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Abstract. The paper presents the development of a diagnostic model based on near- infrared
(NIR) spectroscopy data using artificial intelligence methods. Spectral signals are preprocessed and
mathematically modeled. The modeling is based on the Beer—Lambert law, and the J criterion is used
to evaluate signal quality. The obtained results demonstrate the effectiveness of the proposed model.
The maximum J value reached 6.57, while for the simple method it was

4.75. The overall accuracy of the model ranged from 85% to 92%. In some cases, a decrease in
accuracy was observed due to noise and external factors. The proposed approach is effective for
detecting optical changes in biological tissues and for early disease diagnosis.
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AHHOTaHI/[SI. B cratne pacCMaTpuBacTCs pa3pa60TKa HHaFHOCTquCKOfI MOJCJIM Ha OCHOBE
naHHBIX OmkHed wHpakpacHod (NIR) cmekTpockomuu ¢ MCIIOJIB30BAaHUEM  METOJIOB
HCKYCCTBCHHOI'O HHTCIIJICKTA. CHeKTpaJ’IBHHe CUTHAJIbI IIPCABAPUTCIBHO O6pa6aTbIBaIOTC}I u
MOoABEPrar0oTCd MaTeMAaTUYICCKOMY MOJACIIMPOBAHULO. MO,I[GJ'II/IpOBaHI/Ie OCHOBAaHO Ha 3aKOHE Bepa —
JIaM6epTa, a JJId OLICHKU Ka4deCTBAa CUI'HAJIa UCIIOJIb3YCTCA KpI/ITepI/Iﬁ J. HOJ’Iy‘IeHHBIe PE3YyJIbTAThL
nokazainu 3(pQPEeKTUBHOCTh MPEIOKESHHONH Mojaenu. MakcuMmanbHOe 3HavyeHue J coctaBuiio 6.57,
TOT/Ia KaK JJIsl IPOCTOTO METOa 3TOT MoKa3aTelnb paBeH 4.75. O011asi TOUHOCTh MOJIETH cOCTaBmiIa 85—
92%. B OTACJIbHBIX CIydadax Ha6m0z[an005 CHUXXCHUE TOYHOCTHU IO BO3I[CI\/'ICTBI/ICM mymMa Hu
BHEIIHUX (PaKTOPOB.

Hpe,[[J'IO)KeHHHﬁ ooaxod SABIIACTCA 3(1)(1)6KTI/IBHBIM JJI1 BBISABJIICHUA OINTHUYCCKUX U3MEHEHHUH B
OMOJIOTHYECKHUX TKAHIX U paHHCﬁ JUArHOCTUKHN 3a00JIEBaHUI.

KiaroueBble ciaoBa: wuckyccTBeHHbIH uHTeekT, NIR  cmekrpockonus, OmnrkHee

I/IH(bpaKpaCHOC HU3JIy4CHHUC, MATCMATUYCCKOC MOACIUPOBAHUC, JUACHOCTHYCCKAd MOJICIIb,
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MalIMHHOE 00y4eHUe, CTICKTPATbHBIN aHaIN3, OMOJIOTHYeCKHE TKAHU, ONITUYECKUE CBOUCTBA, PAHHSS
JUarHOCTHKA.

Introduction

In modern medicine, the problem of early disease detection remains one of the most pressing
challenges. The identification of changes occurring in biological tissues using non-invasive methods
is considered an important scientific direction [1]. In this context, optical diagnostic methods play a
significant role. Near-infrared (NIR) spectroscopy enables the study of optical properties of
biological tissues. This method makes it possible to obtain information about hemoglobin
concentration and oxygenation levels. It also allows the assessment of biochemical changes in tissues.
In recent years, diagnostic systems based on NIR spectroscopy and artificial intelligence have been
actively developing [2]. Many studies have focused on processing spectral data and performing
classification tasks. The use of machine learning algorithms in this process has shown effective
results. However, in most existing studies, deep mathematical modeling of spectral signals has not
been sufficiently addressed. The problem of linking these signals with biological indicators also
remains unresolved. This work is based on spectral analysis and mathematical modeling.

Problem Statement. In this study, the problem of developing a diagnostic model based on
near-infrared (NIR) spectroscopy data is formulated [3]. The main focus is on spectral signals
obtained from biological tissues. During the research process, these signals are first preprocessed.
Then they are mathematically modeled. After that, they are analyzed using artificial intelligence
algorithms. To solve this problem, modern scientific approaches are applied. Signal processing
methods and machine learning algorithms are used. The main objective is to determine the
relationship between spectral parameters and biological indicators.

Methodology

In this study, a comprehensive approach for processing NIR spectroscopy data is proposed [4].
First, the spectral signals are denoised. Then they are normalized. At the next stage, the signals are
mathematically modeled. In this process, relationships between spectral parameters and biological
indicators are identified. After that, the extracted parameters are classified using machine learning
algorithms. Modern artificial intelligence methods are applied in building the model. Its performance
is evaluated based on experimental results. The proposed method is designed to be simple and clear.
Therefore, it can be applied by other researchers [5]. It represents a flexible and practice-oriented
approach.

