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Abstract: The Orion Nebula (M42), which is among the most beautiful and prominent star-forming areas
in the evening sky, presents an interesting region to examine stellar life cycles and interstellar gas dynamics. In
this study, we used an Astromaster 130EQ telescope with clear night sky conditions to observe the Orion Nebula
and take high-resolution photographs of celestial beauty. Our main interest was in examining the dimensions and
structural features of the nebula, such as its bright spots and dark spots, clouds of gas, and star-forming regions.
After observing, we employed the DeepSkyStacker image processing software to improve the raw images by
stacking several exposures, minimizing noise, and enhancing detailed features of the nebula. This enabled us to
achieve a final, clear image that displays key features like the Trapezium Cluster and surrounding gas clouds. By
this research, we hope to add to the knowledge of the physical characteristics of the Orion Nebula, specifically its
gas content and star-forming activity. Our astrophotographic examination illustrates the capability of utilizing
ground-based telescopes combined with sophisticated image processing methods to probe distant star-forming
regions with unprecedented clarity.
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1. Introduction

he Orion Nebula (M42) is among the most intriguing and researched areas in the night sky, famous for its

luminosity and closeness to Earth. Situated within the sword of the Orion constellation, it is about 1,344 light-
years away and 24 light-years wide. This nebula is a star nursery, where new stars are created out of gas and dust
clouds, and it is thus a major target for both amateur and professional astronomers. Its glowing gas clouds and
delicate structures give a glimpse into the beginning of star formation, and thus the Orion Nebula is a key area of
study in terms of learning about the processes that form our universe. As a nursery of stars, the Orion Nebula is
an important source of knowledge in deciphering the secrets of how stars and planetary systems form. In its
shining clouds, the creation of young, heavy stars lights up the ambient gas, producing awe-inspiring spectacles.
Of its most impressive attractions is the Trapezium Cluster a dense cluster of new stars that produce powerful
radiation, influencing the surrounding gas and igniting star formation. The Orion Nebula also contains proto-
stellar disks or spinning disks of gas and dust orbiting young stars, thought to be the forerunners of planetary
systems. These features make the nebula a prime target for observing not just stellar formation but also the
evolution of planets and solar systems [1]. More than its aesthetic value, the study of the Orion Nebula is
important. It offers astronomers a natural laboratory for investigating the lifecycle of stars, from their origin to
their interaction with the material around them. The nebula's intricate gas dynamics, including ionized hydrogen
clouds (HII regions), dust lanes, and molecular clouds, provide excellent information on the nature of interstellar
gas and how it fuels star formation. Also, by studying the interaction between young stars and the nebular material
surrounding them, scientists can better understand cosmic processes that shape the evolution of galaxies. The
research on nebulae such as Orion is essential in creating models that explain stellar evolution and planetary
system formation, which helps in understanding the cosmos at large. In this study, our initial goal is to record and
explore the complex structures of the Orion Nebula based on astrophotographic principles. We applied an
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Astromaster 130EQ telescope for observing the nebula during the night with transparent skies, tending to analyze
its structural lengths and gas qualities. The recordings we obtained from the nebula were processed employing the
DeepSkyStacker tool, enabling us to minimize noise, stack shots, and enlarge details to yield high-quality
unprocessed images. These images processed files will be examined in order to study the gas clouds, proto-stellar
disks, and young star clusters present within the nebula. With these elements at the center, our research seeks to
add to what is currently understood about how stars and planetary systems develop within such dense areas of
space.

2. Literature Review

The Orion Nebula has long been of interest to astronomers because of its distinctive properties and significance
in star formation. Throughout history, many studies have helped us to understand this star nursery. The nebula
was historically observed to be an area of active star birth, specifically with the detection of the Trapezium Cluster,
a collection of young, massive stars located at its core. Goudis (1982) and O'Dell (2001) research assisted in
defining the nebula as a prime site for observing early stellar evolution [2]. There were more recent scientific
works emphasizing gas dynamics inside the Orion Nebula, such as how its regions of ionized hydrogen (HII)
behave and its molecular clouds. Nebula gas clouds contribute substantially to the formation of stars, following
observations by Bally et al. (2008) based on the power of gravity acting to cause a collapse in gases leading to
star births. From these research outputs, there emerge indications that stress the nebular environment as factors
responsible for producing stellar-formative processes. In addition, technological advancements in multispectral
imaging have allowed astronomers to more comprehensively know the structure of the nebula. Research
employing the Hubble Space Telescope and other sophisticated telescopes, including that of Robberto et al.
(2013), has given us clear images that expose the complex gas structures, dust lanes, and proto-stellar disks in the
nebula. This has contributed to a greater understanding of the way stars influence their surrounding material,
especially in areas such as the Orion Nebula, where stellar radiation profoundly influences the gas surrounding it

[3].
3. Materials and Methods

This section outlines the detailed process used for capturing and processing the images of the Orion Nebula,
from the equipment set up to the analysis of the final images. Our methodology relied on accessible tools and
software, allowing us to obtain high-quality images and explore the various Nebula regions in depth.

