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Abstract

This study employs a photometric technique to investigate the intensity of color
gradients within image pixels. The MATLAB software was developed to evaluate
laser spots by computing the average wavelength from pixel values in pictures,
resulting in an overall error rate ranging from 1% to 10%, depending on the exact
laser wavelength examined. The program executes pixel-wise wavelength estimation
by transforming color intensity gradients into wavelength values and then conducts
statistical analysis of several laser spots to ensure precision. These techniques
facilitated the identification of spectral lines corresponding to the mean wavelength
of each laser source. The methodology was initially validated by measuring the
monochromatic wavelengths of the laser beams. The MATLAB program for image
processing effectively identified laser wavelengths at 325, 473, 477, 535, 603, and
785 nm, producing outstanding results with negligible error rates. This study employs
advanced methods to identify specific wavelengths associated with naturally
occurring elements in soil or land. The methodology emphasizes the distinct
wavelength properties of each element, incorporating Google Earth Maps for spatial
analysis and MATLAB for data processing and visualization. The land area was
progressively enlarged to identify the calcium deposit fields until it reached an
elevation of approximately 700 m above sea level, with an image width of only 200
m, resulting in each pixel representing only 24 cm. A calcium deposit field in the
Anbar region was selected as the specimen for the unexamined calcium field. The
analysis identified calcium deposit locations on the map, demonstrating that Iraq
possesses abundant calcium resources, particularly in the western and southwestern
regions. The findings of this study enable companies to precisely identify calcium-
rich areas, thereby minimizing extensive fieldwork, conserving financial resources,
and decreasing the time required to locate the sources of this element and its
compounds.
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1. Introduction

The Earth's soil consists of diverse elements in the form of salts and oxides[1]. The elements
are bound by molecular and atomic bonds, producing various distinct colors. Elements such as
copper, iron, gold, and silver exhibit distinct hues that facilitate their identification.
Nevertheless, due to their microscopic intermixing, the human eye often cannot distinguish
subtle and fine differences between colors. The transition from the use of elements' colors to
image processing could be smoother. For example, "Because these elements are often
microscopically intermingled, distinguishing their colors with the naked eye is challenging.
Image processing technology overcomes this limitation by capturing soil sample images with
charged-coupled device (CCD) cameras to capture images of soil samples and employing
digital processing techniques to distinguish between these elements [2]. A color image is
composed of a two-dimensional array of pixels, where each pixel has an intensity value between
0 and 255 for each of the primary colors that produce all other colors: red, green, and blue. Each
of these colors corresponds to a specific wavelength of light. Since the elements have different
colors, each element's color ultimately represents a specific wavelength, enabling the
identification of different elements based on the colors in the image itself.

Consequently, each image may encompass a range of wavelengths derived from all its pixels,
analogous to a spectrum observed in celestial bodies. This general approach enhances the ability
to identify and classify soil elements, providing more comprehensive insights into their
composition and characteristics. In conjunction with its associated photometry, image
processing can be used as a tool for spectral analysis (spectroscopy). Image processing
algorithms can replicate spectral analysis by extracting and processing pixel color values that
match specific wavelengths of reflected or emitted light. These digital methods facilitate the
identification of chemical components or compounds, such as calcium, by comparing the
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spectral fingerprints (wavelength-dependent reflectance or absorbance patterns) of image
regions with established reference spectra.

