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1 Introduction

This document describes evaluation procedures to assess the quality of images that have undergone a lossy compression/decompression cycle. In the context of Digital Cinema, the considered image content is of high resolution, and intended to be projected onto a large screen. Viewers are expected to be close to the screen, namely at a distance between 1.5H and 3H from it, where H represents the height of the screen. This testing setup is thus very different from what is typically performed for television applications, and therefore calls for innovative image quality assessment techniques as well as adaptation of existing techniques.
2 Test methodology

Compression of the distribution master is required to be visually lossless. To determine whether the compression of the content is visually lossless, formal subjective tests are required. Typical objective measures such as PSNR may be calculated and reported

for informational purposes only.
Subjective testing will take place in a theatre environment. Two testing methodologies will be used, as described below.

Viewers (up to about 30 per session) will be seated at distances between 1.5H and 3H from the screen (where H is the screen height). Viewers will be split into several groups, each group being seated at some predefined distance from the screen. The viewing angle will be taken into account to determine the maximum number of people to be seated at any given distance.

Viewers will include visual experts. All viewers will be screened for normal color vision and normal or corrected-to-normal visual acuity. Eye dominance shall also be determined.

Each codec will be tested at several bit rates to assess the degree of impairment at each bit rate. Submitters are required to compress sequences at four bit rates: 80Mbps, 48Mbps, 28Mbps and 16Mbps (1Mbps = 1 000 000 bits per second). Note that these are average bit rates for an entire sequence. Bit allocation for each frame in a sequence is left to the submitter. As an example, for a 10 second long sequence, the number of bits used to encode the entire sequence should be no more than 0.8Gbit, 0.48Gbit, 0.28Gbit and 0.16Gbit, respectively (1Gbit = 1 000 000 000 bits). Submitters are required to provide information regarding average, maximum and minimum bit count per frame for each sequence and each target bit rate.

The MPEG-4 Studio Profile (ISO/IEC 14496-2:2001 AMD 1) will be used as an anchor. Sony has offered to do the encoding work and submit the results. This codec will be evaluated using the same criteria other Distribution format submissions.
2.1 Double-Stimulus Perceived Difference Scale (DSPDS)

In the DSPDS method each trial consists of a pair of stimuli: one stimulus is the reference, and the other the test. The reference stimulus is the uncompressed original data, and the test stimulus is the decompressed data. The two stimuli are each presented twice in a trial, in alternating fashion, with the order of the two randomly chosen for each trial. To aid the test subjects in staying on track in their assessments, visual cues are used to indicate when a trial begins, when a new stimulus begins, when to vote, and what the current trial number is in the sequence of trials in a test session.
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Test subjects are not informed of the ordering of the test and reference stimuli, and they rate the amount of difference they perceive between the two stimuli on a 5-level impairment scale. Occasionally both stimuli presented in a trial are the reference stimulus. Such trials are used to detect erratic test subject behavior.

As this is a new measurement technique, test subjects will be properly instructed to evaluate test sequences differently than in DSCQS (Double Stimulus Continuous Quality Scale) video tests. Furthermore, this new measurement technique will be scientifically validated against DSCQS prior to the Digital Cinema tests.
2.2 Double Stimulus Split-Screen Perceived Difference Scale (DS3PDS)

In this method, each trial consists of a pair of stimuli displayed side-by-side: the reference and the test. Each stimulus is a half image. There are four display configurations:

	Configuration number
	Image displayed on left half of screen
	Image displayed on right half of screen

	1
	Left half of reference
	Left half of test

	2
	Left half of test
	Left half of reference

	3
	Right half of reference
	Right half of test

	4
	Right half of test
	Right half of reference


The two stimuli are presented twice in a trial with the display configuration randomly chosen for each trial. To aid the test subjects in staying on track in their assessments, visual cues are used to indicate when a trial begins, when a new stimulus begins, when to vote, and what the current trial number is in the sequence of trials in a test session.

Test subjects are not informed of the display configuration, and they rate the amount of difference they perceive between the two stimuli on a 5-level impairment scale. This measurement technique is the same as for DSPDS.

2.3 Statistical analysis

Statistical analysis will be performed to rank submissions and to validate the results.

3 Test Material

Several clips have been selected for testing based on their features. The test set contains diverse clips that are believed to stress compression algorithms in different ways.

The duration of each clip is either 10 seconds or 30 seconds at 24 frames per second. The resolution of each clip is 1920x1080 pixels. This test resolution has been chosen because it currently is the highest resolution for which standardized interfaces, e.g. SMPTE 292M, are defined, and for which projection devices exist. Clips submitted with higher resolutions were cropped to 1920x1080 pixels. The sampling structure is RGB 4:4:4, with 10 bits per sample.