3.1. Observation Setup

For this research, we used the Astromaster 130EQ, a reflector telescope well-suited for deep-sky observation
(Figure. 1). The telescope has a 130 mm aperture and a focal length of 650 mm, providing excellent light-gathering
capabilities for observing dim objects like nebulae. We employed two eyepiece lenses during our observations: a
20 mm lens for a wider field of view to capture more of the nebula’s outer gas clouds, and a 12 mm lens to focus
on the central regions, including the Trapezium Cluster. These lenses allowed us to cover different parts of the
nebula effectively.

A
Figure. 1 Astromaster 130EQ telescope used to capture the Orion Nebula.
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To track the Orion Nebula, we used the Star Walk 2 application, which helped align and maintain the
telescope’s position accurately throughout the observation session (Figure. 2). This app is useful for ensuring that
the telescope continuously tracks the movement of celestial objects in real time, accounting for Earth’s rotation.

16 Aurigae

Figure. 2 Star Walk 2 application used to locate the Orion Nebula.

To capture the images, we attached a 50 MP mobile camera to the telescope using a smartphone adapter.
The camera settings were optimized for night sky conditions. The shutter speed was set to 10 seconds to allow for
long-exposure shots that capture more light from the nebula. The ISO was set to 1600, balancing sensitivity and
noise, which enabled us to capture faint details without introducing excessive grain in the image.

3.2. Image Acquisition

During the image acquisition process, we focused on capturing multiple raw images of the Orion Nebula. By
using 10-second long-exposure shots, we ensured sufficient light was gathered to reveal the nebula’s intricate
details, including gas clouds and star-forming regions. Since long exposures increase the risk of star trails due to
Earth’s rotation, precise tracking was crucial to keeping the nebula within the telescope’s field of view without
introducing blur [4]. Throughout the observation session, we took multiple shots from different angles to capture
the full structure of the nebula. This included both wide-field shots to encompass the surrounding gas clouds and
more focused shots of the central region. By slightly varying the exposure times across multiple frames, we aimed
to capture both the bright regions and the fainter outer areas of the nebula.

3.3. Image Processing

After capturing the raw images, the next step involved processing them to bring out the fine details of the
Orion Nebula. For this, we used DeepSkyStacker, an image processing software specifically designed for
astrophotography. DeepSkyStacker allows users to stack multiple images, effectively reducing noise and
enhancing the clarity of the final image (Figure. 3). The first step was aligning the images in DeepSkyStacker to
correct any slight shifts that occurred during the observation. The stacking process combined all the raw frames,
improving the signal-to-noise ratio and revealing fainter details of the nebula, such as its outer gas clouds and
darker regions. This process also helped to minimize distortions caused by atmospheric turbulence and other
factors. Once the images were stacked, we applied additional processing techniques to enhance contrast and
highlight the fine structures of the nebula. By adjusting levels and curves, we were able to emphasize the bright
central region, where the Trapezium Cluster is located, while preserving the fainter regions. The contrast
enhancements revealed various colors of the nebula, such as ionized hydrogen (HII) regions in red and cooler gas
clouds in blue and purple hues [5][6]. Noise reduction was also applied to remove any remaining graininess,
particularly in the darker areas of the image. Finally, we fine-tuned the brightness and sharpness to produce a
clean, well-defined representation of the Orion Nebula.

3.4. Data Analysis

With the processed images in hand, we conducted a detailed analysis of the Orion Nebula, focusing on its
gas clouds and star-forming regions. The Trapezium Cluster, located at the Nebula’s center, was a primary area
of interest, as it plays a crucial role in shaping the surrounding gas and dust through its intense radiation. By
closely examining this region, we were able to study the interactions between young stars and the nebula’s gas
clouds. We also analyzed the Nebula’s outer regions, where we observed complex structures of ionized gas and
darker dust lanes. These areas are of particular interest because they represent the early stages of star formation,
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where gas collapses to form new stars. By comparing our processed images with existing data on the Orion
Nebula, we were able to identify regions where active star formation is occurring, contributing to the ongoing
understanding of stellar birth in such nebulae.
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Figure. 3 DeepSkyStacker application used for stacking images to improve quality.

