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Resumen

Uno de los desafios en el campo de las imagenes hiperespectrales es la identificacion de métodos para la
deteccion eficaz y eficiente de materiales, en vista de la alta dimensionalidad de los datos asociados a los cientos
de bandas de reflectancia. En este sentido, dada la regulacién en cuanto al uso de asbesto en la construccion y
las implicaciones de este material para la salud humana, ha cobrado relevancia la teledeteccion. En este trabajo
se propone un nuevo enfoque computacional para la deteccién de asbesto-cemento que utiliza la similitud de
fase entre la representacion espectral de Fourier del pixel caracteristico y la de las demas firmas espectrales en
la imagen. Para el desarrollo de esta investigacion, se adapté la metodologia CRISP-DM. A manera de resultado,
se implementd el enfoque propuesto en una imagen hiperespectral del barrio Manga de la ciudad de Cartagena
de Indias (Bolivar, Colombia). El porcentaje de asbesto detectado por medio de nuestro método difiere en un
1.74 % con respecto al tradicional método de correlacion. Asimismo, el enfoque propuesto demostré ser 0.86
% mas eficiente que este Gltimo. De acuerdo con los resultados obtenidos, nuestro enfoque se constituye en
una alternativa competitiva, siendo de gran utilidad en escenarios que involucren imagenes de gran cobertura
y requieran optimizar el tiempo de procesamiento. Dado el uso de tecnologias de cédigo abierto, este enfoque
puede ser extrapolado facilmente en el dominio académico y empresarial con el fin de detectar asbesto-cemento
y otros materiales.

Palabras clave: imagenes hiperespectrales, deteccion de asbesto-cemento, sensado remoto, similitud de fase,
transformada rapida de Fourier
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Abstract

One of the challenges in the field of hyperspectral imaging is identifying methods for the effective and efficient
detection of materials, given the high dimensionality of the data associated with hundreds of reflectance bands. In
this regard, given the regulations on the use of asbestos in construction and the implications of this material for human
health, remote sensing has become increasingly important. This paper proposes a new computational approach for
the detection of asbestos-cement that uses the phase similarity between the Fourier spectral representation of the
characteristic pixel and that of the other spectral signatures in the image. The CRISP-DM methodology was adapted
for the development of this research. As a result, the proposed approach was implemented on a hyperspectral image of
the Manga neighborhood in the city of Cartagena de Indias (Bolivar, Colombia). The percentage of asbestos detected
using our method differs by 1.74% from the traditional correlation method. Likewise, the proposed approach proved
to be 0.86% more efficient than the latter. Based on the results obtained, our approach is a competitive alternative,
being very useful in scenarios involving large-coverage images and requiring optimized processing time. Given the
use of open-source technologies, this approach can be easily extrapolated in the academic and business domains to
detect asbestos-cement and other materials.

Keywords: hyperspectral imaging, asbestos-cement detection, remote sensing, phase similarity, fast Fourier transform

Resumo

Um dos desafios no campo das imagens hiperespectrais € a identificagdo de métodos para a detecgdo eficaz e eficiente
de materiais, tendo em vista a alta dimensionalidade dos dados associados as centenas de bandas de refletancia.
Nesse sentido, dada a regulamentagao sobre o uso do amianto na construgao e as implicagdes desse material para
a saide humana, a teledetecdo ganhou relevancia. Neste trabalho, propde-se uma nova abordagem computacional
para a deteccdo de amianto-cimento que utiliza a similaridade de fase entre a representagao espectral de Fourier
do pixel caracteristico e a das demais assinaturas espectrais na imagem. Para o desenvolvimento desta pesquisa,
foi adaptada a metodologia CRISP-DM. Como resultado, a abordagem proposta foi implementada numa imagem
hiperespectral do bairro Manga da cidade de Cartagena de Indias (Bolivar, Colébmbia). A porcentagem de amianto
detectada por meio do nosso método difere em 1,74% em relagdo ao método tradicional de correlagdo. Além disso,
a abordagem proposta mostrou ser 0,86% mais eficiente que este Gltimo. De acordo com os resultados obtidos, nossa
abordagem constitui uma alternativa competitiva, sendo de grande utilidade em cenarios que envolvem imagens de
grande cobertura e exigem a otimizagdo do tempo de processamento. Dado o uso de tecnologias de cédigo aberto,
essa abordagem pode ser facilmente extrapolada no dominio académico e empresarial com o objetivo de detectar
amianto-cimento e outros materiais.

