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EXECUTIVE SUMMARY

It has been identified in document D2.1.1 that the encoders/transcoders are the most energy
and power consuming parts of a headend system. This document focuses on this part of a

video headend by studying the architecture ele ments of video coder/transcoder and their
impact on power consumption. It then proposes specifications of encoder/transcoder
architecture with a focus on power efficiency . Alternative implementations are studied based

on different technologies.

To achiev e this we first identif ied the parameters affecting the power consumption in video
encoding/transcoding. Power consumption parameters can be split in two categories:

i Non -encoding related: platform s and architecture s.

1 Encoding related: codecs and their impl ementation.

In the platform area processor manufacturers have developed a number of technology blocks
that helps reduce consumption: parallelization and optimization of computing cores, clock
and frequency scaling and hyper -threading.

GPU (Graphical Proce ssing unit ) hardware assisted decoding and encoding are another power
optimization techniques that is available inside (embedded) or outside modern processors
(stand -alone GPU).

The complexity of the source video (spatial and/or temporal) also affects the consumption.

Non encoding related parameters are analyzed in this document, where comparison between
two encoding machines is done.

In the area of encoding related parameters we stud ied codecs internals and their relationship
with consumption. Energy con sumption can be impacted by compression parameters, output
bitrate, parallelization, images processing and codecs implementations.

An analysis of theses parameters is then done with a focus on industry standards such as
H264 -AVC (Advanced Video Coding ) and H265 -HEVC (High Efficiency Video Coding ) codecs

and their different implementations. Objective video measurements and consumption
measurements are performed with different codecs (x264 and x265). The results show
opposite curves between energy consumptio n and output bitrate and/or image quality.

Parallelization also reduces the energy consumption because it reduces the encoding time for
a fixed bitrate.

Video image processing (known as pre -processing) shows no impact on consumption as it
may be always par t of the image processing chain in the tested implementations.

Different codecs implementations were tested with a constant parameters set. X264, x265
and Kvazaar codecs are compared. Kvazaar consumes 13% more than x265 and they are
both 4 times more consu  ming than x264.

Conclusion: HEVC consumes 4 times more energy than AVC and selection of parameters is a
general trade -off between energy, output bitrate and image quality.

Encoders/transcoders architecture is also studied in this document where the consum ption
model of a transcoding appliance is defined . The model is represented by a fixed part (idle
consumption) and a variable part increasing linearly for each video channel.

In transcoder architecture video encoder and video decoder are identified as the most
consuming functional blocks.
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A solution is proposed to reduce the energy consumption of these blocks by using GPU
accelerated decoding and encoding. GPU decoding and encoding increase density per

appliance and thus reduce energy consumption per video channel. An innovative approach
call ed AJust I n Ti me Transcodingo i s t hen presented.
consumption savings as it reduces drastically the amount of video to be stored in a CDN

(Content Deliver 'y Network).

Image filtering before encoding (known as pre  -processing) is also a functional block where
we can leverage on consumption. Different technologies can be used to implement these
algorithms from full hardware to full software.

The actions/gains can be summarize d in the followingt  able:

Actions Gains

Static power reduction and per channel

Tailor the platform .
power reduction

Optimiz e the codec choice and . .
P Power reduction by video

parameters

Reduc e the output bitrate Network power consumption reduction
Optimize t ranscoder architect ure Per channel power reduction

Migrate transcoders to the edge Reduction of video amount stored in CDNs
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1 D OCUMENT HISTORY  AND ABBREVIATIONS

1.1 Document history

Version Date Description of the modifications
0.1 09/02/17 Draft of ToC (TVN )
0.2 23/02/17 Contribution from TVN
0.3 23/02/17 Contribution from VTT
0.4 27/02/17 Integrated version
0.5 07/03/17 Reviewed version
1.0 08/03/17 Final version

1.2 Abbreviations

2D Two - Dimensional

3D Three Dimensional

ABR Adaptive Bit Rate

AMD Advanced Micro Devices, Inc.