Results and Examples

During the study, a diagnostic model based on NIR spectroscopy data was developed and tested.
MATLAB was used to build the model. The Image Processing Toolbox and Statistics and Machine

Learning Toolbox were applied for computations. At the initial stage, spectral images were formed
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using multiple frames. This approach helped reduce noise. However, in low-intensity signals, some

noise components still remained. In the next step, the images were denoised and normalized [6]. The
mathematical representation of the NIR signal was based on the Beer-Lambert law:

[=1p-eH (1)

Here, | - represents the intensity of the returned signal, lo - is the initial signal, p - is the absorption

coefficient, and L - is the optical path length. This model makes it possible to evaluate optical changes

in biological tissues. To separate signal and background regions, ROl and BG masks were applied.

To assess signal quality, the following criterion was used:

J = HROI=BG 0BG @)

Here, uror - is the mean value of the signal region, usc - is the mean value of the background signal, and
oggc - IS the standard deviation of the background signal. This criterion evaluates the difference between the
signal and the background relative to the noise level. For example, during the experiment, the following values

were obtained: ugror = 0.72, ugG = 0.25,0g; = 0.08. As a result of the calculation:

0.72—0.25
= —  =£5875
/=008

This value indicates that the signal is significantly higher relative to the background noise.
However, in some experiments, an increase in background variance led to a decrease in the J value.
Machine learning methods were applied in the model. Artificial intelligence algorithms were used for
classification. As a result, the presence or absence of myeloblasts was determined. In some cases,
misclassification (false positives and false negatives) was observed. This was mainly associated with
variations in physiological parameters. According to the experimental results, the overall accuracy of
the model ranged from 85% to 92%. For some samples, the accuracy was high. In more complex
cases, the results decreased. Graphical analysis showed that there is a relationship between signal
intensity and biological indicators. However, this relationship was not linear in all cases. Optimization
of the camera angle improved signal quality.

A false-color mapping method was used to visualize the results. The grayscale image was
converted into blue tones [7]. High-intensity signals appeared in deep blue, while low-intensity
signals appeared in light blue. In some cases, incorrect interpretation of color intensity was observed.
Thus, the developed model was validated both mathematically and experimentally. The model
demonstrated overall effectiveness. At the same time, its accuracy was found to depend on external
factors. Reducing these limitations is an important direction for future research. Thus, the developed
model was validated both mathematically and experimentally. The model demonstrated overall
effectiveness [8]. At the same time, its accuracy was found to depend on external factors. Reducing

these limitations is an important direction for future research. Table 1 shows that the proposed model
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provides higher J values compared to the simple method across all angles. The maximum value (J =
6.571) is achieved at 10°, indicating the optimal operating condition.Table 1. Dependence of the signal

quality criterion (J) on the camera angle:

Anglegeg Jsimple Jmodel
0 1.888 3.25
5 2.667 5.00
10 4.000 6.571
15 4,75 6.375
20 3.889 5.875
25 2.600 4111

Comparison of simple method and proposed model

J chiterion

—E&— Simple method
~——— Proposed model

0 5 10 15 20 25
Camera angle (dea)

Figure 1. Variation of the signal quality criterion (J) depending on the camera angle and
comparison of methods. Best angle (simple method): 15 deg, J = 4.750; Best angle (proposed
model): 10 deg, J =6.571

Figure 1 shows that the signal quality criterion (J) significantly depends on the camera angle.
In the simple method, the J value reached its maximum at an angle of 15° and was equal to 4.75. This
indicates that the difference between the signal and the background is optimal at this angle. In the
proposed model, the maximum value was observed at an angle of 10°, where J = 6.57. This result
demonstrates that the model is able to separate the signal more accurately. Higher J values indicate
better signal quality. The comparison of results shows that the proposed model performs more
effectively than the simple method. It better distinguishes the signal from the background and is less
sensitive to noise. It was also observed that the optimal angles differ. This indicates that the model

performance depends on the selected algorithm and signal processing methods.
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Conclusion

In this study, a diagnostic model based on near-infrared (NIR) spectroscopy data using artificial
intelligence was developed. During the research, spectral signal processing, mathematical modeling,
and machine learning methods were applied in an integrated manner. The proposed approach is based
on the Beer— Lambert law for evaluating optical changes and uses the J criterion to assess signal
quality. The results made it possible to accurately evaluate the difference between the signal and the
background. The model demonstrated higher performance compared to the simple method. The
maximum J value reached 6.57, while for the simple method it was 4.75. The overall accuracy of the
model ranged from 85% to 92%. In some cases, a decrease in accuracy was observed due to noise
and external factors. The proposed model is suitable for practical application in non-invasive
diagnostic systems. It expands the possibilities for early disease detection and simplifies the
diagnostic process. From an economic perspective, the model requires low cost since it is based on
simple optical devices and software tools. This makes it feasible for large-scale implementation. In
the future, it is necessary to further improve the model, expand the dataset, and test it under real
clinical conditions. These directions will contribute to increasing the accuracy of the model.
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