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FOREWORD

Among the responsibilities assigned to the Office of the Manager, National
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1 Introduction

This document summarizes work performed by Delta Information Systems, Inc.
(DIS) for the National Communications System (NCS), Office of Technology and
Standards. This office is responsible for the management of the Federal
Telecommunications Standards Program, which develops telecommunications
standards. The use of these standards is mandatory for all Federal departments and
agencies.

The NCS has been a leader in the development and promulgation of
standardized imagery for facsimile. The NCS has sponsored the digitization of
documents at resolutions of 200, 240, 300, 400, 480, 600, and 800 lines per inch. This
data has been used extensively in the study of standard compression algorithms for
digital facsimile, and has contributed significantly to the development of facsimile
recommendations. These recommendations are of considerable value to the United
States Government. In addition to this work, the NCS sponsored the preparation of
gray scale and color images that are representative of continuous tone pictures and
computer generated images to be transmitted through facsimile systems.

The purpose of this project was to continue the work that began in the previous
year toward the achievement of an ITU-T test image recommendation. As a result of
comments and suggestions to the imagery contained on the first test CD-ROM titled
“Standard Image Set, Beta Test CD-01", a second test CD-ROM was created for the
ITU-T. Sections 2 through 4 of this report describe this new test CD-ROM and the
images contained on it. Section 5 provides the standards groups who received
evaluation copies of the test CD-ROM. Section 6 contains a description of the images
contained in the “JPEG Continuous-tone Test Image Set”. This set of images was used
in the performance evaluation of nine different proposed JPEG compression algorithms.
In addition, the performance results obtained using the different JPEG algorithms on
these images is given in this section. Section 7 gives recommendations for further work
in this area.

2 Standard Image Set (Beta Test CD-02)

The title of the new test CD-ROM is “Standard Image Set (Beta Test CD-02)”.
This test CD-ROM will also be referenced in this report as Test CD-02. The test suite of
images described in this report are comprised of the set of images as specified in ITU-T
Recommendation T.24. Test CD-02 represents the current state of the ITU-T test
image recommendation and contains all of the images described in this report. There
are three different classes of images stored on the test CD-ROM. These three classes
are bi-level or 1 bit/pixel, gray scale with 8-bits/pixel, and color with 24-bits/pixel. Since
all of the images are stored on the test CD-ROM as TIFF files, they can be viewed with
any available viewer complying with the TIFF specification. See Appendix A for
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illustrations of the images contained on Test CD-02. For each class of images, a brief
description and a table of image parameters is given in the following three sections.
For additional information, see the Technical Information Bulletin 93-15 (TIB), “Scanned
Images”, National Communications System, December, 1993.

2.1

Bi-level Images

The bi-level images are quantized using 1-bit per sample or pixel. All of the bi-

level images are stored as TIFF files and are compressed using ITU-T
Recommendation T.6 compression. Table 1 provides the specifications for the bi-level
images included in the image set on Test CD-02.

TABLE 1 Bi-level Image Set

Bi-level Image Set

Filename Figure Image Name Description Color | Bits per | Image Dimensions | Resolution File Size
number Space comp. Pixels (W x H) (Pixels/Inch) (Bytes)
F01_200 1 ITU-T Document No. 1 English Letter Bi-level 1 1728 x 2339 200 32,613
F01_300 1 . ” “ " Bi-leve! 1 2592 x 3508 300 58,368
F01_400 1 “ ” “ " Bi-level 1 3456 x 4677 400 92,460
F01_600 1 “ " “ " Bi-level 1 5184 x 7016 600 181,470
F02_200 2 ITU-T Document No. 2 Circuit Drawing Bi-level 1 1728 x 2339 200 32,092
F02_300 2 “ ’ * . Bi-level 1 2592 x 3508 300 55,001
F02_400 2 “ ? “ i Bi-leve! 1 3456 x 4677 400 83,833
F02_600 2 “ " “ ” Bi-level 1 5184 x 7016 600 147,882
F03_200 3 ITU-T Document No. 3 French invoice Bi-level 1 1728 x 2339 200 57,161
FO3_300 3 . ’ * ” Bi-level 1 2592 x 3508 300 101,549
F03_400 3 “ ” “ ? Bi-level 1 3456 x 4677 400 155,603
F03_600 3 “ " “ " Bi-level 1 5184 x 7016 600 287,596
F04_200 4 ITU-T Document No, 4 French Text Bi-level 1 1728 x 2339 200 94,974
F04_300 4 “ ’ * i Bi-level 1 2592 x 3508 300 175,273
F04_400 4 * ? “ g Bi-level 1 3456 x 4677 400 278,152
F04_600 4 * g “ " Bi-level 1 5184 x 7016 600 536,250
F05_200 5 ITU-T Document No. 5 | French Text Figures | Bi-level 1 1728 x 2339 200 59,712
F05_300 5 “ ? “ ” Bi-level 1 2592 x 3508 300 106,388
F05_400 5 “ ” “ "’ Bi-level 1 3456 x 4677 400 165,997
F05_600 5 “ " “ ’ Bi-level 1 5184 x 7016 600 304,338




Bi-level Image Set

Filename Figure Image Name Description Color | Bits per | Image Dimensions | Resolution File Size
number Space comp. Pixels (W x H) (Pixels/Inch) (Bytes)
F06_200 6 ITU-T Document No. 6 French Chart Bi-level 1 1728 x 2339 200 47,877
F06_300 6 “ i * ” Bi-level 1 2592 x 3508 300 80,729
F06_400 6 “ ” " " Bi-level 1 3456 x 4677 400 124,469
F06_600 6 “ ” “ ? Bi-level 1 5184 x 7016 600 223,105
F07_200 7 ITU-T Document No. 7 Kanji Bi-level 1 1728 x 2339 200 101,882
F07_300 7 “ " “ " Bi-level 1 2592 x 3508 300 177,144
F07_400 7 “ " “ " Bi-level 1 3456 x 4677 400 272,005
F07_600 7 “ ” . i Bi-level 1 5184 x 7016 600 218,952
F08_200 8 ITU-T Document No. 8 Handwritten Bi-level 1 1728 x 2339 200 60,221
Memorandum
F08_300 8 “ i “ ? Bi-level 1 2592 x 3508 300 104,319
F08_400 8 “ ” “ " Bi-level 1 3456 x 4677 400 161,804
F08_600 8 “ ? “ " Bi-level 1 5184 x 7016 600 270,070
F09_400 9 T.22 Test Chart No. 4 Facsimile Test Bi-leve! 1 3504 x 4750 400 399,561
Chart
F10_200 10 Half-tone Chart Text for legibility Bi-level 1 1728 x 2336 200 150,078
testing, half-tones
F10_240 10 “ ” * " Bi-level 1 2048 x 2800 240 271,285
F10_300 10 “ ” “ " Bi-level 1 2560 x 3500 300 393,607
F11_400 11 Sailboat #1 8x8 dithering Bi-level 1 3072 x 2048 400 942,716
F12_400 12 Sailboat #2 Error diffusion Bi-level 1 3072 x 2048 400 736,317
F13_400 13 Sailboat #3 4x4 dithering Bi-level 1 3072 x 2048 400 1,145,619
F14_400 14 Sailboat #4 3x3 dithering Bi-level 1 3072 x 2048 400 969,973
F15_200 15 Composite Dithered composite | Bi-level 1 1904 x 1488 200 334,141
F16_800 16 Magazine Text, Half-tone | Screened half-tone | Bi-level 1 3456 x 4416 800 406,855
and inverted text
F17.400 | 17 Magazine Page, Contains half-tone, | Bidevel | 1 3072 x 4352 400 832,344
Composite text and inverted
text
TOTAL IMAGE STORAGE SPACE REQUIREMENTS 11,431,785
2.1.1 ITU-T Reference Documents

Figures 1 through 8 illustrate the 8 standard ITU-T Reference documents. These
documents have been used extensively by experimenters over the years. Each
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document is provided at 4 different resolutions of 200, 300, 400, and 600 pixels per inch
with 1 bit per pixel.

