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Study of Light Pollution Affecting Astronomical Observations in the RGB Wavelenghts Together with the 
Application of Mathematics Models for Light Pollution 

Mr.Sakdithach Sai-ngam (Grade 12) 
[Princess Chulabhorn Science High School Phetchaburi, Phetchaburi, Thailand] 

 
Introduction 

 This research focuses on studying light pollution in Earth's atmosphere at Princess Chulabhorn Science High 
School Phetchaburi. The study investigates three main aspects: 1. The impact of light pollution on RGB wavelengths, 2. 
The patterns and behavior of light pollution, 3. The effects of light pollution on astronomy. The experiment was divided 
into three distinct phases and conducted during two separate time periods: before 10:30 P.M. (when the dormitory lights 
were still on) and after 10:30 P.M. (when the dormitory lights were turned off). This approach allowed for a comparative 
analysis of light pollution under varying lighting conditions. 
 

Method and Result 
1. RGB data was collected by taking five photos above the light pollution source, then adjusting the camera 

angle upward in 20-degree increments until it was directly opposite the source. This angle is referred to as the "Distance 
Angle from the Light Pollution Source." The data was then analyzed using Python, and the results are shown in Figure 1. 

 
2. The sky magnitude was calculated through the following steps: 1. Images were uploaded to Astrometry.net 

to identify reference stars and obtain coordinates. 2. Coordinates were imported to convert pixel values to Right Ascension 
(RA) and Declination (Dec). 3. Photometric analysis was perfomed, including background intensity measurement. 4. Sky 
subtraction was applied to isolate the star's true intensity. 5. The star's magnitude was determined using Stellarium. 6. 
The background magnitude was then calculated. 

3. In the mathematical model, the author references “Lamphar, H. (2010), Mathematical Model for the 
Measurement of Light Pollution”. The model incorporates several key variables, including: The altitude of the observer 
and the urban area above sea level, the azimuth angle from the observer's position to the observed point, the distance 
from the observer to the city, the zenith distance of the observer, these variables are used to analyze and quantify the 
effects of light pollution. 
 

Data analysis and Conclusion 
 On 15 December 2023, the B (blue) values were higher than R (red) and G (green) values due to light scattering, 
with blue wavelengths scattering more easily. In contrast, on 12-13 January 2024, the R values were higher as wildfires 
near the site released aerosols into the atmosphere, increasing scattering of the blue and green wavelengths and leaving 
more red light. Sky background measurements confirmed this, with lower brightness on 15 December 2023 compared to 
13 January 2024. The mathematical model also showed that beyond 90 degrees, the RGB graph curvature was affected  
by air mass, further highlighting the impact of aerosols on light pollution. And the results are shown in Figure 2. 
 

Reference 
Lamphar, H. (2010). Mathematical model for the measurement of light pollution. . 4-6. 
 
Data : https://drive.google.com/drive/folders/1BPobRk5TiBClM8gjYkPTYIArq417S3_w?usp=sharing 
 



The Study of the Relationship Between the Active Galactic Nuclei and Star Formation  
in Face-On Galaxies Within the MaNGA Survey 

Mr. Natthaphat Changngoen (Grade 12) 
[Srisawatwittayakarnchangwatnan School, Nan Province, Thailand] 

 

Abstract: This study investigated the regions surrounding the Active Galactic Nuclei (AGN). Analysis and 
classification utilising Integral Field Unit (IFU) Spectroscopy data [6] from Data Release 17 (DR17) of the Mapping Nearby 
Galaxies at Apache Point Observatory (MaNGA) survey [1]. The regions of the AGN were classified as either AGN-like, 
HII-region-like/Star Formation-like (SF-like), or Composite. These results indicated the areas where both components 
influenced star formation. It examined the influence of AGN outflows to the star formation activities.  

