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Introduction

The waythat the terntodecis generally used makes understanding what one actually is a bit confusing.
Most people have the general impression that a codec is somehow relatedtiodretarsb files. Maybe

you have run across the term when you find out your computet kiaesithe codec you need to play an

audio or video file back, or maybe you have heard it referred to as a method to store data inside of a file or
wrapper. Beyondhat the details are sketchy for most people. The purpose of this paper is to clarify what a
codec is, how is used and what that means to archives.

Let's start at the beginning. The terms that are often used when
talkingabout digital media files dike 'format’, ‘wrapper’, ‘container’
[ Codes ] and 'codecA codec may be stored inside filkaawrapperor
acontainer.

File/Wrapper/Container

File Formats, Wrappers and Containers are essentially the same,
although the terms wrapper and container are generally used &tivelatatity to store different
types of codecs as opposed to storing only a singlé-typastanc®indows Media Files

(-wmv) will only store Windows Media cod@ogckTime andMXF are referred to as wrapper or

container formats because they cae stany types of codecs including MPEG2,
Uncompressedand more.

Windows Media (.wmv) QuickTime (.mov) QuickTime (.mov)
[Wmdows Media Codec Only DV Codec Uncompressed ]
To differentiate further, there are separate codecs stored for audio and video.

Windows Media (.wmv) QuickTime (.mov) QuickTime (.mov)
[Wlndows Media Video Codec Uncompressed Video Codec H.264 Video Codec )
(Wlndows Media Audio Codec Uncompressed Audio Codec AAC Audio Codec )

Now that we hee our terminology settled,dd8ok closer at codecs. The term codec is derived
from the terms encoding/decoding and compression/decompression. This paper is primarily

1 This slould not be taken to mean tHate or 'File Formdtare used to indicate the restriction of codecs to a single
stared type.
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concerned with these terms as they relate to digital audiovisual files, but the encoding and
compressing of information can take place iartal®g domainas well, wish may be a better
entryway to understanding the concepts involved.

In that lovely, straiglathead dictionary speak, encoding is defined as "the conversion of information
into code". In the realm of computer science, code is defined as "the symlgdimantaof data

or instructions in a computer program or the set of such instructions”, but amacaedgfinition

is code as aystem used for transmitting messages requiring brevity or secrecy".
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Musical notation is an analog world example of
code. he system of staff, notes, symbols, and
annotations are not music themselves, but they
represent a message of embouchure, speed,
fingerings, mood, etc. that the musicians decode
in order to produce the full message (the song).

Morse is another codisgstem. Morse code was created to enable more efficient communication by
providing a means to express one code (written language) through a seemingly incompatible medium
(electronic pulses). In this case, the long/short patterns correspond to spesificdettan be

A dashis equal to three

e P —y

=]

T Ao Yo Ze b m D T DOm0 W e

International Moxrse Code

dots.

The space between parts of the same letter is equal to one det.
The space between two letters is equal to three dots.
The space between two words is equal to seven dots.
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conveyed through sound or image for decoding.

Binary encoding is another popular example.

01010111 01101001 01101011
01101001 01110000 01100101
01100100 01101001 01100001

Binary encoding is the basis of modern efficient
computing and processing of information

Compressioncan be considered as a subtype

of coding, as it is defined as "encoding
informationwhile reducing the bandwidth or

bits required”. It is a form of coding, though

not all encoded material is compressed. We can
think of compression as a second encoding
process, taking coded informataoml
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transferring or constraining it to a different, generally more efficieridecal®pressionwould
then be the process of decoding information into the original code where it could be decoded again.

The Unicode Standardfor the display of letters aokaracters is an illustrative example.
Sample text of Russian chara@smisplayed visugiB/characters):

Those same characters expresdddiaode encoding schemeuld be represented as the
following 6Unicode code points(6 code points):

Those same Unicode code points could be compressed into a smaller amount of data based
on theSC2 compression schem@ bytes):

In order for the compressed data to decode to the correct characters, it must go through a
decompressor that understana@gsabmpression scheme and transforms the code back into the
Unicode values. The Unicode code points are then decoded by whatever program is reading the text
and then are visually displayed as Russian characters.

2 5] 4 3 Compression is constarttlgingusedbehird the scenéby

- computers to process information more efficiently as well as
1L being incorporated into tools that are made available to

=2 59 users. A good example of behind the scenes compression is
Run Length Encoding®. RLE compresses long runs of the
same vakl
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If in the above image we said thathite box is represented as 'w' and a red boxvascduld
represent the first line encoded as:

2 For further explanation seg {Examples from
"Unicode Technical Standard #6 A Standard Compression Scheme fol' Unicode

3 For further explanation see
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Through Run Length Encoding, we could instead represent the first line as:
2wWa4rswar2w

The compressed value is $hene information, but in a form that takes up less disk space and
bandwidth. Additionally, as we see in the image, RLE continues counting the entire length of a
string of simdr content, not ending at each 'line bré@ale fattest part of the heart, ingkup

three lines within the image, could be represented as:

59r
instead of as:
FECCCrrrrrrrrreerrrrrrrrrreerererrrrrreereerrrerrreeereerer

Also note that this imathematically losslesandreversible compressionas it can be
decompressed to its exact original Value.