2.1.2 Black/White Facsimile Test Chart BW01

This bi-level image shown in Figure 9 is the first of two charts that make up T.22
and is called T.22 Test Chart No. 4. The image is the digitization of the high contrast
black and white chart which contains text in a variety of languages, fonts and pitches,
and various test patterns.

2.1.3 Half-Tone Images

Figures 10 through 17 illustrate bi-level half tone images. Figure 10 is the image
containing random text in four different fonts with six different point sizes. The lower
half contains half-tone imagery at five different screen densities. Figure 16 is a
combination of a screened half tone image and an electronically scanned text that has
been inverted. Both the text and image components of the figure were extracted from a
magazine. Figure 17 is a composite of electronically scanned segments of magazine
pages. It includes a half-tone, text, and inverted text.

2.1.31 Dithered Images

Four different processing algorithms were applied to a gray scale sailboat image
to produce the sailboat Figures 11 through 14. The processing included 8x8 dithering,
error diffusion, 4x4 dithering, and 3x3 dithering for figures 11 through 14 respectively.
Figure 15 is the house with sky image processed with dither patterns of 4x4, random
dithering, ordered 8x8, and clump dithering in clockwise order starting from the upper
left corner.

2.2 Gray Scale Images

Table 2 provides the specifications for the gray scale images included in the
image set on Test CD-02. The gray scale images are stored uncompressed in the TIFF
file format with the Photometric Interpretation Tag set to 1 and the bits per sample set
to 8. :



TABLE 2 Gray scale Image Set

Gray scale Image Set
Filename | Figure image Name Description Color Bits per Image Resolution File Size
number Space comp. Dimensions (Pixels/Inch) (Bytes)
- Pixels (W x H)
F18_200 18 T.22 Test Chart No. 5 | Continuous tone | Gray scale 8 1700 x 2184 200 3,713,248
test chart CTO1
F18_400 18 " " “ " Gray scale 8 3380 x 4367 400 14,760,908
F19_200 19 House With Trees Photo of a house | Gray scale 8 940 x 820 200 774,174
surrounded by
trees
F19_240 19 “ ? “ " Gray scale 8 1128 x 984 240 1,114,310
F19_300 19 “ " “ " Gray scale 8 1410 x 1230 300 1,740,954
F19_400 19 “ " “ i Gray scale 8 1880 x 1640 400 3,091,494
F20_200 20 House With Sky Photo of a house; | Gray scale 8 940 x 820 200 783,598
decorative
plantings only
F20_240 20 “ " “ ” Gray scale 8 1128 x 984 240 1,127,878
F20_300 20 “ i “ " Gray scale 8 1410 x 1230 300 1,762,168
F20_400 20 “ " “ i Gray scale 8 1880 x 1640 400 3,129,174
TOTAL IMAGE STORAGE SPACE REQUIREMENTS 31,997,906

2.2.1 T.22 test Chart No. 5

2.2.2 House with Trees and House with Sky

. 23

Figure 18 is the continuous tone gray scale test chart designed specifically for
facsimile testing. This image is part two of ITU-T T.22. The file consists of several
strips and patches of various gray scale levels and two photographs, an architectural
photograph and a portrait. Figure 18 is given at two resolutions, 200 pixels per inch
and 400 pixels per inch.

Figurés 19 and Figure 20 are the gray scale House with Trees image and House
with Sky image respectively. The House With Trees and House With Sky images have

Color Images

been digitized at the resolutions of 200, 240, 300, and 400 pixels per inch.

The color images are stored as Class R uncompressed TIFF 6.0 files. The
images are pixel interlaced consisting of L*a*b* triplets with 8-bit precision for each
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color component. The resulting images are 24 bit color. The images were aiso

converted (except for the scanned Color Test Chart) and stored as pixel interlaced files
consisting of RGB triplets of one-byte precision for the R, G, and B color components.
Table 3 provides the specifications for the color images included in the image set on

Test CD-02. The Scanned Color Chart and the Computer-generated Color Chart

images shown in Figure 21 are derived from ITU-T T.23 test Chart No. 6. The color
images shown in Figures 22 through 24 originate from the Color Test Chart.

TABLE 3 Color Image Set

Color Image Set
Filename Figure Image Name Color Space | Bits per Image Resolution File Size
number comp. Dimensions (Pixels/Inch) (Bytes)
Pixels (W x H)
F21_200 21 Scanned Color Chart CIELAB 8 1688 x 2347 200 11,885,412
F21_400 21 “ " CIELAB 8 3399 x 4752 400 48,456,749
F21a200 21 Computer-generated color CIELAB 8 1752 x 2375 200 12,502,266
chart
F21a400 21 “ " CIELAB 8 3504 x 4750 400 49,970,266
F21b400 22 Kids with toys CIELAB 8 3242 x 3656 400 35,587,708
F21c400 23 Computer-generated CIELAB 8 1024 x 512 400 1,677,164
Spheres
F21d200 24 Graphics-art CIELAB 8 2644 x 3046 200 24,185,444
F21_200v 21 Scanned Color Chart RGB 8 1688 x 2347 200 11,885,412
F21_400v 21 “ i RGB 8 3399 x 4752 400 48,456,749
F21a200v 21 Computer-generated color RGB 8 1752 x 2375 200 12,502,266
chart
F21a400v 21 “ " RGB 8 3504 x 4750 400 49,970,266
F21b400v 22 Kids with toys RGB 8 3242 x 3656 400 35,587,708
F21c400v 23 Computer-generated RGB 8 1024 x 512 400 1,577,164
Spheres
F21d200v 24 Graphics-art - RGB 8 2644 x 3046 200 24,185,444
TOTAL IMAGE STORAGE SPACE REQUIREMENTS 368,330,018

2.3.1 CIELAB Color Space

The color image files are stored with the CIELAB color space. Although the

Photometric tag corresponding to the CIELAB color space is defined for the TIFF file

format, few TIFF implementations currently use this Photometric tag. An approved
standard for an 8-bit fixed point representation of the L*, a*, and b* components of
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CIELAB has not been defined. For this reason, the TIFF 6.0 file format used for the
color images does not have the Photometric tag set to CIELAB, but rather to RGB. The
seven color images supplied on this CD-ROM with the CIELAB color space have the
following 8-bit fixed point representation of the L*, a*, and b* components. The L*
component range is 0 to 100 [0,100] and the a* and b* component range is -128 to 127
[-128,127]. These files are useful for the comparison of image compression algorithm
performance.

2.3.2 RGB Color Space

The color images are also stored in the RGB color space. The color test chart
was scanned using an RGB scanner and the RGB values generated by the scanner are
contained in the file. For all the other color images, the mapping from the CIELAB color
space to the RGB color space was necessary. The L*, a*, and b* components of each
color image were converted to monitor RGB values with gamma correction. The color
images stored in the RGB color space are included for viewing purposes. The use of
these images for the comparison of image compression algorithm performance is not
recommended due to the losses inherent in the color space mapping from CIELAB to
RGB. The inclusion of color images in the RGB color space was done primarily for
viewing purposes.