Introduction: The MaNGA survey provides a comprehensive framework for studying the detailed properties of 
nearby galaxies through IFU spectroscopy. By employing Gaussian modeling to analyze spectral emission lines, the 
survey enables precise classification of galactic regions based on their star-forming activities and AGN contributions. 
Furthermore, this research contributes to a deeper understanding of AGN-driven outflows and their impact on galactic 
environments [3]. 

Data Collection: The selection criteria were galaxies with AGN at their centers and non-AGN galaxies below redshift 
of 0.035, with the log of stellar mass ranging 9 to 11, and inclination angles less than 30 degrees to minimize obscuration effects. 
F regions were visualized with Gaussian 

of area under the Gaussian distribution curves [4]. Baldwin, Phillips & Terlevich (BPT) Diagrams [2] were generated as 
the following step incorporated with BPT maps shown in Figure 1. Star formation rate (SFR) map (Figure 1) of the galaxy 
has been generated to compare the star formation between galaxies with AGN and galaxies with normal star formation. 
The equation for SFR was as follows: = 7.9 × 10  ( )( )  where  represented the star 
formation rate in solar mass per year, and  ( ) represented the luminosity of the hydrogen alpha spectral line [5]. 
Central wavelength values and standard deviations of the emission lines of various gases obtained from the Gaussian 
distribution function were used as input parameters for gas dispersion velocity in the region around the galaxy's nucleus 
(Figure 2). Gas dispersion velocity was determined with the following equation: = ( )  where  
represented the gas dispersion velocity,  represented the standard deviation obtained from the Gaussian distribution 
function,  represented the wavelength at centroid of the emission line, and  represented speed of light in vacuum. 

Results and Discussions: The study revealed that galaxies hosting AGN exhibit reduced star formation rates 
compared to non-AGN galaxies, attributed to AGN-driven outflows disrupting the cold gas reservoir essential for star 
formation [3]. Gas velocity dispersion maps demonstrated elevated central velocity dispersion in AGN galaxies in contrast 
to non-AGN systems. BPT analysis also indicated enhancement of ionized hydrogen-dominated areas in AGN-dominated 
regions. 

Conclusion: This emphasized the role of AGN in suppressing star formation in galaxies. AGN outflows 
destroyed cold gas needed for star formation, leading to the disrupt overall activity. This resulted in star formation 
becoming concentrated in specific regions rather than being uniformly distributed across the galaxy. This event highlighted 
the complex interactions between AGN and their host galaxies, and how the star formation was regulated. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References:  
[1] Bundy K, Bershady MA, Law DR, Yan R, Drory N, MacDonald N, et al. 2014, ApJ, 798, 7  
[2] Baldwin JA, Phillips MM, Terlevich R. 1981, PASP, 93, 5  
[3] Li C, Kauffmann G, Heckman TM, White SDM, Jing YP 2008, MNRAS, 385, 1915  
[4] Chanchaiworawit K & Sarajedini V. 2024, ApJ, 969, 131  
[5] Kennicutt RC. STAR FORMATION IN GALAXIES ALONG THE HUBBLE SEQUENCE. 1998 
[6] Smee SA, Gunn JE, Uomoto A, Roe N, Schlegel D, Rockosi CM, et al. 2013, AJ, 146, 32 
 



Correlations between SMBH Mass and Sérsic Index of AGN Host Galaxies 
Mr. Thatchayuth Klipbua (Grade 10) 

[RBIS International School, Bangkok, Thailand] 
 

Abstract: The purpose of this study was to find the correlation between the mass and Sérsic Index of 10,000 active 
galactic nuclei (AGNs) taken from the low-redshift low-luminosity AGN characterized by Chanchaiworawit & Sarajedini 
(2024) [2]. The result of this study revealed that there are strong positive correlations at z < 0.4. This is likely due to an 
increase in younger, less morphologically developed galaxies at higher redshifts. Another result is a strong correlation 
between the Sérsic Index and redshift, which can support the hypothesis that AGN host galaxies are transitioning into a 
quiescent stage. 

