement in the realm of facial recognition.

REFERENCES

[1] Tian Y. Artificial intelligence image recognition method based on convolutional neural
network algorithm // IEEE Access. — 2020. — Vol. 8. — P. 125731-125744.

[2] Liyakat, K. Development of Pose Invariant Face Recognition Method Based on Pca and
Artificial Neural Network / K. K. S.Liyakat, V. A Mane, K. P .Paradeshi, D. B. Kadam,
& K. K. Pandyaji // Journal of Algebraic Statistics. — 2022. —-Vol. 13(3). —P. 3676-3684.

[3] Kumar A. Face detection techniques: a review / A. Kumar, A. Kaur, & M. Kumar,
/I Artificial Intelligence Review/ — 2019. — Vol. 52. — P. 927-948.

[4] Singh Bhadauriya S. “Real-Time Face Detection and Face Recognition: Study of
Approaches” / S. Singh Bhadauriya, S. Kushwaha, S. Meena // Lecture Notes in Networks
and Systems. Singapore. — 2023.— P. 297-308.



34 N. Karpiuk, H. Klym, O. Stepanov, I. Vasylchyshyn
ISSN 2224-087X. Electronics and information technologies. 2023. Issue 23

[5] Phuc L. T. H. “Applying the Haar-cascade Algorithm for detecting safety equipment in
safety management systems for multiple working environments,” / L. T. H. Phuc, H.
Jeon, N. T. N. Truong, J. J. Hak // Electronics. — 2019. — Vol. 8(10).— P 1079.

[6] Andrejevic M. “Facial recognition technology in schools: Critical questions and
concerns,” / M. Andrejevic, N. Selwyn // Learning, Media and Technology.— 2020. — Vol.
45(2).— P. 115-128.

[7] Lai X. “Has facial recognition technology been misused? A public perception model of
facial recognition scenarios” / X. Lai, & P. L. P. Rau // Computers in Human Behavior. —
2021. - Vol. 124. — P. 106894,

[8] Budiman R. A. M. “Localization of white blood cell images using Haar cascade
classifiers,” / R. A. M Budiman, B. Achmad, A. Arif, L. Zharif // 1st International
Conference on Biomedical Engineering (IBIOMED).-2016.—P. 1-5.

[91 Marchesotti L. Dual camera system for face detection in unconstrained environments / L.
Marchesotti, L. Marcenaro, & C. Regazzoni //In Proceedings 2003 International
Conference on Image Processing IEEE.—2003.—Vol.1 (Cat. No. 03CH37429).— P. 1-681.

[10] Balasubramanian M. Deep transfer learning based real time face mask detection system
with computer vision / M. Balasubramanian, K. Ramyadevi, & R. Geetha // Multimedia
Tools and Applications.—2023.—P. 1-20.

[11] Hashim S. Face detection by using Haar Cascade Classifier / S. Hashim, & P. Mccullagh
/ Wasit Journal of Computer and Mathematics Science.—2023.—Vol. 2(1).—P. 1-8.

[12] Singh G. Face detection and recognition system using digital image processing / G. Singh,
& A. K. Goel //In 2020 2nd International Conference on Innovative Mechanisms for
Industry Applications (ICIMIA). IEEE.—2020. —P. 348-352.

[13] Aliyu I. “Comparative Study of Eigenface and Fisherface Algorithms Based on OpenCV
and Sci-kit Libraries Implementations” / I. Aliyu, M. Ali Bomoi, M. A Maishanu
/I International Journal of Information Engineering and Electronic Business.— 2022. —
Vol. 14(3). —P. 30-40.

[14] Mulyono I. U. W. “Performance analysis of face recognition using eigenface approach,” /
I. U. W. Mulyono, A. Susanto, E. H. Rachmawanto, A. Fahmi // International Seminar on
Application for Technology of Information and Communication. —2019.— P. 1-5.

CUCTEMA IIEPEBIPKHA TA BUABJEHHA OCOBUCTOCTI HA OCHOBI
TEXHOJIOT'Ti PO3II3HABAHHA OBJINY

H. Kapmiok!, T. Knum'?, O. Ctenanos’, I. Bacuibunmmn®

Ykagedpa cneyianizoeanux komn tomepHux cucmen,
Hayionanvuuii ynieepcumem «JIvgiecoka nonimexwixay,
eyn. C. banoepu, 12,79013 Jlvsis, Yrpaina
halyna.i.klym@Ipnu.ua, klymha@yahoo.com

2kagpedpa padioenekmpoHHUX | KOMN TOMEPHUX CUCMeM,
Jlveiscokuil Hayionanvuull yHieepcumem imeni leana @panka
eyn. [pacomanosa, 50, 79005, Jlveie, Yxpaina
halyna.klym@Inu.edu.ua



mailto:halyna.i.klym@lpnu.ua
mailto:klymha@yahoo.com
mailto:halyna.klym@lnu.edu.ua

N. Karpiuk, H. Klym, O. Stepanov, I. Vasylchyshyn 35
ISSN 2224-087X. Electronics and information technologies. 2023. Issue 23

3kagpedpa meopemuunoi ma 3azanvhoi enexmpomexuixu,
Hayionanvuuii ynieepcumem «JIvgiscora nonimexuixay,
eyn. C. banoepu, 12,79013 Jlvsis, Yxpaina
ivanna.i.vasylchyshyn@Ipnu.ua

