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Disclaimer

I'm not an Image scientist, a computer
scientist, or a signal processing specialist.
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Presenter
Presentation Notes
To report on the encoding method that we use to make lossy-compressed JPEG2000 files in the hope that it might inform and benefit the development of your own, local practices, or your consideration of whether to begin making JPEG2000 files.



I will be pleased to receive feedback that I can use to improve and refine our own processes and practices.



My remarks are shaped by my experience with a specific encoder implementation.










JPEG2000 @ the Harvard Library

November 28, 2000, the first JP2 deposited to the
Library's Digital Repository Service (DRS).

As of April 11, 2011, 7,925,443 JP2 files totaling 27.2
TB are stored in DRS.

JPEG 2000 Summit, May 2011



http://hollis.harvard.edu/?itemid=|misc/via|olvwork95508
http://hul.harvard.edu/ois/systems/drs/
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5,282,822  TIFF files
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38.9 TB
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Peak Signal to Noise Ratio

The phrase peak signal-to-noise ratio, often
abbreviated PSNR, Is an engineering term for the
ratio between the maximum possible power of a
signal and the power of corrupting noise that affects
the fidelity of its representation. Because many
signals have a very wide dynamic range, PSNR Is

usually expressed in terms of the logarithmic decibel
scale.

Wikipedia entry
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Wikipedia's definition



Note that one expresses PSNR thresholds in decibels


Peak Signal to Noise Ratio

The PSNR is most commonly used as a measure of quality of
reconstruction in image compression etc. It is most easily
defined via the mean squared error (MSE) which for two
m>xn monochrome images | and K where one of the images is
considered a noisy approximation of the other is defined as:

m—1 n—1

VSE — & i) — K (4, )|
MSE=—7% % |I(i,j) = K53

1=0 j5=0
The PENR is defined as:

PSNR = 10-logs (WEI) = 20-logy ( MSI;)

Wikipedia entry
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Presenter
Presentation Notes
This is a little more of the definition that includes equations that I find very intimidating.





Typical values for the PSNR in image compression are between 30 and 40 dB


Peak Signal to Noise Ratio

In expressing PSNR as an image encoding
parameter, you make explicit the difference you are
willing to accept between the source image and the

lossy compressed copy you are creating.

JPEG 2000 Summit, May 2011
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How many decibels can you tolerate?



This is a question that can only be answered through experimentation.




Other options?

e Fixed file size

* Fixed compression ratio (encoded file to
source file)

JPEG 2000 Summit, May 2011
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We don't have to use PSNR. There are other options.


Why did we elect to control
compression using PSNR?

e PSNR Is a smart control.

o |t adjusts compression based on the content of
the image.

* Image content: The arrangement and
distribution of pixel-to-pixel differences within
the source image.

 PSNR Is a smart control, but it isn't perfect.

JPEG 2000 Summit, May 2011
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Presentation Notes
The PSNR function was selected because it effectively, although imperfectly, modulates the level of compression applied to each image based on the image's particular characteristics: the arrangement and variability of raster values. PSNR is a smart control, but not a perfect one.



So, PSNR promises to do something that photographers, scanning technicians, and managers cannot afford to do: It promises to maximize compression for each image based on your expressed tolerance for difference.


IT WORKS
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5 least compressed page images

0001.jp2 0073.jp2 0095, jp2
Today, 64742 PM Today, 614746 PM Taday, 6:47:49 PM

0217.jp2 0274.jp2
Today, 6i47:52 PM Today, 6:47:55 PM
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The next series of slides is intended to visually demonstrate that PSNR is smart.


5 most compressed page Images
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Compression is summarization


least compressed page Images

o001, jpE 0195.jp2 0223.jp
Today, 6147116 PM Today, 6:47:19 PM Today, 6:47:23 PM

0z24.ip2 0384, jp2
Today, 64727 PM Today, 6:47:31 PM
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5 most compressed page |mages
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5 least compressed page images

0001 .jp2 0026, jp2 009z, ip2
Today, 6:46:56 PM Today, 6:45:58 PM Today, 6:47:00 PM

0164.jp2 0176.ip2
Today, 6:47:03 PM Today, 6:47;068 PM
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5 most compressed page Images
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5 least compressed page images
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most compressed page Images
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5 least compressed page images

s

o001, jpz 0076, jpz 0239, jp2
Today, G:46:09 PM Todaw, 6:46:12 PM Today, G:46:14 PM

0363.ip2 0443.jp2
Today, 6:46:17 PM Today, 6:46:20 PM
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5 most compressed page iImages
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5 least compressed page images
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0001.jp2
Today, 6:45:47 PM

D06S.ip2 0276.ip2
‘Today, 6:45:50 PM

Today, 6:45:52 PM

0376.jp2
Today, 6:45:55 PM ‘Today, 6:45:59 PM
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5 most compressed page iImages
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5 least compressed page images

W3E27Z6_1.jp2 WIE2729_1.ip2 WIEZTA0_1.ip2
Today, 10;33:17 PM Today, 10:34:10 PM Today, 10:36:30 PM