2.3.3 Scanned Color Chart

The Scanned Color Chart image is derived from ITU-T T.23 test Chart No. 6 at
two resolutions. Figure 21 shows the 4-Color Printing Facsimile Test Chart 4CP01
which was scanned on an HP ScanJet IIC RGB scanner at 400 pixels per inch. The
scanner maps the colors into the RGB monitor gamut causing clipping of come
saturated colors and re-mapping of the primary colors. For calibration, the black patch
was mapped to 0,0,0, and the paper white to 255,255,255. The RGB values
correspond to Sony Trinitron phosphors with gamma 1.8 (Standard Macintosh color
use). The resulting scanned image is referred to as the Scanned Color Chart. The 200
pixel/inch scan was achieved using subsampling and pixel averaging. Each image was
constructed as an uncompressed baseline TIFF file with the RGB color space used for
the image input data. Subsequently, the files were converted to the CIELAB color
space to be consistent with the color facsimile recommendations.

Digitization of the gray scale images presented no special problems, since they
are true gray scale photographs. However, an artifact was generated in scanning the
Color Test Chart. The target color image is screened (i.e., printed using a process
which converts the 3-channel, continuous tone data to 4-color separations in which the
intermediate tone levels are represented with a regular pattern of color dots), and
therefore wavelike patterns can be seen in certain areas. This is an artifact of the
frequency difference between the screen and the scan.
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A problem was noted regarding the paper and ink used in the printing process of
the Color Test Chart proof. While the paper, cyan ink, and magenta ink do not appear
to fluoresce, the yellow ink fluoresces, and may cause perceptible color variation
depending on the illuminant. In addition, the yellow is out of the video color gamut, as
measured under D65 illumination. These observations pertain to the proof copies of
the color test chart.

2.3.4 Computer-generated Color Chart

The Computer-generated Color Chart image shown in Figure 21 is also derived
from ITU-T T.23 Test Chart No.6 at two resolutions. A digital bitmap representation of
the Color Test Chart provides experimenters with the optimum test input source without
distortions or losses created during printing, scanning, and color space conversions.
The digital version of the Color Test Chart is called the Computer-generated Color
Chart. The Computer-generated Color Chart is an accurate implementation of the
colors and luminance values in the original Color Test Chart. The digital bitmap version
of the Color Test Chart (Computer-generated Color Chart) complements the Scanned
Color Chart.

This version is an accurate bit map reconstruction of the Color Test Chart
rendered at 400 pixels/inch with anti-aliased fonts in the CMYK color space. The image
was converted to CIELAB assuming a SWOP (standard web offset proofing) color set
with twenty percent dot gain. The image was subsampled with pixel averaging to
produce the 200 pixel per inch representation of the Color Test Chart. The color
conversion may be further refined when better conversion data becomes available.

The screens used in the printed color chart are not reproduced, but rather continuous
tones have been generated.

2.3.5 Kids with Toys

Figure 22 is the Kids With Toys photograph that demonstrates higher sharpness
for fine detail in the stuffed animals and the faces and provides for a range of textures
and patterns. Widespread variations in luminance, hue, and saturation are made
possible by the presence of both bright and pastel colors. Also, the image'is rich in
slowly varying color textures broken up with sharp color boundaries.

2.3.6 Computer-Generated Spheres

Figure 23 is a computer-generated simulation of spheres. This image utilizes
shadings that produce a three-dimensional effect. The image contains differently
colored spheres at a number of various sizes on a black background. This provides a
wide range of color shadings with distinct edges. In general, each sphere is one color,
shaded to give a three-dimensional appearance. The gradual transition in color for the
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shading of each sphere provides an excellent medium for discerning possible
contouring effects. If contouring is present, it will usually manifest itself as a series of
concentric circles with slightly different colors. The edges of the spheres also provide
sharp boundaries against both the black background and other spheres.

2.3.7 Graphics-Art

Figure 24 is a graphic image from a magazine cover that exhibits a three-
dimensional effect. It uses pastel colors to denote surfaces and fine black lines to
enhance details. It contains a number of repetitive patterns coupled with sharp
boundaries between the various colors.

3 TestCD-02 Image Storage

All of the images in the Standard Image Set are stored in TIFF and use “if’ as
the file name extension. The images are contained in the IMAGES subdirectory on the
Test CD-02 CD-ROM. All files on the Test CD-02 CD-ROM conform to the ISO 9660
format and are optimized for the MS-DOS environment. The CD-ROM file structure is
based on the Level 1 Interchange format defined by the ISO 9660 standard. In order
for a computer operating system to access the Standard Image Set from CD-ROM, the
operating system must contain software that interprets the ISO 9660 file structure. This
software is typically an extension to the operating system software. In order to achieve
compatibility across many computer platforms, the CD-ROM was restricted to a Level 1
Interchange format which is the most universally supported mode. The CD-ROM may
also be read on a UNIX platform and Macintosh computer.

The three classes of images are stored on Test CD-02 as follows. The bi-level
images are stored using ITU-T Rec. T.6 compression (Modified Modified Read or
MMR). Due to the compression achieved for the stored images, the storage
requirements listed in the CD-02 File Reference Guide are greater than the actual
storage space required by each bi-level image on the CD-ROM. Table 1 shows the
actual file storage space requirements for each image. Since T.6 compression is image
preserving, no information is lost. The gray-scale images are stored with the
WordPerfect 5.1 TIFF flavor. The color images are stored as class R TIFF 6.0 files.
Class R is a baseline implementation of the TIFF file format that does not use
compression. The color images are stored in both the CIELAB color space and the
RGB color space.

4 Test CD-02 Architecture and Duplication
A set of 200 Test CD-02 CD-ROMs were manufactured from the master disk
supplied by DIS. The Test CD-02 master CD-ROM contains all of the images

referenced in the ITU-T Recommendation T.24 except for the highest resolutions (400
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and 480 pixel/inch) of the Half-tone Chart. These two images are missing from the DIS
personal computer-based archive. New printed materials (Booklet and Inlay Card) and
CD label artwork were made for the new Test CD-02 CD-ROM.

A number of refinements were made to the new Test CD-02 CD-ROM. These
refinements were performed to both the documentation files contained on the CD-ROM
and to the printed materials that are placed in the jewel box case. The utilization of a
more consistent file naming convention was used for identifying the images. Each
image file name uses a reference in the first three characters to its appropriate figure
number in the ITU-T Recommendation T.24. The new file names were used in the
booklet. Also, the image dimensions in both pixels and inches were added to the File
Reference Guide which makes up three pages of the CD-ROM bookiet. The fourth
page is the front cover to the jewel box case. New, two-color artwork was added to the
front cover (rear of booklet) and the Inlay card to clearly identify the CD-ROM “Standard
Image Set (Beta Test CD-02)”. The new artwork was made in order to avoid confusion
with the previously released CD-ROM “Standard Image Set, CD-01".

In addition to the images stored on the CD-ROM, a number of documentation
files were added to give the user information on the image file format and image
content. The README file provides a directory to all of the documentation file names
and their content. The README file also provides the user with information about the
image content and the TIFF parameters used in storing the images. A very brief
description of the image content is also included in the README file. The image File
Specifications file (IMGSPEC.ASC) which is stored in ASCII contains the image file
names and parameters of the Standard Image Set (Beta-Test CD-02). Also included
on the CD-ROM are three separate files of the ITU-T Recommendation T.24 stored in
ASCI| text format, in Word for Windows 2.0 format and in Postscript. The TIFF 6.0
specification was included as a Postscript file for user reference to the Tagged Image
File Format version 6.0.