Any image depicting soils, rocks, or unoccupied terrain has the potential to reveal various
indicators about the elements present, as indicated by their colors[3,4]. The method of
photometric processing employs several techniques aimed at extracting distinctive features and
essential information from digital images and their colors. A CCD camera captures images
using an RGB color system, which operates linearly based on the intensity of photons impacting
the internal components of the camera. Each photon striking the sensor produces an electrical
signal proportional to its energy, enabling the camera to capture fluctuations in light intensity
across the entire visible spectrum. This linear response enables the precise quantification of
color and brightness in the collected image, making CCD cameras especially suitable for
scientific applications that require precise optical measurements, such as remote sensing,
spectroscopy, and mineral detection [5,6]. The colors in each pixel of a digital image are
dictated by two primary factors: the wavelength of the incoming light and the quantity of input
photons, which together establish the photon intensity. The wavelength determines the precise
color in the visible spectrum, such as red, green, or blue, while the photon intensity affects the
brightness or luminance of that color [7]. Three photon bands exist within the visible spectrum,
and the analysis is based on the primary colors: red, green, and blue. Each pixel's color results
from a combination of these three colors, with values ranging from zero to 256. Due to the
varying probabilities of mixing these colors at different intensities, it is possible to generate up
to 16,777,216 unique colors derived from 256 raised to the power of 3 [8]. Ultimately, each
pixel in an image is represented by a single color corresponding to the visible wavelength
spectrum, which results from mixing three primary colors: red, green, and blue (RGB) [9]. Each
color in the visible spectrum is defined by a distinct peak wavelength and an adjacent range of
wavelengths that influence its perception. Red typically peaks at around 700 nm, encompassing
a broader spectrum from approximately 620 to 750 nm. Likewise, green and blue hues possess
distinct peak values and spectrum ranges. This distribution enables nuanced variations in hue
and intensity across each color channel (Red, Green, Blue), which are recorded and processed
by imaging sensors, such as CCD cameras [10]. In a digital image, each color channel, such as
red, green, or blue, is represented by intensity levels ranging from 0 to 255, where 0 indicates
the absence of light and 255 indicates the highest intensity that the sensor can perceive. The
intensity levels correlate to the quantity of photons detected at specific wavelengths within each
color's spectral range [11].

Figure (1) illustrates the three fundamental color bands in the visible spectrum: red, green, and
blue, which can combine their intensities to produce all other colors. Some physicists might
argue that this is inaccurate, as they believe that the density and intensity of photons do not
influence the altered wavelength [12]. However, the reality is that the wavelength does change
with variations in photon intensity [13]. This is because the energy of the electric current within
the CCD camera’s internal components increases as the number of incident photons rises [14].
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Figure 1: The RGB color model along the visible wavelength spectrum, highlighting the
specific ranges for red, green, and blue [15].

Ultimately, each pixel will display a color corresponding to a specific frequency within the
visible range [16]. Every element in nature emits multiple strong lines within the human optical
range, which eyes perceive as a single color [17]. Consequently, when observing an object
composed of mixed elements, it emits various wavelengths, each representing a specific
element from each pixel in the image. This results in the target exhibiting distributions of
multiple elements across its surface.

This study focused on calcium elements, introducing a novel methodology that utilizes
optical range techniques to examine soil components while also emphasizing the importance of
validating the program's results. The study's objective is to locate calcium field clusters in Iraq.
The results of this study can help companies accurately identify calcium-rich fields, thereby
avoiding extensive fieldwork, saving money, and reducing the time required to search for
sources of this element and its compounds. Although these studies provide significant insights
into mineral identification and mapping, there is a deficiency of targeted studies on calcium
localization utilizing image processing approaches. This work presents a novel approach to
utilizing optical spectrum analysis for identifying calcium deposits in Iraqi soils. The primary
objective is to easily locate high-density calcium zones, thereby reducing the need for extensive
field surveys and enhancing the precision and cost-effectiveness of mineral exploration. The
subsequent sections of this work are structured as follows: Section 2 reviews the pertinent
literature, Section 3 outlines the methodology used in the study, Section 4 analyzes the results
and their interpretation, and Section 5 concludes the paper with a summary of the principal
findings and prospective research avenues.

