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Abstract:

Hyperspectral imaging Is an ubiquitous technique in solar physics observations and the
recent advances Iin solar instrumentation enabled us to acquire and record data
at an unprecedented rate. The huge amount of data which will be archived in the
upcoming solar observatories press us to compress the data in order to reduce the
storage space and transfer times. The correlation present over all dimensions, spatial,
temporal and spectral, of solar data-sets suggests the use of a 3D base wavelet
decomposition, to achieve higher compression rates. In this work, we evaluate the
performance of the recent JPEG2000 Part 10 standard, known as JP3D, for the
compression of several types of solar data-cubes.

@lgesicie
[ ]

Y Axis

INTRO:

The new instrumentation at the foci of the 4m class solar telescopes will stream data at
a ~1GB/s rate. This rate and the typical 9h duration of the observation runs will very
probably exceed the storage and the transmission capacity of even the largest science
facilities. This amount of data should be compressed and made available to
download within the next observation run at the observatories. Then the data will be
downloaded and decompressed by the users around the world.

We choose the OpenJPEG JP3D compression for this analysis because it is efficient,
open-source and well documented.

The data-sets:

Sample images from the Quiet Sun data-set data-cubes. Upper-left: G-band image;
Upper-right: Broad-band image; Lower-left: Stokes-I image near the core of the Fel 630.2
nm line; Lower-right: Stokes-V image near the wing of the Fel 630.2 nm line.
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Sample images from the Pore data-set data-cubes. Upper-left: G-band image; Upper-
right: Broad-band image; Lower-left: Stokes-I image near the core of the Fel 617.3 nm
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line; Lower-right: Stokes-V image near the wing of the Fel 617.3 nm line.

Spatial

Y Axis [arcsec]

20

0

~
@
|

»

\I\\II{I\Il\|\\I\\I‘II\I\\I\I'\I\\I\II\I\\

8

10
X

20 30 40

Sample images from the Pore data-set data-
cubes. Upper: Stokes-1 image near the core of
the Call 854.2 nm line; Lower: Stokes-I image
near the wing of the Call 854.2 nm line.

OpenJPEG is an open-source JPEG2000 codec written in C language. Type megeSize  N.offames  Repetons o SPUE  picel Scale ” il il . B i central part ofal the images anl thetr values have
. - 0 G-BAND 1024%1024 3 80 0.10" 0.04" .
It has been developed in order to promote the use of JPEG2000, a still-image G-BAND 102061024 18 50 016" 005" PPy R— . o g . becn separawely lincarly scaled to saturate  the
compression standard from the Joint Photographic Experts Group (JPEG). SROAD-BAND | 298286 | 210 0 o0 o1 FoSTOKES | 256x256 21 80 036" 067" The compression and decompression testshave
Since May 2015, it is officially recognized by ISO/IEC and ITU-T as a JPEG2000 T N - FeSTOKES v | 2meess | e oz~ | oser- Core Processor 44005 with 5B RAM, 750G
Re ference SO ftware © ' ' Ca STOKES | 256x512 21 80 Varying 0.167' Ellrt;ih;? el()lzil;sgroi)lggggghse;ﬁeglrive and 64bit
The RESUItS: Description Size [MB] CR AVE CR min CR MAX BPV AVE t Comp [s] t Decomp [s]
To summarize the results of our analysis: Quiet Sun Data
a) The performance of the 3D compression varies with the data-type: G-band are the most Broadbandxyt[256,256,270] 68.0 57 52 9.9 5.7 250 32.0
compressible (3 BPV-bits per voxel), while Stokes | are the less compressible (7 BPV); 16bit Broad-band x,,t [256,256,270] 34.0 21 26 30 6.0 264 334
b) The CR (compression ratio) is about twice as large as in the case of the 2D JPEG2000 compression; ~ ©¢Pandxy:[1024.1024.18] 720 103 o1 149 32 230 350
c) The gain in ordering data in [x,y,At] or [X,y,t,A] is apparently negligible; E'Ea“;’ ot EEBE;OZS‘ﬁfl‘ZﬁS] 1?2060 Zj 6”5 7”5 j: 3;";’ 51608'60
d) The algorithm seems to be efficient in handling large files, with little differences in compressing a ST;:E;“ A[256[256’45]’ ! s )y . - . - -
" X,Y, ) ) . . . . . . .
single large data-cube or several smaller data-cubes; ’
. . . . . STOKES I x,y,t [256,256,50] 12.5 4.3 4.1 5.1 7.3 6.3 8.2
e) The spatial correlation present in data which are super-sampled with respect to the telescope cutoff
frequency leads to a +33% in compression rate. Obviously, that super-sampling required 4 times the .. ... 2" 2202 ®) o > > > > - >
g y _ _ p ' y: P pling g STOKES V x,y,t [256,256,50] 12.5 5.8 5.5 6.5 5.5 5.0 6.9
number of voxel, leading to 4x the initial data volume. STOKES IV x.y.A [512,256.45] 230 4o i1 42 . 115 140
Pore Data
We also note that, even considering an enhancement of the data processing capabilities In the  goaghand oy [256512.21] 10.5 8.5 6.9 10.6 28 31 44
foreseeable future, the compression time will be a crucial factor. 16bit Broad-band x.y.t [256,512,21] 5.2 16 3.9 5.3 3.5 3.1 4.
In fact, the acquisition rates are likely to increase up to ~100 1024x1024 pixel images per second and  c.band xy,t [1024,1024.3] 12.0 12.0 9.7 14.7 2.7 2.7 3.9
real time compression of the data-sets may not be feasible. This has to be taken in consideration in the  c-vand xy.t BIG [1024,1024,240] 960.0 10.3 I Il 3.1 268.0 376.0
observatory daily schedule. STOKES I x,y,\A [256,512,21] 10.5 7.1 6.4 8.2 4.5 4.2 6.5
STOKES I x,y,t [256,512,80] 40.0 7.1 6.5 7.6 4.5 16.0 25.0
STOKES V x,y,A [256,512,21] 10.5 7.8 1.2 8.7 4.1 3.9 5.8
STOKES V x,y,t [256,512,80] 40.0 7.8 6.9 8.4 4.1 13.9 21.8
STOKES IV x,y,A [612,512,21] 21.0 6.6 6.2 7.0 4.9 8.7 13.0
STOKES | x,y,\A [256,512,21] Chromosphere 10.5 6.4 5.9 7.1 5.0 4.4 6.7
STOKES I x,y,t [256,512,80] Chromosphere 40.0 6.4 5.8 7.3 5.0 16.8 25.4




