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Abstract

This study is unique in this field. It represents a mix of three branches of
technology: photometry, spectroscopy, and image processing. The work treats the
image by treating each pixel in the image based on its color, where the color means
a specific wavelength on the RGB line; therefore, any image will have many
wavelengths from all its pixels. The results of the study are specific and identify
the elements on the nucleus’s surface of a comet, not only the details but also their
mapping on the nucleus. The work considered 12 elements in two comets (Temple
1 and 67P/Churyumoy-Gerasimenko). The elements have strong emission lines in
the visible range, which were recognized by our MATLAB program in the
treatment of the image. The percentage of the elements was determined relative to
iron, where in comet Temple 1, the most significant percentage of the element ratio
potassium to iron is K / Fe ~ 28.2%, while the lowest value is Ca/ Fe ~ 1.3%. For
the comet, 67P/Churyumov-Gerasimenko, the most significant percentage of the
elements relative to iron is also for potassium, K / Fe ~ 89.5%; while the lowest
value is Ni / Fe ~ 0.26. In general, comparing both comets, the greatest percentage
of the elements relative to iron is K/ F. Iron is the base element in the structure of
both comets, followed by potassium.

1. Introduction
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The photometric method has many properties to extract more information

from any image. This method provides the RGB colors for each pixel in a CCD
camera, where each pixel has three colors, and each color has intensity
gradients of 0-256. These intensities with the colors give 16,777,215 colors
from the number 256 to order 3. From these basics, each color from mixed
colors represents one wavelength in the visible range, whereas, in each CCD
system, there are three bands in each pixel: red, green, and blue. Each band has
an intensity of 0-256, as shown in Fig. 1, the blue color began at 400 nm and
peaked at 450nm, and the peak of the green color was at 550 nm, reaching the
red color at 700 nm at the end of the visible colors [1-5].

The color in each pixel can be converted to one wavelength in the visible range.

Each element has many strong emission lines in the visible range (specific colors in the
color line). Any comet or rock that has a mixture of elements can be seen in its nucleus
when it is directed at several wavelengths from a target [6-8], where each wavelength
represents a different element received from each pixel of the image. This objective then
shows the distributions of many elements on its surface.

This work aims to determine the abundance of elements on the surface of the
comet nucleus through a picture of this surface and also to determine their mapping on
the nucleus.
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Figure 1: Lines represent the wavelengths of RGB colors [1].

2. Experimental Work
2.1. The Work of Coloration
Almost all comet nuclei have been studied using gray color, and many
coloration programs have been used to give the best results for coloring these
targets. For example, Fig. 2 shows the comet's nucleus (Temple 1) before and
after coloring.

Figure 2: Nucleus of comet Tempel 1 (5 km long) [9, 10].

The colored nucleus gives mixed colors, coming from all elements on its
surface. There is a test to acknowledge whether the colors in the new image are
false or true. This involves converting the original color image as in Fig. 3(A)
[11], to its gray counterpart (no colors), as shown in Fig. 3(B), by using
MATLAB and in the order of assistance (gray 2 gray) and then coloring this
image with different coloring programs, as shown in Fig. 3(C). The program
used for the coloration is Colorize Images, which was downloaded from
Google Play.

Some differences in the colors can be noticed between the original image
(Fig. 3(A)) and the re-colored image (Fig. 3(C)). The rate of error between the
two images was calculated by the role mean square error (MSE) [12-20] using

Eq. (2):

1
MSE= > (B~ Q) (1

i=1
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where P; is the original image and @Q; is the image after coloring, where the
error was 9%.

colored image again by a different program.

2.2. Method of Work in MATLAB Program and Some Applications

The early idea of the MATLAB program in its first construction was
based on extracting the average wavelength of any laser mono-wave [21-23].
This program was very active in giving the average wavelength of any spot
laser. Several applications of this program were demonstrated, where the laser
was imaged with a wavelength of 556 nm by the normal camera of our mobile
(normal image only), as shown in Fig. 4, and through our analysis program, the
spectrum of this image appeared as in Fig. 5.

Figure 4: Spot laser 556 nm.
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Figure 5: The MATLAB program has experimented with the spectrum of laser 556 nm.

