Tools and Subjective Labs Setup Group Summary
At the last VQEG meeting, there were a number of interim work items assigned to the Tools and Subjective Labs Setup Group.  These items included definition of color space transformation equations, definition and preparation of necessary software tools (those not already defined by the MM test plan), definition of the minimum specifications for the subjective testing computer system, and definition of the color calibration and setup procedures for the LCD monitor.  This document provides a description of progress on these work items. 
1  Color Space Conversion Algorithms

Consensus was reached on the color space conversion algorithms to be used in the MM tests.  In the absence of known color transformation matrices (e.g., such as what might be used by a video display adapter), the following algorithms will be used to transform between ITU-R Recommendation BT.601 Y'CB'CR' video and R'G'B' video that is in the range [0, 255].  The reference for these color transformation equations is pages 15-16 of ColorFAQ.pdf, which can be downloaded from:

http://www.poynton.com/PDFs/ColorFAQ.pdf
1.1  Transforming R'G'B' to Y'CB'CR'

1.  Compute the matrix transformation:
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2.  Round to the nearest integer.

3.  Clamp all three components to the range 1 through 254 inclusive (0 and 255 are reserved for synchronization signals in ITU-R Recommendation BT.601).

1.2  Transforming Y'CB'CR' to R'G'B'

1.  Compute the matrix transformation:
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2.  Round to the nearest integer.

3.  Clamp all three components to the range 0 through 255 inclusive.
2  Software Tools
The following provides a summary of the software tools that are available for use by VQEG in the MM tests.

2.1  Calibration

These tools verify that the processed video sequences meet the calibration limits (e.g., temporal shifts, spatial shifts, spatial scaling, gain and level offset) specified by the test plan.

NTIA
The “Laboratory VQM” tool available from NTIA has the ability to estimate spatial registration, temporal registration, and gain/level offset.  This tool may be obtained at:
http://www.its.bldrdoc.gov/n3/video/vqmsoftware.htm
2.2  UYVY Raw to UYVY AVI
These tools convert raw uncompressed UYVY files (in VQEG format, see FRTV Phase I video file examples at ftp://vqeg.its.bldrdoc.gov/SDTV/VQEG_PhaseI/TestSequences/) to uncompressed UYVY AVI files.  The following tools are available:
SwissQual
Tools/SwissQual/Conversion_Tools/UYVYIntoAVI/ directory on ftp://mmpretest@132.163.64.167/
NTIA

The “Laboratory VQM” tool available from NTIA has this capability.  The UYVY AVI output file is limited to 2GB (AVI Version 1.0).  This tool may be obtained at:
http://www.its.bldrdoc.gov/n3/video/vqmsoftware.htm
2.3  UYVY Raw to RGB AVI

These tools convert raw uncompressed UYVY files (in VQEG format, see FRTV Phase I video file examples at ftp://vqeg.its.bldrdoc.gov/SDTV/VQEG_PhaseI/TestSequences/) to uncompressed RGB AVI files.  The following tools are available:

SwissQual

Tools/SwissQual/Conversion_Tools/UYVYToAVI/ directory on ftp://mmpretest@132.163.64.167/
2.4  UYVY AVI to RGB AVI
These tools convert uncompressed UYVY AVI files to uncompressed RGB AVI files using the agreed upon color space conversion in section 1.2 .

2.5  RGB AVI to UYVY AVI
These tools convert uncompressed RGB AVI files to uncompressed UYVY AVI files using the agreed upon color space conversion in section 1.1 .  The following tools are available:
SwissQual

Tools/SwissQual/Conversion_Tools/RGBtoYUV/ directory on ftp://mmpretest@132.163.64.167/
2.6  UYVY Decoder to UYVY Raw / UYVY AVI
This tool intercepts UYVY video from a video decoder (before being converted to RGB for monitor display) and saves this video to a UYVY Raw or UYVY AVI file.

The following video decoders output some form of uncompressed YUV video and hence RGB color space conversions can be avoided:
MPEG-2 Reference Codec (www.mpeg.org):  Outputs YUV 4:2:2 and YUV 4:2:0.
MainConcept MPEG-2 Codec (www.mainconcept.com):  Since the MainConcept decoder is a DirectShow filter, its output can be an AVI file.  DirectShow filter outputs a range of YUV formats in addition to RGB. 