Palavras-chaves: imagens hiperespectrais, detecgdo de cimento-amianto, sensoriamento remoto, similaridade de
fase, transformada rapida de Fourier
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INTRODUCTION

Remote sensing, also known as teledetection, can be defined as a technology thatallows acquiring information
about objects or surface characteristics of the Earth without direct contact, utilizing electromagnetic
radiation as the medium of interaction (Awange & Kiema, 2019; Fu et al., 2020). To this effect, sensors
and other instruments deployed on spaceborne, airborne, or terrestrial platforms are used, capturing their
interaction with surface objects or materials in terms of reflectance, emission, or absorption, which in turn
allows characterizing the physical and chemical properties of land cover (liménez-Lépez et al., 2015).
Unlike traditional methods, which can be destructive and require significant time for data collection, remote
sensing is non-invasive and enables rapid data acquisition, which is crucial, for instance, in applications
such as soil property measurement and wildfire monitoring (Fang, 2024). In this context, remote sensing
allows for the simultaneous observation of large areas of the Earth's surface, making it highly valuable for
natural resource management and disaster monitoring (Navalgund et al., 2007; Wang et al., 2022).

Within the widespread development of artificial intelligence (Al), one of the most prominent topics is
computer vision (Akinlade et al., 2023; Taiwo et al., 2025). In the context of remote sensing, this area of
knowledge has been applied to the analysis of hyperspectral images, namely spectral datacubes or three-
dimensional data structures composed of two spatial dimensions (x, y) and one spectral dimension ()
(Ruiz Guzman et al., 2024). This enables the simultaneous capture of images across multiple wavelengths,
allowing for a detailed multivariate analysis of the structural, molecular, and functional properties of the
observed objects or materials (Burger & Gowen, 2011; Gao & Smith, 2015; Liu et al., 2021). Unlike
multispectral imaging, hyperspectral images offer a high spatial resolution, as they capture a continuous
spectrum with hundreds of bands, thereby enabling a more precise identification of materials and objects
(Muhammed et al., 2020; Ortega et al., 2019).

Regarding asbestos-cement detection, various studies have been conducted, in light of the effects of
asbestos on public health, particularly concerning the respiratory diseases that arise in individuals exposed
to this material (Z.liang et al., 2022; Musk et al., 2020; Ospina et al., 2019). In this regard, hyperspectral
imaging in the shortwave infrared range (SWIR; 1000-2500 nm) has been employed to detect and classify
asbestos-cement minerals such as amosite, crocidolite, and chrysotile in cement matrices, using techniques
such as principal component analysis (PCA) and soft independent modeling of class analogies (SIMCA)
for material sample classification, achieving high specificity and sensitivity (Bonifazi et al., 2015, 2018).
Additionally, in Bassani et al. (2007), a systematic procedure was developed to recognize and assess
the deterioration of asbestos-cement roofs, utilizing hyperspectral data and linear regression analysis to
estimate the abundance of asbestos fibers on the surface. Moreover, multivariate classification methods,
including partial least squares discriminant analysis (PLS-DA) and support vector machines (SVM), were
used to recognize and classify asbestos-cement in construction and demolition waste, showcasing these
methods’ potential for rapid and reliable quality control strategies (Bonifazi et al., 2019, 2022). Similarly,
in Krowczynska et al. (2020), hyperspectral imaging and convolutional neural networks were used to
identify asbestos-cement roofs in aerial photographs, achieving an accuracy of 89%.

As for the challenges identified in hyperspectral imaging, the high dimensionality of the resulting images
stands out due to the hundreds of spectral bands used, which implies high computational complexity
and hinders the efficient processing of information (Hu et al., 2024; Plaza et al., 2009). In this regard,
hyperspectral image classification methods, such as those based on deep learning, are widely employed
due to their effectiveness. However, they require a significant amount of computational resources, as
deep neural networks must be trained with large volumes of data (Li et al., 2019; Sifnaios et al., 2024).
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Thus, given the high dimensionality of the data, material classification algorithms must be capable of
efficiently handling large volumes of information (Enriquez Aguilera et al., 2018). Based on the above,
dimensionality reduction methods (e.g., PCA) have been widely adopted to reduce the dimensionality of
spectral data without losing essential information, thereby improving the efficiency of processing algorithms
(Asghari Beirami & Mokhtarzade, 2020; |. liang et al., 2018; Zhang et al., 2022). In this vein, one of the
challenges in the field of hyperspectral imaging is the identification of new methods that aid in mitigating
the computational cost of processing while achieving results comparable to those obtained through more
complex or widely used techniques.

