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Summary and Purpose of Document

This document discusses two highly advanced image-compression techniques that are supported as ISO standards, and it further proposes to implement them as new options for image-compression within GRIB2.

______________________________________________________________


ACTION PROPOSED
The meeting is requested to consider the proposal and recommend it for validation.

Discussion and Proposal
1.
GRIB2 was designed to be extensible and is now capable of storing satellite and radar data, which are inherently images and thus may benefit from being encoded into a standard graphic format.  In addition, numerical model data can also be effectively encoded with an image-encoding algorithm since, after the model gridpoint data is scaled to retain the desired precision and the minimum value is subtracted out, the resulting grid can be thought of and processed as a grayscale image. 

2.
Throughout the past many years, much research and development has been conducted regarding image compression and standardization of graphic formats, so it seems as though it should be possible to take advantage of these results for incorporation as new compression techniques within GRIB2.  This paper discusses two prominent standards that are supported by the International Organization for Standardization (ISO) and proposes methodologies by which they might be incorporated for use in GRIB2.  These two standards are JPEG 2000 (http://www.jpeg.org/JPEG2000.html) and  PNG (http://www.libpng.org/pub/png), and they were chosen not only because of their inclusion in ISO/IEC international standards, but also because of their demonstrated effectiveness on sample data as well as their intent to be license and royalty free.  This last point is currently the subject of some further investigation, as obviously it will be necessary to adhere to any requirements that may be imposed by ISO or other scientific bodies in exchange for being allowed to make use of their work in the creation of new templates for GRIB2.  Our current understanding is that such requirements would likely be limited to the inclusion of footnotes and/or certain disclaimers within any such GRIB2 templates, but we are still pursuing this issue and will report back to the full ET/DR+C once such information becomes better understood.

In conclusion, it is worth noting that several simulations have already been run comparing the JPEG 2000 and PNG compression algorithms against the current GRIB2 packing methods.  The tests were run on various output fields from the NCEP 12km ETA model, and the results showed an impressive savings of storage space when using the two new methods, albeit at the expense of additional system processing time that was, at least in a few cases, non-trivial.  The authors would be happy to share these results in further detail with any interested parties via email.  

JPEG 2000

The JPEG 2000 image coding system uses wavelet transforms and subsequent arithmetic coding to encode an image.  The compressed image is stored in the code stream syntax described in Part 1 of the standard (ISO/IEC 15444-1:2000).  The JPEG 2000 standard contains both lossless and lossy compression algorithms allowing users the option of specifying an increased compression rate in exchange for some random noise in the data. 

The following Templates and Code tables are proposed for use with the JPEG 2000 image encoding.  Note that a local table value of 40000 is used in the following examples.

Data Representation Template 5.40000:
Grid point data - JPEG 2000 Code Stream Format

Octet Number(s)

Contents

12-15

Reference value (R) (IEEE 32-bit floating-point value)

16-17

Binary scale factor (E)

18-19

Decimal scale factor (D)

20

Number of bits required to hold the resulting scaled and referenced data values.  (i.e. The depth of the grayscale image.) (see Note 2)

21

Type of original field values (see Code Table 5.1)

22

Type of Compression used. (see Code Table 5.40000)

23

Target compression ratio, M:1 (with respect to the bit-depth specified in octet 20), when octet 22 indicates Lossy Compression.   Otherwise, set to missing. (see Note 3)



Notes: 

(1) The intent of this template is to scale the grid point data to obtain desired precision, if appropriate, and then subtract out reference value from the scaled field as is done using Data Representation Template 5.0.  After this, the resulting grid point field can be treated as a grayscale image and is then encoded into the JPEG 2000 code stream format.  To unpack the data field, the JPEG 2000 code stream is decoded back into an image, and the original field is obtained from the image data as described in regulation 92.9.4, Note (4). 

(2) The JPEG 2000 standard specifies that the bit-depth must be in the range of 1 to 38 bits. 

(3) The compression ratio M:1 ( e.g. 20:1 ) specifies that the encoded stream should be less than (1/M)*depth*number_of_data points bits, where depth is specified in octet 20 and number_of_data points is specified in octets 6-9 of the Data Representation Section. 

