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Objectives ApproaCh and Results Identifying Regions-of-Interest in Wavelet domain for Compression of ISS-Rings:

. _ We investigated methods to identify potential regions-of-interest based on auto-correlation in the transform domain.
ln® @Esive e ik Sty HES 10 [IEles eeeinsee Titan Haze Retrievals: Focusing on ISS Saturn-rings images, we found that when the downlink bandwidth is highly constrained, subtle
Sl compression gl Eleiee o euer Selel We found that a small number of Daubechies (db5) and ICER wavelet transform coefficients capture most of the “propeller” structures [4] can be lost in a general compression framework due to their low amplitudes. By applying a
system msErument conc:,epts. We sough’s i2 augmgnt information content of Titan images. Using a network design motivated by [2], shown in Fig. 1, we were able to encode wavelet domain auto-correlation, we were able to illuminate these features in multiple subbands. We could then
sizlellel eituesell  Zlgpriinms st - el the residuals of the images after removing a fixed set of wavelet coefficients. We pruned our training set to image prioritize the associated wavelet coefficients during compression, and preserve the regions-of-interest. (Fig. 4)

learning to discover improvements in the source
encoder/decoder’s ability to optimally allocate
compressed bits and minimize distortion. We aimed to
characterize the impact of these algorithms on
scientific retrievals.

subsections deemed likely to contain detached haze [3]. The network learned how to encode/decode image residuals
to preserve the detached haze better than by simply keeping substantially more wavelet coefficients, and compressing
at a higher overall factor. (Fig. 2) In some test cases, we were able to retrieve detached haze from only 1% of the db5
wavelet coefficients with full floating point precision, combined with neural network assistance, compressing by an
overall factor of 9.8. By comparison, we were unable to recover the detached haze without the neural network, even
We benchmarked our algorithms’ performance using after keeping ten times as many wavelet coefficients---compressing only by a factor of 2.5. (Fig. 3)

Tie Point Matching in Icy Satellites:

Analyzing flyby image sequences of Saturn’s icy satellites, we found that by using earlier images to predict later ones,
we can increase our overall compression rate for a given level of distortion. Using images of Tethys, we attempted to
co-register successive images with translations described by few bits. Using earlier images to predict later ones, we
applied the wavelet/neural network approach from our Titan haze retrievals to compress the residuals between each
o _ , image and its prediction. Our results indicate that using image prediction, we can achieve lower distortion compared to
data from the Cassini Imaging Science Subsystem compressing the original image even when storing only half as many db5 wavelet coefficients (0.5% compared to 1%

(S, 1) [PEIEUIED, e asses:seq their DEEE on 1,) of the total coefficients), increasing our compression factor from 9.8 to 12.1. (Fig. 5)
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images of flyby encounters with Saturn’s icy satellites.
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compression rate. This would change the paradigm by promises a significant impact on future mission concepts by
which instrument science teams currently perform Figure 1. A single iteration of the networks used to encode/decode image residuals after applying wavelet-based compression. The network applies a series of convolutional either returning significantly more data, allowing more
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transforms. could be used to compress Cassini data Figure 2. Results of compressing a Titan haze image. The leftmost figure is the original image. The center shows the error pattern _ . _ N
y _ _p _ in the reconstructed image from storing 3% of the coefficients of the db5 wavelet transform (compressing by a factor of 8.33). The Figure 3. Pixel values of original and reconstructed images of Titan haze. Applying retrievals. We envision a JPL-supplied spacecraft facility
more agg_re_SSIvel_y than the Cassini team had, without right image is the error using only 1% of the db5 coefficients, with neural network assistance (a compression factor of 9.8). The the network from Fig. 1 to the image residual after storing 1% of the db5 wavelet compressor hosting a library of compression schemes
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data by identifying prominent information-bearing
structure.

coefficients, compressing only by a factor of 2.5.

Machine learning allows us to address this problem in
an automated fashion. Neural networks can be trained
to optimize transformation and bit-allocation schemes
for encoding data in compressed form, and for
decompression and post-processing. Combining them
with conventional algorithms known to perform well on
specific data, we can achieve even more aggressive
compression rates without sacrificing the scientific
integrity of the data.
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5% of the coefficients from which to restore the image. ROI transform compression substantially some of the finer topographic features of the image, as well as reduce compression artifacts.
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