The main motivation of this work was to evaluate the feasibility, in terms of effectiveness and efficiency,
of a new approach for detecting asbestos-cement in hyperspectral images using Fourier phase similarity,
with the aim of identifying alternatives to methods based on spectral distance and machine learning.
As a contribution, this article proposes the application of a novel computational approach for detecting
asbestos-cement in hyperspectral images, which is based on the phase similarity between the fast Fourier
transform (FFT) of the characteristic pixel of asbestos-cement and the Fourier transform of the remaining
pixels in the image. The FFT can be defined as an algorithmic method that efficiently computes the discrete
Fourier transform (DFT) of a data series. It is significantly faster than the direct approaches for calculating
the DFT, which makes it particularly useful and suitable for signal analysis (Brigham & Yuen, 1978; Gan,
2020; Pollard, 1971), wherein it is widely used, enabling the conversion of signals from the time domain
to the frequency domain, and vice versa. This is beneficial for analyzing and processing signals that may
be complex in the time domain (Baker, 2003; Gan, 2020; Kollar et al., 2018). The proposed approach
was initially evaluated using a sample of spectral signatures of asbestos-cement and other materials
across different spectral band ranges, which were obtained from a reference hyperspectral image of the
Manga neighborhood in the city of Cartagena, with dimensions of 725 x 850 pixels and 380 reflectance
bands. This evaluation sought to determine the predictive capacity of the method in each reflectance
band range, as evidenced by the difference between the minimum phase similarity to spectral signatures
of vegetation and the maximum similarity to signatures of other materials. Furthermore, using the best
detected threshold, the proposed approach was deployed over the entire reference image in order to
determine its percentage of asbestos-cement and compare it against the value detected via the correlation
method, which has been widely used for material detection in hyperspectral images (Chanchi Golondrino
et al., 2023). In addition, the computational efficiency of the approach was compared to that of the
correlation method by executing multiple repetitions over a selected region of the reference hyperspectral
image. The proposed approach was first evaluated by calculating the minimum and maximum similarity
of the spectral signature with respect to the selected sample signatures across different wavelength ranges,
verifying the absence of overlap. Likewise, when deploying the proposed approach over the complete
image, its effectiveness was assessed through the visual inspection of misclassified pixels. On the other
hand, the relative computational efficiency was determined by comparing the processing times of our
approach against those of the correlation method over a subregion of the image across multiple repetitions.

The results obtained regarding efficacy and efficiency led to the conclusion that our proposal is a
competitive alternative for integration into remote sensing-based monitoring systems for asbestos-cement
and other materials. Likewise, given our use of libraries and technologies for implementation, our method
can be extrapolated, hybridized, and replicated in both academic and industrial contexts involving
experimentation with spectral images, serving as an alternative to proprietary tools. Moreover, the results
obtained regarding the percentage of asbestos-cement in one of the most representative neighborhoods
of Cartagena are of great interest to governmental authorities, considering their implications for public
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health due to respiratory diseases (Algranti et al., 2001; Duran-Avila et al., 2021; Mainieri Hidalgo et
al., 2009; Musk et al., 2020). Finally, it is worth highlighting that the three main contributions of this
research lie in a) our assessment of the feasibility of applying the Fourier phase similarity approach for
asbestos-cement detection in hyperspectral images, b) the identification of the wavelength ranges in which
the proposed approach does not exhibit overlap in asbestos identification, and c) the effectiveness and
efficiency achieved by our proposal when compared to the spectral correlation method.

The remainder of this article is organized as follows. The methodology section presents the phases of
this research. The results section includes the computation of the FFT of the characteristic asbestos-cement
pixel across different reflectance band ranges, the evaluation of the phase similarity between the transforms
of the characteristic pixel and those of sample pixels of asbestos-cement and other materials across different
band ranges, the deployment of the proposed approach over the entire hyperspectral image using the best
detected thresholds, and the assessment of the efficacy and efficiency of our proposal compared to the
spectral correlation method. Finally, the conclusions drawn from this research are presented, as well as
potential avenues for future work.

