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ABSTRACT

We consider the performance of two candidate approaches to compressing stereoscopic digital cinema distribution
images. decorrelation transforms and disparity compensation. We show that disparity compensation generally can
provide superior performance when significant disparity exists, and furthermore, that the consideration of vertical
displacement can be an important factor in maximizing this performance under certain conditions. For context, we also
provide details about the current state of both 2D and stereoscopic digital cinema distribution as of the end of the year
2007.
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1. INTRODUCTION

One of the most interesting open technical challenges related to digital cinema distribution concerns the handling of
stereoscopic imagery. While it is intuitive that there is a strong correlation between the left and right images, there are
subtle challenges associated with identifying ways to effectively capture that correlation given the resolution and
processing attributes of digital cinema systems. Thus, while the topic of stereoscopic compression techniquesis not new,
its application in this context is of high current interest and involves unique challenges, and is thus the focus of a study
subgroup recently formed under DC28.40 within the Society of Motion Picture and Television Engineers (SMPTE)
DC28 Group efforts.

This paper examines the compression performance of two different frameworks that are receiving significant current
attention in the SMPTE standardization efforts. The first uses multi-dimensional decorrelation transforms that can be
implemented as a preprocessing step to the JPEG2000 Part-1 compression, or can be represented completely using the
multi-component transform paradigm of JPEG2000 Part-2. The second framework uses depth maps and/or disparity
estimation as a method of identifying correlations between the left and right images, and then exploits that correlation in
the compression process. Both frameworks have been implemented in a software testbed environment and used to
generate a set of results and comparisons in terms of objective image quality and in terms of the implementation
challenges involved.

2. DIGITAL CINEMA DISTRIBUTION

The roll-out of Digital Cinema distribution is now underway. Digital Cinema playback servers are being placed in
theaters across the USA and internationally. As of the end of the year 2007, there are approximately 4000 theaters in the
world which have Digital Cinema playback capabilities. There are approximately 100,000 screens worldwide. The
Society Of Motion Picture and Television Engineers (SMPTE) have ailmost completed standardizing the methods and
formats for digital distribution of feature films. The SMTPE DCinema standards describe image and sound formats,
properties, and interfaces. The JPEG2000 image compression standard was selected as the image compression format.
SMPTE worked with the JPEG standard group to define two special profiles for the Digital Cinema application, called
“Profile-3” and “Profile-4”. The profiles have very specific requirements about coding-style, bitrate, resolution, and
formatting of the JPEG2000 code-stream, more specific details can be found in [1].

Digital Cinema Distribution Master (DCDM) images are either 2K or 4K. A 4K DCDM has a maximum resolution of
4096x2160 and a 2K DCDM has a maximum resolution of 2048x1080. Most feature films are created in a “ Scope” or
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“Flat” aspect ratio, corresponding to 1.85:1 and 2.39:1 respectively. “Scope” DCDM images are 1998x1080 (2K) and
3998x2160 (4K) while “Flat” DCDM images are 2048x858 (2K) and 4096x1716 (4K).

For 24 frame/sec content, each JPEG2000 code-stream may not 1,302,083 bytes, which corresponds to 250 Mbits/sec.
For 48 frame/sec content, each JPEG2000 code-stream may not exceed 651,041 bytes, which also corresponds to 250
Mbits/sec. Most feature films are mastered at 24 frames/sec. Digital cinema playback server products implement
JPEG2000 decoding using either FPGAs or ASICs. A popular JPEG2000 ASIC is the Analog Devices ADV202 or
ADV?212. Mogt often, there are additional FPGA resources on the digital cinema servers that implement code-stream
decryption, image formatting, forensic watermarking and link encryption.

3. STEREOSCOPIC DIGITAL CINEMA

Stereoscopic digital cinema uses a single projector for playback of both left and right eye images. Each eye is presented
with a new image every 1/24 seconds. At any given time, the projector is only projecting one of the two images, which
means that each left and right eye image only gets 1/48 seconds of display time in each 1/24 second period. Black is
displayed for the other 1/48 seconds. The digital cinema projectors are usualy configured to “double-flash” or “triple-
flash”, which helps remove any perception of flickering.

Depth cues such as image size, perspective, occlusion, light and shade, texture and motion parallax are available in
standard two-dimensional imaging to help a viewer’s brain determine the apparent three-dimensional location of an
object in theimage. Disparity is a depth cue that is only available a stereoscopic imaging. Disparity is the differencein
location of the same object viewed by the left and right eye/camera. Figure 1 illustrates the perceived location of an
object viewed in a stereoscopic theater and the corresponding disparity value.
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Fig. 1. Left-eye and Right-eye images showing perceived depth and corresponding horizontal disparity

As of the end of the year 2007, there are approximately 1000 theaters in the world which have Stereoscopic Digital
Cinema playback capabilities. The images that are displayed on these systems are all compressed independently using
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JPEG2000 Profile-3 with 250 Mbit/sec peak bitrate. An opportunity exists to improve the compression performance of
these Stereoscopic Digital Cinema playback systems by compressing each stereo-pair together rather than independently.

For easy implementation and adoption, the bitrate reduction technique used for stereoscopic digital cinema distribution
should be similar to the existing “2D” playback method, which is simply the playback of independent JPEG2000 code-
streams at a rate of 24 or 48 frames per second at a bitrate no greater than 250 Mb/sec. This means that JPEG2000
should be used for the core image coding functionality of the stereoscopic bitrate reduction technique.

4. BITRATE REDUCTION USING DECORRELATION-TRANFORMS

The simplest bitrate reduction technique that has been suggested is the use of multi-dimensional decorrelation
transforms. Two proposals have been made, one that can be described by (L, L-R) and the other by (L+R, L-R). The
control that serves as a basis for comparison is always independent coding of left and right images, i.e. (L, R).
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Fig. 2. Decorrelation Transform Framework

Each (left, right) pixel pair is transformed using the multi-component decorrelation transform, which can be expressed in

meatrix form as the following:
a bjL X
= (1)
c d|R Y

Where a, b, ¢ and d are the coefficients of the multi-component decorrelation transform, L and R are the values of the
left and right image pixels respectively, and X and Y are the two decorrelated pixel values.

Whena=1,b=0,c=0andd =1, the decorrelation matrix is an identity matrix, so each eye is coded independently.
Whena=1,b=0,c=0.5andd=-0.5, the left eye image is coded together with the difference between left and right
eyeimages. Whena=0.5,b=0.5c=0.5and d =-0.5, the sum and difference between left and right eye images are
coded. Other decorrelation matrix coefficients can be used as long as the resulting 2x2 matrix isinvertible.

To optimize coding performance, the PCRD-opt step in the JPEG2000 encoding process should consider the matrix
coefficients when computing the distortion-estimates for each coding-pass. The decorrelation transforms can either be
implemented as a preprocessing step before/after JIPEG2000 encoding/decoding, or they can be fully represented using
the JPEG2000 Part-2 extensions.

Theimagesin Figures 3 and 4 below show the results of the decorrelation techniques on stereoscopic image obtained
from[3]. These images are from a video-based stereoscopic acquisition and have been processed by the decorrelation
transforms with the three sets of matrix coefficientslisted in the above text.
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