2. Literature Review

Several studies have examined the mineral content of the soil, specifically the total presence
of iron (Fe) in the Sulaimaniyah Governorate of the Iraqi Kurdistan Region (IKR), which is
rich in iron deposits. The spatial quantification and regular monitoring of mineral presence in
the soil are crucial in mining areas. A remote sensing technique was employed to forecast soil
minerals, specifically iron, in the study area utilizing a multispectral satellite image from the
Landsat-7 Enhanced Thematic Mapper Plus (ETM+)[18]. Several other studies in Iraq could
benefit from image processing, particularly those related to soil analysis, which aligns with the
current study. These investigations focus on analyzing soil samples containing pollutants such
as lead and cadmium, which are toxic substances that can infiltrate the human food chain [19].
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Babalola et al. presented work on soil image analysis that involved a series of steps to enhance
the images. This process included removing non-soil pixels through image segmentation and
preparing the images for further analysis. The segmentation was then refined by dividing the
images into smaller tiles to isolate soil pixels, followed by high-frequency filtering to improve
image quality [20]. Ali Almaliki et al. conducted at a geologically significant and accessible
location in Iraq. A digital elevation model (DEM) with a 30-m resolution, obtained from the
Shuttle Radar Topography Mission (SRTM), and a geological map were utilized for spatial
analysis. These materials facilitated the identification of geographical features and zones of
mineral accumulation. Soil samples were collected from various study sites for laboratory
analysis. Calcium and magnesium were quantified by classical titration, whereas potassium was
assessed using standard analytical techniques [21]. Zeki A. Aljubouri investigated the
geochemistry of calcium sulfate rocks within the Fat’ha Formation (Middle Miocene) in
northern Iraq, with a particular focus on strontium distribution across various gypsum and
anhydrite types. One such study analyzed 90 samples, including anhydrite, massive gypsum,
selenite, and fibrous gypsum, from four localities in the Nineveh District[22].

3. Materials and Methodology

The fundamental idea of this research is based on converting the visible color of each pixel
in the image to a corresponding wavelength, as each color gradient represents a specific
wavelength of light in the visible spectrum. By comparing the wavelength of the pixel color
with the specific wavelengths of the element being searched for, using standard references
(based on the NIST National Institute of Standards and Technology site for comparison), the
presence of that element at a specific location in the image (the map image) can be determined.
When the wavelength of the pixel (its color) matches the specific wavelength associated with
the element in the standard reference, it indicates the likelihood of that element being present
at that location in the image.

During the preliminary phase of the study, the optimal wavelength of monochromatic laser
waves was determined using the photometric method, supplemented by image processing
techniques. This involved employing spectroscopic techniques, including prisms and
diffraction gratings. The initial application concentrated on a green laser with a wavelength of
556 nm. The laser-emitted spotlight was recorded using a conventional mobile phone camera,
resulting in a typical photograph, as illustrated in Figure 2. The image was later examined using
a custom program to extract the visible spectrum (Figure 3).

Figure 2: The green laser spot at 556 nm.
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Figure 3: 556 nm laser spectrum extracted using MATLAB.

The MATLAB program analyzed laser spots, yielding an average wavelength of 549 nm and
a 1.4% error rate, which is regarded as an excellent outcome. It also presented all spectral lines
about this average value. The program underwent testing on multiple laser spots, as illustrated
in Figure 4, resulting in a 3.5% error rate for a laser with a wavelength of 473 nm. The findings
indicated errors of 1%, 4%, 2.4%, 6%, and 10% for the 477 nm, 603 nm, 535 nm, 785 nm, and
325 nm lasers, respectively.

Laser 473 nm Laser 535nm Laser477 nm

Laser 785 nm Laser 603 nm Laser 325 nm

Figure 4: Six laser spots with varying wavelengths [23].

The results summarized in Table 1 indicate the errors in wavelength measurements,
highlighting both the potential and the limitations of this method
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Table 1: The percent errors by image processing to find the average wavelength of laser spots.

e o
325 357.5 10 %
473 456.4 3.5%
477 481.7 1 %
535 547.8 24%
603 627.1 4 %
785 737.9 6 %

The laser applications were executed with minimal errors, the maximum being 10% for one
laser. Consequently, the program produced outstanding outcomes in the visible spectrum. It can
detect elements in diverse natural environments, such as soil and rocks. Each element displays
several prominent emission lines in the visible spectrum, correlating with their absorption lines.
The observed colors indicate optical reflections rather than direct emission lines.

3. Results and Discussion
3.1. Finding the Elements

Elements display unique colors, including metallic hues, which can be observed in digital
images (a program in MATLAB was developed, included entirely in the appendix of the
research, for identifying elements. It contains two spectral matrices: one for gold and one for
calcium. By replacing the matrix name in the program, the search in the image changes from
gold to calcium or vice versa. ). The CCD camera captures the intensity of incident photons and
converts them into values between 0 and 255 for each color channel of the RGB color space.
The color corresponds to the wavelength characteristic of the element, while the photon count
indicates the intensity scale. A gold rock will display unique emissions, Figure 5.