METHODOLOGY
In this research, the CRISP-DM data science methodology was adapted into four phases:

e P1 - Business and data understanding
e P2 — Data preparation

* P3 — Modeling and evaluation

e P4 - Deployment

This methodology was selected since it is a widely used standard model for the development of data
mining projects, which is characterized by its independence of the industrial sector and of the technology
employed, allowing for applications across a wide variety of contexts and projects (Abasova et al., 2021;
Hayat Suhendar & Widyani, 2023; Martinez-Plumed et al., 2021; Nava & Hernandez, 2012).

Figure 1. Adaptation of the CRISP-DM methodology

P1. Business

and data
understanding &
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In P1, a total of 75 spectral signatures of asbestos-cement, as well as and 75 signatures of other materials,
were obtained from a reference hyperspectral image of the Manga neighborhood in the city of Cartagena
de Indias (Bolivar, Colombia), with a total resolution of 725 x 850 pixels and 380 reflectance bands.
This image underwent the corresponding atmospheric corrections to ensure the accuracy of the surface
reflectance values. This resolution was selected to evaluate the detection thresholds and the reflectance
bands in which the proposed approach allows differentiating asbestos-cement from other materials. Figure
2 presents, within an RGB representation of the hyperspectral image, the 75 selected asbestos-cement
sample pixels (blue) and the 75 pixels of other materials (red). Among the latter, spectral signatures of
water, vegetation, roads, and other surfaces were selected through visual inspection.

Figure 2. Selected sample pixels of asbestos-cement and other materials
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Afterwards, in P2, normalization was performed based on the 75 asbestos-cement sample pixels, and
their characteristic pixel (or the average asbestos-cement pixel) was obtained by computing the mean
reflectance for each spectral band across all pixels and spectral signatures. Figure 3 presents both the
sample spectral signatures (left side) and the computed average pixel (right side).

Figure 3. Sample pixels and the average pixel of asbestos-cement
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Similarly, based on the characteristic spectral signature of asbestos-cement, the FFT of the average
pixel was computed, obtaining a spectral representation that was used for comparison with the spectral
representations of the sample pixels, in order to identify their similarity to the pixels of asbestos-cement
and other materials.

In P3, the proposed approach, based on the Fourier phase similarity, was implemented and evaluated
using all sample pixels. Through the 380 reflectance bands, the phase similarity between the spectral
representation of the average pixel and those of the two sample groups was determined, aiming to establish
the minimum threshold at which the proposed approach successfully differentiates the spectral signature
of asbestos-cement. It should be noted that, in order to calculate the Fourier phase similarity, we employed
Equation (1).

N .
PhaseSim _L Ze’(arg(yl["])‘ arg(1[])) )

k=1

Here, Y,[k] corresponds to the FFT of the characteristic or average pixel, Y,[k] represents the FFT of
a specific pixel in the hyperspectral image, and arg(Y[k]) denotes the phase of the k-th component in the
Fourier domain. Since the pixels in the hyperspectral image contained 380 reflectance bands, the default
value of N = 380 was used. However, depending on the detection capability of the proposed approach,
a subset of these bands may be selected. Similarly, the magnitude of the Fourier phase similarity was
determined using Equation (2).

Mag. PhaseSim = \/(Re(PhaseSim))2 - (Im (PhaseSim))2 (2)

Equations (1) and (2) were implemented using the NumPy library in Python, employing both the FFT
method and operations with numerical arrays. It should be noted that, in the event of an overlap between
the minimum similarity to asbestos-cement pixels and the maximum similarity to pixels of other materials,
the process returned to P2, where a subset of the 380 bands was selected to compute a new average pixel
and its FFT, as well as the detection thresholds for this specific set of bands. This ensured the identification
of the band range in which the proposed approach can effectively detect asbestos-cement.

Finally, once the appropriate detection thresholds for asbestos-cement had been identified, P4 proceeded
with the deployment of the proposed approach over the entire reference image, aiming to determine the
percentage of asbestos-cement pixels within it and compare this value against that obtained using the
correlation method, one of the most widely used approaches for material detection in hyperspectral images.
In this context, and in order to evaluate the computational efficiency of our proposal vs. the aforementioned
method, 25, 50, 75, and 100 executions were performed to obtain the average processing time for each
one—as well as the total average—, which allowed determining the relative efficiency of our proposal.

