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° Development of the Digital Cinema
Digitization
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1. Archives - The Problem Area

Transition from film to digital cinema is on its way

® How to simplify access to existing analogue material?
B Digital viewing copy

B What are the future digital movie formats for archives?

¥ |n which way is it possible to access these archives?

® How to organize and manage archives such that costs remain
acceptable?
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* EDCINE
Project Goals

® European research project with 20 Partners funded by EC in FP6
(7/2006-6/2009)

¥ Develop a system concept for a digital film archive
® Build a demonstrator
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JPEG 2000 Archive Profiles

1. Introduction
2. System Concept for Digital Archives
B Archive Packages
B Data Organization within Archive Packages
B Use Cases
B Metadata & Packaging
1. Demonstrator System
2. Conclusion
3. Future Trends and Requirements
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° System Concept
Overview

OAIS Reference Model (ISO Standard)

/( Preservation Planning

vt @)
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\( Administration

Archival
Storage
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* System Concept
Requirements

¥ Requirements
B Reliable storage of unmodified movie content
B Flexible and fast access to archived data
® Needs both large files and fast access
B Contradictory
® Two-tier data format
B Master Archive Package (MAP) for conservation
B |[ntermediate Access Package (IAP) for access
® Dissemination Packages created on demand
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System Concept
Two Tier Data Format

Long Term Storage Online Storage Dissemination
Packages
Master Intermediate
Archive L Access Lt > DCP
version version
Package Package
A A
HDTYV for
v Broadcast
Extract
Metadata
A » Home Cinema
v
Metaeu Search » Streaming
DB Browse
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* System Concept
The Master Archive Package

¥ Main goal: Preservation of original data

W Typical characteristics:
B | ossless compression
B Arbitrary (highest justifiable) resolution
B Original frame rate of the source

B Can contain the whole film area, including soundtrack, sprocket

holes etc.
B Metadata for Management
® Not optimal for distribution
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* System Concept
Two Tier Data Format

Long Term Storage Online Storage Dissemination
Packages
Master Intermediate
Archive q Access Lt > DCP
version version
Package Package
A A
HDTYV for
v Broadcast
Extract
Metadata
A » Home Cinema
v
Metaeu Search » Streaming
DB Browse
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* System Concept
The Intermediate Access Package

¥ Main goal: Access copy of archived item

W Typical characteristics:
B | ossy compression (up to 500 MBit/s)
B Fixed resolution (e.g. 2048 x 1080)
B Fixed frame rate (e.g. 24 or 48 FPS)
B Contains only projectable image area
B Compatible to SMPTE DC28 standards for simple distribution
B DCPs can be created without image recoding
B |deal to generate dissemination packages
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* System Concept
Data Organization within Archive Packages

® Image Encoding
B JPEG 2000
B Open and well-documented standard (ISO/IEC 15444-1:2004)
B |mportant to guarantee long term accessibility
B Royalty free (Part-1 sufficient for archiving)
B Possibility to store lossless and lossy
B Scalability for conversion to other resolutions and quality levels
B |ntra-frame compression
B Simple manipulation
¥ Audio, subtitles, text, still images, ...
¥ Metadata
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° Image Encoding with JPEG 2000
Scalability

Scalable Dataformat

for
Digital Cinema and

Archives

Resolutio
n

: ‘ c it

Encoding—folo[1[o[1[of1]1]0]1
Scalable Bitstream
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° Image Encoding with JPEG 2000
JPEG2000 ISO Profiles Relevant for Digital
Movies

® Purposes
B Reduce complexity for better compatibility
B Simplify access
W Distribution
B 2k Distribution Profile (2K digital cinema profile)
B 4k Distribution Profile (4K digital cinema profile)
B Intermediate Access Package
B 2k scalable Archive Profile (Scalable 2k digital cinema profile)
B 4k scalable Archive Profile (Scalable 4k digital cinema profile)
B Master Archive Package
B Master Archive Profile (Long-term storage profile)
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* Image Encoding with JPEG 2000
JPEG2000 ISO Profiles Relevant for Digital