H.264 (AVC) Joint Video Team (JVT) Reference Codec:  Outputs YUV 4:2:0.

MainConcept H.264 codec:  Outputs a range of YUV formats.

2.7  RGB Monitor to RGB AVI

This tool intercepts RGB video being sent to a computer monitor and saves this video to an uncompressed RGB AVI file.  The following tools are available:
SwissQual

Free demonstration system for capturing streaming media (the full version can be bought from SwissQual):
Tools/SwissQual/Capturing/ directory on ftp://mmpretest@132.163.64.167/
The full system is capable of capturing QuickTime, Real Media, and Windows Media streams and includes a Media Server.  The tool captures the image shown on the monitor, or more precisely from the memory (space) that Windows sends to the graphics card.  A frame is captured only if new data is available.  That is why there is a file created that contains the variable frame rate information.  Please see:

Tools/SwissQual/VQEG_SQ_Capturing_Sequences_V2.pdf on ftp://mmpretest@132.163.64.167/
To meet the desired VQEG file format definitions, the captured video data must be converted to constant frame rate and from RGB to YUV.  These conversions are already implemented in the full version of the capturing tools.
Linux

Capture tools developed by Marcus Barkowski from the University of Erlangen are available at this location:

Tools/playout_capure.tgz on ftp://mmpretest@132.163.64.167/
These capture tools consist of a set of Linux system libraries that hijack the output of various players.  The captured video data as well as a file with time stamps is saved to the disk.

2.8  Subjective Test Playback

These tools perform subjective test playback of randomized UYVY AVI files and collect Absolute Category Scale (ACR) ratings from subjects.  The following tools are available:
Acreo

MMPreTest_Players/Acreo/ directory on ftp://mmpretest@132.163.64.167/
NTIA
MMPreTest_Players/NTIA/ directory on ftp://mmpretest@132.163.64.167/
The NTIA subjective test playback software requires

C:\MPlayer\win32-beta\MPlayer-mingw32-1.0pre4\mplayer\mplayer.exe 
The AVI extension must be assigned through Tools, Folder Options, File Types tab (select AVI), Advanced button (if the restore button appears, push this to see the advanced button).  Edit the “open” action and change the “Application used to perform action:” to the following

C:\MPlayer\win32-beta\MPlayer-mingw32-1.0pre4\mplayer\mplayer.exe –geometry +r+c “%1”

where r and c are the number of row pixels and column pixels that the playback window will be offset on the Windows desktop (referenced to the upper left hand corner).  Please see accompanying documentation that comes bundled with the above download.
3  Subjective Testing Computer Specifications
The specifications for the subjective testing computer (CPU, RAM, bus speed, hard disk, display adapter card, LCD monitor, etc.) need to be determined and verified.  The verification will involve using the subjective testing computer system together with the Subjective Test Playback tool described in section 2.8  to assure videos are rendered without added distortion (e.g., smooth playback without dropped frames or pauses, no added spatial impairments, etc.).
A PC system with the following specifications seemed to meet these requirements:
Processor:  Pentium D 840 w/ Dual Core, 3.2GHz, 800FSB

Memory:  2GB Dual Channel DDR2 SDRAM, 667MHz

Video:  256MB PCI Express x16 ATI Radeon X850 XT 

Hard Drive:  160GB Performance RAID 0 (2 x 80 GB, 10000 RPM SATA)
The most important PC component required to achieve a smooth playback of uncompressed VGA video files is the hard drive raid array where the video files are stored.

4  LCD Color Calibration Procedure

Several automatic color calibration devices were ordered and evaluated.  The Gretag Macbeth Eye-One Display2 device seemed to produce the most consistent results and was easiest to setup and run:
http://www.gretagmacbeth.com/mac/index/products/products_color-mgmt-spec/products_cm-for-creatives/products_eye-one-display.htm
While the Eye-One device comes bundled with its own color calibration software, a more detailed setup procedure (with more options) can be performed using Color Corporation (Software ColorEyes) software:
http://www.integrated-color.com/
The following web site has a review of the ColorEyes software package:
http://www.luminous-landscape.com/reviews/software/coloreyes-display.shtml
The exact LCD monitor color calibration and setup procedure using the above devices and software needs to be defined as there are many options and paths through the software setup. 
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