RESULTS

To obtain the results, the first step involved applying the FFT to the average pixel in order to obtain the
spectral representation of asbestos-cement, which would be processed by means of its phase similarity to
the spectral representation of other pixels. Figure 4 presents both the average asbestos-cement pixel (left
side) and its Fourier spectral representation (right side).
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Although a large number of zero values can be observed within the Fourier spectral representation of
the characteristic signature, this behavior is normal and expected in hyperspectral signals, as most of their
energy is concentrated at low frequencies due to the continuous and smooth nature of spectral variations
between consecutive bands. Using the spectral representation from Figure 4, Equations (1) and (2) were
applied to compute the phase similarity to the sample pixels of asbestos-cement and other materials,
utilizing the 380 bands of the original image. This process resulted in the minimum and maximum similarity
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Figure 4. Average asbestos pixel and its Fourier spectral representation
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values presented in Figure 5.

According to these results, there is an evident overlap between the minimum similarity to asbestos-
cement pixels and the maximum similarity to other materials, indicating that the proposed approach does
not adequately detect asbestos-cement when using all 380 reflectance bands. Therefore, it is necessary
to identify the most relevant bands. To this effect, different methods were programmed in Python, using
the NumPy library to progressively iterate through different band ranges, i.e., 0 to 380, 100 to 380, and
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Figure 5. Phase similarity obtained with the sample pixels in 380 bands
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150 to 300, identifying the bands with a positive difference between the minimum similarity to asbestos-
cement pixels and the maximum similarity to other materials. The selection of the 100 to 380 and 150 to
380 ranges was based on the fact that, in these ranges, the spectral signature of asbestos-cement exhibits
significant peaks, which may facilitate its differentiation from other pixels in the Fourier spectral domain.
Consequently, Figure 6 presents the five band ranges that achieved the highest difference, meaning those
in which the proposed approach enables the adequate differentiation between asbestos-cement and other
materials.

Figure 6. Difference of similarities across spectral band ranges
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As shown in this Figure, the band range that allows for the greatest differentiation between pixels
of asbestos-cement and other materials via the proposed approach is 150 to 268, with a percentage
difference of 0.531. The 0 to 137 range is also noteworthy, with a percentage difference of 0.416. With this
information, and considering the best-performing band range, the average asbestos-cement pixel and its
associated FFT were recalculated (Figure 7).

Figure 7. Fourier transform of the characteristic pixel in the 150 to 268 range
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Thus, based on the spectral representation of asbestos-cement for the specified band range, the
proposed approach was deployed over the entire reference image, considering that, for this range, the
minimum similarity percentage required to detect asbestos-cement is 97.106%. Figure 8 presents both the
implementation of the proposed approach over the entire reference image of the Manga neighborhood and
the detected asbestos-cement areas, which are highlighted in blue.

Figure 8. Implementation of the proposed approach on the reference image
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Note that, for the implementation of our method, an iteration was performed over the NumPy-based
datacube, which represents the hyperspectral image and was obtained via the Spectral library. For each
pixel, the Fourier spectral representation (Y) was computed using the ffi() method from the NumPy library.
Subsequently, the phase similarity was calculated with respect to the Fourier spectral representation of the
characteristic pixel (Yy), after which the pixels whose similarity to the average was equal to or greater than
97.106% were classified and colored blue. In this case, the percentage of asbestos-cement pixels detected
in the reference image was 11.53%. Furthermore, to assess whether the effectiveness of the proposed
approach was similar or superior to that of the correlation method, the latter was also implemented on the
reference image (Figure 9).