5 Test CD-02 Distribution

A few prototypes of the Test CD-02 CD-ROM were distributed to attendees at
the WG1 meeting held in March. Thirty copies of the finished product were taken to the
ITU-T Study Group 8 meeting in Geneva and distributed to key members. Copies of -
the Test CD-02 were also sent to members of the TIA TR-29 committee, the X3L3
committee, and other interested parties for comments.
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6 JPEG Continuous-Tone Test Images
6.1 CD-ROM Contents

This section describes a collection of images on CD-ROM which was assembled
by Delta Information Systems. The CD-ROM was created so that the performance of
different proposed JPEG compression algorithms could be evaluated and compared.
The test images were selected to represent a wide range of image classes. The image
classes on the CD-ROM include video images, scanned images, medical imagery, fine
works of art, computer generated diagrams, aerial photographs, and compound
documents.

The current version of the CD-ROM contains 30 images in a variety of file
formats and color spaces. The images are stored in the TIFF format, the RAW format
or the Sun Raster format (for grayscale images). The image color spaces consist of
RGB, CMYK, CIELab, YUV, and grayscale. The SCID images represent imagery from
the Standard color image data source. For more information, the reader is referred to
the ISO report document ISO/DIS 12640, titled “Graphic technology - Prepress digital
data exchange - Standard color image data (SCID)”. This document was balloted May
4, 1995 and received final approval in December, 1995.' A text file which describes the
images is included on the CD-ROM. Table 4 lists the characteristics of each image on
the CD-ROM. Hard copies of the images (in grayscale) are included in Appendix B of
this report. At the time of this writing, fifteen copies of the CD-ROM have been copied
and distributed to the JPEG algorithm proposers.

TABLE 4 JPEG Test Image Specifications

JPEG Continuous-tone Test Image Set
Filename Source Image Description Color Bits per image File Size
Space component Dimensions (Bytes)
Pixels (W x H)
HOTEL CCIR 601 Hotel YUV 8 720 x 576 830,932
GOLD CCIR 601 Gold YUV 8 720 x 576 830,932
BIKE SCID N5 “Bike” CMYK 8 2048 x 2560 20,972,544
WOMAN SCID N1 “Portrait” CMYK 8 2048 x 2560 20,972,544
CAFE SCID N2 “Cafeteria” CMYK 8 2048 x 2560 20,972,544
TOOLS Crosfield Tools CMYK 8 1524 x 1200 7,315,854
drum scan
BIKE3 Crosfield Motorcycle RGB 8 781 x 919 2,153,821
A digital scan
WATER PhotoCD Water RGB 8 2,048 x 3072 18,899,574
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JPEG Continuous-tone Test Image Set
Filename Source Image Description Color Bits per Image File Size
Space component Dimensions (Bytes)
Pixels (W x H)

CATS PhotoCD Cats RGB 8 2,048 x 3072 18,899,568
AERIAL1 Aerial Photo Aerial 1 RGB 11 1024 x 1024 6,291,992
AERIAL2 Aerial Photo Aerial 2 RGB 8 720 x 1024 2,212,136
CMPND1 Computer Compound 1 RGB 8 512 x 768 1,179,892

generated
CMPND2 Computer Compound 2 RGB 8 1024 x 1400 4,301,404
generated
FINGER Fingerprint 11010092 mono 8 512x512 262,482
X_RAY medica!l x-ray X-ray- “XR1.1" mono 12 2048 x 1680 6,881,312
CR Computer CR “CR-ABDMN” mono 10 1744 x 2048 7,143,456
radiology
CT Computer CT “CT1.1" mono 12 512x 512 524,320
tomography
us Ultrasound Ultrasound “US1.DCM” mono 8 512 x 488 229,808
MRI Magnetic MRI “MR1.1" mono 11 256 x 256 131,104
resonance
FAXBALLS Computer “FAXBALLS” ClELab 8 1,024 x 512 1,577,164
generated
PC Computer Printed Circuit Board Layout CIELab 8 15675 X 2185 10,324,620
generated
CHART Computer “T.23 Test Chart No 6 - 4 Color CIELab 8 1752 x 2375 12,502,266
generated Printing Facsimile Test Chart"
CHART_S | Scan of chart “T.23 Test Chart No 6 - 4 Color RGB 8 1688 x 2347 11,885,812
Printing Facsimile Test Chart”
BAND1 Sensor Array “Aerial Image - Blue band” BLUE 8 736 x 736 541,934
BAND2 Sensor Array “Aerial Image -Green band” GREEN 8 736 x 736 541,934
BAND3 Sensor Array “Aerial Image -Red band” RED 8 736 x 736 541,934
BAND4 Sensor Array “Aerial Image - Near IR band” Near IR 8 736 x 736 541,934

EDUC Scan Fine Arts 1, engraving mono 8 2850 x 4096 11,676,100

INGRES8 Scan Fine Arts 2, painting RGB 8 4088 x 4608 56,512,700
INGRES16 Scan Fine Arts 3, painting RGB 12 4088 x 4608 113,025,212
TOTAL IMAGE STORAGE SPACE REQUIREMENTS 360,677,829

The following paragraphs contain further information about the format and usage
of the files on the CD-ROM.
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Several of the images on the disk are stored in more than one format for
convenience. For example, the PhotoCD images (WATER and CATS) are also stored
with each color plane (red, green, and blue) contained in a separate TIFF file. The
HOTEL and GOLD images are also stored with the color planes separated into
individual color plane files (one each for Y, U, and V). When the images are used for
JPEG algorithm evaluation, each color band must be compressed separately from the
others. Therefore, it is simpler for the evaluation to maintain separate files for each
color component. '

The two aerial photo images are supplied in both TIFF and band sequential
(BSQ) formats. The BSQ format has no header and is included on the CD-ROM in
case difficulty is encountered handling the TIFF images. AERIAL1 is the overhead shot
of an industrial site with railroad cars and water. AERIAL2 is the overhead shot of a
coast line with a curving bridge. The BAND1, BAND2, BAND3 and BAND4 images on
the CD-ROM are produced by an aerial sensor array which provides a near-infrared
band as well as bands for red, green, and blue. BAND4 contains the near-infrared
image. The scene in these images is the same as that in the AERIAL2 image. The
four color bands in the BAND images are stored in both TIFF and RAW files.

The medical images are stored in Sun Raster files with the YY extension. The
FAXBALLS and CHART images are stored in the CIELab color space with the TIFF
Photometric Interpretation tag set to RGB. The PC image is a computer generated cad
drawing of a printed circuit board layout. It is stored in the CIELab color space with the
TIFF Photometric Interpretation tag set to LAB.

The fine art images are all stored in TIFF files. The fine art scanned image of a
painting is supplied in both 8 bits per color plane (INGRES8) and 16 bits per color plane
(INGRES16). The fine art scanned image of an engraving (EDUC) is an 8 bit mono or
grayscale image.

6.2 JPEG Compression Evaluation Using Test Images

The JPEG/JBIG working group has recently developed quantitative evaluation
criteria for lossless continuous-tone image compression®. A copy of the evaluation
criteria is included in Appendix C of this report. According to the evaluation criteria,
JPEG compression algorithms are scored on both lossless and near-lossless
performance. The lossless compression score for each algorithm is determined by
performance and memory cost. The near-lossless compression score is determined by
the root mean squared error (RMSE) as well as the performance and memory
requirements of the algorithm.

