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Internet traffix

Figure: Internet traffic prediction - source Cisco
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Motivation

Consider the example:

30 second video: full HD resolution 1920x1080 at 30 fps.
Decoding into RGB - 24 bits per pixel -> 6.2 MB per frame.
Result 6.2 MB x 30 sec x 30 fps = 5.2GB
Modern smartphones 128 GB internal memory => 750 seconds of
video or 12.5 minutes.
Idea 1: compress each frame using JPEG => 531 MB, 128 minutes
or 2 hours.
H.264 - video file size: 65.4 MB => approximately 16 hours of video.
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H264/AVC video compression

AVC - advanced video coding
Also called MPEG4 Part 10
Applications:

Blue Ray
HD streaming on internet(Youtube, Netflix, Vimeo, iTunes)
HD video in smartphones
Public TV broadcast in Europe.

Benefit: higher compression ratios than MPEG2 or MPEG4
Costs: higher decoding complexity.
Main idea: trades off more computing for requiring less
bandwidth/storage
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Hardware support

Support for H.264 encode/decode on most modern processors.
Hardware encoding/decoding support existed in modern Intel CPUs
since Sandy Bridge architecture(2009).
Modern operating systems expose hardware encode/decode support
through hardware-accelerated APIs: DirectShow/DirectX (Windows),
AVFoundation(iOS)
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Video compression: main ideas

Compression is about exploiting redundancy in signal:
Intra-frame redundancy - value of pixels in neighboring regions of a
frame are good predictor of values for other pixels in the frame
(spatial redundancy)
Inter-frame redundancy - pixels from nearby frames in time are a good
predictor for the current frame’s pixels (temporal redundancy)
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H.264 - overview
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JPEG - residuals
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H.264 - what is defined

H.264 standard defines how to represent and decode video
H.264 does not define how to encode video (this is left up to
implementations)
H.264 has many profles

Michal Vasinek (VSB-TUO) Video Compression 9 / 26



H.264 - frame

Frame consists of 16x16 pixels macroblocks.
4:2:0 chroma subsampling:

Lumina component (brightness) in full resolution => 16x16 pixels.
Chroma components at half resolution => 8x8 pixels.

Macroblocks organized into slices - slice is a sequence of macroblock
in frame scan order.
Slices can be decoded independently.
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H.264 - slices
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H.264 - Decoding

Macroblock reconstruction:

Prediction is based on already decoded samples in macroblocks from
the same frame (intra-frame prediction) or from other frames
(inter-frame prediction) .
Correcting the prediction with a residual stored in the video stream.
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H.264 - prediction

I-macroblock - macroblocks are predicted from samples in previous
macroblocks in the same slice of the current frame.
P-macroblock - macroblocks are predicted from samples from one
other frame.
B-macroblock - macroblocs are predicted by a weighted
combination of multiple predictions from samples from other frames
(past and future).
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H.264 - I-macroblock
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H.264 - I-macroblock, 4x4 intra mode
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H.264 - I-macroblock, 4x4 intra mode
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H.264 - I-macroblock, 4x4 intra mode
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H.264 - P-macroblock
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H.264 - P-macroblock prediction
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H.264 - P-macroblock motion vector example
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H.264 - B-macroblock
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H.264 - B-macroblock
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H.264 - General encoding inter-predicted macroblock
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H.264 - Encoding summary
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H.264 - Encoding motion estimation
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H.265 - HEVC

High efficiency video coding (HEVC).
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