Movies
Profile 2k 4k 2k scalable | 4k scalable Master
Distributio | Distributio Archive Archive Archive
n Profile n Profile Profile Profile Profile
Profile 3 4 5 6 7
Indicator
Max Resol. | 2048x1080 | 4096x2160 | 2048x1080 4096x2160 |16384x819
)
Quality 1 1 2 2 <=5
Layer
Components 3 3 3 3 <=8
Bitrate <=250MBit |<=250 MBit/| <=250MBit/s | <=250MBit/s | Lossy and
S for LayerO for LayerO lossless
<=500MBit/s | <=500MBit/s
for Layerl for Layerl
Purpose DCP DCP IAP IAP MAP
(compatible | (compatible
with Profile | with Profile
3) %)
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Intermediate Access Package
Data Organization for Efficient Access

2k scalable - -
Archive Profile 2k 2k
File Std. Quality | Ext. Quality
4k.

2K.
Ext. Quality

4k scalable -
2k 4k
Std. Quality | Ext. Quality

Archive Profile
File Std. Quality

\

W Structured storage of image data
B Different parts are easily accessible
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Intermediate Access Package

Usage Scenario 1

\J

-« <= 500 Mbit/s
<<= 250 Mbit/ls———
4k scalable - -
Archive Profile * * 2k 4k
File Std. Quality | Std. Quality = Ext. Quality | Ext. Quality
e%tr%ct extract L )
o
ok Extended quality for
future productions
Distribution - . an% edlijtsl
4K
oisibugon | NN | [N
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Intermediate Access Package
Usage Scenario 2

* No re-encoding

High Quality
2k Distribution -
(i.e. 250 MBit/s) necessary
* Similar
eﬁtr%ct and reorg%nize principles

possible for 4k
2kscalaple [N [
2k 2k.

Archive Profile
Std. Quality | Ext. Quality
scr [EEEONBIAD
Standard Quality
2k Distribution B | |

(i.e. 100 MBit/s)
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Metadata & Packaging / Wrapping
Principles

B Stream of compressed JPEG 2000 images

B Audio data

¥ Meta data
B Additional information required for decoding (i.e. frame rates)

B Descriptive data
® Synchronization necessary

Uncompressed Encoded Picture
: Encoder
Source Pictures Data
Uncompressed Encoded Sound
Source Sound % ‘ Data |
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* Metadata & Packaging / Wrapping
Application for Archival

¥ Material Exchange Format MXF
B Wrapping format for essence & metadata
B SMPTE standard
B Asset store: everything in one MXF file
B |[mages
B Audio (multiple languages and channels)
B Metadata (descriptive, technical and historical)
B Everything that belongs together is stored together
B Easier mirroring and migration
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* Metadata & Packaging / Wrapping

Archival Packages

HEADER
METADATA

INDEX
TABLES

ESSENCE

VIDEO TRACK

AUDIO TRACK

\  / METADATATRACK

\__/
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XML Metadata
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1. Demonstrator System

Convert into Search for Transcode into
Archival desired desired target
Package content format

< Preservation Planning | > ,f—JI

sl

i

s Data .
TIF 0 A[Management ,,—JI

] 2 H.264
— -
DPX < Storage f’JI
| " (MAP, IAP DPX
il (MAP, IAP) _
WAV i J
( Administration DCP
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° Demonstrator System

= JPEG2000

—~ JPEG2000 < : > = —~ JPEG2000
£ = o= =
o PCM sound > 5 g gy PCM sound
= ©]

Meta Data 3 |5 a Meta Data

8 Tl
— JPEG2000
g (Cinema2KS/4KS) 3 H.264
o PCM sound Hg AAC sound
< Meta Data Meta Data
4
i
MXF unwrapping MP4 wrapping
A 4 4
XY Z->YUV » 12->8 H.264 Enc.
Y i
i '
JPEG2000 Dec. » Scale & Crop Letterbox » 4:2:0
Y
PCM Decoder » AAC Encoder
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° Demonstrator System
Modular Approach

IR e,
Decoder Processor(s) Encoder
Video . Video
Essence Video Essence
» Essence Essence
DMUX Decoder Processor(s) ’ Encoder ’ MUX
Metadata Metadata
Essence PMeta Data Essence
Decoder rocessor(s) Encoder
T T T T T T T
Audio Essence : ’ Eg\sl:adr:?:e
Transcoder | Validator
|
I Video
Essence Video Essence Essence | | Essence
DMUX > Transcoder H MUX | DMUX = Essence
| Validator
|
| Metadata
Metadolo s | essone
| Validator

