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Abstract. Using existing methods to identify and find goals in different fields, the method of
using spectral signatures of materials in naval domain is important because of the more precision
and fingerprinting properties of each material. If we have a spectral signature for a specific
purpose, we will be able to easily identify it. However, when a material is combined at a
significant level with another material, or so close that the emission and reflection of light
reaches the sensor, we need spectral separation and spectral signature extraction of the combined
materials. In this paper, we introduce two methods for distinguishing and identifying the signing
of the spectrum of ambiguous goals that are combined with the specified materials in laboratorial
environment. In these methods, by forming a matrix of data in the text of the sensor, we take the
addition and subtraction operations on the data and eventually identify the target spectrum of the
unknown. The first method is to deduct the spectrum of materials from the compound
composition spectrum and the second method to combine the spectrum of the goals with the
specified target spectrum. The method is similar to solving a first-order equation with an
unknown one.

Keywords. Spectral signature, fingerprinting, naval, emission and reflection light, spectral
resolution, spectrum fraction, spectrum integration.

1. Introduction

Among the methods of target detection using electromagnetic waves reflected and emitted from
terrestrial terrain, the method of using the active system (especially laser active systems) in many
applications and applications such as repair and testing, serious disadvantages. As a threat to health and
security in the region [1]. However, in the methods that use the passive system (using sunlight and sky)
to identify the effects and purposes, there are no disadvantages and threats of the active method and can
be used in several bands of the electromagnetic wave spectrum (atmospheric windows). Identified goals.
Of course, using the passive method also has disadvantages such as inefficiency at night and in the shade
or not recognizing hidden targets (under the roof) [2-3]. As shown in Figure 1, of all the atmospheric
windows, the visible spectrum (visible light) is of great use because it has no special cost and risk and
is the largest transit point for sunlight.
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Figure 1. Most sunlight passes in the visible range.

According to Figure 1, it is possible to understand why the atmospheric window in the visible range is
suitable for the passive method. Wavelengths in this range, unlike other ranges, have very low absorption
and can pass through the atmosphere. In the discussion of goal recognition, we face several issues; The
first problem is to find a suspicious or unknown complication that we encounter during observation or
detection operations, and methods should be used to differentiate the color and temperature of the effects
with the background of the image [4], the second problem after Finding an unknown complication or
goal is identifying and understanding its structure and other characteristics. The process of identifying
and analyzing targets can also be done by various methods such as temperature changes, using spectral
signatures of materials [5], checking the geometric and visual shape, using lidars and various image
processing methods, etc. Dad. Among the methods we have mentioned, the method of using spectral
signature is based on the fact that each substance, according to its structure and temperature, results in
a specific spectrum of reflection or emission of light, which no substance The other does not have that
spectrum and is limited to one substance and is referred to as the spectral signature of that substance.
This method of substance detection is used in many first-level subjects of research and military centers
(as anew defense) of countries. The applications of this method are significant in civilian issues (mining,
agriculture, materials, etc.) and in military issues in remote sensing of explosives [6], detection of
military targets [4-5] and camouflage [7-8]. It has applications. The easiest way to check a target is to
match the received spectrum with the reference library spectrum, which is registered and archived by
reputable centers such as NASA; One of these libraries is (ASTER — USGS + JPL + JHU) which is a
large and complete source of 2000 patterns of reflection spectrum of materials, such as minerals, rocks,
soils, human materials. Figure 2 shows an example of matching a specific material spectrum with its
library spectrum[9].
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Figure 2. An example of a reflectance spectrum with the spectrum of the same material called from
the spectrum library.

Here we introduce two methods that have been able to have significant results in the laboratory
environment and perhaps by improving its optical system can be used in the environment outside the
laboratory and at long distances. The methods presented are as follows.

Method 1: Subtract the spectra of several specific substances from the spectrum of combining the

same substances with the unknown substance (target).
Method 2: Combining the target spectrum with the specific material spectra.

2. Spectral signature collection (spectroscopy)
There are several methods of collecting spectral signatures of materials depending on the type of

material and how to access it (field or case) and the tools used (type of sensor, model, number of bands
and spectral details of the spectrometer). Spectroscopy is one of the most widely used methods in
recording spectral signatures, and in many cases, data are recorded and analyzed digitally using
semiconductor and silicon sensors. To achieve a pure spectral signature of a sample, spectroscopy should
be performed in the laboratory in a controlled environment and conditions (for example, in a clean

room). Figure 2 shows the laboratory spectroscopy arrangement.
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Figure 3. Schematic of laboratory spectroscopy.