API Application Programming interface

ARM Advanced RISC (Reduced Instruction Set Computer) Machine

ASIC Application - Specific Integrated Circuit

AVC Advanced Video Coding (H264)

CBR Constant Bit Rate

CDN Content Delivery Network

CPU Central Processing Unit

DASH Dynamic Adaptive Streaming Over HTTP

DPB Decoded Picture Buffer

DVFS Dynamic Voltage and Frequency Scaling

ePDU Enclosure Power Distribution Unit (Powerware; Eaton)

EU Graphical processor Execution Units

FPGA Field - Programmable Gate Array

GOP Group Of Pictures

GPU Graphical Processing unit

HD High Definition

HDD Hard Disk Drive

HEVC High Efficiency Video Coding (H265)

HLS HTTP Live Streaming (Apple)

HTTP Hypertext Transfer Protocol

IDR Instantaneous Decoding Refresh

IPTV IP mode television content delivery (managed network).

MPEG Moving P_ictu_re Experts Qroup ( Interna_ltional Orggni_zation for
Standardization/International Electrotechnical Commission)

Open CL Open Computing Language

OpenCL Open Computing Language

OpenGL Open Graphics Library

oTT Over The Top content delivery (unmanaged network).

PC Personal Co mputer

PPS Picture Parameter Set

PSNR Pondered Signal to Noise Ratio

QoE Quality of Experience

RTP Real- Time Transport Protocol
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SD Standard Definition

SPS Sequence Parameter S et

SS Smooth Streaming

UDP User Datagram Protocol

VBV Video Buffer Verif ier

VC1 Video Codec 1 (Windows Media 9 compression)

VHDL VHSIC ( Very High Speed Integrated Circuit) Hardware Description
Language

VHDL Very High -level Design Language

VP8, VP9 Open and royalty free video compression format s owned by Google

webm Videp file format .(primarily intended to offer a royalty -free alternative to
use in the HTML5 video tag )

YUV Luminance -Bandwidth -Chrominance
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2 | NTRODUCTION

In the global goal  to reduce the power consumption of video head -end s we already identified the
transcod ers as potentially the most consuming part. We now focus on encoders/transcoders
regarding their energy impact.

In the first version of the deliverable, we categori zed and identif ied the parameters which impact
the power consumption. In this updated versi  on of the document we are going further and we
identify opportunities for saving power using novel processing architectures , hew video coding
standards such as HEVC and VP9 and also system architecture . We also illustrate the effect of

power consumption al  ign ment with content encoding difficulty.

3 POwWER CONSUMPTION PARAMETERS

This chapter deals with all the parameters that affect the energy consumption in an encoder T
transcoder.

3.1 Non encoding related parameters

These parameters affect the energy consumpt ion but are not directly related to encoding schemes.
3.1.1 Platform

3111 Processor related parameters

There exist several processor related parameters that may or may not have an effect on the
encoding power consumption. These include:

Processor a rchitecture

Num ber of used processor cores

Processor ¢ lock frequency and frequency scaling
Hyper threading

Turbo boost

To To To o To

Different processor architectures, such as the ones used by Intel, ARM or AMD are worth
inspecting. By changing the number of used processor cores it i s possible to inspect power
reduction possibilities. For example, with a lower number of used processor cores the power
consumption can be reduced with the expense of increased encoding time.

Also, with a dynamic change of  processor clock frequency less power may be consumed but again
the encoding time is increased with lower clock frequency . This concept is generally defined as
Dynamic Voltage and Frequency Scaling (DVFS). For example, Intel has implemented a technology

called SpeedStep while AMD has a similar PowerNow technology. DVFS technologies are
traditionally meant for laptop computers to save power.