The evaluation criteria and test images are useful tools for the comparison of
proposed JPEG compression algorithms. The test images on the CD-ROM were
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encoded by nine proposed JPEG compression algorithms and the evaluation criteria
was used to compare the performance of the algorithms. Six corporations developed
compression algorithms including RICOH, Mitsubishi, NEC, Canon, Hewlett Packard,
and Kodak. Academic institutions contributed three proposals. The University of
California, Santa Clara (UCSC) submitted two JPEG compression algorithms including
one by Don Speck and another by Glen Langdon, et. al. The remaining proposal came
from three researchers at separate universities, namely Xiaolin Wu, Nasir Memon, and
Khalid Sayood.

Each of the organizations listed above used their JPEG algorithm to compress
the images on the CD-ROM. After compressing the images, they returned data for
each image including the compressed file sizes and root mean squared error to Delta.
This information was entered into a spreadsheet and the scores were calculated using
the evaluation criteria in Appendix C. To simplify analysis of the results, the score from
images in each image class were combined into an average score for that class.

Tables 5 to 11 display the average scores for each image class. The compression
score is given in bits per symbol and the overall score is shown as a percentage. At the
top of each table the images contained in the class are listed along with the lossless
compression achieved by the original JPEG algorithm.

NOTE: Some of the images on the current CD-ROM do not appear in any of the
following tables because they were added after the algorithm evaluations had been
completed.

TABLE 5 - Algorithm Scores For Video Image Class

Images included: HOTEL, GOLD
JPEG Lossless compression (bps): 4.144

Contributor RICOH | Mitsubishi | UCSC (1) | UCSC (2) | NEC | CANON | WMS HP | KODAK]
Algorithm Name | CREW | CLARA ALCM Jslug LTC | APEC | CALC |LOCO-i| DARC

Lossless (bps) 407 3.97 3.88 390 | 4.09 3.91 3.77 3.90 428
Score 93.23 96.66 98.16 9740 | 9387| 9620 100.00]| 97.74 | 91.95
Lossy 1 (bps) 267 244 2.38 238 | 248 2.44 2.33 2.44 277
Score 79.57 92.82 96.21 96.03 | 89.61| 92.02| 10000| 9274 | 76.98
Lossy 2 (bps) 212 1.81 1.75 173 | 1.82 1.84 1.74 1.90 218
Score 77.62 94.21 98.31 99.44 | 93.08| 9200| 9874| 89.49 | 76.60
Lossy 3 (bps) 1.80 1.45 1.36 135 1.43 1.46 1.41 1.61 1.85
Score 73.84 92.08 98.88 99.41 | 9336 92.01 9589 | 83.04 ) 7287
Lossy 7 (bps) 1.22 0.86 0.65 065 | 0.70 0.70 0.76 1.04 1.23
Score 50.78 77.37 99.00 9894 | 9203| 9400| 8883} 6890 | 60.81
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TABLE 6 - Algorithm Scores For Prepress/SCID Image Class

Images included: BIKE, WOMAN, CAFE, TOOLS
JPEG Lossless compression (bps): 4.8

Contributor RICOH | Mitsubishi [ UCSC (1) | UCSC (2) | NEC | CANON | WMS | HP | KODAK]
lﬂMm Name |CREW | CLARA | ALCM Jsug | LTC | APEC | cALc | Loco-1 | pArc
Lossless (bps) 4.72 4.54 443 448 | 469| 450 430| 483 479
core 92.13 96.46 98.06 96.80 | 9363 | 9557 | 10000 | 9653 | 9295
Lossy 1 (bps) 3.33 3.09 3.03 306 | 320] 315 295| 312 339
Lcore 79.16 92.15 94.50 9248 | 84.32| 8711 | 100.00| 8830 | 77.53
Lossy 2 (bps) 275 2.47 2.43 244 | 256| 255 237| 252 278
Lcore 80.33 95.01 96.42 95.76 | 8827 | 89.13| 9986| 8072 | 7976
Lossy 3 (bps) 2.42 2.09 2.06 207 | 215 220 202 217 242
|$core 79.14 95.69 97.10 96.29 | 91.08| 89.18 | 100.00| 89.11 | 7960
l:ossy 7 (bps) 1.71 1.35 1.29 128 | 1.35 1.38 132 151 1.72
core 74.11 93.00 98.20 98.64 | 9220| 9199 | 9591 8140 7363
TABLE 7 - Algorithm Scores For Scanned Image Class
Images included: BIKE3, WATER, CATS, GRAPHIC
JPEG Lossless compression (bps): 2.942
ontributor [RICOH | Mitsubishi | UCSC (1) | UCSC (2) | NEC | CANON | WMS | FIP T KODAK]
El;orithm Name |CREW| CLARA | ALcM Jslu LTC | APEC | cALc | LOCO-I | DARC
Lossless (bps) 3.03 283 278 278 | 287| 28| 268| 287] 299
core 89.95 94.77 96.18 95.80 | 9336 | 9331 | 9826| 93.85 | 91.11
flLossy 1 (bps) 2.08 1.81 1.75 182 | 185 191 | 174| 193] 208
Score 74.07 90.60 95.00 88.73 | 83.85| 8225| 97.16| 78.35| 71.40
Lossy 2 (bps) 1.71 1.41 1.33 133 | 1.42 149 | 137 156 1.68
core 69.42 87.49 92.72 92.31 | 83.05| 8030 87.75| 7337 | 68.00
Lossy 3 (bps) 1.46 1.16 1.08 108 115 121 120] 132] 143
IScore 67.80 86.13 92.72 91.70 | 8531 | 8185 | 84.81| 7142 | 67.90
l;ossy 7 (bps) 1.02 0.74 0.60 062| 066 o068| 085| 084 1.00
core 56.37 72.04 94.56 87.92 | 77.32| 8507 | 65.80| 6225| 5576
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TABLE 8 - Algorithm Scores For Aerial Photograph Class

Images included: AERIAL1, AERIAL2
JPEG Lossless compression (bps): 6.565

ontributor RICOH | Mitsubishi | UCSC (1) | UCSC (2) [ NEC | CANON | WMS HP | KODAK]
I}C\Igorithm Name | CREW| CLARA | ALCM Jslug Ltc | APEC | CALC | LOCO-1| DARC
I:ossless (bps) 6.59 6.42 6.23 6.38 | 648 6.31 6.07| 631 6.76
core 91.76 96.23 97.19 9577 | 9477 | 9596 | 100.00| 97.83 | 92.88
I:ossy 1 (bps) 5.12 5.00 4.79 491 | 508 495 484| 499 5.25
core 82.02 90.61 99.92 93.94 | 8573 9047 | 9787| 89.02| 78.97
Lossy 2 (bps) 4.48 434 413 426 | 439 4.30 422| 435 457
Score 83.19 90.83 99.97 9457 | 8864 | 9222 | 9537| 89.89| 81.68
Lossy 3 (bps) 407 3.92 3.72 384 397 3.90 382 | 393 7.36
core 82.88 90.61 100.00 9513 | 89.43| 9171 | 9498) 9067 | 5961
l:ossy 7 (bps) 3.20 3.02 2.87 296 | 3.05 3.03 292| 303 3.26
core 82.65 92.12 | 100.00 96.01 | 9179 9249 | 96.87| 91.75 | 82.61
TABLE 9 - Algorithm Scores For Compound Documents Class
Images included: CMPND1, CMPND2, CHART, CHART_S
JPEG Lossless compression (bps): 1.889
ontributor RICONT Misaoien 1 UCSC ()] UGSC @) | NEC | CANON | WMS | HP | KODAK]
El;orithm Name | CREW| CLARA | ALcM Jslug Ltc | APEC | CALC | LOCO-i | DARC
Lossless (bps) 2.38 167 1.81 185] 1.78 166 | 160] 1.81 1.93
core 75.71 97.39 91.73 80.87 | 9201 | 9649 | 99.78| 9179 | 88.18
|:ossy 1 (bps) 1.7 1.09 1.20 124 | 1.22 143 | 112 127 1.35
core 56.49 97.30 79.81 7737 | 77.78| 9192 | 9620| 7238 | 69.52
Lossy 2 (bps) 1.44 0.86 0.95 098 | 097 088 | 099| 1.05 1.11
core 56.71 98.49 83.06 8095 | 79.75| 9547 | 8273| 7266 | 69.99
Lossy 3 (bps) 1.27 0.72 0.81 082 | 083 074 | o095| 091 0.97
core 56.19 89.03 86.67 8474 | 8167 | 9737 | 7347| 7685 | 7013
Iiossy 7 (bps) 0.93 0.47 0.52 053 | 0.50 049 | o058| 066 0.71
core 54.72 95.92 84.82 83.96 | 8220]| 9519 | 8282| 67.82| 6554
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TABLE 10 - Algorithm Scores For Medical Image Class