For the spectroscopy of the six samples of the materials we see in Figure 4 (a-soil, b-sand, c-grass-sand
composition on a red background, d-soil-sand composition, e-broadleaf, and f- Soil and grass
composition), first in the laboratory environment in conditions that are somewhat under control (in terms
of light and temerature , we place the samples on the desktop.

Figure 4. Materials used in the laboratory for spectroscopy, a- soil, b- sand c- composition of grass
and sand on red background, d- combination of soil and sand, e- broadleaf, f- combination of soil and
grass.

Next, align and fix the input of the spectrometer system at a fixed height (depending on the field of view
of the system. Here the height is 50 cm) and perpendicular to the table. We also place a light source
close to sunlight (such as a tungsten lamp) perpendicular to the spectrometer input fiber so that direct
light from the spectrum cannot enter the spectrometer. We use a near-visible and near-infrared
spectrometer here. Figure 5 shows how the samples and tools used in the laboratory are placed.



Finally from each of the materials as well as from their combinations (as shown in Figure 4) (repeat the
spectroscopy several times to reduce the error). The data of the spectrometer system are in the form of
spectral curve, digital (binary) and text. In Figure 6 we see the data as spectral curves for the examples.

Figure 6. Data in the form of spectral curves for the sample in Figure 4.

Our goal is to use Textual data is used to separate the target spectrum from the mixed spectrum of
materials. If we look at Figures 4 and 6, we see that for example there is no range of grass samples. Here
we are going to get the spectral signature of the grass using spectral separation.

In Section 1, we describe two methods for spectral separation. As an example of the first method
(spectral fraction); In Figure 6, to obtain the grass spectrum, we subtract the number 1 spectrum from
the number 6 spectrum. This method is similar to solving a quadratic equation.



3. Predefined paragraph styles

The process of identifying the target using spectral signature, including steps; Correction of errors
formed by the atmosphere [10], spectroscopy, data processing by software and the use of spectral
signatures are obtained. In Section 2, we describe how spectroscopy is performed. Next, we arrange the
data in text as a matrix in Excel software. A matrix whose first column contains 1000 wavelengths (from
180 to 1180) and the other columns contain the same number of numbers for the intensities of the first
column of the samples in Figure 4. Next we need to use a program that recognizes textual data as a
matrix and performs matrix addition and subtraction operations on the data, as well as output as a
spectral curve. In this article, we use Matlab software for this purpose. In this software, the matrix
formed in Excel is called and from the formed matrix, the result of text data in MATLAB output can be
drawn using the plot command. The result of this process will be the spectral signature of real and
unknown targets within the visible and near-infrared spectrum (in laboratory dimensions).

3.1. Data deduction method
According to Figures 4 and 6, the following equations can be deduced from a sample in the laboratory:
grass =f-a

d-a=b

db=a
c-b-rg=1f-a
crg-fra=b

In these relations, rg stands for red background. To record the spectral signature resulting from spectral
separation using the data subtraction method, each of the above relationships can be investigated and
proved. As we mentioned in Section 2, this method is like solving a quadratic equation with an unknown.
Instead of just numbers, we use known spectra, and after solving the equation, the result will be unknown
spectra. This method is basically the addition and subtraction of matrices in matlab software and the
result is a spectral curve. For example, in this paper we use the relation c-b-rg = f-a to find the grass
spectral signature. According to Figure 4, both sides of this relationship must have the same result.
Figure 7 shows the spectral curve obtained from Matlab software for example f.
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Figure 7. The spectrum obtained from Matlab software for example f.

This spectrum shows the amount of light absorption by the soil and the amount of light reflection by the
grass combined at the surface of the sample f in the visible and infrared range.
After separating spectrum a from spectrum f, we have obtained the result separately in Figure 8.
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Figure 8. Soil and grass spectra separated from the spectrum curve f.

