
 
 

 

Research & Development 

 White Paper 

WHP 345 

August 2019 

European Athletics Championships:  
 

Lessons from a Live, HDR, HFR, UHD and  
Next-Generation Audio sports event 

Frans de Jong, Dagmar Driesnack, Andrew Mason, Matthieu 
Parmentier, Paola Sunna, and Simon Thompson 

 

 
 BRITISH BROADCASTING CORPORATION 



  

 



  

 

White Paper WHP 345 

 European Athletics Championships: Lessons from a Live, HDR, HFR, UHD and  
Next-Generation Audio sports event 

Frans de Jong (EBU), Dagmar Driesnack (IRT), Andrew Mason (BBC),  
Matthieu Parmentier (FTV), Paola Sunna (EBU), and Simon Thompson (BBC) 

Abstract 

The European Broadcasting Union and several of its member organisations 
undertook an ambitious trial over the summer period – a live, UltraHD, High 
Dynamic Range, High Frame Rate, Wide Colour Gamut and Next Generation 
Audio trial at the European Athletics Championships in Berlin, Germany. The trial 
included four 2160p/100 cameras with live control of shading/racking, live vision 
mixing, live recording, live mixing of audio objects, audio-visual synchronisation 
with audio objects and live encoding.  

This paper looks at the lessons learned during the trial – what went well, what 
needed extra work and what is needed to overcome current technical hurdles.  
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Introduction 
Research activities by the EBU and its members have shown that increasing dynamic range, 
increasing frame rate and increasing display resolution all increase viewer perception of quality 
[1]. For sports events, where fast action and rapid camera movements are common, the 
increase in quality could be dramatic. On the audio side, Next-Generation Audio can improve 
the audience’s experience thanks to a new processor included in the receiver and controlled by 
the sound engineer. The role of this processor is to adapt the reproduced sound to the listener’s 
environment, audio equipment and needs. It also brings broadcasters new optimization tools, 
such as live reconfiguration; adding or removing “audio objects” to simplify signalling, and to 
optimize bitrate consumption. 

To test these technologies in practice, the European Broadcasting Union (EBU) has led a 
consortium of several members and industry partners in creating an experimental production 
workflow to shoot, process, record, and distribute live Ultra High Definition (UHD) content with 
Wide Colour Gamut (WCG), High Frame Rate (HFR), High Dynamic Range (HDR), and Next 
Generation Audio (NGA) [2] at the European Athletics Championships 2018 in Berlin. The main 
goals were to better understand what can be achieved with currently available production 
equipment, what the impact is on production workflows, what (quality) aspects need further 
study and to generate real-world test content. 

The European Championships (EC) were chosen as setting for this trial. The EC is a new multi-
sport event which combines several of the most popular sports in Europe. The first edition of 
the EC was jointly hosted by Berlin (Athletics) and Glasgow (Aquatics, Cycling, Gymnastics, 
Golf, Rowing, and Triathlon). It consisted of 11 days of competition and celebration from 2nd to 
12th August 2018. 

Current state-of-the-art live broadcasts don’t exceed a field or frame rate of 50 Hz (in Europe), 
and HD interlaced (1080i/25) is still the dominant broadcast production and emission format. 
The EBU project featured the world’s first live distribution of UHD content with both HDR 
(HLG/ITU-R BT.2100 [3]) and HFR (100 frames per second, 2160p/100). At the same time, 
1080p/100 and 1080p/50 signals were derived from the 2160p/100 signal, encoded in HEVC 
[4] and multiplexed for a live transmission via the Eurovision satellite network to RAI's 
experimental test bed in Aosta, Italy, and via the Eurovision Fibre infrastructure to the European 
Championships Broadcast Operations Centre based at the BBC in Glasgow. The 1080p/100 
programme included NGA with a 4+7+0 channel bed, or a scene-based bed, with 4 additional 
interactive mono object signals for 2 commentaries and 2 audio descriptions. 