Figure 5: Gold elements in rocks [2].

The rock in Figure 5 contains noticeable quantities of gold identifiable to the naked eye.
Nonetheless, the difficulty lies in identifying and evaluating it solely through software
employing image-processing methodologies. By implementing intricate procedures,
conducting experimental analysis, and applying specific physical relationships for element
identification, a methodology was developed for identifying elements in images using the
MATLAB program, Figures 6 and 7.
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Figure 7: Zoomed-in view of the right part of Figures 5 and 6.

3.2. Determining Soil Elements
The colors in nature arise from various hues emitted by different elements sourced from
rocks, soils, or vegetation. This facilitates the identification of elements in high-resolution
images and permits the re-analysis of older images to retrieve information regarding their
compounds and elements. Calcium is extracted from a natural calcium field and represented in
yellow. The calcium element is identified and denoted with black dots via image processing
(The MATLAB program, which was designed entirely for this research and included in the
appendix, demonstrates the working mechanism for detecting calcium and gold elements. Any
researcher can copy and use it to search for other elements at any location within colored maps
captured from any satellite) some of which are illustrated in Figure 8(. The black dots in regions
devoid of calcium signify the visual reflections of wavelengths emitted by the identical element.
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Figure 8: The calcium element appears yellow in the left image [24], and after processing, it
is represented by black dots.

Google Earth maps offer an extensive resource for this form of analysis. This study
employed a map of Iraq to identify the locations of calcium elements. The research identified
numerous locations with varying concentrations of calcium fields throughout Iraq, with a
notable prevalence in the northwest and western regions, as depicted in Figure 9, which was
captured from an altitude of 2,000 km using the Google Earth tool.

Figure 9: Calcium fields in northern Iraq identified through image processing, scale drawing
1.9/107.

Figure 9 indicates that Iraq's most significant and abundant calcium fields are located in
Anbar province, west of Iraq, rather than in Mosul province, as indicated by the red square.

The map of calcium fields can be magnified to disclose further characteristics of the urban
area being examined. Zooming in causes the image pixels to spread out, revealing new colors
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that indicate the presence of calcium fields. The red square in Figure 9, located at an altitude of
141 km, has an image width of 152 km (Figure 10).

343257 N. 423258 E

B4EAN A7 4E @ ~ ¢
| $ - et
Figure 10: New features of the calcium fields are identified, highlighted by black signs.

As zooming intensifies, numerous new landmarks become visible across diverse terrains.
Upon examining the significant clusters, it is apparent that the land harbors a wide variety of
minerals, suggesting the existence of diverse minerals, although they are frequently present in
minimal quantities. These diminished concentrations cannot be considered viable fields for
exploration. Consequently, it is imperative to rely on concentrations and substantial clusters, as
these provide a more definitive representation of significant quantities in a specific region. The
focus should be on the aggregation of cluster elements on the map rather than on discrete points
(Figure 11). The width of the red square on the left side of Figure 12 is 20 km, and it is enlarged
on the right side of the figure, positioned at an altitude of 44 km.
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Figure 11: The red square (on the left side) indicates cluster concentrations of the calcium
element, while the other white points scattered on the map do not necessarily represent actual
fields.

The overlapping of pixel colors intensifies with each level of magnification. Thus, each pixel
in the image exhibiting the same color and optical wavelength can be interpreted in three
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distinct ways. The Anbar region's vast territories are rich in this element, Figure 12. The red
square on the left side of Figure 12, initially 8 km wide, was enlarged and is now positioned on
the right side of the figure at an elevation of 11 km.

ium element il{ the Anbar west of

q
sAF = o E.
ot .

Figure 12: The black oil{ts indiéate the preéee of the calc
Iraq.

Figure 12 illustrates a map of Iraq, marked by numerous black dots in the western and
southwestern regions, signifying the presence of calcium in those locales. The widespread
distribution of these dots indicates the presence of numerous calcium fields. Moreover, focusing
on one of these regions uncovers novel distribution characteristics, as depicted in Figure 13.
The red square illustrated on the left side of Figure 13 initially measures 2 km in width.
Following enlargement, it is now situated on the right side of the figure at an altitude of 2 km.

