My final project aimed to communicate how L.L.A.M.A.S. (The Large Lenslet Array Magellan
Spectrograph) sees the universe and the process of isolating relevant scientific data from
this perspective. | chose to sonify background data created by the atmosphere by pixelating
raw data from 21 2048x2048 images (see Figure 1) into 21 60x14 images (see Figure 2).
These were then stacked by wavelength and camera type (red, green, blue) into three
480x14 images. Each image was mapped to represent the notes of two octaves of a C
major scale, arranged horizontally. To make the sound musical and not overwhelming, |
selected the three brightest pixels in each row (see Figure 3), creating distinct melodic
lines. Each image was assigned a different instrument with a distinct pitch range: harp for
red (which resembled an acoustic bass), palm guitar for green, and clay flute for blue (see
Figure 4). Since the clay flute part didn't vary much and sounded repetitive, | modified the
code to generate new MIDI notes only when the pitch changed.

Normalized Greyscale FITS Image (Extension 16)
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Figure 1: Image 16(/21): The 2048x2048 raw output image from the red camera of spectrograph 6(/8)
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Figure 2: Image 16 after being pixelated to 60x14
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Figure 3: Image 16 pixelated to 60x14 with only the 3 brightest pixels of each row displayed



Pixelated RGB Stacked Images

Figure 4: All images pixilated, stacked, and color coded (approximate representation of the piano scroll
for the background)



| then worked to isolate the target object, a high redshift quasar, most clearly visible in rows
1232 to 1265 of image 16 (see Figure 5 & Figure 6). By zooming in, | noticed the spectra had
a slight tilt (~0.75 degrees), which appeared steeper when zoomed into the 33-pixel tall
region (see Figure 7). | rotated and cropped this region to a height of 8 pixels (see Figure 8),
adjusted for curvature likely caused by lens distortion, and averaged the three most
consistent rows to obtain a final raw spectrum (see Figure 9 & Figure 10).

Normalized Greyscale FITS Image (Extension 16)
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Figure 5: Image 16 with the spectra of the high red-shift quasar circled in red



Normalized Greyscale FITS Image (Extension 16)
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Figure 6: image 16 zoomed into rows 1000-1500 to make it easier to see the high red shift quasar spectra
circled in red



Normalized Greyscale FITS Image (Extension 16)
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Figure 7: Image 16 zoomed into rows 1232-1265
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Figure 8: The Target Object spectrum rotated to be roughly horizontal and cropped to a height of 8 pixels



Target Object Spectra
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Figure 9: 1 row target object spectrum in grayscale (1x2048)
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Figure 10: Graph of Raw Target object spectrum pixel intensities

This raw spectrum still included atmospheric interference, so | repeated the process on a

nearby spectrum (rows 1132-1165) to obtain a control sky spectrum (see Figure 11 and

Figure 12). | alighed and subtracted this sky spectrum (shifted four pixels left, determined
via trial and error) from the quasar spectrum (see Figure 13 & Figure 14). | then filtered out
sharp spikes and dips, indicators of atmospheric interference (see Figure 15 & Figure

16),and applied a median filter to smooth the data (see Figure 17 & Figure 18). Finally, |
pixelated the data into 100 bins along the x-axis and 14 bins along the y-axis, creating a
100x14 matrix that was then converted into a MIDI file and used as the melody (Figure 19).
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Figure 11: 1 row sky/control spectrum in grayscale (1x2048)
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Figure 12: Graph of Raw sky/control spectrum pixel intensities
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Figure 13:1 row Target object(-atmosphere) spectrum in grayscale (1x2048)
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Figure 14: Graph of row Target object(-atmosphere) spectrum pixel intensities
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Cleaned spectrum without skyline spikes
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Figure 19: The target object spectrum pixelated into 100 x bins and 14 y bins

| adjusted dynamics within the piece to enhance the experience: isolating each instrument
early on to make them more audible and easier to hear throughout the piece, remixing the
introduction of the target melody to build suspense, and creating a strong crescendo when
the target melody entered, followed by a second dynamic rise and a gradual fade (see
Figure 21). These musical dynamics were designed to emphasize the target object. | also
incorporated a wind audio file, mapping its pitch to the vertical position in the image to
convey a sense of downward movement and transitions between images (see Figure 22).
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Figure 20: Ableton 12 arrangement




Figure 21: Midi Velocity Envelopes to demonstrate use of dynamics
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Figure 22: Wind howling audio file pitch envelope

This was a solo project, so | created everything myself. However, | made extensive use of
GitHub Copilot and ChatGPT to assist with function writing and debugging. | would
describe the functionality | needed, have Al generate code, verify its correctness, and then
use or adapt it as necessary. This was particularly helpful because | had limited experience
generating MIDI data or animating plots in Python.

To realize my creative goals, | had to learn how to create both MIDI files and animations
using Python. | also gained valuable experience in using Python for scientific data analysis
and learned more about the intersection of astronomy and computer science, especially in
the context of spectrography.

One major challenge was making the data sonification both musically engaging and
informative, especially since | wanted the audio to stand alone even without visuals.



Creating musical interest from relatively static or repetitive data was difficult, but |
addressed this through the use of musical dynamics, layered instrumentation, and careful
structure. Time was another challenge, as | was balancing this with other demanding
coursework, particularly my MQP.

When it came to preparing for the final concert, | found myself in a bit of a bind. I'm not a
huge fan of performing in front of people, | prefer to create and then explain my work rather
than perform in front of people. Because of my other obligations, | didn’t finish the project
video until the morning of the concert, and wasn’t sure if | would need to presentit. As a
result, | had to improvise a presentation on the spot. While it wasn’t a disaster, it definitely
could have gone better. | rambled at times and missed some key points, but overall, | was
proud of what | created and was happy to share it with others.

This course helped me discover new ways to merge science and art. Initially, | worried that
turning data into music in the way | wanted would feel more like a technical exercise than a
creative one. While | do enjoy technical work, | happen to be doing quite a lot of it, and
music is one of a few creative outlets | have, so that was one of the few things | didn’t like
about my project idea. However, when doing the project, | was pleasantly surprised by how
much room there was for artistic decision-making, especially around dynamics, phrasing,
and structural choices. The raw sonified data wasn’t very musically compelling on its own,
especially stretched out over such a long time. This actually allowed me to use my musical
skills to shape it into something more expressive, which was an enjoyable creative
exercise.

| absolutely plan to continue creative work in the future. | often struggle to find time and
energy for music, which is why | chose to make it my humanity’s concentration; to make it
part of my education rather than an extracurricular. When it comes to this project
specifically, | built the code to be highly adjustable in terms of keys, octaves, pixelation,
and the specific parts of the data being analyzed. Because of time constraints, | didn’t fully
explore all these possibilities. I’d love to go back and experiment more, for example,
refining the pixelation method to better capture the "shape" of the musical data, or
adjusting how many notes are played at once. There’s a lot of creative potential still left to
explore.