Introduction and Method: Correlations between supermassive black hole (SMBH) mass and the Sérsic Index of active 
galactic nuclei (AGNs) host galaxies’ bulges are well established [4]. Here, I try to see whether black hole mass-Sérsic 
Index relations can also be found for the entire host galaxy. 

The luminosity at 5100 Angstroms and the width of the H-beta broad component in AGN spectra can be used to calculate 
the mass of the SMBH in solar masses, as defined by Park et al (2015) [3]. R90 is the radius of a circle which contains 
90% of a galaxy’s luminosity, and R50 is the radius of a circle which contains 50% of a galaxy’s luminosity. The value of 
R90/R50 for a certain galaxy is directly correlated to the Sérsic Index. Graham et al (2005) [1] provides the relationship 
between R90/R50. I calculated the Sérsic Indexes in all SDSS color filters for each AGN using NumPy’s interpolation.  

Results and Conclusion: I created bins of log black hole mass from 6.5 < x < 9 based on the emission line fitting 
methods prescribed by Chanchaiworawit & Sarajedini (2024) [2], and plotted the median host galaxy Sérsic Index in 
each bin, with more than 1000 AGNs in each bin, as demonstrated in Figure 1 and Table 1. 

There are positive trends between the Sérsic 
Index and black hole mass, but not at higher 
redshifts, likely due to less morphologically 
developed galaxies. The ‘u’ and ‘g’ filters are 
also unreliable, likely due to the detection of 
redshifted X-ray and UV emissions from the 
AGNs. However, the strong positive trends in the 
‘r’, ‘i’, and ‘z’ filters give undeniable evidence of 
the correlation between the growth of SMBH and 
the structural evolution of their host galaxies. 
Higher Sérsic Indexes are present at lower 
redshifts, similar to the findings of Ormerod et al 
(2023) [5] ,  in which they f ind a negat ive 
correlation between Sérsic Index and redshift for 
quiescent galaxies. This confirms the common 
hypothesis that AGN host galaxies are in a 
transit ion between their star-forming and 
quiescent stages. 
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Visualizing gravitational lensing with varying mass distance and position 
Mr. Siraphob Phonphakdee (Grade 12)  

[Piboonbumpen Demonstration School, Burapha University, Chonburi, Thailand] 

Abstract 
In this paper, we explore how we can implement a 

strong gravitational lensing visualizer. We use Python to 
create a program that uses Einstein’s general relativity. 
We compare results with other simulators and photographs 
observed in real life and conclude that the simulations do 
correspond to the references. However, rendering speed 
depends on the source image’s size with inaccuracies due 
to approximations from the equation. 
Keywords: gravitational lens, visualization, Python 
 

Introduction 
Gravitational lensing is a phenomenon predicted 

by Albert Einstein’s general relativity. Instead of light 
travelling in a straight line, gravity pulls the light to travel in 
a bent path like a convex lens [1]. Astronomers use it to 
observe distant celestial objects, from stars to exoplanets 
[2]. However, understanding the effect can be challenging 
due to its complexity. Thus, we created a gravitational 
lensing visualizer. 

 
Methodology 

We decided to use Python due to its flexibility and 
stability. We also chose to replicate strong lensing, as its 
effects can be calculated using an approximation of 
Einstein’s general theory of relativity. The angle of 
deflection can then be determined using  =  .  Here, 

 is the deflection angle, G is the gravitational constant, M 
is the object’s mass, c is the velocity of light, and b is the 
impact parameter. We assume the image is a light source 
behind the celestial body and created variables for 
distance, mass, position, and field of view to use in the 
program. We read the input image via Pillow and converted 
into an array with NumPy then calculate the reflection with 
the equation above for mapping by Matplotlib. As some 
pixels may originate out of bounds, we resolve by sampling 
colors from the opposite side, similarly to a skybox. Finally, 
we display the rendered image to the user. 

 
Results 

 After using the program, we obtained the following 
images from the output. The results are shown in Fig 1. 
and 2. 
 