Production Plan 
The experimental production ran over three days of the championships, covering a range of 
track and field events such as hurdles, javelin, and pole vault. All the sports had fast motion 
either of the athletes themselves, equipment they used, or by the camera panning. All 
recording took place in the Olympic stadium in Berlin, which offered a challenging combination 
of bright sunshine together with deep shadows in the field and the crowd during the day, and 
floodlight during the evening. The stadium has a capacity of approximately 70,000 people, 
who created a great deal of immersive atmospheric sound from time to time, which was 
combined with distinct sounds from each sporting action. 

Video Production 
Four Sony UHD cameras with Canon UHD lenses (90x, 90x, 45x, 20x) were positioned in the 
stadium. One arrangement is shown in Figure 1. Camera positions were optimized for each 



 

3 

event, constrained by the need not to interfere with the host broadcaster’s normal HD 
production. Most of the time, three of the cameras covered the sports action whilst the fourth 
was used to generate wide, beauty shots of the stadium. 

 
Figure 1 Example camera positions in the stadium for track events 

Each camera’s baseband processing unit provided the 2160p/100 ITU-R BT.2100 HLG signal, 
presented as two quad 3G-SDI feeds; 4 cables for odd frames, 4 for even. The camera control 
units provided 1080p/50 ITU-R BT.709 outputs, which were used during SDR-based shading. 
The vision mixer exclusively used the 2160p/100 HDR signals; a master-slave configuration 
between two mixing buses made sure both phases switched simultaneously. For the 
programme hard cuts, crossfades, playback of pre-recorded loops (the opening titles) and 
graphics overlays (the event name, for example) were used. All host broadcaster graphics 
items were provided in 1920x1080p/25 ITU-R BT.709 format and converted using the open 
source package FFmpeg and scene-referred three-dimensional lookup tables (3D LUTS) 
provided by BBC R&D [5]. Monitoring for the Vision Mixer/Director was provided by two 
reference monitors operating in ITU-R BT.2100 HLG mode at 50 fps (that is, only even frames 
were shown). One monitor showed a multiview of all camera outputs (combined in a single 
1080p/50 HLG signal), the other the programme output. An overview of the set-up is shown in 
Figure 2. 

The vision mixer output was converted for a variety of uses (into 1080p/50 SDR for example) 
using a pair of Sony converters. In this mode, a master setup unit was used to control the 
master black level control, saturation, knee and the offsets for generating conventional video 
from HDR video. These settings had to be the same for all cameras. The Vision Engineer 
controlled the camera and CCU iris, flare control, channel gains etc. using a traditional remote 
control panel. As mentioned previously, the camera black level control was thus not in use. 
Except for a particular test sequence, no shutter (360 degrees) was used. 
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Figure 2 Overview of the video production set-up (numbers refer to Sony type numbers) 

Two shading modes were tested: 

• the Vision Engineer monitors the conventional SDR video signal output from the CCU 
without seeing the automatically generated HDR video signal, and 

• the Vision Engineer monitors the HDR video signal output from the BPU without seeing 
the automatically generated conventional SDR video signal. 

Monitoring for the Vision Engineer was provided by two Sony BVM-X300 reference monitors 
operating in either ITU-R BT.2100 HLG mode or ITU-R BT.709 mode at 50 fps (that is, only 
even frames were shown). One monitor showed a multiview of all camera outputs, the other 
was controlled by the Vision Engineer to show the desired camera to ‘work on’. Tally signalling 
(also on the multiviewer) showed which camera was on air. 

Although the main production format was 2160p/100, converters were used to produce the 
following additional formats. 

