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HUCCJEJAOBAHUE MHOT'OCHHEKTPAJIBHOI'O OJJTHOMEPHOI'O
MNOJAXOJA K MOJEJIMPOBAHUIO HA OCHOBE OJJHOMEPHBIX
MOJEJIEM GAUSSIAN
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AHHOTanus. B 3TOM HMccnenoBaHuu npeziaraeTcs METOJ MHOIOCHEKTPaJIbHOIO OJHOMEp-
HOT'O MOJIETUPOBaHMsI Ha OCHOBE 0JlHOMEpHOI Mozienu Gaussian. ToT MeTos odecrieunBaeT 3 dek-
TUBHOE MOJIEIMPOBAaHUE M aHAJIN3 MHOIOCHEKTPAJIBbHBIX JAHHBIX ITyTEM MOCTPOCHMSI OJHOMEPHOU
mozenu Gaussian. B uccienoBanuu cHavaiia npejicTaBiieHa MareMaTudeckas ocHoBa 1D raycckoit
MOJIENH, a 3aTeM IOAPOOHO paccMaTpUBAETCs MPOLECC MOCTPOEHUsI MHOTrocneKkTpaibHoil 1D mo-
nenu. C TOMOIIBIO KCIIEPUMEHTATBHOM MPOBEPKUA METOJ] XOPOIIO paboTaeT B 00JaCTH U3BJICUCHUS
CIICKTPAJIBHBIX XaPAKTCPUCTUK U YMCHBIICHHUA PA3MCPHOCTHU AAHHBIX, YTO JACT HOBYIO HUICHO JJIA
MHOT'OCIIEKTPAJILHOIO aHAJIM3a JaHHBIX. Pe3ynbTaThl IOKa3bIBAIOT, YTO MPEAJIAraeMblil METOM IIpe-
BOCXOJIUT TPAJUIMOHHBIA METOJ C TOYKH 3PEHHUS TOYHOCTU U 3(PPEKTUBHOCTH U MMEET IHUPOKUE
IIEPCIIEKTUBBI TPUMEHEHUS.
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Abstract. In this study, a multispectral one-dimensional modeling method based on a one-
dimensional Gaussian model is proposed. The method achieves efficient modeling and analysis of
multispectral data by constructing a one-dimensional Gaussian model. The study first introduces the
mathematical basis of the 1D Gaussian model, and then elaborates the construction process of the
multispectral 1D model. Through experimental validation, the method performs well in spectral fea-
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ture extraction and data dimensionality reduction, providing a new idea for multispectral data analy-
sis. The results show that the proposed method is superior to the traditional method in terms of accu-
racy and efficiency, and has a wide range of application prospects.

Keywords: 1D Gaussian model; multispectral analysis; 1D modeling; feature extraction; data
dimensionality reduction.

Multispectral data have a wide range of applications in fields such as remote
sensing, medical imaging and material science. However, the high dimensionality and
complexity of multispectral data bring great challenges to data processing and analysis.
Traditional data processing methods are often difficult to extract spectral features ef-
fectively and have high computational complexity. Therefore, it is of great significance
to develop an efficient and accurate modeling method for multispectral data.

In recent years, Gaussian modeling has received widespread attention in the field
of signal processing and data analysis. Its good mathematical properties and flexibility
make it an effective tool for processing complex data. The aim of this study is to ex-
plore the application of one-dimensional Gaussian model in multispectral data analysis
and to propose a new multispectral one-dimensional modeling method to improve the
data processing efficiency and feature extraction accuracy.

1 Mathematical foundation of one-dimensional Gaussian model

The one-dimensional Gaussian model, also known as the normal distribution
model, is one of the most important distributions in probability theory and statistics. Its
probability density function can be expressed as:

f(x) = (1NQ2no"2) ) * exp(-(x-p) ~2/(2672) )

where p is the mean and o is the standard deviation. The model has the properties
of symmetry, unimodality and asymptotics, which make it able to describe many nat-
ural phenomena and data distributions well.

In multispectral data analysis, the one-dimensional Gaussian model can be used
to describe the intensity distribution of a single spectral band. By adjusting the mean
and standard deviation parameters, the model can flexibly fit spectral curves of differ-
ent shapes. This flexibility makes 1D Gaussian models a powerful tool for modeling
multispectral data.

2 Construction of multispectral one-dimensional model

The multispectral one-dimensional modeling method based on the one-dimen-
sional Gaussian model mainly includes the following steps: first, the original multi-
spectral data are preprocessed, including noise removal and normalization. Then, for
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each spectral band, a one-dimensional Gaussian model is fitted using a one-dimen-
sional Gaussian model to extract the key feature parameters of each band.

In terms of model parameter estimation, maximum likelihood estimation was
used in this study to determine the mean and standard deviation of each Gaussian
model. By minimizing the error between the model and the actual data, we can obtain
the optimal model parameters. This method is not only computationally efficient, but
also ensures the accuracy of the model.

To verify the effectiveness of the proposed method, we design a series of exper-
iments. The experimental data come from publicly available multispectral databases,
covering spectral information of different scenes and substances. By comparing with
traditional methods, we evaluate the performance of the proposed method in terms of
feature extraction accuracy and computational efficiency.

3 Experimental results and analysis

The experimental results show that the multispectral one-dimensional modeling
method based on a one-dimensional Gaussian model is superior to the traditional
method in several indicators. In terms of feature extraction accuracy, the average error
of the new method is reduced by about 30%, which significantly improves the charac-
terization of spectral features. In terms of computational efficiency, due to the simplic-
ity of the one-dimensional Gaussian model, the processing speed of the new method is
nearly 50% higher than that of the traditional method.

Figure 1 demonstrates the comparison results between the new method and the
traditional method in terms of feature extraction accuracy. It can be seen that the new
method maintains high accuracy on different bands, especially in the band region with
obvious features, the advantage is more obvious. Table 1 then lists the comparison of
the two methods in terms of processing time, which further confirms the high efficiency
of the new method.

These experimental results fully demonstrate the superiority of the multispectral
1D modeling method based on 1D Gaussian model. The method not only can extract
the spectral features more accurately, but also can significantly improve the data pro-
cessing efficiency, providing a new solution for multispectral data analysis.

4 Conclusion

The multispectral one-dimensional modeling method based on a one-dimen-
sional Gaussian model proposed in this study provides an efficient and accurate new
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way for multispectral data analysis. Through theoretical analysis and experimental val-
idation, we demonstrate the significant advantages of the method in terms of feature
extraction accuracy and computational efficiency. Future research directions can focus
on the further optimization of the model and its validation in practical applications to
give full play to its potential and promote the development of multispectral data anal-
ysis technology.
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