This program gives a rate of error of 1% with this wavelength (556 nm); in
addition, it takes the wavelengths of all line bands around this wavelength of the laser.
The program was tested for many spots of the wavelengths of many lasers; it was
successful in all these tests, as shown in Figs. 6-11 [24, 25].
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Figure 6: Laser spot 473 nm with error 3.5% by MATLAB program.
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Figure 9: Laser spot 535 nm with error 24 %.
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Figure 10: Laser spot 785 nm with error 6 %.
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Figure 11: Laser spot 325 nm with error 10 %.
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It must be noted that the reference to the above figures is only for the spots of
lasers, not for their spectrum. The above examples are some of the experiments of our
program with some error in almost all the results; only one has a maximum error of
10%; therefore, the program gives excellent results for the visible range. However, it
must be experimented with rocks that contain different elements. The distribution of
elements on the surface of any rock can be determined using the program in the visible
range.

The reason for choosing rock images was that comet nuclei are rocks and these
rocks have elements on their surfaces [26-28]. Rocks that contain gold and silver were
chosen because of their distinctive gloss, as shown in Fig. 12. This image was tested in
the MATLAB program to determine the reliability of the results in determining the
components of this sample, as shown in Fig.13.

Figu.r_e- 12:shows a rock that contains gold elements in its éomponents [29].
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Figure 13: The program accurately determined the gldelnients as sit in green spots.

In the figure above, about 1870 pixels out of 102600 pixels appeared (as they
appear as green spots in the image), which indicates the existence of a gold element, and
the rate of error was 1.8%. The results gave excellent determination of the elements
from their wavelengths. Gold has many strong emission lines in the visible range; here,
the wavelength of 595.6 nm was used [30, 31].

As shown in Fig. 14, a second rock that contains gold was used to test the

program once more.

The MATLAB program has determined about 824 pixels from 108000 pixels of
the image that have gold at wavelength 595.6 nm with a low error of 0.7%, as shown in
Fig. 15. This program was successful in identifying the gold on the rocks.

-

Figure 15: The green spots indctéAtogold element in the rock at wavelength 595.6 nm.

This program was tested for another element (silver). The test was performed on
rocks containing silver and gold, as shown in Fig. 16.
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Figure 16: Gold and Silver elements under the text by MATLAB program.

Gold and silver have emission lines at wavelengths of 595.6 nm and
547.15 nm, respectively. In the program, the wavelength of an element for the
silver element was only 547.15 nm where there are 370 pixels dictated on the
silver element and some green spots (around the marker) indicate the area
below the element gold, as shown in Fig. 17.

Figure 17: The silver element has 2= 547.15 nm, which has been determined by the MATLAB
program with an error of 4%.

3. Determinant of lon the Elements on the Surface of Nuclei’ Comets
3.1. Comet 67P/Churyumov-Gerasimenko

Elements’ distributions on the nucleus were determined by developing a
new MATLAB program with exceptional mapping on any nucleus' surface
face, The nucleus of comet 67P/Churyumoy shown in Fig. 18, was used in this
work [33-37].

The image of the 67P/Churyumov-Gerasimeiso comet is gray. This gray
image was colored to be analyzed by image processing in the MATLAB
program to identify the elements present on its surface, as shown in Fig. 19.
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Figure 18: Comet 67P/Churyumov-Gerasimenko on August 3, 2014, as imaged by
ESA’s Rosetta spacecraft [38].

Figure 19: Nucleus of comet 67P/Churyumov-Gerasimenko after coloraion.

The MATLAB program was designed to read the wavelength of any
pixel in the image, or we can calculate an average of all pixels’ wavelengths, as
shown in Figs. 6-11 of the lasers’ spots, where each element has many strong
emission lines in the visible range; the program determines the pixels that have
these wavelengths in the image. The emission lines for the wavelengths of any
element were taken from the NIST site (National Institute of Standards and
Technology). Elements’ distributions on the comet’s nucleus (67P/Churyumov-
Gerasimenko) using the MATLAB program are shown in Figs. 20-25. Note: In
comet 67P/Churyumov-Gerasimenko, the iron element has 5386 points on the

nucleus’s surface.

o " : e

Figure 20: Right image, the distribution of Li/Fe is ~ 2.8%. In the left image, the distribution
of Ni/Fe is ~ 0.26.
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Figure 21: Right image, the distribution of Ag/Fe of 7.9%. Left image, the distribution of
Au/Fe of 8.8%.