Compression as an Informed Decision

Today additional encoding and compression choices are put in the hands of the content creator.
This could be through the selection of a recording device (audio recorder or video camera):

«FisherPrice PXL2000 Digital Videocamera posted at
http://www.flickr.com/photos/51035560498 @N01/493824980/pxI2000

Sony HDRFX1 Digital Videocamera

Flip Digital Videocamera posted at
http://ww.flickr. com/photos/39435232@NOO/2513981045/Re00|(llng

4 The termlbssless compressionis used in two ways. Ong@é&ceptually losslessmeaning that there is

no perceivdifference by most people between the original and the compressed version, but the compression
is n factlossy. The other isnathematically losslesswhich does not use lossy compression. The input to

the encoder and output of the decoder should match exactly bit for bit.

5
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and/or through settings within hardware and software:

Compression Settings
M
VIOV«

\/ Quality

Compression: MPEG-4 Video Least Low Medium High
Quality: Best

Frame rate: 29.97

Key frame rate: 24

Data rate: 100 KBytes/sec

Width: 320 Height: 240

Motion

\./ | | Frames per second 29.97
v 24 fi
Format: MPEG-4 Audio A
Sample rate: 32 kHz v 100 KBytes/sec
Sample size: 16 _ =
Channels: 2 Video Compression
it -
| Microsoft DV v
’ - Microsoft DV

10-bit YUV(4:2:2 YUY
MPEG-4 Audio Compressor Blackmagic 10 bit 4:2:2 Codec
Blackmagic 10 bit 4:4:4 Codec
Cinepak Codec by Radius
Blackmagic 16 bit 4:4:4 Codec
8-bit YUV(4:2:2 YUV)

Intel IYUV codec

Indeo® video 5.10

Intel Indeo® Video 4.5

Intel Indeo(R) Video R3.2
Blackmagic HD 8 bit 4:2:2 Codec
Microsoft Video 1

Microsoft RLE

No Compression

Intel 4:2:0 Video V2.50

Microsoft H.263 Video Codec
Microsoft H.261 Video Codec
CineForm HD Codec V1.2

The preceding discussion establishes a couple of fundamental observations.
1. Encoding can take place with or without compression.

2. Compression is not a bad word, but understanding how and where it is used, andriamye to

it, does have implications to authenticity and accessibility. Lossless compression is almost always
incorporated into computer data processing routines. The ability of computers to process and store
such large amounts of information is dependent @pooding and compressilinis not the

mere existence of encoding and compression schemist is the concernbut rather the

type of encoding or compression was content producers and caretakerhoosethat can

have positive or negative effects on thgersistence of the materialsThisis why it is so

important that we understand these decisions and prasessdisas be aware of all points in the
lifecycle of an item where choices must be madegdipment selection and settings at the point

of creation to the point of digitization in the reformatting of amaidigor video.
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How Encoding Works

Approached schematically, the processes are quite basic.

MockRa
\
/ N\
Unicode Unicode
Decoder Encoder
\ | 041C 043E /
| 0441 043A
- 0432 0430
——
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Encoding Process:

Using the Unicode example from above, we see
that in this process we leaour primary
components theoriginal data, theencoder,
theencoded data and thelecoder

If the encoder uses no compression or lossless
compression we retain the ability to recreate
original data (as long as the technology and
knowledge to do sossistained).

Compression Process:

Compression adds another set of
transformation points to the cycle.

Simple and linear, right? Or it would be, if there
were only a single type of data to encode and a
single way to encode it. However thimtghe
case, and there are issues that can arise during
the communication and decoding
decompression of the data.
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Exchanging Encoded Information

So wlat happens if the decoder dadsmow how the encoder packaged the data? If the encoder

and decoers are human for tasice, what happens if they tlepeak the same language and they

are trying to share Morse code? The encoder, or person reading the text and encoding it as Morse
code signals may only speak English. The decoder, or person wisatihedgioese code signals

and decodes them back into text may only speak Spanish. The encoder can send Morse code signals
until their finger goes numb, but the decoder will not be able to entirely decode or understand the
message. If the decoder also speagssh or the encoder also speaks Spanish then they share
common'codecsand will recognize the characters and sthagsouldallow them to exchange

data losslessly.

An encoder is responsible for packaging data according to certain rulesné®ridggéal video
stream may consist of sampldsioia (represented here %) andchroma (represented here by

'u" and'v') which can be packaged inside a wrapper in variable forisiicnas ordering the code
as 'yuvyuvyuv' as opposed to 'yyywluVhe set of rules which defines how the data is encoded
and packaged is whatmgter to when we speak about a ‘codaed each codec has a name and an
identifier. This identifier cons®f four characters, such as 'y thus is calledaur

character code (FourCC)'4ccl' and '4cc&e used belote represenfiour character codes for
hypothetical codecs.

This 4cc is embedded in with the packaged data, either as part of the essence (audio and video) or as
part of the containerilg or wrapper). Think of the ham'encodepglacing a code betencoding
English text saying 'ENS'to identify it as English US so that the information receiver knows a

5Y, U & V notation is used here for the sake of simplicity. The correct rotatiigital luma and chroma
samplesis Y, Cb & Cr