Hyper threading is a simultaneous multithreading implementation developed by Intel. Its purpose

is to improve the execution of multiple tasks at once performed on I nteldés xIB6 microp
hyper threading, two processing threads per physical core are delivered. Multithreaded tasks
benefit the most out of hyper threading as they get more work done in parallel . Hyper threading

allows the usage of s maller number of processor cores and increases also the performance of single
threaded tasks.

Turbo boost is a technology developed by Intel to dynamically increase the processor clock
frequency when more computational power is needed. The concept is gene rally considered as
dynamic overclocking, in which the processor is enabled to run above its base clock frequency.

Once the need for extra computational power is over, the clock frequency is returned to the

baseline level.
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3.1.1.2 GPUrelated parameters

GPU d ecoding:

GPUdecoding i's now a fAwiredo function i n t hHD Geaphice dbdlesdProGPU part
graphics ) of Intel processors. Deco  ding functions exhibit very low power requirements allowing a

large number of decoding in one processor. The only | imitation is the bandwidth to input many

streams in parallel.

Table 1:GPU hardware decoding by Intel architecture

architecture Codec decoded in hardware

Haswell MPEG2, H264 /AVC, VC1
Broadwell MPEG2, H264 /AVC, VC1, VP8, partial V P9
Skylake MPEG2, H264 /AVC, VC1, VP8, VP9, H265/HEVC

GPU encoding:

GPU encoding is also a hardware accelerated function in the embedded GPU of Intel processors.
Encoding is not as advanced in Intel architecture as decoding.

Table 2: GPU hardware coding in hardware

Haswell MPEG2, H264/AVC (partial)
Broadwell MPEG2, H264/AVC
Skylake MPEG2, VP8, H264 /AVC, H265/HEVC , VP9 (partial)

Encoding may be done  using 2 methods:
91  Fully wired encoder w  hich does the whole encoding loop with dedicated logic.
1 Encoding done by using EU (Execution units) of the GPU very similar to OpenCL
implementation . EU are general purpose parallel processing units which can be used either
for 3D rendering or other video processing (in OpenGL).

As these graphical units are tailored to handle video processing the power requirements are quite
lower than what is needed for  CPU encoding.

3.1.2 Video type
Video type can al so affect the power consumption of encoding. For example, encoding a video with

a lot of motion and action, such as an action movie or a sports game, may consume more power
than encoding a video with limited movement.

3.2 Encoding related parameters

Both H.264 -AVC and H.265 -HEVC standards hold several encoding tool s that affect the energy

consumption of the encoding process. In this deliverable, we focus on the following parameters:
encoding presets, bit rate , number of threads and deblocking filter. Moreover, different encoder
implementations have an effect on the power consumption.

3.2.1 Encoding presets

An encoding presetis  defined as a set of parameters and their values. Presets are closely related to

a specific encoder implementation. For example, both x264 and x265 encoders have specific
encoding presets implement ed. The purpose of the presets is to make a trade -off between the
encoding speed and the compression efficiency.

In general both x264 and x265 encoders hold ten presets. The lowest presetis fiveryslow 0 and the
highest is fultrafast 0. With fveryslow 0, the encoder tries to achieve the best quality per bit
compression ratio with the expense of increased encoding time. filltrafast 0 preset does the

encoding process as fast as possible, but with the expense of quality and compression efficiency.
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The specifics of the presets and the parameter values can be found from the x265 documentation
[1] and the Annex of this document . fiPlacebo 0 preset enables transform  -skip prediction evaluation.

3.2.2 Bitrate

Bit rate determines the compression eff iciency of the encoding process. With higher bit rate, the
video file size is large r and with low bit rate the file size is smaller. Lower bit rates call for longer
encoding time and higher bit rates for shorter encoding time.

3.2.3 Number of threads

The numbe r of threads option allows creating threads to encode in parallel on multiple CPUs. With
a multi -processor machine, using a higher number of threads can increase encoding speed linearly
with the number of CPU cores. The default number of threads is set as 12.