(4) The order of the data points should remain as specified in the scanning mode flags (Flag Table 3.4) set in the appropriate Grid Definition Template, even though the JPEG 2000 standard specifies that an image is stored starting at the top left corner.  Assuming that the encoding software is expecting the image data in raster order (left to right across rows for each row), users should set the image width to Ni (or Nx) and the height to Nj (or Ny) if bit 3 of the scanning mode flag equals 0 (adjacent points in i (x) order), when encoding the "image".  If bit 3 of the scanning mode flags equals 1 (adjacent points in j (y) order), it may be advantageous to set the image width to Nj (or Ny) and the height to Ni (or Nx). 

(5) When the data points are not available on a rectangular grid, such as a would occur if some data points are bit-mapped out or if section 3 describes a quasi-regular grid, the data field can be treated as a one dimensional image where the height is set to 1 and the width is set to the total number of data points specified in octets 6-9.

Data Template 7.40000:
Grid point data - JPEG 2000 Code Stream Format

Octet Number(s)

Contents

6-nn

JPEG 2000 Code Stream as described in Part1 of the JPEG 2000 standard.  (ISO/IEC 15444-1:2000)



Note: 

For simplicity, image data should be packed specifying a single component (i.e. grayscale image) instead of a multi-component color image.

Code Table 5.40000: Type of Compression

Code Figure

Meaning

0

Lossless

1

Lossy

2-254

Reserved

255

Missing


Portable Network Graphics (PNG)

The PNG encoding algorithm applies one of several invertible filters to each scanline of an image, and then subsequent compression is obtained using the zlib (http://www.gzip.org/zlib/zlib.html) deflate algorithm.  The PNG specification is currently under consideration by ISO/IEC JTC 1/SC24.  PNG image compression is lossless. 

The following Templates are proposed for use with PNG image encoding.  Note that a local table value of 40010 is used in the following examples.

Data Representation Template 5.40010:
Grid point data - Portable Network Graphics (PNG) Format

Octet Number(s)

Contents

12-15

Reference value (R) (IEEE 32-bit floating-point value)

16-17

Binary scale factor (E)

18-19

Decimal scale factor (D)

20

Number of bits required to hold the resulting scaled and referenced data values.  (i.e. The depth of the image.)  (see Note 2)

21

Type of original field values (see Code Table 5.1)


Notes: 

(1) The intent of this template is to scale the grid point data to obtain desired precision, if appropriate, and then subtract out reference value from the scaled field as is done using Data Representation Template 5.0.  After this, the resulting grid point field can be treated as an image and is then encoded into PNG format.  To unpack the data field, the PNG stream is decoded back into an image, and the original field is obtained from the image data as described in regulation 92.9.4, Note (4). 

(2) PNG does not support all bit-depths in an image, so it is necessary to define which depths can be used and how they are to be treated.  For grayscale images, PNG supports depths of 1, 2, 4, 8 or 16 bits.  RGB color images can have depths of 8 or 16 bits with an optional alpha sample.  Valid values for octet 20 can be:

1, 2, 4, 8, or 16 - treat as grayscale image

24  - treat as RGB color image (each component having 8 bit depth ) 
32  - treat as RGB w/ alpha sample color image (each component having 8 bit depth ) 

(3) The order of the data points should remain as specified in the scanning mode flags (Flag Table 3.4) set in the appropriate Grid Definition Template, even though the PNG standard specifies that an image is stored starting at the top left corner and scans across each row from left to right starting with the top row.  Users should set the image width to Ni (or Nx) and the height to Nj (or Ny) if bit 3 of the scanning mode flag equals 0 (adjacent points in i (x) order), when encoding the "image".  If bit 3 of the scanning mode flags equals 1 (adjacent points in j (y) order), it may be advantageous to set the image width to Nj (or Ny) and the height to Ni (or Nx). 

(4) When the data points are not available on a rectangular grid, such as a would occur if some data points are bit-mapped out or if section 3 describes a quasi-regular grid, the data field can be treated as a one dimensional image where the height is set to 1 and the width is set to the total number of data points specified in octets 6-9.

Data Template 7.40010:
Grid point data - Portable Network Graphics (PNG) Format

Octet Number(s)

Contents

6-nn

PNG encoded image



Note: 

If octet 20 of Data Representation Template 5.40010 specifies the data is packed into either 1, 2, 4, 8, or 16 bits, then encode the "image" as a grayscale image.  If octet 20 specifies 24 bits, encode the "image" as an RGB color image with 8 bit depth for each color component, and finally if octet 20 is 32, encode the "image" as a RGB color image with an alpha sample using an 8 bit depth for each of the four components.
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