Container
Validator

Container Stream » Encoded Essence Stream » Decoded Essence Stream Il

-=1 .
1 Logical Block |:| Plugin |:| Framework Module
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° Demonstrator System

The Prototype
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° Demonstrator System
Database Interface

- & |% hibtpe {1 0408080/ ol fuif

Archive Home Search Archive Browse

@ Browse

% divected by

Country
rear
Rundime
Genre

Source

Abstract & keywords

Big Buck Bunny
Goedegebure, Sacha
Metherlands

2005

10 min

Animation

EDCine DFA

®

Abstract  The plot follows a day of the life of Big Buck Bunny when he meets three bullying
rodents, Frank, Rinky and Gamera. The rodents amuse themselves by harassing
helpless creatures of the forest by throwing fruits, nuts and rocks at them. After
the deaths of two of Bunny's favorite butterflies, and an offensive attack on Bunny
himself, Bunny sets aside his gentle nature and orchestrates a complex plan for

revenge.

fepwords  Rope Jumping
Animal
Bunny

Cast & crew
Miscellaneous

Available formats & prices

E-rnail add

EDEYE
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1. Conclusion

® Archiving of digital information is a predominant problem to solve
B Nevertheless, its application is only at the very beginning

W |JPEG 2000 defines an open, royalty and proven file format applicable
to archival of image content

B Different profiles depending on requirements and use cases
B Scalability for extraction of different resolutions and qualities
B Efficient generation of distribution formats, particularly DCPs

B MXF packing combines image, audio and meta data for simple
management and migration

¥ First implementations available
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* Is everything done ... ?
Universal Archival Package

¥ Generation of dissemination format requires multiple processing
steps
B Processing chains are configured by user

¥ Goal: Automatic, meta data controlled transcoding

—_ JPEG2000
L | (Cinema2KS/4KS) 3 Az
=
I PCM sound 'ﬁ'_J AAC sound
=
< Meta Data Meta Data
Y
Y
MXF unwrapping MP4 wrapping
A A A
XY Z->YUV » 12->8 H.264 Enc.
A A
Y Y
JPEG2000 Dec. » Scale & Crop Letterbox » 4:2:.0
v
PCM Decoder » AAC Encoder
— —
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\\\ //// Thanks for your attention!

—

A\ oy
N — ™=
& s ¢ ! The EDCine - Enhanced Digital Cinema
(—'\) Project has been founded by the European

Union in the FP6 program.

joachim.keinert@iis.fraunhofer.de
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JPEG 2000 Archive Profiles

Complementary Information
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Digital Intermediate

Compression

Archive Ingest

I

Tl T

Master Archive
Package

v

Recoding

L v |

Intermediate
Access Package

\ /

uncompressed

Production

Archive

Math. lossless J2K Compression

Typ. 2:1 compression rate

Decoding ]—}

Preview

Visually lossless J2K Compression
max. 500 Mbit/s (4k: approx 15:1)

v

Ly

1

Subresolution
extraction +
Recoding

}

Repackaging

!

v

Subresolution
- extraction +
Recoding
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* Archive Package Usage Scenarios
Master Archive Package

* XML (Archive-Management Metadata )
* XML (Movie- Descriptive Metadata)

*DPX
* WAV
DI *PNG
EDL, CDL, Projectfiles

* XML (CPL, PKL)
*.MXF (Images, Audio, Subtitles)

/

DCP Assetmap, Volindex
Langua :Version Files MAP
\ guag One
J\ CPL, Color Timing, Pan/Scan,.. File
Conv. HD
Data BlueRay OAIS
\_, Open Archival Information System
J\ Poster Images Reference Model
Advertising Material
Access
_ Press Releases '
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* Archive Package Usage Scenarios

Intermediate Access Package

* XML (Archive-Management Metadata )
* XML (Movie- Descriptive Metadata)

* XML (CPL, PKL)
*.MXF (Images, Audio, Subtitles)

DCP Assetmap, Volindex IAP
Language -Version Files One
CPL, Color Timing, Pan/Scan,.. File
Conv. HD
Data BlueRay OAIS
Open Archival Information System
Reference Model
— y
~ _—
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