CTBOpEHO CHCTEMY pPO3MI3HABaHHSA Ta BiACTEXKEHHS OOMUYYs, L0 peali3oBaHa y BHIVIAAL
BOY/IOBaHOTO MPUCTPOIO Ha 6a3i MikpokoHTposepa Arduino. V mporoTumi nepeabadeHa CBITIoBa
Ta 3BYKOBa iHIUKAIs pOOOTH CHCTEMH, a TaKOXX PEKUM MaHyaJbHOI 3MiHU MOJIOKEHHS KaMeph
3a jormomororo mxoictuka. IlporpamMHa dWacTMHa cHcTeMu peanizoBaHa Ha MoBi Python 3
BUKOPHUCTAHHSIM aITOPUTMY JUII OOpOOKHM 300pakeHb Ta BHBEICHHS pe3yJbTaTHBHOTO
300pakeHHs1 Ha ekpaH. PeanizoBaHa cucrema Mae OyTH y 3MO3i YCIIIHO pO3I3HABaTH Pi3HI
00MMYUsl, MaKCHMAIbHO YHHKATH XHOHHX pO3Mi3HABaHb Ta MIBHAKO pearyBaTH Ha 3MiHY
MOJIOKCHHS. OONMYYS Yy Kaapi IUIIXOM ONEpPaTHMBHOTO KOPEryBaHHS IO3HLII KaMepH MO
BEPTUKAIBHIH Ta TOPU30HTAIBHIH OCi.

JocmimkeHo Ta OLiHEHO e(eKTHBHICTh AITOPUTMY KackagHOTo kiacugikatopa Xaapa ais
posmi3HaBaHHS oOmuyus. [l nocarHeHHs 1i€i MeTH OyJN0 BHKOPHUCTAHO IIUPOKUH 1
pi3HOMaHITHHH acopTHMEHT (oTorpadiii 001nYb, SKi OXOIUTIOIOTH 300pa’keHHs, 3po0ieHI Ha
PI3HMX BiJCTaHSIX BiJ KaMepH, 3a PI3HUX YMOB OCBITJICHHS Ta 3 PI3HUMH Opi€HTALiIMH OOIHYYS B
T0J1i 30py KaMepH.

EKCIIepUMEHTaNbHI PE3yJIbTATH INPOJEMOHCTPYBAIM MOXIJIMBOCTI aIrOPUTMY, BUSBUBIIN
CTyMiHb TOYHOCTI, SIKMH mepeBuIuB mopir y 80% Ui yCHINIHOTO BU3HAYEHHS OONUYB.
ITokazaHo, IO AITOPUTM IPOAEMOHCTPYBAB TaKy BHUCOKY TOYHICTb Y CIIEKTpI CKJIaIHHX YMOB,
BKJIIOYAIOYH CLEHApii, 110 XapaKTepHU3YIOThCS KOJMBAHHSAMH YMOB OCBITJCHHS Ta IMIMPOKHM
Jiarma3oHoM opieHTanii obauyus. Kpim Toro, aiaroput™ kackamHoro kiacugikatopa Xaapa
MIPOJIEMOHCTPYBaB e(EeKTUBHICTh, IOKA3aBIIM CBOIO AaJaNTHUBHICTh HaBITh y CHCTEMax 3
00MeXEeHUMH 00UHUCITIOBATBHUMH PECYpPCaMH.

AJITOPUTM Tpalloe Ha OCHOBI MPUHIMIIB MAIIMHHOTO HABYAHHS, BUKOPHCTOBYIOUH IITHOOKE
PO3yMiHHS puc 0oONMYYs Ta Bi3epyHKIB Ha Iu(poBuX 300pakeHHsX. Lle mocsraeTbcs mUIIXoM
PETeIBHOTO BUBUCHHS HA0OPY MOMITHHX OCOOIMBOCTEH 300pakeHHs, BKIIOYAIOUH Kpai, JiHil Ta
KyTH, SKi pa3oM YTBOPIOIOTH OymiBenbHI OJOKM s Kackamy KimacudikaropiB. /[lani
Knacu(ikaTopu BHKOPUCTOBYIOThCA SIK IHCTPYMEHTH BHSBJICHHS, MEPErNAalodn 300pakKeHH:,
JUISl BU3HAYCHHS BOKIIMBHX PUC OOIHYYSL.

[pencraBieHo AOCHIIKEHHS HE TUIBKM MIATBEPIDKYE MOXIIMBOCTI alrOpUTMY, ale H Jae
MOXIIMBICTh Yy NMOJAIBIIOMY PO3BHBAaTH TOYHICTH Ta MPOIYKTHBHICTH CHCTEMH. TaKUM YHHOM,
aNTOPUTM KacKaJHOro Kiacudikaropa Xaapa crae He JMIIE HAAIHHUM IHCTPYMEHTOM JUIS
Cy4acHHX TIporpam, aje U IHCTpyMEHTOM JUIsi IHHOBalili Ta BIOCKOHAIEHHS Yy cdepi
pO3mi3HaBaHHS OOIMYYSA.

Knrouoei cnosa: cuctema, poO3Mi3HABAHHS, NPUCTPIH, BIACTEXKEHHS OOMUYYS. alTOPUTM,
knacugikatopu Xaapa.
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