In this figure, the range of grass samples is pure, separated and recordable. Now in Figure 9 for the
other side of the above relation, for example ¢, the spectrum obtained from Matlab software is given.
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Figure 9. The spectrum obtained from Matlab software for example c.

After separating sample b as well as the red background spectrum (rg), we bring them all to Figure 9.
From the two figures 8 and 10, each of which has a separate spectrum of grass resulting from spectral
separation, it can be easily observed the adaptation of the spectral curve of the grass. Finally, the
spectrum obtained from the data deduction method can be studied and analyzed with a spectral library
to determine the type and structure of the material. As we can see, the grass spectra in Figures 8 and 10
are somewhat consistent with the sample spectrum e, which belongs to a particular tree for a broad green
leaf (because they belong to the green plant family).
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Figure 10. Sand, grass and red background spectra separated by spectral curves c.

This method of detecting the unknown spectrum also refers to the user's ability and experience to find
the source of an unknown spectrum. For use in the field of military surveillance, a comprehensive plan
of these steps should be written to perform this process more quickly and accurately.



3.2. Data integration method

The method of combining the unknown spectrum with the known spectra also has a step and process
similar to the data subtraction method, but instead of subtracting the matrix in Matlab software, we must
use the matrix sum to make the result similar to the spectrum known to us. . In this method, the process
is similar to solving a first-order equation with an unknown. That is, we combine the unknown spectrum
with the spectra we know to see if we can find the result in a spectrum library; Or the user is able to
distinguish the composition of the spectrum according to his experience or not. For this method, we
infer the following relations from the examples in Figure 4.

a+tb=d

a+grass=f
grasst+b+rg=c
Each of the above relations can be used to prove the method of data integration. We assume that the
sample spectrum b (sand) is unknown to us, so that we do not have a similar spectrum in the library and
the user is able It does not recognize it. As a result, we use the relation a + b = d to identify the type and

structure of the unknown spectrum. Figure 11 shows the unknown spectrum b as the output of the
spectrometer system.
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Figure 11. Unknown spectrum b as output from the spectrometer system.

After recording the unknown spectrum, we perform the steps given in section 3 for the text data of this
example. The result obtained From Matlab software to combine this unknown sample with sample a is
shown in Figure 12. With a little care one can see how similar the result is to the sample range d (due to
compression, some value is drawn in the direction of intensity). If we already have information about
the sample spectrum d in the spectrum library, we can specify the constituent spectra.
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Figure 12. The result obtained from Matlab software for combining soil and unknown spectrum.
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With this trick, the initial spectra of this compound can be easily identified. Here, after examining the
spectra of Figure 12, and comparing it with the sample d in Figure 4, we conclude that the unknown
spectrum belongs to the sand spectrum. Then, using the spectral separation described in the previous
section, we first subtract the unknown spectrum we guessed (example b) from the general spectrum
(example d); If we reach a spectrum that we have added to the unknown spectrum, the conclusion is
completely correct and the spectra can be recorded and stored as the signature of the unknown target
spectrum. Figure 13 shows the results of this method and their separation.
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Figure 13. The result of spectral separation by data integration method.

As shown in Figure 13, after performing the data integration method process, the source of the unknown
spectrum can be easily identified. Here, the obtained spectrum is consistent with the high percentage of
spectrum b, which is for sand. In this paper Epikhin Aleksey Ivanovich and lonut Cristian Scurtu
contributed with numerous proofreadings and editing and synthetized the current article from
Mohammad Lotfizad research outputs.



4. Conclusion

In this paper, we were able to use spectral separation to identify the spectral signatures of several
unknown substances that were combined with potential naval application, and again to use the same
spectral signature to separate other unknown spectra step by step. The procedure is like solving a first-
order equation with an unknown. Spectral separation can be done by two methods of data subtraction
and data integration method. In the data subtraction method, we subtract the known spectra from the
composite material spectrum to arrive at the unknown spectrum. In the data integration method, we add
the unknown spectrum to several separate or multiple spectra so that the resulting spectrum is
recognizable to us. Then, by examining the spectra participating in the final spectrum that we know, we
can also identify the source of the unknown spectrum. For monitoring purposes in any field, several
softwares and programs are required, including; Provide what we have stated in this article to discover
and identify goals more quickly and accurately. By equipping the focal system, this method can also be
used for slightly farther (a few meters) purposes.
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