3.2.4 Deblocking filter

A deblocking filter, i.e., a video filter is applied to decoded compressed video. The filter aims to

improve visual quality, prediction performance and appearance of decoded pictures. De blocking
smooth s sharp edges that can be forme d between macroblocks when block coding techniques are

used. Disabling the deblocking filter in video encoding may give reduced energy consumption.

3.2.5 Codec implementations

There exist several different encoder implementations for both H.264 -AVC and H.265 -HEVC. In this
deliverable the most notable ones are considered. These include: x264 [2] , x265 [3] and Kvazaar

(4] .
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4 ANALYSIS OF THE POWER

4.1 Testenvir onmentand scenario

The effect of the power consumption parameters has been analyzed with

in Table 3.

CONSUMPTION PARAMETE

RS

atest bed thatis depicted

Table 3 : Test bed configuration

Server type Dell PowerEd ge R150 rack server
CPU 2 CPUs: Intel Xeon E5606, 4C, 2.13GHz
Memory 16 GB

HDD 1TB

Operating system

Ubuntu Server

Power meter

Eaton Managed ePDU device

A single rack server is used for encoding video files and
measuring power.

The test scenario involves encoding a single raw video file (YUV format) into an mp4 container.

parameters of the vi  deo file can be seenin  Table

Table 4 :Video file parameter S
Parameter _Value

an Eaton Managed ePDU device is used for

The
4.

Length 43s 867ms
Frame rate 30 fps
Width 1920 pixels
Height 1080 pixels
Color space YUV
Chroma subsampling 4:2:0

4.2 Non encoding related parameters

In addition to encoding related parameters, we wanted to see the effect when using m

ore powerful

processing architecture in the full software video encoding. Furthermore, content complexity
(spatial/temporal) affects to power consumption. Therefore three different source inputs were

used: low, hard and mixed (animated end credits)

encodin g difficulties, respectively.

Table 3 and Table 5 show the used test beds in our comparison. Both contain identical encoding

software. Table 6 presents the input video seque
Tears of Steel open -source video clip.
the clips to H.264 and HEVC formats.

Table 5 : Test bed

nces, which were extracted and selected from

X264 and x265 software encoders were used for encoding

2 configuration
Value

Parameter

Server type Intel Core i7 -5820K
CPU 6 CPU cores @ 3.3 GHz
Memory 32 GB

Operating system

Ubuntu 16.04

Power meter

Eaton Managed ePDU device

Table 6 : Video sequence parameters

Parameter _Sequence 1 _Sequence 2 _Sequence 3

Codin g difficulty Low Hard Mixed

Sequence name Tears of Steel Tears of Steel Tears of Steel

Length (s) 60 60 60

Frame rate  (fps) 24 24 24
CONVINCE confidential
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Resolution 1920 x1080 1920 x1080 1920 x1080

Color space Y4M Y4M Y4M
Bitrate H.264/HEVC 53/1,8 9,1/3,0 13,5/55
(Mbps)

PSNR -Y (dB) 42,9 41,1 37,3

Figure 1 and Figure 2 show the encoding comparison results for the both machines. As can be
seen, the more powerful Core i7 PC consumes less power than its Xeon refe rence. For H.264, the
power saving is approximately 30% and for HEVC 35%.

The results also show that video source complexity affects to power consumption. As the sequence
2 contains lots of motion, it also requires more work from the compression algorithm s and
therefore increases also power consumption.

90,0
80,0
700
geo,o
s
B 500
5 mCore i7
S 400 m Xeon i4
S
8
H 30,0
o
200
10,0
00
Idle Sequence 1 Sequence 2 Sequence 3
Figure 1: H.264 comparison results for test bed machines
160,0
1400
1200
g
c 1000
2
5
g 80,0 mCore i7
5 m Xeon i4
[3}
& 600
2z
&
400
200 |
00 1
Idle Sequence 1 Sequence 2 Sequence 3
Figure 2: H.265 comparison results for test bed machines

4.3 Encoding related parameters

4.3.1 H.264/AVC encoding

4311 Encoding presets
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Figure 3 shows the results with different encoding presets with the x264 encoder. In this case the

PSNR values were roughly the same with no large deviations. The PSNR can thus be considered as
constant and the energy and bit rate as variables. The results show that the energy consumption is
smaller with the higher presets , such as ultrafast, as the encoding is done as fast as possible.
However, the average bit rate is consequently larger with th e higher presets. With the lower
presets the energy consumption is larger but bit rate is smaller.