4. Results and Discussion

This section presents the major findings from our study based on the captured and processed images of the
Orion Nebula. Using long-exposure astrophotography techniques, we were able to capture and enhance the
detailed features of this stellar nursery. The following sections analyze the images, highlighting key areas such as
the Trapezium Cluster and the surrounding gas clouds, as well as providing a comparative analysis of raw versus
processed images [11].

4.1. Captured Images

The initial images captured using the Astromaster 130EQ telescope and a 50 MP smartphone camera provided
a basic view of the central area of the Orion Nebula. However, these raw images were highly noisy and of lower
quality due to ambient conditions. Figure 4 shows the raw image, where the central bright region is visible, but
finer details—such as the soft gas clouds and star-forming regions—are difficult to distinguish. The colors of the
nebula, including the red hydrogen regions and star details, appeared muted due to the absence of image
processing.

Figure. 4 Raw image of the Orion Nebula taken with a 50 MP phone camera, 10-second exposure time, ISO 1600.

After stacking the raw images using DeepSkyStacker, the quality of the image improved significantly
(Figure. 5). Stacking multiple exposures reduced noise and enhanced the resolution of the nebula’s delicate
structures. The bright central region, where the Trapezium Cluster lies, appeared much sharper, and the nearby
gas clouds became more defined. The distinct red and blue hues of the nebula also emerged more vividly, revealing
its layered structure [7].
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Figure. 5 Stacked and de-noised images of the Orion Nebula, revealing enhanced details of gas clouds and the
Trapezium Cluster.

4.2. Important Features of the Processed Images

The processed images revealed significant features of the Orion Nebula, providing deeper insight into the
structure of this stellar nursery. The central region, home to the Trapezium Cluster, appeared prominently in the
images, with its luminous stars illuminating the surrounding nebular material. This area is crucial for studying star
formation processes, as radiation from these young stars ionizes the surrounding gas [12]. The red and orange
regions in the processed image represent ionized hydrogen gas (HII regions), excited by ultraviolet radiation from
nearby stars. These red areas, which were barely visible in the raw image, became clearly defined after processing.
Additionally, the image revealed dark regions where dense dust clouds absorb light, creating high-contrast zones
that enhance the three-dimensional appearance of the nebula. The outer fringes of the nebula, previously hazy and
indistinct, were also brought into sharper focus. The blue and purple regions in these outer areas correspond to
cooler gas and dust, less affected by radiation from the central stars. These outer zones are essential for assessing
the Nebula’s future star-forming potential, as they contain the raw materials needed for the formation of new
stellar systems [8][9].

4.3. Observations from the Processed Images

The contrast between the raw and processed images underscores the power of astrophotography in revealing
hidden details of celestial objects. While the raw image offered a general overview, much of the nebula’s fine
structure was obscured by noise and atmospheric distortion. Image processing unveiled the nebula’s complexity
and beauty, showcasing the intricate interplay of stars, gas, and dust. The processed images also provided clearer
views of protostellar disks, or proplyds, orbiting stars within the Trapezium Cluster. These regions are vital for
studying early star formation, as they mark sites where new stars are actively forming from surrounding gas and
dust [10].

5. Conclusion

In this study, we successfully captured and processed images of the Orion Nebula using the Astromaster
130EQ telescope and a 50 MP smartphone camera, followed by detailed image processing with DeepSkyStacker.
While the raw images offered an initial glimpse of the nebula, image stacking and noise reduction techniques
significantly enhanced the visibility of key features. The processed images enabled a more detailed exploration of
the Orion Nebula’s structure. The Trapezium Cluster, a critical star-forming region, became much more
prominent, clearly demonstrating the interaction between young stars and the surrounding gas. The nebula’s vivid
red and blue hues—representing ionized hydrogen and cooler dust regions—were brought into focus, offering a
clearer view of the dynamics within this stellar nursery. By comparing the raw and processed images, we
highlighted the importance of image processing in astrophotography, particularly for observing deep-sky objects
like the Orion Nebula. These techniques not only enhance image clarity but also provide a deeper understanding
of the physical processes occurring within such celestial bodies. Overall, this study emphasizes the significance
of the Orion Nebula as a site of active star formation and demonstrates the effectiveness of accessible tools for
amateur astronomers. Our findings contribute to the broader understanding of stellar nurseries and showcase how
basic equipment, and proper techniques can yield meaningful scientific insights.
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