Figure 9. Implementation of the correlation method on the reference image

[37] arr_copia=np.copy(arr)
tam=arr_copia.shape

cont_pix=0
for i in range(tam[@]):
for j in range(tam[1])

#0btaining the pixel i,j of the image
arr_temp=arr_norm[i][j]
cont=np.count_nonzero(arr_temp)
if(cont!=0):
#Calculation of the correlation with respect to the average pixel

corr=ssd.correlation(pix_prom, arr_temp)
corr=corr/2
#0btaining the correlation percentage
porc=np.abs(1-np.abs(corr))*100
if(porc»=99.276):
arr_copia[i][j]=150
cont_pix+=1
porc_pix_asb=(cont_pix/ (tam[@]*tam[1]))*180
print("Percentage of asb", porc_pix_ash,"%")

3v Percentage of asb 9.791480730223123 %
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Note that the correlation method detected 9.79% of the asbestos-cement pixels in the reference
hyperspectral image, while the proposed approach identified 1.74% more. Given that this difference is
relatively small, it can be said that both methods have comparable effectiveness. This comparison is further
illustrated in Figure 10, which presents the results of the best-performing variants of the proposed approach
relative to the correlation method. It is worth noting that the spectral correlation method was not evaluated
across different wavelength ranges, since it exhibits no similarity overlap across all image bands.

According to the results presented in Figure 10, the percentage of asbestos-cement detected by the
different variants of the proposed approach, i.e., the method implemented across different band ranges,
varies between 10.97 and 12%, with a maximum difference of 2.21% compared to the correlation method
and a minimum difference of 1.18%. This leads to the conclusion that, although the proposed approach
demonstrates the greatest differentiation capability when applied to the 150 to 268 band range, the variants
corresponding to the band ranges considered in Figure 6 are also comparable to the correlation method
in terms of effectiveness.

Figure 10. Comparison between our method’s variants and the correlation method in asbestos-cement detection

Percentage of asbestos-cement detected by the
method variants and the correlation method
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i
I
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Finally, to evaluate the computational efficiency of the variant with the greatest difference (150 to 268
bands) compared to the correlation method, multiple executions of both methods (25, 50, 75, and 100)
were performed on a 20 x 20 region of the image with 380 reflectance bands. This process sought to
compare the average processing time per execution as well as the total average, in order to determine the
relative efficiency. It should be noted that the multiple executions of the methods were carried out using
the timeit library in Python, which allows for multiple executions of a function while determining the total
processing time. Figure 11 presents the results obtained for each method across different executions.

For 50, 75, and 100 repetitions, the correlation method exhibits slightly higher processing times
compared to the proposed approach, with an average difference of 0.006 ms. Furthermore, when comparing
the total average processing time of both methods, our proposal is, on average, 0.86% more efficient
than the correlation method, meaning that the latter is 1.01 times slower. Therefore, given the minor
efficiency difference between both methods, the proposed approach can be considered comparable to
the correlation method, which makes it a valid alternative for deployment in material monitoring systems
based on remote sensing.
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Figure 11. Average processing times by number of executions
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DISCUSSION

Given the need for computational methods that provide similar effectiveness to widely used approaches
while being more efficient in terms of processing, this article proposes a novel approach for the detection
of asbestos-cement which utilizes the Fourier phase similarity between the Fourier spectral representation
of the characteristic pixel and that of different spectral signatures in an image. In this regard, it should be
noted that our proposal demonstrated greater effectiveness in detecting this material within the 150 to
268 reflectance band range, detecting a slightly higher percentage of asbestos-cement pixels compared
to the correlation method. Likewise, in terms of computational efficiency, the proposed approach proved
to be slightly better than the correlation method, being 0.86% more efficient. This positions our proposal
as a competitive alternative that can be extrapolated to research studies where the correlation method has
been used for material detection, as in Chanchi Golondrino et al. (2023), where a comparison of different
distance- and correlation-based methods for vegetation detection was conducted.

On the other hand, regarding studies involving the application of the Fourier transform for material
detection in hyperspectral images, the proposed approach was more effective within the 150 to 268 band
range, achieving a pixel differentiation capacity of 0.531% between pixels of asbestos-cement and other
materials. In contrast, in Chanchi-Golondrino et al. (2024), where Fourier phase similarity was applied for
vegetation detection, a differentiation capacity of 0.55% was achieved using the entire set of reflectance
bands. This suggests that, across the 380 reflectance bands of the tested dataset, the proposed approach
encountered fewer difficulties in identifying the spectral signature of vegetation compared to that of
asbestos-cement. However, once the relevant bands had been filtered, the differentiation capacity became
similar. In this regard, when applying this approach for the identification of other materials, it is essential
to evaluate different band ranges in order to determine the most effective subset, allowing the method to
achieve optimal differentiation.
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Finally, it is noteworthy that this research utilized open-source libraries and technologies for both image
processing and computational implementation. This represents a significant and competitive contribution
to the field of asbestos-cement detection, and, given the promising results, the proposed approach can be
extrapolated to the identification of other materials, standing as an open-source alternative to proprietary
studies that rely on tools such as ENVI for hyperspectral image analysis (Sabah Jaber, 2018; Xing & Gémez,
2001). In this regard, our work provides a competitive advantage for research centers and universities
in developing countries when it comes to experimenting with hyperspectral images, allowing them to
replicate, extrapolate, customize, and hybridize the proposed approach for detecting different materials.
This, in turn, offers a broader range of possibilities compared to those provided by proprietary tools for
hyperspectral image analysis and processing.

