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(zoals of this talk

* Convince you that noise is the limiting factor in lossless
1mage compression

* Promote the use of tile-image compression, instead of
just using GZIP



Importance of Image Compression
(Obvious)

* Planned new missions will produce petabytes of data.
* Image compression is important to both producers
and users of the data, to:
— Reduce storage media costs
— Shorten network transfer times
— Reduce CPU times for data analysis (potentially)



What is FITS Tiled-Image Compression?

* A relatively new FITS format for compressed images.
- See Pence, White, Greenfield, Tody, ADASS IX, 1999.
* Method:
1. Divide image into rectangular tiles (usually 1 row).
2. Compress each tile.
- use Rice, Hcompress, GZIP, or PLIO
3. Stuff the compressed bytes into the corresponding row
of a FITS binary table.

* The compressed image is physically stored in a binary
table, but access software treats it as a logical image.



Advantages of Tiled-Image Compression

* Faster & gives greater compression than GZIP.

* Header keywords remain uncompressed for fast access.

* Don't have to uncompress the whole image to read a
small section.

* Don't have to uncompress the entire file to read 1 image
extension in a Multi-extension FITS file.

A number of major data producers are currently
evaluating this format for production use.



How Noise Limits Compression

* Fundamental principle: Noise is incompressible.
— The noise bits in each image pixel absolutely
cannot be compressed.
* Example: 16-bit integers containing 6 bits of noise
— Even if the 10 non-noise bits can be infinitely
compressed, will still be left with the 6 noise bits
per pixel that cannot be compressed at all.
- Maximum possible compression ratio is
R = BITPIX / Noise bits
=16 /6 = 2.7 in this example



Image Compression Theory (1)

* In real life, can't infinitely compress the non-noise bits.
- On average they are reduced to K bits per pixel.
- K is a measure of the compression efficiency.
— Turns out, the best existing algorithms have K ~ 1.
* All the non-noise bits get compressed to 1 bit
* Real-life compression ratio, R, is then given by
R = BITPIX / (Noise bits + K)
* Previous example:
R=16/(6+1)=2.3 (not 2.7)



Image Compression Theory (2)

* Noise in real images is not confined to the lowest N bits.
— Each bit contains a mixture of signal and noise.

* Can compute the equivalent noise bits from the sigma of

the background pixel variations in the image.

* We use a robust algorithm for calculating sigma
- Developed to measure the signal to noise in spectra.

* One can show that:
Equivalent Noise Bits = logyo(sigma) + 1.8

* Plug this into the compression ratio formula:
R = BITPIX / (logo(sigma) + 1.8 + K)
Example: if background sigma in image = 32,
R=16/(6+18+1)=2.1



Do real astronomical images obey this

compression vs. noise relation?

Real astronomical images have structure.

- Images of stars, galaxies, or spectral lines.

- Intensity gradients across the image.

— Defects from cosmic rays and dead or hot pixels.
How much does this structure affect compression?
Test this using 1632 NOAO CCD images.

Plot compression ratio versus number of noise bits.
Compare to synthetic images that have varying
amounts of pure noise.



Compression Ratio

Noise Bits

The real images (points) follow
the same relation as the

synthetic noise images (red line)

with very little scatter.

Conclusion: The content of the
real images (i.e., stars, galaxies)

does not affect the compression.

Compression ratio only depends

on the background noise.

Note: most of the scatter is due
to small differences between the
16 CCDs in the Mosaic camera




Bias Frames

Interesting Side Note:

Different types of images fall in
different regions of this plot

* Bias frames (0 sec exposures)
— Low mean count level

— Low noise ~ sqrt(N)

- High compression




Compression Ratio

* Short calibration exposures

Bias Frames )
- Medium count levels

— Medium noise

— Medium compression
Short calibrations

b

Noise Bits




* Deep sky exposures
- Highest count levels
Compression Ratio — Highest nOiSG

- Lowest compression
Bias Frames

Nature is perverse: the most
important images compress
the least.

Short calibrations

Deep exp. Note: Flat field images also

fall in this region.

Noise Bits



Comparison of the Different

Compression Algorithms

* Compare the speed and compression ratios.
- Rice
— Hcompress
- GZIP

* Use the 1632 Mosaic camera images.



Compression Ratio Comparison

Rice and Hcompress have similar

Compression Ratio

compression ratios.
— Hcompress is about 4% better
than Rice (but much slower)

GZIP is a distant 3"
— Rice and Hcompress give 1.5x

better compression.

Noise Bits




Compression Speed Comparison

Pack time relative to Rice ¢ Rice iS 2.8X faSter than
Hcompress.

* Rice is 5x — 6x faster than
tiled-image GZIP.

* Caveat:
s g - Host GZIP is 2x faster
Hcom::&-‘:‘; 8. than tiled-GZIP

— Thus Rice is just 2x — 3x
faster than Host GZIP

I »y .;;o
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Noise Bils




Uncompression Speed Comparison

Unpack time relative to Rice * Rice is 3x faster than
Hcompress.

* Rice is 2x faster than tiled-
image GUNZIP

* Rice has about the same
speed as Host GUNZIP.

Noise Bils




How much more compression is possible?

* Rice and Hcompress are
already close to the
theoretical limit

- K=1.2and 0.9

* A perfect algorithm (K = 0)
would only be ~15% better.

* It will be hard to beat the
combination of speed and
compression ratio of Rice.




fpack and funpack utilities

* The fpack and funpack utility compression programs
used in this study are available from

- http://heasarc.gsfc.nasa.gov/fitsio/fpack
* Distributed with the CFITSIO library
* fpack and funpack are run on the host command line
- Analogous to gzip and gunzip.
— Run 'fpack -H' for help.
— Also available: 12 page fpack User's Guide



Summary

Lossless compression of integer images is completely
dependent on the background noise in the image.
Rice is the best overall compression algorithm.

— Much faster than Hcompress

— Much better compression than GZIP
Rice and Hcompress achieve ~85% of the maximum
possible amount of lossless compression.
Further major improvements in compression can only
be achieved by using lossy algorithms that throw
away some of the useless noise.
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