W362753._1.ip2 WIE2B74_1.jp2
Today, 10:45:34 PR Today, 11:41:50 PM
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5 most compressed page iImages

L3

Wae2e43_1.jp2 Waezgel_1.jp2 W3B2E71_1.jp2
Today, 11:36:44 PM Today, 11:39:16 PM Today, 11:41:13 PM

Wae2875_1.jp2 WIe2ss2_1.jp2
Today, 11:42:10 PM Today, 11:43:118 PM
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IT FAILS
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IT FAILS

�Setting the PSNR value to 46 db for the page-images that we are create, we've come to expect a very high-fidelity copy. However, setting the PSNR value to 46 db for a collection of photographs will, in more than a few cases, produce an over-compressed image. An example would be a portrait with a pitch black background where the subject's head and shoulders appear in a lower corner of the image. The large black areas are heavily compressed and in the areas where the background meets the contours of the subject, the detail is smeared with too much compression. Another example might be a botanical illustration centered on a smooth page. The fine thin lines of illustration may blur where they meet a broad stretch of uniform page color that has been aggressively compressed.



The application of the same decibel boundary can produce images with consistent standard deviations (source to output), but at the same time produce both acceptable and unacceptable results.



In an image where the results are satisfactory, the pixel-to-pixel differences within the source image are distributed more evenly throughout the image, and therefore the compression artifacts are also distributed and less perceptible.




http://flic.kr/p/8VVWy
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In an image where the results are not satisfactory, the pixel-to-pixel differences are localized, abrupt, and dramatic, and as a result the compression artifacts too are clustered and readily apparent.

http://flic.kr/p/8VVWy
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Setting peak signal-to-noise establishes a statistically consistent boundary quantifying the difference that one is willing to tolerate between the source image and the lossy compressed copy, but this reliable quantitative boundary is not a perfectly reliable predictor of quality. It is a smart compression control function, but not a perfect one.



The arrangement and distribution of pixel-to-pixel differences within the source image matters; the same statistical deviation achieved for two different compressed images can produce a good copy for one and a terrible copy for the second. 






Presenter
Presentation Notes
[[Point out blurring]]







[[ "...distortions statistics" are gathered, tile by tile, but are "accumulated" to produce an estimate -- a global estimate – designed to produce a compressed image that differs from the source image by the specified decibel level. (from Aware) ]]
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This page was compressed at 46 db


Measuring Difference

JPEG 2000 Summit, May 2011




| Layers " Channels Paths N

INDrmaI vI Cpacity
Lock: [ &+ & Fill: n

-

&= g 0 ® 0 & 3|y

e —— ]
| Mavigatar Y Info ¥ Histogram

Channel: IRGB - I

Source; IEntire Irnage
Mean: 172,13 Leweal:
Std Dew: 52,23 Count:
Median: 190 Percentile:
Pixels: 193720 Cache Lewel:

“ Dut suppose Thomas Jeerson was 10 come ack
lere nowr,™

33.33% Iy sRGE IECE1966-2.1 (#bpc) [» |;|




W0217_43.jp2 @ 33.3% (RGB/8)

" But suppose Thomas Jeerson was to come hack
lere nowr,™

I L sRGE IECE1966-2.1 (8bpe) [ ]
—

;lEIiJl £3.3% (RGE/8)

Bt suppose Thomas lelerson was to come hack
here nowr,

1

| Layers " Chanrels WPaths N

INormaI - I Cpacity:

Lock: [ - "I" & Fill: n

1 pavvigatar Y Infa N Histogram
Channel: IRGB - I

Source: [Entire Irnage ;I
Mear: 17200 Lewal:

Std Dew: 52,11 Count:

Median: 189 Percentile:
Pixels: 138720 Cache Level:

SRiEE IECE1966-2.1 (£bpc)

[Pl

A

JPEG 2000 Summit, May 2011




"W 021 7.4if @ 33.3% (Layer 1, RGB/8)

Agﬂ_ﬂﬂ

d | Layers Channels S Path: K
INc\rmaI - I Opamt'!,r:

Lock: [ &+ & Fill: n

® Dh—.,m
- %

== g [0 #

Create a new la

qu_wg,al;pr!lr!fQ} Histagram .l\‘e._ A0
Channel; IRGB vI % ]
Oy

Source; IEntire Image ;I
Mean: 172,13
Std Dew: 52,23
Median: 190

Leweal:

Countk:

Percentile:
Pixals: 193720 Cache Lewel: 2

40 contie Bk Dut suppose Thomas JeiTerson was o come hack
here novw,™

I R sRGE [ECE1966-2.1(8bpc) | B4 o




"W 0217.LF @ 33.3% (Layer 1, RG

liere mow,""

_EIE
| Layers 'ﬁhmnas}ﬁilbs,\.

INormaI vI Opacity ilillil%

Lock: [ &+ @ Fill: n

.