Figure 13: Calcium concentrations are measured at an altitude of 2 km (width of the red square)
to appear on the right side.

The focal points relate to regions that draw interest or attention, which may change when
the image is enlarged due to pixel separation and the appearance of new pixels exhibiting
varying colors. As a result, the positions of these points may change as a pixel's previously
blended color becomes more distinct when viewed at higher magnification. Increased
magnification reveals further details, with pixels exhibiting subtle variations in color shades.
Examining a specific section of Figure 13 results in the development of Figure 14. The red
square on the left side of Figure 14 initially measured 200 m in width. Following enlargement,
it was relocated to the right side of the figure, situated at an elevation of 700 m.
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Figure 14: The result of one of the calcium (gypsum) &epoéits identi}léc.l Zm the 1:ight side of
the figure is only 200 m wide, and the image was taken from an altitude of 700 m.

The geographical boundaries of the right side of Figure 14 are as follows: upper right corner

at 33°59' 16" N, 41° 49' 53" E, and lower left corner at 33° 59' 06" N, 41° 49' 40" E. The image
depicted on the right side of Figure 14 exhibits a width of 822 pixels across a distance of 200
m, indicating that each pixel corresponds to an approximate length of 24 cm.
This technique identifies locations of calcium (gypsum) accumulation, aiming to reduce field
research costs and determine these locations accurately and efficiently. This approach enables
companies to minimize both costs and time. This calcium field represents one of the numerous
undiscovered fields in Iraq, and the site was selected randomly without prior specification.
Gypsum is prevalent in Iraq, especially in the western and northwestern areas, including Anbar,
Mosul, and Salah al-Din. The deposits extend southward to Karbala, Najaf, and the Al-
Muthanna Governorate (Figure 9).

4. Conclusion

A research initiative focused on image processing methodologies to determine the average
wavelength of monochromatic light without relying on traditional techniques such as prisms or
diffraction gratings. By analyzing the density of focal points within a limited area, a distinct
grouping was created to calculate the average wavelength from laser light sources. This
approach eliminates the need for conventional optical instruments, providing a more efficient
and accessible means for wavelength analysis. The results revealed errors in wavelength
measurements, highlighting both the advantages and limitations of the methodology. The
analysis revealed that substantial amounts of calcium deposits are predominantly located in the
western and southwestern regions of Iraq, particularly in Al-Anbar Governorate, along the
Euphrates River, and in areas adjacent to the Saudi border. The study also identified scattered
fields in Mosul, Salah al-Din, and Diyala Governorate. The use of Google Earth and high-
resolution images enabled the observation of alterations in the positions of these concentrations
on maps. The study demonstrated the ability to accurately analyze elements based on map
colors and pinpoint their locations on the ground by assessing their concentrations. The findings
have practical implications for identifying and mapping mineral deposits, such as calcium
deposits (gypsum), in Iraq.

5. Recommendations

This study focused on calcium elements, introducing a novel methodology that utilizes
optical range techniques to examine soil components while also emphasizing the importance of
validating the program's results. Future research should investigate additional elements on the
Iraq map alongside continued studies of calcium deposits and mapping calcium fields. This
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information will enable companies to identify and operate in these areas with minimal effort
swiftly.
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Appendix

The MATLAB program ( core work of this research ) was used to determine the calcium and
gold element

clc

clear all

close all

%This program for detrmination Calcium element

i=imread('Irag4.jpg");

wavelength=577,

figure(1)

imshow(i)

[xx yy]=size(i(:,:,1));

r=0,g=0;b=0;r1=0;g1=0;b1=0;

n=0;p=1;t=0;Gold=0;Silver=0;u5=100;Nicle=0;u6=20;u7=10;

S=0;q=1;