 
 
 
 
 
 

Discussion 
Our method to visualize gravitational lensing 

focuses on usability, and low computation. The key factors 
are the distance between the observer and viewer, field of 
view, and mass which agrees with Einstein’s gravitational 
lensing formalism. The program also successfully 
replicated Einstein cross with multiple masses with an off-
centered source. Additionally, we compared effects from 
Alison Hume and Jacek Guzik’s gravitational lensing 
simulator and concluded that it is similar to ours. The 
results are shown in Fig 3.  

However, since we base the calculations on point 
mass lenses, i t  can only calculate strong lensing. 
Moreover, using an approximation of Einstein’s theory of 
relativity may cause inaccuracies near the lens’ center. 
Reference 
[1] Udalski A, Szymanski M, Kaluzny J, Kubiak M, Mateo 
M. The optical gravitational lensing experiment. Acta 
Astronomica (ISSN 0001-5237), vol. 42, no. 4, p. 253-
284.. 1992;42:253-84. 
[2] Abe F, Bennett DP, Bond IA, Eguchi S, Furuta Y, 
Hearnshaw JB, Kamiya K, Kilmartin PM, Kurata Y, Masuda 
K, Matsubara Y. Search for low-mass exoplanets by 
gravitational microlensing at high magnification. Science. 
2004 Aug 27;305(5688):1264-6.  



Study and Development of Autopilot for space rover and tracking position using IMU 
Mr.Tustong Tongnumpen (Grade 11)  

[Piboonbumpen Demonstration School, Burapha University, Chonburi, Thailand] 
 

Abstract 
In this study, we aim to investigate and evaluate the rover's autopilot performance. Specifically, we want to 

construct a program and sensor that are inexpensive, readily available, and widely used worldwide in order to build a 
prototype and test the autopilot program. The outcome showed that the Rover could locate its way to the target and was 
on its way with Circular Error Probability (CEP) of about 0.654 meters from the target. There are still too many errors in 
the tracking position using the Inertial measurement unit sensor (IMU)  approach alone to determine the rover's true 
position. 

 
Introduction 

Space exploration comes with countless unforeseen challenges, making it critical to study a planet’s surface 
thoroughly. Using a rover is one way to reduce risks, as it allows us to explore without direct human involvement. To 
ensure the rover can operate effectively, it should be equipped with an autopilot system, enabling it to navigate 
independently and reach its destination on its own. 
 
Methodology 

After printing the body parts of the prototype using 
a 3D printer, we put together the Arduino Mega 
processors, GPS position sensor, and ultrasonic range 
sensor. The prototype and circuit connection show in Fig1. 
we conducted tests on its autopilot system. The system 
relies on a magnetic field sensor to orient itself toward the 
target. A location sensor, such as GPS, continuously 
updates the distance and trajectory to the destination, 
ensuring accurate navigation. Additionally, an ultrasonic 
ranging sensor enables the rover to detect and avoid 
obstacles in its path, allowing it to reach its target safely 
without collisions. 

For position tracking using an IMU (Inertial 
measurement unit sensor), we put together BMI160[3] as 
IMU and ESP32[4] as transmitters to send the wireless 
data to another ESP32[4] that act as receiver then we 
calculate the distance traveled over time by applying 
acceleration and time in a fundamental physics equation. 
To enhance accuracy, a filter is applied to minimize noise 
in the data. The processed information is then transmitted 
to Unity via TCP (Transmission Control Protocol), allowing 
us to visualize the 3D position in real-time [1].  
 
Result 

After testing the autopilot system, the results 
showed that it could successfully navigate toward the target 
with a Circular Error Probable (CEP) of 0.654 meters and effectively avoid obstacles along the way. While the IMU-based 
position tracking could indicate the rover’s direction of movement, it was not accurate enough to reliably measure the true 
distance traveled. The prototype, test results, and circuit connection for IMU tracking using the BMI160[3] as the IMU sensor 
are shown in Fig 2. 