“ Iut suppose Thomas Jelferson was o come hack

I 33339 I sRGE IECE1966-2.1 (3bpc) [» |;|

= G, 0 ©. 0 3 3|z

Channel: IRGB - I

| Mavigator § Info ¥ Histogram A0
F%
L

Source! |Entire Irmaga
Mean: 172,00 Leweal:
Std Dew: 52,11 Count;
Mediar: 129 Percentile:
Pixals: 198720 Cache Lewal:




— - 10| x
- j _I_IJ Layers Channels " Paths ¥

Differenca » | Dpaciby
Leck: [ &+ @ Fill: n

== @ 0 . 0 & H

| Mavigator § Info ¥ Histogram »

Chanrnel: |RSE - %

Source! |Entire Image j
Mear: 0.73 Lewel:

Std Dew: 075 Count:

Median: 1 Percentile:
Pixels: 198720 Cache Level: 2

S Tk R sRGE [ECE196E-2,1 (Sbpc) 3




M EEEE R

sReGE IECE1966-2.1 (5hpc)

4

=10l x|

Il [E5

Layers Channels 4 Paths

Difference - | Opacity:

Lock: [ &+ @ Fill: | 1009 [ * |

= 9 _0l #_ Al

| Favigatar {InFo Histagrarn L

Channel: |RGE - 5

Source! |Entire Image j
Mean: 2.10 Lewel: 243
Std Drew: 2,38 Count: 0
Mediar: 1 Percentile: 100,00

Pixels: 3175104 Cache Lewel: 1



Presenter
Presentation Notes
Std deviation 2.38
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Standard deviation: 2.58


i k:] 94965252 2aZ275(58d3_o.tif @ 100% (RGE/8)
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1 W194965252_2a275f58d3_o.kif @ 66.7% (RGB/8)

W

Apply Image
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Wrapped In a shell script

OPTIONS
-pm value set the minimum PSNR value
-pt continue on If over maximum ration and PSNR > 50
-rt value  set the maximum allowed filesize ratio
-th size set the maximum thumbnail size
-ts size set the tile size
-log generate a summary file
-h display this message

JPEG 2000 Summit, May 2011


Presenter
Presentation Notes
We have developed an effective -- although perhaps crude -- process that allows us to use PSNR to encode at higher compression rates while also guarding against instances of over-compression like those described above.



The Aware encoder is called using a shell script that sets a target decibel value (e.g., 40) for PSNR and a compression ratio boundary. Each file is encoded using the target decibel, and the compression ratio realized in the output file is calculated. Any file that exceeds the compression ratio boundary (e.g., 25 to 1) is then re-encoded using a higher db setting (db +1). This loop continues until a file is produced that does not exceed the set compression ratio boundary, or until the 50 decibel setting has been used. In cases where a file is compressed beyond the compression ratio boundary at 50 db, a warning is produced.��The script can also output statistical data, including a summary of results that lists all of the db values used in a batch, and a listing of the five most and least compressed files. It has been particularly useful to review these most and least compressed files in developing the opening target for PSNR and for the compression ratio boundary designed to catch files that have been over compressed.


Statistics

Compression starting db: 40

Compression ratio boundary:
25

Total compressed files: 274

Average compression ratio:
14.3430656934307

Median compression ratio:
13

JPEG 2000 Summit, May 2011



Compression ratio /7 file count

Ratio | Count
6 1
7 2
8 2
10 9
11 21
12 51
13 58
14 27
15 20
16 21
17 16
18 16
19 8
20 9
21 1
22 2
23 6
24 2
25 2

JPEG 2000 Summit, May 2011




Compression ratio /7 file count

db Value File Count
40 248
41 25
42 1

JPEG 2000 Summit, May 2011




.harvard.edu/?itemid=|library/m/aleph|006545348
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5175502.tif	5175502.jp2	49	18	40	25

http://hollis.harvard.edu/?itemid=|library/m/aleph|006545348

Compression ratio /7 file count

Ratio | Count

17
18
19
20
21
22
23
24
25
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Tools & Utilities

*Free tools

» GeoJasper: "GeolJasper is a free and open source geo-supporting extension
for JPEG2000 JasPer library and a command line transcoder."

 JHOVE: an extensible framework for format validation.

o IrfanView: Freeware image viewing application (Windows) that supports
JPEG2000 rendering. You'll need all the plugins.

e Cygwin: A Unix-like environment for Windows.

Commercial applications

 LuraTech: image encoding and server-side decoding software
* Aware, Inc.: image encoding and server-side decoding software

JPEG 2000 Summit, May 2011



http://www.dimin.net/software/geojasper/
http://www.ece.uvic.ca/~mdadams/jasper/
http://hul.harvard.edu/jhove/
http://www.irfanview.com/
http://www.irfanview.com/plugins.htm
http://cygwin.com/
http://www.luratech.com/
http://www.aware.com/imaging/digitalarchives.htm

Thank you

Mingtao Zhao, Systems Analyst and Applications Developer, Harvard
College Library

Andrea Goethals, Manager of Digital Preservation and Repository Services,
Harvard University Library Office for Information Systems

Ronald Murray, Digital Conversion Specialist, Library of Congress

Ralph Tiede, Director Research & Development, Content Conversion
Specialists GmbH

Alexis Tzannes, Senior Engineer, Advanced Products Group, Aware, Inc.
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