CONCLUSIONS

Considering that one of the challenges in the field of remote sensing, particularly in material detection
using hyperspectral images, is the identification of methods that enable effective detection while efficiently
processing large volumes of spectral information derived from the hundreds of bands that compose these
images, this article presents a novel computational approach based on the phase similarity between the
Fourier spectral representations of the characteristic signature of asbestos-cement and the spectral signatures
of pixels in an image. Compared to the correlation method, one of the most widely used techniques in
remote sensing, the proposed approach achieved similar effectiveness and slightly superior computational
efficiency, which makes it a competitive alternative for detecting asbestos-cement and other materials in
hyperspectral images. Likewise, given the observed computational efficiency, this method may prove very
useful in scenarios where, in addition to handling hundreds of spectral bands, there is extensive geographic
coverage, as in environmental monitoring applications.

The proposed approach demonstrated a greater ability to differentiate between asbestos-cement and
other materials within the 150 to 268 band range, as an overlap was observed between the minimum
similarity to the asbestos-cement pixel sample and the maximum similarity to other materials when
using all 380 bands. Thus, within the selected band range, our method determined an asbestos-cement
percentage of 11.53% over the entire reference image, differing by 1.74% from the correlation method. It
should be noted that this result was obtained by subtracting the percentage of asbestos-cement detected
by the proposed approach over the entire image (11.53%) from that detected using the spectral correlation
method (9.79%). Since this difference is not significant, the proposed approach can be considered
comparable to the correlation method and regarded as a valid alternative for material detection in the field
of hyperspectral imaging. Furthermore, it is important to note that, if the proposed approach is extrapolated
to the detection of other materials, it is necessary to identify the representative bands in which it enables
greater material differentiation.

In evaluating the computational efficiency of the proposed approach compared to the correlation
method, multiple executions were performed for both methods on a 20 x 20 pixel region of the reference
image, with 380 reflectance bands, utilizing the advantages provided by Python’s timeit library. The results
indicated that the proposed approach is 0.86% more efficient than the correlation method. Although
this improvement in efficiency is minor, the proposed approach could be highly useful in fields such as
environmental monitoring, where hyperspectral images not only contain hundreds of spectral bands but
also cover large geographic areas. In such cases, the proposed approach could enhance image processing
times while maintaining comparable effectiveness.
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This research demonstrated the relevance of using free software and open-source technologies for
the processing, analysis, and detection of materials in hyperspectral images. Here, the Spectral library
was used for accessing and extracting information in the form of NumPy arrays corresponding to the
reflectance bands of the hyperspectral image. Similarly, the NumPy library was highly useful for both
obtaining the characteristic pixel of asbestos-cement and implementing the proposed approach utilizing
the fft() function, which enables the Fourier transform computation of a signal. Additionally, the Maplotlib
library facilitated the generation of visual representations of the characteristic pixels in different band
ranges, along with their Fourier spectral representation. Finally, the timeit library allowed evaluating the
computational efficiency of the proposed approach in comparison with the correlation method across
multiple repetitions. These libraries and technologies are key for the replication and extrapolation of our
method in both academic and industrial settings. Compared to proprietary tools, they offer the advantage
of customizing and hybridizing material detection methods, enhancing their adaptability and application.

As future work, our approach will be hybridized via the PCA dimensionality reduction method, allowing
for an evaluation of its computational efficiency and effectiveness that considers the components with the
highest contribution. Similarly, the proposed approach will be evaluated in comparison with machine
learning alternatives such as decision tree-based models, which have been effectively used for material
detection in hyperspectral images.
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