Figure 22: Right image, the distribution of Si/Fe of 15.2%. Left image, Mg/Fe distribution of
5.2%.

Figure 23: Right imge, the distribution of P/Fe of 39.6%. Left image, C/Fe distribution of

8.9%.

Figure 24: Right image, the distribution of Iron (Fe) in 5 points. Left image, the distribution
of K/Fe of 89.5%.
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Figure 25: Right image, the distribution of Ca/Fe of 47 %. Left image, Se/Fe distribution of
38%.

3.2 Comet Temple 1
Comet Temple 1 is shown as seen from NASA space on 4 July 2005 [39-
45]. The work on this comet was the same as that on comet 76P/ Churyumov-
Gerasimenko considering the same elements and comparing both comets. The
image of Comet Temple 1 was colored [46-50], as shown in Fig. 26.

Figure 26: Nucleus of Comet Templel1[39].

The program used the same elements as in comet 67P/Churyumov-Gerasimenko,
as shown in Figs. 27-32. In comet Temple 1 the iron element has 7211 points (pixels)
on the nucleus’s surface from 43758 pixels in the image.

Figure 27: Right image, the distribution of Li/Fe is ~ 3%. Left image, Ni/Redistribution of
0%, this comet has no Nikle element.
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Figure 28: Right image, the distribution of Ag/Fe of 4.8%. Left image, the Au/Fe distribution
of 1.8%.

Figure 29: Right image, the distribution of Si/Fe of 25.1%. Left image, the Mg/Fe
distribution of 0%, this comet has no Magnesium element.

Figure 30: Right image, the distribution of P/Fe of 22.3%. Left image, C/Fe distribution of
7.7%.

Figure 31: Right image, the distribution of Iron (Fe) in 7211 points. Left image,
K/Fedistribution of 28.2%.
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Figure 32: Right image, the distribution of Ca /Fe of 1.3%. Left image, Se /Fe distribution of
8%.
4. Results and Discussion
The reusable lots are represented as a ratio between the elements relative to iron,
as shown in Table 1 and Table 2.

Table 1: Ratio of 11 elements relative to iron in Comet 67P/Churyumov-Gerasimenko.

The Element Li C Mg Si P Ca
Element / Fe % 2.80 8.94 5.44 15.20 | 39.65 47.04
The Element K Ni Se Ag Au
Element / Fe % 89.52 | 0.26 | 38.15 | 7.98 8.83

Table 2: Ratio of 11 elements relative to iron in Comet Templel.

The Element Li C Mg Si P Ca
Element/Iron% | 3.00 | 7.70 0.00 25.10 22.30 1.30

The Element K Ni Se Ag Au
Element/Iron % | 28.20 | 0.00 8.82 4.80 1.87

5. Conclusions

When performing the analysis of comet gases using X-ray sensors in the Chandra
satellite, there is a high amount of light elements such as carbon and a few heavy
elements because heavy elements (almost metal elements) have strong bonds between
their atoms, such as the iron element, where these metal elements have a low
volatilization rate, as it occurs with dust coming out of the surface of the nucleus that
carries with it small scattered parts of metal elements (heavy elements), so image
processing appeared this fact, where light elements such as carbon do not have a high
rate among elements, such as gases in a comet coma, where both comets used iron as
the largest rating among the elements.

In comet Temple 1 the most significant percentage of the elements’ ratio relative
to iron was K / Fe ~ 28.2%; while the lowest value was Ca / Fe ~ 1.3%. In comet
67P/Churyumov-Gerasimenko, the most significant percentage of the elements’ ratio
relative to iron was K / Fe ~ 89.5 %; while the lowest value was Ni / Fe ~ 0.26 %.

In general, when comparing both comets, the greatest percentage of the elements
relative to iron was K / Fe. Iron is the base element in the structure of both comets
followed by potassium.
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