Images included: FINGER, XRAY, CR, CT, US, MRI
JPEG Lossless compression (bps): 5.18

ontributor RICOH | Mitsubishi [ UCSC (1) | UCSC (2) | NEC | CANON | WMS HP | KODAK]
Lcugorithm Name | CREW | CLARA ALCM Jslug LTC | APEC [ CALC | LOCO-I | DARC
Lossless (bps) 5.11 5.06 4.85 480 | s5.01 493 | 473| 492 5.22
L:core 92.14 95.58 97.24 98.18 | 9522| 9571 | 99.65| 9693 | 9325
Lossy 1 (bps) 3.68 3.61 3.41 338 356 351 | 359 3.54 3.88
lscore 79.71 85.91 93.68 9560 | 8578 | 8924 | 8644 | 87.05| 74.08
Lossy 2 (bps) 3.08 2.97 2.81 276 | 291 293 | 299 2.91 3.21

core 81.32 88.20 94.79 96.96 | 88.67( 8960 8764| 9000| 77.73
Lossy 3 (bps) 2.70 2.57 2.40 237 | 250 253 | 264 253 2.83
Iscore 81.10 89.60 95.59 96.98 | 89.43| 8943 | 8566 87.75| 77.34
Lossy 7 (bps) 2.00 177 1.59 156 | 1.66 173 ] 1.80 1.74 2.01

core 75.40 87.11 97.57 9873 | 91.91| 8938 | 86.72| 88.82| 77.20

TABLE 11 - Algorithm Scores For Computer Generated Image Class

Images included: FAXBALLS
JPEG Lossless compression (bps): 0.844

ontributor RICOH [ Mitsubishi [ UCSC (1) | UCSC (2) | NEC | CANON | WMS | HP | KODAK
@ggrithm Name | CREW| CLARA | ALCM Jslug LTC | APEC | cALC | Loco- | pARC
L ossless (bps) 1.15 0.60 0.82 079 | o061 089! 075| 1.08 1.08
core 66.25 99.97 82.38 8350 | 97.90| 7694 | 87.00| 7134 | 7041
Lossy 1 (bps) 0.83 0.34 0.38 036 | 041 03| o070 o069 0.70
core 41.44 84.44 75.43 79.10 | 67.09| 9897 | 46.40| 4645 | 4634
Lossy 2 (bps) 0.67 0.23 0.30 028 | 033 020]| o065| 055 0.52
core 38.16 81.73 69.57 7262 | 6163| 9897 | 40.13| 4288 | 4424
Lossy 3 (bps) 0.57 0.18 0.24 023 | 027 016 | 058 o047 0.43
core 37.62 88.09 69.61 71.89 | 63.09| 9897 | 3859 | 4321 | 4590
Lossy 7 (bps) 0.36 0.09 0.15 014 | 017 010 | o044 030 0.25
core 40.18 91.95 72.76 7522 | 6413 | 9644 | 37.55| 46.84 | 52.09

Overall, the best performing algorithms were those from UCSC and the trio of
Wu, Memon, and Sayood (WMS). These were the dominant algorithms for five of the
seven image classes. The proposals from Canon and Mitsubishi also performed well
for the computer generated and compound documents class, respectively. For most
image classes, the algorithm which provides the best lossless compression is not the
same as the one which provides the best near-lossless compression. Generally, the
algorithm developed by WMS is best for lossless compression while the UCSC
algorithms score higher when greater compression is needed. This result implies that
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perhaps two algorithms should be selected and negotiated in the facsimile protocol
depending on how much lossiness can be tolerated. It might also be possible to use
the lossless portion of one algorithm and the near-lossless portion of another for the
best overall performance.

7 Recommendations

It is recommended that a new CD-ROM be created for the ITU-T. The new CD-
ROM will have the CIELAB color images stored in TIFF with the Photometric
Interpretation Tag set to the CIELAB color space. The current test CD-ROM has the
CIELAB images stored with the Photometric tag set to RGB for compatibility with most
older TIFF readers. By using the RGB tag, readability of the image file was ensured.
However, this lead to a problem when the files were viewed since the color space
indicated by the TIFF tag did not match the file data and the image was displayed in the
wrong color space. Presently, TIFF readers have become available that can correctly
interpret the CIELAB Photometric Interpretation Tag and are capable of displaying the
data in the CIELAB, color space.

Also, a production copy of the color test chart with spectrophotometric accuracy
can be achieved by using a micro densitometer for the scanning process. Therefore, it
is also recommended that a normative reference for the Scanned Color Test Chart be
generated using this technique.
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THE SLEREXE COMPANY LIMITED

- : ‘ SAPORS LANE . BOOLE - DORSET - BH25 8ER
TELEPHONE BOOLE (945 13) 51617 - taLEx 123456

" Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

Permit me to introduce you to the facility of facsimile
transmission.

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print demsity on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable communications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a
printing device. This device is scanning in a raster scan synchronised
with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probably you have uses for this facility in your organisation.

Yours sincerely,

P.J. CROSS o
Group Leader - Facsimile Research

Registered in England:  No, 2038
Ragistered Office: 80 Viears Lane, Ilford. Essex.

Figure 1
ITU-T Document No. 1
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Figure 2
ITU-T Document No. 2
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Total invol M total ‘de s factwrs  1431,80
NET 10 BE PAID | MET A BEGLER 1431,80
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L'ordre de lancement et de réalisation des applications fait 1'objet de décisions au plus haut
nivesu de la Direction Générale des Télécommunications. Il n'est certes pas question de
construire ce systdme intégré "en bloc" mais bien au contraire de procéder par étapes, par
paliers successifs. Certaines applications, dont la rentabilité ne pourra étre assurée, e
seront pas entreprises. Actuellement, sur trente applications qui ont pu étre globalement
définies, sixen sont au stade de 1'exploitation, six autres se sont vu donner la priorité pour
leur réalisation. :

. Chaque application est confiée a un “chef de projet", responsable successivement de sa
conception, de son analyse-programmation et de sa mise en ceuvre dans une région-pilote.
La généralisation ultérieure de l'application réalisée dans cette région-pilote dépend des
résultats obtenus et fait l'objet d'une décision de la Direction Générale, Néanmoins, le
chef de projet doit dés le départ considérer que son activité a une vocation nationale donc
refuser tout particularisme régional. Il est aidé d'une équipe d'analystes-programmeurs
et entouré d'un "groupe de conception” chargé de rédiger le document de “définition des
objectifs globaux' puis le "cahier des charges"” de 1'application, qui sont adressés pour avis
A tous les services utilisateurs potentiels et aux chefs de projet des autres applications.
Le groupe de conception comprend 6 2 10 personnes représentant les services les plus
divers concernés par le projet,et comporte obligatoirement un bon analyste attaché i 1'ap-
plication,