8000 140
131

7000 6799,41

120
6000
100
2 5000
s © g
2 4000 :
: :
P 3361,31
= 60 & mAvg Bitrate (kb/s)
3‘ 3000

M Energy (KJ)
229839 2242,38

2098,08
2000 1929,98 w2 33’496154 ] 20
1000 . | %
8,7
0,68 1,0 2,3 3,4 4,5 5,0
0 ) ] . L,
e X X £ x < . R .
& L S
§' (1\5"'} ¥ &Q. 3 ‘@ Q\

Encoding preset

Figure 3 :H.264 results with different encoding presets.

4.3.1.2 Bit rate

Figure 4 shows the results whent he bit rate is kept at a constant. In these experiments the bit rate

was roughly 2 Mbps with very small variations. The results again show that with higher presets the
energy consumption is smaller and with the smaller presets the  energy consumption is lar  ger.
However, with the higher presets the average PSNR value is lower.

CONVINCE confidential
CONVINCE D2.2.2 Updated specification of power - efficient encoder V1.0.docx



44

160
43111 43,204
43 42749 42876 42976 140
42,446
42 41,866 41,857 120
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& 40 80 &
w E,  Avg PSNR
< “  mEnergy (KJ))
39 60
38 40
37 4 20
36 0
ultrafast superfast veryfast faster fast medium  slow slower veryslow placebo
Encoding preset
Figure 4 :H.264 results with constant bit rate.
4.3.1.3  Number of threads

Figure 5 shows the results with the number of threads.
medium preset of the x264 encoder.

linearly as the number of threads increases.
decreases the encoding time by utiliz ing more
Using a single thread only a single processor core is used.

The e xperiments were done with the
The figure points out that the energy consumption decreases

This is because increasing the number of threads
processor cores and less energy is thus consumed.

Energy (KJ)

=
o

25

20

-
w

0

21,2
9,04
6,98
. I
1 4 8 12

Number of threads

Figure 5 :H.264 results with number of threads.
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4.3.1.4  Deblocking filter

The results with the deblocking filte r can be seen in Figure 6. The results are an average of 10
experiments done with the medium preset of x264 encoder and they show that disabling the
deblocking filter does not have an effect on the energy consumption. This is beca use the
deblocking filter is an inherent part of the encoding -decoding loop.
5,5
4,995 5,004
5
4,5
4 4
35 -
2 3
8
E 25
2 !
15 -
1 .
05 -
D ,
Enabled Disabled

Figure 6 :H.264 results with the deblocking filter.
4.3.2 H.265/HEVC encoding

4.3.2.1  Encoding presets

Figure 7 shows the results with different encoding presets with the x265 encoder. The results are
similar as with H.264: with higher encoding presets the energy consumption is smaller but the bit
rate is larger.
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Energy (KJ)
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100 H Energy (KJ)
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w
(=1
o

[
o
o

50

iy
[=]
o

Encoding preset

Figure 7 :H.265 results with different encodi ng presets.
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4.3.2.2 Bit rate

The results with constant bit rate are shown in Figure 8. A bit rate of approximately 600 kbps was
used. The energy consumption is smaller with higher presets and larger with smaller presets.
However, the a verage PSNR value is lower with the higher presets.

