
The video codecs behind modern 
remote display protocols
Rody Kossen

1



Rody Kossen - Consultant

2

Rody.Kossen@pqr.nl

@r_kossen

rody-kossen-186b4b40

www.rodykossen.com



Agenda

The basics

H264 – The magician

Other codecs

Hardware support (NVIDIA)



The basics
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Let’s start with some terms

5

Bit DepthRGB
YCbCr

YUV



Colors
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Visible colors
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Color Bit-Depth = Amount of different colors
Used in 2 ways:

> The number of bits used to indicate the color of a single pixel, for example 24 bit

> Number of bits used for each color component of a single pixel (Red Green Blue), for example 8 bit

Can be combined with Alpha, which describes transparency

Most commonly used:

> High Color – 16 bit = 5 bits per color + 1 unused bit = 32.768 colors = 2^15

> True Color – 24 bit Color + 8 bit Alpha = 8 bits per color = 16.777.216 colors

> Deep color – 30 bit Color + 10 bit Alpha = 10 bits per color = 1.073 billion colors
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Color Bit-Depth
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Describes the subset of colors which can be 
displayed in relation to the human eye

Standardized gamut:

> Rec.709 (Blu-ray)

> Rec.2020 (Ultra HD Blu-ray)

> Adobe RGB

> sRBG

Color Gamut
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Lossy

> Irreversible compression

> Used to reduce data size

> Examples: MP3, JPEG, MPEG-4

Lossless

> Reversable compression

> Examples: ZIP, PNG, FLAC or Dolby TrueHD

Visually Lossless

> Irreversible compression

> Difference can’t be seen by the Human Eye

Compression

14



RGB uses Red Green Blue values to describe a color

YCbCr is a different way of storing color:

> Y = Luma or Brightness of the Color

> Cr = Chroma difference for Red

> Cb = Chroma difference for Blue

Based on the idea that our visual system is less sensitive for Color
than Luminance

RGB can be converted LossLess to YCbCr

YCbCr is also known as YUV

YCbCr Encoding
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Reduces the amount of Color information

Allows picture clarity to be maintained

Can reduce the file size up to 50%

Chroma Subsampling
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Chroma Sub-sampling
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Chroma Sub-sampling – The downside
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Citrix YUV420 Citrix YUV444



Chroma Sub-sampling – The downside
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Used source: https://sidbala.com/h-264-is-magic/

H264 – The magician
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It’s all about size

> Pixels are built up by Red Green Blue values

> 8 bits per Channel =  24 Bit Color (16,7 Million colors)

> 10 bits per Channel = 30 Bit Color (1 Billion colors)

Full HD:

> 1920 * 1080 * 24 bit = 5.9 Mbyte per frame

> 30 FPS = 177 MB/Sec 

> 60 FPS = 354 MB/Sec

4K:

> 3840 * 2160 * 3 Bytes = 23.7 Mbyte per frame

> 30 FPS = 711 MB/Sec 

> 60 FPS = 1422 MB/Sec

Why a video codec
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The history
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H264 / AVC1

Introduced as standard in 2003

Used on most Blu-Ray videos

Supports rec. 709 color space 

Hardware support by almost every device

TVs / Mobile Phones / Tablets

Raspberry Pi

Intel

NVIDIA
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Size comparison of capture of Tweakers.net 
homepage

PNG: 886 Kb

H264 5 seconds: ~400 Kb

The H264 Magic
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Entropy 

> Information entropy is the number of bits required to 
represent some information

> Entropy is used for data deduplication

> For example if you toss a coin 12 times you can describe it as 
follows:

1) HHHHHHTTTTTT

2) 6xH & 6xT

Chroma Subsampling 

> YUV 4:2:0

The tricks
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Frequency domain

> Transforms an image to a representation of “level of detail”

> High Frequency = High Detail = Border of representation

> Low Frequency = Gentle Details =  Center of representation

Quantization

> Filters out the high-detailed areas

> Can be lossless if you leave the Frequency (level of detail) 
high enough

> Massively reduces the image size

The tricks
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Motion Compensation

> “Predicts” the frame by the previous or future frames

> Accounts motion of camera or objects

> Image is cut in slices (16x16 – 4x4)

> Consists of 3 types of frames:

1. I-Frame = Complete image (Key Frames)

2. P-Frame = Predicted, holds only changes from previous 
frame

3. B-Frame= Bidirectional Predicted, difference between 
current frame and preceding and following frames

The tricks
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Resolution: 1920 * 1080 (FullHD)

RAW: 890 Mb

H264: 400 Kb

Reduction: > 2200 times!

The result
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Other codecs
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H265 / HEVC
Introduced as standard in 2013

Used on Ultra-HD Blu-ray for 4K / HDR

Up to 8K resolution

Supports BT.2020 color space

Build to reduce bit rate to facilitate higher resolutions
at the cost of performance (uses 8x more CPU than H264!)

Supported by many devices: 

> NVIDIA since 2015

> Intel since Skylake / Kaby Lake

> Apple since iPhone 6

> Android Lollipop (5.0)
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VP9

Developed by Google for YouTube

Released in 2013

Open-Source & Royalty free

Supported by most common browsers (FireFox / Chrome / Edge)

Hardware support by most devices

> NVIDIA since Pascal (Only Decoding)

> Intel since Apollo Lake (decode) and Kaby Lake (encode / decode)
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AV1

Developed by Alliance for Open Media

Released in 2018

Open-Source & Royalty free

20%-40% higher data compression than VP9 & H265

Hardware Encoding / Decoding is not commonly available yet

80 FPS Encode speed on 2x Intel Xeon 8280 @4 Ghz (56 Cores/112 Thread)

> In comparison H265 = 365 FPS with same hardware
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Hardware support
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Hardware support for Codecs on NVIDIA cards
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NVIDIA Hardware Encode
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NVIDIA Hardware Encode
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NVIDIA Performance Enhancements
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NVIDIA Hardware Decode
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