 
Summary 

The autopilot system demonstrates sufficient precision for basic rover operations or as a cost-effective learning 
tool. However, hardware limitations present challenges. The magnetic field sensor requires frequent calibration, and the 
Arduino Mega’s 16 MHz processor struggles to handle the ranging sensor and GPS simultaneously, leading to occasional 
crashes or obstacles. 

Improving precision is possible by upgrading the GPS, which currently has a 2.5-meter error margin [2] we can 
use RTK (Real Time Kinematics) or PPS (Precise Positioning Service) modules. Position tracking via the IMU remains 
error-prone and unreliable for measuring travel distance but can indicate movement direction. Replacing it with a 9DOF 
(Degree of freedom) sensor may resolve these issues by compensating for external forces such as gravity. 

 
References 

[1] Xio Technologies, "Oscillatory Motion Tracking With x-IMU," GitHub Repository, [Online]. Available: 
https://github.com/xioTechnologies/Oscillatory-Motion-Tracking-With-x-IMU. [14-Mar-2024] 
[2] u-blox, "Content Hub," u-blox AG, [Online]. Available: https://content.u-blox.com. [18-Apr-2024] 
[3] BMI160 is a sensor for measuring Acceleration and Gyroscope 
[4] ESP32 is a Microcontroller which have wifi integrate allow to communicate wirelessly  
 



Development of celestial object pinpointer equipment :  Sky Object Beam (SOB) 
Mr. Yossawat Lohasiriwat (Grade 9), Mr. Puripat Thangsurbkul (Grade 9) 

[Chulalongkorn University Demonstration Secondary School, Bangkok, Thailand] 
 

           Abstract 
 Developing devices that can shorten the amount of time to search, pinpoint and track celestial objects accurately 
makes astronomical activities work efficiently. It starts with searching for the database, writing code, creating the physical 
part of the device, and testing its efficiency. The test results lead to the development of a more accurate, portable, and 
easy-to-use celestial object finder.  

Research background 
The study of Astronomy at the youth level requires astronomical observation activities allowing students to see 

the beauty of celestial objects. It helps them to understand the changing phenomena that underpin sustainable living. 
However, if there is a telescope with a device that includes an automatic celestial-boy-tracking-system, it will make 
observations in light-polluted areas, which it is difficult to observe with the naked-eyes, much more convenient. The 
objective of this project is design, create, test, and develop devices that can search, pinpoint, and track celestial bodies 
accurately. 

Method and Result 
1. As part of our research, we used the “Sky Field Library” as a database system, which has a total of 127 celestial 

objects; it includes 119 stars, 7 planets, 1 of dwarf planet and 15 deep-sky objects. 
2. The device was designed and printed using 3D printers as shown in Figure 1. The code was written to control the 

motor and calculate the celestial object’s coordinates using Sidereal time [1], hour angle, Right ascension and Declination. 
3. The device was used to point at celestial objects to find its accuracy. The results are shown in table 1. 

From the data as shown in table 1, it was found that the values of angles calculated by the device were accurate 
when compared to the Stellarium. However, the motors were still not accurate enough. As a result, when adjusting the 
telescope at the laser, the desired object couldn’t be seen in the field of view (fov) of the telescope’s eyepiece. In addition, 
the scale values on the device set did not meet the standard when compared with the scale on the telescope. 

Discussion and summary 
 After testing the first version, it was found that there were accuracy issues, the motor was overheated; there 

were also power surges due to improper circuit connections. Lastly, the installation was quite difficult. For the second  
version we induced the following improvements: GPS, rotary encoder, compass sensors; we improved the motor control. 
circuit, level adjustment system and laser position. The updated version can be used and shown in figure 2. 

Reference 
  [Royal Belgian Institute for Space Aeronomy] [1] https://www.aeronomie.be/index.php/en/encyclopedia/sidereal-

day-definition [Sidereal day, a definition] (30/3/2024)  
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