41,5 r 350

ssse 4103 41045

41 28 300
40,739
40,468
40,5 T 250
40,177
4 - S003
39635 7Y &
E m Avg PSNR
39 1 S B0E Energy (KJ)
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39 + 100
51,
38 0
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44 54 o7 10, =
38 - T T T -0

ultrafast superfast veryfast faster fast medium slow  slower veryslow placebo
Encoding preset

Avg PSNR
2 k

wn

©
=

i
w

Figure 8 :H.265 results with constant bit rate.

4.3.2.3 Number of threads

Figure 9 illustrates the results with number of threads. The energy consumption d  ecreases when
number of threads increases as using a higher number of threads decreases the encoding time.

The reduction in energy consumption is, however, not so drastic after using more than 4 threads.

This is because H.265 encoder utilizes cores evenly regardless of number of threads. The encoding
was done with the medium preset of the x265 encoder.

30

25 24,1

[
o

Energy (KJ)
=
"

=
o

Number of threads

Figure 9 :H.265 results with number of threads.

4.3.2.4  Deblocking filter
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Figure 10 shows the results with the deblocking filter. The results are an average of 10
experiments done with deblocki ng filter enabled and disabled. As with H.264, disabling the
deblocking filter does not reduce the energy consumption as the deblocking filter is an inherent

part of the encoding -deblocking loop . The encoding was done with the medium preset of the x265
encoder.

20 18,97 18,98
18 -
16
14
. 12
2
& 10
[
{=
w
8 -
5 -
4 -
2 i
0
Enabled Disabled
Figure 10 : H.265 results with deblocking filter.
4.3.3 Different codec implementations
The results with  different encoders are shown in Figure 11. The experiments were done with X264,
x265 and Kvazaar encoders and the results are an average of 10 experiments. The x265 encoder
consumes on average 1 3 % less energy than the Kvazaar encoder. However, the Kvazaar encoder
is still at an early stage of development and is improving gradually. When comparing HEVC with

AVC, HEVC consumes approximately 4 times more energy than AVC in encoding.

24

2 21,79
20 18,97
18
16
=14
2
§12 1
(7]
=
w10
8
6 4,995
4
2 -
0 -
X265 Kvazaar x264

Figure 11 : R esults with different encoder implementations
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The experimental results with different parameters show that selection of the parameters is in

general a trade -off between energy, bit rate and PSNR. By selecting parameters that reduce the
encoding time the energy consumption is consequently reduced. However, this comes with the
expense of larger bit rate as the video compression is not optimal. Finally, if both encoding time

and bit rates are tried to keep to a minimum, it comes with the expense of lower PSNR values.

Figure 12 show the power consumption comparison between H.264, H.265 and VP9 encoding

formats. Two software encoders for HEVC (x265 and Kvazaar) were evaluated. As can be seen in

terms of power consumption vs quality, VP9 performs surprisingly well. However, VP9 u sing webm
format is still lacking terminal playback support in many devices especially when using MPEG -DASH
streaming format. For more information about test bed configuration, please see [5].
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Figure 12 : Power consumption compa rison between x264, x265, Vpxenc and
Kvazaar [5].
5 POWER EFFICIENT ENCODER -TRANSCODER
5.1 Architecture
A video channel represents the elements of a TV program. It is composed of:
1 Asingle video stream.
1 Anarbitrary number of audio channels (starting from 1 s tereo channel).
1 Optional metadata streams such as subtitles, conditional access data and private data.
The consumption model of encoder -transcoder appliances is composed of:
1  Afixed part (or idle consumption) with the following blocks:
0 The hardware platfo rm (server based).
0 The operating system.
o0 The management parts of the application software which is not related to the video

chain.
1 Avariable part increasing linearly for each video channel.

The resulting power consumption model is as follow:
DOliweE VQQWQQ v dbe ¢ Qa U0 G WAKKIE € Qa i
5.1.1  Full software decoding/encoding

Full software implementation relies only on the CPU computational power to reali ze video
processing tasks as well as decoding and e ncoding tasks.
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The main advantages of full software solutions are flexibility and video quality.