II - L'IMPLANTATION GEOGRAPHIQUE D'UN RESEAU INFORMATIQUE PERFORMANT

L'organisation de l'entreprise francaise des télécommunications repose sur l'existence de
20 régions, Des calculateurs ont été implantés dans le passé au moins dans toutes les plus
importantes. Ontrouve ainsi des machines Bull Gamma 30 3 Lyon et Marseille, des GE 425
a4 Lille, Bordeaux, Toulouse et Montpellier, un GE 437 2 Massy, enfin quelques machines
Bull 300 TI & programmes ciblés étaient récemment ou sont encore en service dans les
régionsde Nancy, Nantes, Limoges, Poitiers et Rouen ; ce parc est essentiellement utilisé
pour la comptabilité téléphonique,

Al'avenir, sila plupart des fichiers nécessaires aux applications décrites plus haut peuvent
otre gérésentemps différé, un certain nombre d'entre eux devront nécessairement etre ac-
.cessibles, voire mis 3 jour en temps réel : parmi ces derniers le fichier commercial des
abonnés, le fichier des remwseignements, le fichier des circuits, le fichier technique des
abonnés contiendront des quantités considérables d'informations,

Le volume total de caractires 3 gérer en phase finale sur un ordinateur ayant en charge
quelques 500 000 abonnés a été estimé A un milliard de caractéres au moins. Au moins le
tiers des données seront concernées.par des traitements en temps réel,

Aucun des calculateurs énumérés plus haut ne permettait d'envisager de tels traitements,
L'intégration progressive de toutes les applications suppose la création d'un support commun
pour toutes les informations, une véritable "Banque de données"”, répartie sur des moyens
de traitement nationaux et régionaux, et qui devra rester alimentée, mise 2 jour en perma-
nence, A partir de la base de l'entreprise, c'est-a-dire les chantiers, les magasins, les
guichets des services d'abonnement, les services de personnel etc.

L'étude des différents fichiers a constituer a donc permis de définir les principales carac-
téristiques du réseau d'ordinateurs nouveaux a2 mettre en place pour aborder la réalisation
du systéme informatif. L'obligation de faire appel a des ordinateurs de troisiéme génération,
trds puissants et dotés de volumineuses mémoires de masse, a conduit 3 en réduire substan-
tiellement le nombre. -

L'implantation de sept centres de calcul interrégionaux constituera un compromis entre :
d'une part le désir de réduire le cofit économique de 1'ensemble, de faciliter la coordination
des équipes d'informaticiens; et d'autre part le refus de créer des centres trop importants
difficiles A gérer et 2 diriger,et posant des problémes délicats de sécurité, Le regroupe-
ment des traitements relatifs a plusieurs régions sur chacun de ces sépt centres permettra
de leur donner une taille relativement homogéne. Chaque centre "'gérera' environ un mil-
lion d'abonnés & la fin du Viéme Plan,

La mise en place de ces centres a débuté au début de 1'année 1971 : un ordinateur IRIS 50 de
la Compagnie Internationale pour l'Informatique a été installé 2 Toulouse en février ; la
méme machine vient d'étre mise en service au centre de calcul interrégional de Bordeaux,

Photo n® 1 - Document trés dense lettre 1, 5mm de haut -
Restitution photo n® 9
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Cela est d'autant plus valable que TAS est plus
grand. A cet égard la figure 2 représente la vraie courbe
doanant [¢(7)| en fonction de f pour les valeurs numé-
riques indiquées page précédente.

Tat R

o --  ™
Lo /A

/ N

*- oat

Fia. 2

Dans ce cas, ke filtre adapté pourra étre constitué,
conformément & la figure 3, par la cascade :

— d'un filtre passe-bande de transfert unité pour
Jo € f € fo+Af et de transfert quasi nul pour
T < foetf> fo+AlJ, filtre ne modifiant pas la phase
des composants le traversant ;

— I I LAR e t——

Fic. 3

_— filtre suivi d’une  ligne & retard (LAR) disper-
sive ayant un temps propagation de groupe T,
décroissant linéairement avec Ia fréquence suivan:
I'expression : . .

Ta= r.+cf.-n£ (sves T, > 7)

(voir fig. 4).

Ta

Ty =~

. LY 1) t

telle ligne & retard est donnée par :

/4
Q= —2% I. Te df

o= —21‘[T.+%.]f+z %f’

Et cette phase est bien 1'opposé de [&(/),
A un déphasage constant pris (sans importance)
et & un-retard T, prés (inévitable).

Un signal utile S(7) traversant un tel filtre adapté
donne & Ia sortic (& un retard T, prés et & un dépha-
sage prés de la porteuse) un signal dont la transformée
de Fourier est réelie, constante entre f, et fo+4A/,
et nulle de part et d’autre de f;, et de f,+Af, c’est-
a-dire un signal de fréquence porteuse fo+Af2 et
dont 'enveloppe & la forme indiquée i la figure 5,
ol l'on a représenté simultanément le signal S(r).
et le signal S,(r) correspondant obtenu i la sortic
du filtre adapté. On comprend le nom de récepteur
& compression d’impulsion donné & ce genre de
filtre adapté : la « largeur » (& 3 dB) du signal com-
primé étant égale & J/Af, le rapport de compression

T .

sl
Emalagpe e S(t)
[ ]
To s Kps
81« S Mz
TRy
Fia. §

Oq saisit physiquement le phénoméne de com-
pression en réalisant que lorsque le signal S(¢) entre
dans la ligne A retard (LAR) la fréquence qui entre
la premitre A Plinstant 0 est la fréquence basse f;,
qui met un temps T, pour traverser. La fréquence f

entre & l'instant r-(j—f,)i—et elle met un temps

TLo-(f-fo) -A-Ti pour traverser, ce gui la fait ressortir

& linstant T. éaalement. Ainsi donc. le signal S(n

Figure 5
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Figure 12
Sailboat #2
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. The Promenade de la Croisette is th
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Figure 16
Magazine Text, Half-tone



Figure 17
Magazine Page, Composite
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Figure 20
House With Sky
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Scanned Color Chart
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Kids With Toys



Figure 23
Computer-generated Spheres
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Appendix B
Advanced Lossless JPEG Images
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Dear Fanm,

1 was delighted to hear From you last week., Potti and [ had &
wonderful time during sur wesk-lorg sumwer vacation, The wea-
ther was excellent, engd the food was absolutely exguisite, 1

hope that we can repeat this next yes and that you will join

us oo,

He cane back with a lot of fantustic wewories, shich we would

like to share with you through some shapshats that we took,

AMMNKK

N

Our favorite ig this plcture of us absard the “Top Hat®, which {
tave pasted into this letter using some really neat advanced dig-
ital imsaing technology on my hone computer, He will ship the

rest to you on a CD-ROM soon, Mishing you the best,

Love,

Susan

CMPND1



Jaruary 31, 2001
] Dear Mom and Dad,

How are both of you doing? I thought I would drop a line
to say hi. Fanny, little Danny, and I are doing well. As
you can see by the picture, little Danny isn’t quite so little!
Isn't this letter really great! I took a picture of Danny
that was on a Kodak PhotoCD, and I merged it onto this
letter using my computer. I then printed the letter using

a color inkjet printer I just bought...

Danny's wearing the gorgeous BLUE sweater you gave
him last time you were visiting. It just brings out the
RED in his lips and cheeks. He definitely gets his good

. looks from his mother!
. Take care of yourselves and write soon.
Love, §

Michael

CMPND2
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Appendix C
Evaluation Criteria for JPEG Compression Algorithms
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Evaluation criteria for the lossless continuous-tone image compression
work item (JTC1.29.12)

The contributors are welcome to present the system performance using a number of
different memory sizes. Only the best will be used for scoring.