% The spectral lines of calcium element has been taken from NIST site
Ca(1)=3706.026;Ca(2)=3736.901;Ca(3)=3933.6614;Ca(4)=3968.4673
;Ca(5)=4226.727;Ca(6)=4302.527;Ca(7)=4307.741;Ca(8)=4425.441;Ca(9)=4434.960;Ca(10)
=4435.688;Ca(11)=4454.781;Ca(12)=4455.887;
Ca(13)=4456.605;Ca(14)=4878.132;Ca(15)=5019.971;Ca(16)=5188.848;Ca(17)=5265.557;C
a(18)=5270.270
;Ca(19)=5349.472;Ca(20)=5581.971;Ca(21)=5588.757;Ca(22)=5590.120;Ca(23)=5594.468;C
a(24)=5598.487;
Ca(25)=5857.452;Ca(26)=6102.722;Ca(27)=6122.219;Ca(28)=6162.172;Ca(29)=6169.055;
Ca(30)=6169.559;Ca(31)=6439.073;Ca(32)=6449.810;Ca(33)=6456.874
;Ca(34)=6462.566;Ca(35)=6471.660;Ca(36)=6493.780;
Ca(37)=6499.649;Ca(38)=6572.777;Ca(39)=6717.685;Ca(49)=7148.147;
Ca(41)=7202.194;Ca(42)=7326.146;Ca(43)=7601.304;
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Ca=Ca/10;
%
% Au Gold element
Au(1)=3557.365; Au(2)=3586.731;Au(3)=3611.568;Au(4)=3631.311;Au(5)=3637.905;
Au(6)=3645.016;Au(7)=3650.739;Au(8)=3709.622;Au(9)=3796.007;Au(10)= 3897.865;
Au(11)= 3909.383;Au(12)=  4040.931; Au(13)=4065.068;Au(14)= 4315.110;Au(15)=
4437.269;
Au(l6)=  4488.253;Au(17)=  4607.512;Au(18)=  4792.583; Au(19)=5230.259;
Au(20)=5837.374;
Au(21)=5956.965;Au(22)= 6278.170;Au(23)=6562.680;Au(24)= 7510.728;
Au=Av/10;
% Number 10 is for converting to (nm) nano meter
%
% converted parameter to G and j1 is the length of matrix

G=Ca; % name of matrix
j1=43; % number of matrix
Delta=5 ; % rate of error

%

k=0;

el=1;e2=1;e3=1,0=0;

h=0;

1i=i;
for loopred=650:10:720
for loopblue=330:10:430
1=ii;
for y=2:1:yy;
u2=0;
for x=2:1:xx;
n=n+1;
u=1(x,y,1);

u2=0;
forul=1:1:u
u2=u2+I;
end
I=u2;
Irr(n)=Ir;
u=i(x,y,2);
u2=0;
forul=1:1:u
u2=u2+1I;
end
Ig=u2;
Igg(n)=Ig;
ud=i(x,y,3);
u2=0;
forul=1:1:u4
u2=u2+l;
end
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Ib=u2;
Ibb(n)=Ib;

ITOTAL=Ir+Ig+Ib;

Ir=Ir*loopred;

Ig=Ig*550;

Ib=Ib*loopblue;

I(x,y)=(Ir+Ig+Ib)/ITOTAL; % Each pixel has one wave length
for j=1:1:j1

if I(x,y)<G(j)+0.1;
it I(x,y)>G(j)
I(x.y);
ifi(x,y,1)>0
el=0;

end

if i(x,y,2)>0
e2=0;

end

if i(x,y,3)>0
e3=0;

end
i(x,y,1)=255%¢l;
1(x,y,2)=255%e2;
1(x,y,3)=255%e3;
% recorder the data
qxy,D=i(x.y,1);
q(x,y,2)=i(x,y,2);
q(x,y,3)=i(x,y,3);

% The surrounding pixels about base pixel
% 1
i(x+1,y,1)=255%el;
i(x+1,y,2)=255%¢e2;
i(x+1,y,3)=255%e3;
% 2
i(x-1,y,1)=255*el;
1(x-1,y,2)=255*e2;
i(x-1,y,3)=255%e3;
% 3
i(x,y+1,1)=255%el;
1(x,y+1,2)=255%¢e2;
i(x,y+1,3)=255%e3;
% 4
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i(x,y-1,1)=255%¢l;
i(x,y-1,2)=255%*¢2;
i(x,y-1,3)=255%e3;
S=S+1;
end; end ; end; end ;end
S=S;
h=h+1;
hold on
figure(1)
imshow(i)
pause(0.5)

end
end
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