The test set comprises the following clips:

	Clip name
	Features
	Length

	Beavis and Butthead
	Animation
	240 frames

	Men in Black
	CG, motion, fade to black
	240 frames

	As good as it gets
	Slow horizontal pan, title
	240 frames

	Van, trees, paperclips, cigarette
	Dissolve, motion, fade to black, flash, smoke
	720 frames

	Budweiser bottle
	Shot with electronic 24P camera
	240 frames

	Bicycle boys, girl at screen, water hose
	detail (screen), cuts, cinematic storytelling
	720 frames

	Pages of book
	detail (text)
	240 frames

	Car left to right
	detail (tree & powerline), sky
	240 frames


3.1 File format

All files shall be represented using the core DPX file format. Each core DPX file contains a single frame.Data is stored using big endian convention, e.g. the magic number is represented by the sequence of bytes 0x53 0x44 0x50 0x58. The image size is given by the height h and the width w. The table below defines all the core fields in the header as well as the structure of the body.

	Offset
	Field size
	Field type
	Field description
	Value

	0
	4
	U32
	Magic number (SDPX ASCII)
	0x53445058

	4
	4
	U32
	Offset to image data in bytes
	0x00002000

	8
	8
	ASCII
	Version number of header format
	“V1.0”

	16
	4
	U32
	Total image file size in bytes (including file header)
	w*h+8192

	20
	16
	
	Undefined
	0xff

	36
	624
	
	Undefined
	0x00

	660
	108
	
	Undefined
	0xff

	768
	2
	U16
	Image orientation
	0

	770
	2
	U16
	Number of image elements
	1

	772
	4
	U32
	Pixels per line
	w

	776
	4
	U32
	Lines per image element
	h

	780
	4
	U32
	Data sign (unsigned)
	0

	784
	16
	
	Undefined
	0xff

	800
	1
	U8
	Descriptor (RGB)
	50

	801
	1
	U8
	Transfer characteristic (ITU-R BT.709-4)
	6

	802
	1
	U8
	Colorimetric specification (ITU-R BT.709-4)
	6

	803
	1
	U8
	Bit depth
	10

	804
	2
	U16
	Packing
	1

	806
	2
	U16
	Encoding
	0

	808
	4
	U32
	Offset to data
	0x00002000

	812
	8
	
	Undefined
	0xff

	820
	32
	
	Undefined
	0x00

	852
	580
	
	Undefined
	0xff

	1432
	188
	
	Undefined
	0x00

	1620
	44
	
	Undefined
	0xff

	1664
	48
	
	Undefined
	0x00

	1712
	20
	
	Undefined
	0xff

	1732
	132
	
	Undefined
	0x00

	1864
	184
	
	Undefined
	0xff

	2048
	6144
	
	Undefined
	0x00

	8192
	4*w*h
	U32
	RGB data: R in bits 31..22, G in bits 21..12, B in bits 11..2, bits 1..0 are zero
	


3.2 Media

DPX files will be exchanged on hard disk drives. Hard disk drives shall have an IDE interface and be formatted to have a Fat32 (Windows NT) partition. The table below gives two examples of appropriate disk drives.
	Disk Type
	Capacity (GB)

	IBM DeskStar 75GXP, 7200 RPM, Ultra ATA/100
	75

	Maxtor DiamondMax 80 5400 RPM, Ultra ATA/100
	82


4 Playback system

The playback system mainly consists of a projector, an image server, and a screen. Each of these elements is described in more detail below.

4.1 Projector

To help recognize artefacts solely generated by a projector, two types of projectors will be used, namely a TI DLP and a Sony VPH-G90 (CRT technology).  The DLP technology offers high contrast ratio, high brightness, and extended color space. On the other hand the CRT technology offers high resolution and a smooth spatial transfer function.

As the DLP projector only displays an array of 1280x1024 pixels, content at 1920x1080 will be displayed by cropping 28 lines at the top and bottom, and 320 columns left and right. The CRT projector will display 1920x1080 at full resolution.

A flat lens will be used for the DLP projector and no lens is required for the CRT.

There should be no drift problem since both CRT and DLP projectors are expected to be stable.

Projector characteristics will be measured according to the appropriate International Standard for fixed- or variable-resolution electronic projectors (ANSI  IT7.227 & IT7.228 or IEC 61947). Calibration will be performed using a test pattern generator, e.g. a Snell&Willcox device.

4.2 Server

An Avica MotionStore server will be used to feed the image data to the projector through a single SMPTE 292M link. This interface carries a YUV4:2:2 signal. In the case of the TI projector, if possible, a non-standard use of the SMPTE 292M will be enabled to carry a 1280x1024 RGB4:4:4 signal to the projector. The possibility of this alternative connection will be determined through experimentation during the April AHG meeting.

4.3 Screen

Images will be projected on a 24 by 13-foot screen. The size of projected images shall be the same for both projectors. The screen shall be flat and have no optical gain. Furthermore it shall be non-perforated since perforated screens introduce artifacts.

Although evaluations will take place on a 24 by 13-foot screen only, a CRT monitor will be available on premises for debugging.

5 Facilities

Testing will be conducted at the University of Southern California Entertainment Technology Center at the Hollywood Pacific Theatre in Los Angeles, CA, USA. This theatre features 13 seats per row (middle section).
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