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UNIT I

MULTIMEDIA FILE FORMATS AND STANDARDS

Digital audio and Video file formats, Color in image and video, Color Models

1. Digital Audio and Video File Formats

Audio File Formats

Audio file formats are used to store sound data. These formats can either be lossy (compression leads
to loss of quality) or lossless (compression preserves the original quality). The most common audio
formats include:

MP3 (.mp3): The most popular lossy audio format, widely used for music, podcasts, and
streaming services. MP3 uses perceptual coding to reduce file size while maintaining
reasonable sound quality.

WAV (.wav): A lossless audio format commonly used for storing raw audio data. WAV files
are uncompressed, which results in large file sizes. It is often used in professional audio
editing and recording.

AAC (.aac): Similar to MP3, but generally offers better audio quality at similar bit rates. It
is used in applications like Apple’s iTunes, YouTube, and streaming services.

FLAC (.flac): A lossless audio format that compresses audio without losing any quality. It is
popularin audiophile circles and used for storing high-quality music files.

OGG (.0gg): A free, open-source audio format that uses the Vorbis compression algorithm.
It offers a good balance between file size and sound quality and is often used for streaming.
AIFF (.aiff): Similar to WAV, this is a lossless audio format used primarily on Apple devices.
It stores uncompressed audio, resulting in large file sizes.

MA4A (.md4a): Often used for music and audio files in Apple's ecosystem. It uses AAC
compression and is typically of better quality than MP3 at the same bit rate.

Opus (.opus): A highly efficient, lossy audio format used primarily for speech and streaming
audio, including voice over IP (\VolP) and internet streaming. It adapts to varying bit rates
and audio characteristics.

Video File Formats

Video file formats are used to store video and audio streams together in one file. These formats can
be either container formats (that store video and audio together) or codec-specific formats (that
define how the data is compressed).

MP4 (.mp4): The most widely used video file format, supporting video and audio streams,
along with features like subtitles and metadata. It typically uses the H.264 codec for video
compression and AAC for audio compression. MP4 is popular for streaming, web use, and
video-sharing platforms.

AVI (.avi): A container format developed by Microsoft. It can store video and audio in
various codecs but tends to have larger file sizes compared to MP4, especially if not
compressed.

MOV (.mov): Developed by Apple, MOV is a multimedia container format that supports
various video and audio codecs, including H.264 and AAC. It’s widely used for video editing
and playback on Apple devices.

MKV (.mkv): A flexible container format that can hold video, audio, subtitles, and metadata
in a single file. MKV supports a wide variety of codecs, including H.264, H.265, and others.
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It’s popular for high-definition video files.

e WebM (.webm): A video format developed for web use, typically using the VP8 or VP9
video codecs and Opus or Vorbis for audio. WebM is designed for streaming and is
supported in HTML5 for web browsers.

e FLV (.flv): A video format once commonly used for streaming videos on the web (especially
with Flash Player). FLV is being phased out in favor of HTML5-based formats like MP4 and
WebM.

e WMV (.wmv): A video format developed by Microsoft for use with Windows Media Player.
WMV files are often compressed using the Windows Media Video codec and are suitable
for streaming or playback on Windows systems.

o HEVC/H.265 (.hevc): A newer video compression format that offers improved compression
efficiency compared to H.264. It is commonly used for high-definition video content,
including 4K videos, and is used by streaming services like Netflix.

e 3GP (:3gp): A container format used for mobile video and audio files. It was designed for
3G mobile networks but is still used on many mobile devices.

2. Color in Image and Video

Color in digital images and videos is represented using color models, which define how color values
are stored and interpreted. The use of color in digital media is essential for conveying visual
information and evoking certain emotions.

Color Representation in Images and Videos:

o Pixels: Both images and videos are composed of individual pixels. Each pixel represents a
specific color at a particular location in the image or frame.

o Color Depth (Bit Depth): Color depth refers to the number of bits used to represent the color
of each pixel. The more bits used, the greater the range of colors that can be displayed.
Common color depths include:

o  8-bit color: 256 colors (common in older systems or simple graphics).
o 24-bit color: 16.7 million colors (used-in most modern images and videos).
o 32-bit color: Includes 24-bit color plus an 8-bit alpha channel for transparency.

e Chroma Subsampling: In video formats, chroma subsampling reduces the amount of color
data stored by compressing the color information while keeping the brightness (luminance)
data intact. Common subsampling formats include 4:4:4 (no subsampling), 4:2:2, and 4:2:0
(used in most video formats).

« Dynamic Range: The dynamic range of color refers to the contrast between the darkest and
brightest parts of an image or video. High Dynamic Range (HDR) content offers a wider
range of brightness and color saturation, enhancing the viewing experience.

3. Color Models

A color model defines how colors are represented in‘ numerical values, typically using a combination
of primary color components. The most commonly used color models in digital media are:

RGB (Red, Green, Blue)

o Description: RGB is an additive color model used primarily for digital screens (e.g.,
monitors, TVs, cameras). In this model, colors are created by mixing varying intensities of
red, green, and blue light. When all three colors are combined at full intensity, they produce
white; when no color is present, it produces black.

o Usage: Displays, digital cameras, computer graphics, and video content.

o Example: In an 8-bit color depth, an RGB color is represented as RGB(255, 0, 0) for pure
red, RGB(0, 255, 0) for pure green, and RGB(0, 0, 255) for pure blue.

CMYK (Cyan, Magenta, Yellow, Black)
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e Description: CMYK is a subtractive color model used in color printing. It works by
subtracting light absorbed by the colored inks (cyan, magenta, yellow, and black) from the
white light reflected by the paper. This model is based on the principle that mixing pigments
reduces the amount of light reflected.
o Usage: Printing processes, such as offset and digital printing.
o Example: C(0) M(100) Y (100) K(0) would represent pure magenta, which can be combined
with other colors for color printing:
HSV (Hue, Saturation, Value) / HSL (Hue, Saturation, Lightness)
o Description: Both HSV and HSL are cylindrical color models designed to be more intuitive
for humans to understand and work with.
o Hue refers to the color itself (the type of color, such as red, blue, or green).
o Saturation refers to the intensity or purity of the color.
o Value or Lightness refers to the brightness of the color.
o Usage: Graphic design, image editing, and digital art software.
o Example:In HSL, H(0) represents red, and with maximum saturation and lightness (S(100),
L(2100)), it becomes pure red.
YCbCr
o Description: YCbCr is a color model used primarily in video compression and digital
television. It separates brightness (luminance, Y) from chrominance (color components, Cb
and Cr). The Y channel represents: the brightness, while Cb and Cr represent color
differences.
o Usage: Video encoding and transmission (e.g., JPEG, MPEG, and broadcast standards).
o Example: Y(50) Cb(128) Cr(128) isatypical color representation for a video signal.
LAB (CIELAB)
o Description: LAB is a color model designed to:be device-independent, meaning that it
approximates how humans perceive color. It is based on three components:
o L (lightness),
o A (green to red),
o B'(blue to yellow).
e Usage: Color correction and image manipulation (commonly used in Photoshop).
o Example: L(50) A(20) B(30) would represent a specific color in the LAB space.
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