Figure 13 shows the typical transcoding workflow for a channel in an IPTV application

Video Video pre- Video Video MPEG TS

decoder processing rescaler encoder packetizer

RTP/UDP/IP
MPEG TS
RTP/UDP/IP Multiplexer stream — Y
stream sender
receiver
Audio Audio MPEG TS
decoder encoder packetizer

Figure 13 :transcodi ng workflow full software - IPTV

Figure 14 shows the typical transcoding workflow for a channel in an OTT application:

Video
Chunker encoder
format 1

Video
rescaler

; i Video NIGED
Video Video pre- I Chunker encoder
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HLS,SS, HTTP
. WIFEE stream %
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stream
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decoder encoder

Figure 14 :transcoding workflow - full software - OTT

The most consuming parts in these workflows are (by decreasing power):
The video encoder

The video decoder

The audio encoder

The audio decoder

The video pre -processing, video rescaler

The other functional blocks

= =4 —a —a _a_9

The focus s hould then be put on video encoding and decoding functions.

5.1.2 GPU accelerated decoding/encoding

GPU accelerated functions rely on ASIC based functionalities related to video inside recent
processors. The emphasis here will be put on Intel processors though these functionalities exist in
other brands (namely AMD). Intel processors have proven to be the most energy efficient general

purpose processors for server appliances.

In this case video encoding and decoding functions are performed by Intel QuickS ync Video GPU
functionality. It consists in hardware blocks, a GPU driver (i915) and software API (VAAPI).
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Figure 15 : transcoding workflow GPU acc. T IPTV
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Figure 16 : transcoding workflow - GPUacc. - OTT

In these applications  the Video decoder and the video encoder use hardware functions from the
GPU (QuickSync Video). See chapter 0 for capabilities.

The main advan tage of GPU solutions is density (and thus consumption).

5.1.3 Just In Time Transcoding

AfJust | nra@nsaneodliingd is a concept where, instead of storing
of a single content in order to address different terminals and bit rate s, video is stored in a single

format (called fi me z z a nformat) and transcoded at terminal request.

It is expected to save energy as we reduce significantly the energy cost for storing a huge number
of representations

Let 6 s t ak exaniple tvHich i can be considered as the state of the art for OTT delivery today.

Netflix is storing in the CDN representation s corresponding to the combination of:
1 10 resolutions to allow for bitrate adaptation to the terminal L
1 4 codecs, depending on the terminal the vi deo is watched on 2 (VC1, H.264/AVC Baseline,

H.264/AVC Main and HEVC)

1 3 ABR technologies (HLS, Smo oth Streaming and DASH)
different terminals.

It leads to 120 representations 3 with the goal of stream ing to more than 900 differe nt devices .
Figure 17 shows the complexity of such a traditional approach.

, in order , also, to address

! http://techblog.netflix.com/2015/12/pettitle -encodeoptimization.html
2 http://techblog.netflix.com/2015/12/highquality-video-encodingat-scale.html
% https://gigaom.com/2012/12/18/netflixencoding/
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Figure 18: AJust | mamismeodli ngdo bl ock diagram
In the headend, only one representation is produced in a single format (me zzanine format) it is
stored in the cloud (CDN). In the edge, as close as possible to the end user, a transcoding
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operation is processed in order to provide the terminal of the end user with the requested

format/bitrate.

The variant shown by

Figure 19 can also be used to reduce the power consumption, making use of

metadata generated by the encoder in the headend and of a simplified video transcoder.
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Stream
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Chunker Video

Metadata
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stream
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Figure 19 : Optimized edge transcoding using metadata

This workflow i s i n | ine with
requirements were issued during 115
Group

MPEG,

uided targcoding 0 standardization.
which is a generic

wor k

done MPEG on

by

Figure 20 summarizes the approach suggested by
view of the work done by

Figure 20 : Guided transcoding in MPEG

4 http://mpeg.chiariglione.org/standards/exploration/futurgideo-coding/draftrequirementsnetwork-

distributed-video-coding
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