Committee’s rational: It is important to consider memory cost when evaluating
compression performance. This formula has no compression cost until the memory is over
217 bits. After that amount of memory, the compression performance must achieve about
0.75% better performance for every doubling of memory to have an increase in score. This
considered a very modest scoring hit for large memory utilization and is in keeping with the
desire to achieve exceptional compression performance. The applications for this standard
are consider to be at the higher end of the market and more tolerant of higher
implementation cost.

Near-lossless compression evaluation

There are four categories for near-lossless compression defined by different bounded
reconstructed image error at each pixel (component). These bounds are +- 1, +-2, +-3, and
+-7. The scores from each category are added together for the total score. The scoring for
each category is as follows:

Snl = (3S + Srmse) / 4

where Sp| is the near-lossless score, S is the performance score from above, and Srpse is
the score for RMSE. Srmge is the following:

(Sto of system under test)
Sn'nse = 100

(Best Sto of all systems under test)

where Sto is the trade off score between compression and RMSE. Sy is the following:

0.3 (2CG -DxCG
Sto = , forRMSE>0
(RMSE)

where CG is the coding gain. CG is the following:

oG I/ (BLbpp) - (SUTbpp) (BLbpp) > (SUTbpp)

\ O, otherwise
where BLbpp is the bits per pixel (or component) of the best lossless compression of that

particular image and SUTppp, is the near-lossless bit per pixel of the system under test.
RMSE is calculated by the following equation:

RMSE = { I/N sum{ (Xoriginal - Xreconstructed)? ] }1/2

where N is the number of pixels (components), Xoriginal is the original pixel value, and
Xreconstructed is the near-losslessly reconstructed image.
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The contributors are welcome to present the system performance using a number of

different memory sizes and/or distortions for each category. Only the best will be used for
the scoring.

Committee's rational: A quantitative metric is used because subjective testing of all the
images could be costly, time consuming, and, at the near-lossiess level of distortion,
inconclusive. Although RMSE is far from a perfect metric, it does differentiate image
quality. Also, as a measure of image fidelity, RMSE should give some relative idea of how
reconstructed images might perform under post-processing. At a later date (probably
November 1995, Dallas Texas), after the field of proposals has been reduced, a subjective
test could be performed to further differentiate between methods.

Color component cross-correlation usage

Color component cross-correlation may not be used to achieve higher compression for the
initial evaluation. This means that each color component band must be compressed

independently of other bands in the image. No color transform or adaptive method may be
used.

The contributors are welcome to present results that use cross-correlation in addition,
however, these results will not be used for scoring.

Committee's rational: To allow color component cross-correlation to be used might
unnecessary prejudice the performance of some proposals relative to others. At the initial
evaluation it is important to determine the compression performance of the compressor as
opposed to the color component cross-correlation method. Eventually this type of
correlation will be added for complete system performance. At that time, however, it might
be possible to adapt a hybrid system with the best color cross-correlation method and the
best compression method.

Description of computation performance

Computation performance in software will not be scored during this initial evaluation.
However, contributors are requested to describe the software speed performance for both
compression and decompression in terms of bytes/second. Please also describe the type of
computer on which these tests were performed. A discussion of the computational
complexity in both software and hardware would also be helpful.

Committee’s rational: It is the committee's desire that this standard be reasonably
implemented in both hardware and software. However, meaningful empirical comparison
of the proposals would be very difficult to perform. All of the systems would have to be
implemented on the same type of computer and run on the same computer, possibly at great
cost and inconvenience. Also, experience has shown that performance improvements on
new algorithms are almost always possible. The attention that nascent standards receive

almost always leads to creative improvements. To use software performance as a scored
criteria might unduly prejudice some proposals.

Other features

Contributors are encouraged to present any additional features offered by their systems.
Examples include smooth progressive performance and palletized (indexed) image
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compression. These features, while not evaluated quantitatively, will defiantly add value to
the proposals.

Intellectual property rights

Contributor's are required to disclose any intellectual property rights (held now or currently
applied for) that relate to their proposals.

Committee's rational: The interest of the committee is to create a readily usable and
accessible standard. It is desirable to avoid difficult negotiations and high costs. The goal is

to ensure that the intellectual property rights situation is not more complex than the situation
of ISO/TEC 11544(7816).

Test image set

There are 24 images to be used as test images for proposals. All of these images should be
used for the lossless and the four near-lossless categories. These images vary widely and
attempt to cover the types of images found in probable applications of this standard. The
images will be made available to contributors on CD-ROM after 15 April 1995 from the
following:

ISOMEC JTC 1/SC 29/WG 1 Convenor - Eric Hamilton
C-Cube Microsystems, 1778 McCarthy Blvd., Milpitas CA 95035, USA
Tel: 1 408 944 6335, Fax: 1408 944 8167, E-mail: eric@c-cube.com

Voluntary donations of unetched CD-ROMs to offset the costs are greatly appreciated. All
the images are in the TIFF format except hotel and gold, which are in a non-interleaved raw
format. The following table describes the images. -
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ontinuous-tone image compression

Name Source Bands Size
hotel CCIR 601 YCCp, 8 bpc, 4:2:2 720 x 576
gold CCIR 601 YCCp, 8 bpe, 4:2:0 720 x 576
woman SCID CYMK, 8 bpc 2560 x 2048
bike SCID CYMK, 8 bpc 2560 x 2048
cafe SCID CYMK, 8 bpc 2560 x 2048
tools Crosfield drum scan CYMK, 8 bpe 1524 x 1200
bike3 Crosfield digital cam. RGB, 8 bpc 919x 2103
water PhotoCD RGB, 8 bpc 2048 x 3072
cats PhotoCD RGB, 8 bpc 2048 x 3072
aeriall aerial photo RGB, 8 bpc 1024 x 1024
aerial2 aerial photo mono, 16 bits (12 bit) 1024 x 1024
artl scan of engraving mono, 8 bits 5912 x 7268
art2 scan of painting RGB, 12 bpe 5912 x 7268
X-ray medical x-ray mono, 16 bits (12 bit) 1680 x 2048
ct computer tomography mono, 16 bits (13 bit) 512x 512
cr computer radiology mono, 16 bits (10 bit) 1744 x 2048
us ultrasound mono, 8 bits " 512 x 448
mri magnetic resonance mono, 16 bits (12 bit) 256 x 256
faxballs computer generated CIE Lab, 8 bpc, 1:1:1 1024 x 512
graphic computer generated CIE Lab, 8 bpc, 1:1:1 2644 x 3046
chart computer generated CIE Lab, 8 bpc, 1:1:1 1752 x 2375
chart_s scan of chart RGB, 8 bpc 1688 x 2347
finger fingerprint mono, 8 bits 512x 512
compound computer generated RGB, 8 bpc 768 x 512

The images "woman", '
(IPTS), Japan.

The images "tools" and "bike3"
The images "water" and "cats"
The images "art1” and "art2"
The images "x-ray", "ct", "cr", "us", and "mri"
Washington University School of Medicine (Sain
The image "finger” was provided by the United Ki

are provided by Crosfield Electronics, PLC.
are provided by Mr. Phil Fennessy.

are provided by the French Ministry of Culture.
are provided by Mallinckrodt Institute of Radiologoy at
t Louis, MO).
ngdom Home Office.

'bike”, and "cafe" are provided by the Image Processing Technology, Standard

s




