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Do you need longer text?

The state-of-the-art James Webb Space Telescope (JWST) has:
● ~65 GB storage capacity
● ~60 GB is downlinked per day at 28 Mbps
● Contact with Earth exists only 8 hours per day → lots of downtime

JWST is at L2, but even satellites in LEO (like CuRIOS-ED) struggle with bandwidth.

There certainly is a desire to collect more data: at the extreme, ground-based telescopes like the 
Square Kilometer Array will collect ~1 exabyte per year / 3 Tbps, which is 40,000x JWST.
● Transporting this data even on the ground is a challenge, so compression is needed!

01: The Problem

https://jwst-docs.stsci.edu/jwst-observatory-hardware/jwst-solid-state-recorder
https://arxiv.org/pdf/2409.11471
https://indico.skatelescope.org/event/427/contributions/4238/attachments/3526/4655/Bolton_UCAM_Kernel_workshop_overview_Nov16.pdf
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https://www.researchgate.net/figure/Evolution-of-Astronomical-Surveys-Data-Volumes-Surveys-correspond-to-in-chronological_fig1_374313893
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https://indico.skatelescope.org/event/427/contributions/4238/attachments/3526/4655/Bolton_UCAM_Kernel_workshop_overview_Nov16.pdf
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    Min compression bitrate = entropy of X.           Density estimation = lossless compression. 

02: Shannon’s Theorem

https://davidrosenberg.github.io/ml2015/docs/14a.information-theory.pdf
https://en.wikipedia.org/wiki/Huffman_coding#/media/File:Huffman_tree_2.svg
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RICE (used in astronomy today)
● Lightning fast, almost no spatial information used, entropy coding 

assuming Geometric distribution
HCOMPRESS, JPEG-2000
● Wavelet transforms + entropy coding
● Sometimes use other things like run-length encoding and LZ77

JPEG-LS
● Autoregressive prediction w/ context modeling + entropy coding of 

residual
JPEG-XL
● All of the above on steroids

03: Existing Codecs

https://en.wikipedia.org/wiki/JPEG_2000
https://en.wikipedia.org/wiki/Lossless_JPEG
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04: Our Dataset

https://openreview.net/forum?id=kQCHCkNk7s&nesting=2&sort=date-desc
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05: ML Methods: IDF

● Normalizing flows
● Integer operations only, to avoid lossy quantization at the end
● Factored logistic mixture distribution enforced on z
● During decoding, we only have to decode the latent z based on the 

logistic mixture
● Incentive to decorrelate z_i is implicit in the “factored” distribution.

That s̓ why we donʼt just compress x instead of z
● Jacobian = 1
● Exact density p(z)=p(x) is known

https://arxiv.org/pdf/1905.07376
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05: ML Methods: PixelCNN++

● Autoregressive
● Predict distribution over possible values

Again, logistic mixture (discretized)
● Simple, similar to JPEG-LS
● Parallelizable encoding, slow decoding
● Exact density p(x) is known

https://arxiv.org/pdf/1606.05328
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05: ML Methods: L3C

● Basically an autoregressive model that 
models features at different scales 
autoregressively rather than every single pixel

● Thus, it s̓ super fast
● Parallels to U-Net: D(k) passes skip 

connections to D(k-1)
● It s̓ cool and creative but not that effective

https://arxiv.org/pdf/1811.12817


Do you need longer text?

05: ML Methods: VDM
● Imagine 1 VAE… a VDM is ~a bunch of stacked 

VAE s̓ where each one is predicting the slightly 
denoised image instead of reconstructing the 
whole image

● Issue: latent is always a sample of a random 
distribution. Need “bits-back” coding to actually 
do compression

● Transmit the noisiest latent z_1 with prior p(z_1)
● Encode residuals at each stage of VDM with 

p(current z | previous z)
● It s̓ like a diffusion model where we always have 

the exact correct image at each stage
● Extremely slow (but optimizations exist)

https://arxiv.org/pdf/2006.11239
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06: Results

https://openreview.net/forum?id=kQCHCkNk7s&nesting=2&sort=date-desc
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06: Results
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07: Analysis

https://openreview.net/forum?id=kQCHCkNk7s&nesting=2&sort=date-desc
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07: Analysis

https://openreview.net/forum?id=kQCHCkNk7s&nesting=2&sort=date-desc
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08: Future Directions

● Near-lossless compression
● CuRIOS satellite
● Autoregressive modelsʼ encode-decode time tradeoff
● More work on 3D / 4D data cube compression

https://www.nasa.gov/what-are-smallsats-and-cubesats/
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Published! (to an ML Audience)

External sources can be found by clicking any image in this slides file, which can be 
found at: https://github.com/tuatruog/AstroCompress

https://openreview.net/forum?id=kQCHCkNk7s&nesting=2&sort=date-desc
https://huggingface.co/AstroCompress
https://github.com/tuatruog/AstroCompress