• 1080p/100 HLG/ITU-R BT.2100: to feed the encoders with NGA flavours (MPEG-H 
Audio [6], AC-4 [7,8]) 

• 1080p/50 SDR/ITU-R BT.709: to feed the Radio Televizione Italia (RAI) ITU-T IMT-
2020 (5G) [9] test bed at Aosta (Italy) 

• 1080i/25 SDR/ITU-R BT.709: to feed the commentary position (not shown in Figure 2) 

Audio Production 
The NGA production has been based on a spatial audio "bed" supplemented by four mono 
objects. Two formats of spatial audio bed were created: 

o 4+7+0 channel bed, for AC-4 and MPEG-H Audio 
o scene-based (high order ambisonics) bed, for Qualcomm/MPEG-H Audio   

The four mono objects consisted of a commentary and an audio description for each of two 
languages (French and English). Loudspeakers were set up in the container as system J from 
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Recommendation ITU-R BS.2051 [10] for monitoring, together with a renderer to binaural for 
listening on headphones. For the creation of an immersive sound image, a 3D ORTF microphone 
array was installed high up in the stadium, as shown in the left of Figure 3. 

 
Figure 3 ORTF-3D microphone array high in the stadium (l); Eigenmike on the field (r) 

Primarily for use with the creation of the scene-based bed, an EM32 Eigenmike was placed on the 
field, close to the track finish line. As shown on the right in Figure 3. A variety of spot micro-
phones around the stadium, installed as part of the host broadcaster’s normal setup, were also 
used in the mix as required by each event. MADI over optical fibre was used for carrying these 
signals around the site. 

An English-speaking commentator was hired for the production, and provided commentary for 
events covered in the trial. Audio description took the form of pre-recorded loops. This was 
sufficient to demonstrate the capability of the systems, acknowledging that the complete workflow 
for inclusion of “pan and fade” data is not yet ready. An additional English-language commentary 
signal was recorded from BBC Sport coverage of the championships, and another, in French, from 
France Télévisions. It was known in advance that these would not always be present, or might be 
on a simultaneous event not being captured by the EBU trial. 

 
Figure 4 Overview of next-generation audio workflows 

A mixing console from SSL was used to create a 15-channel audio signal. The 15 channels 
contained one of two sets of 11 signals. One set was nominally "direct speakers" for 
Recommendation ITU-R BS.2051 System J. This was strictly “4+7+0”, that is, without an LFE 
channel. The other set was an ambisonic format. The other four channels were mono object 
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signals. These were to be transmitted as follows: 
 1) commentary in English, interactivity enabled (at least gain, optionally pan) 
 2) audio description in English, interactivity optional  
 3) commentary in French, interactivity enabled (at least gain, optionally pan) 
 4) audio description in French, interactivity optional 

An overview of all three NGA workflows is shown in Figure 4. Note that the AC-4 workflow 
encodes the audio signal separately from the video, while the MPEG-H encoders are 
incorporated into the same unit as the video encoder. This led to there being, in effect, a 1s 
time offset between the audio signals from the different systems when multiplexing to form a 
multi-programme transport stream. Fundamental limitations of the tools available on site for 
multiplexing meant that it was not practical to combine all three streams. The alternative 
chosen was a long-term “time-division multiplex”, where each audio system was transmitted in 
turn for approximately 20 minutes. 

In an ideal scenario, metadata describing the audio signals would have been authored in ADM 
[11]. It became apparent during planning of the event that the serialized form of ADM would 
not have completed its standardization process, and implementations would not be available 
in time. It was therefore decided to pre-determine the metadata and leave authoring of it to the 
proprietary tools of each system. For AC-4 this is the DP590; for MPEG-H, the Jünger MMA. 

HOA signal generation 
The EM32 Eigenmike was a source of immersive sound from the stadium, installed primarily 
for use in higher-order ambisonic signal capture. It was incorporated into the scene-based bed 
using a plug-in in Reaper, a common digital audio workstation (DAW). The DAW was also 
used to pan the spot microphone feeds into the scene-based bed. 

The EM32 was found to be capturing very useful sounds from the stadium, and so a workflow 
was developed for using it in the channel-based bed. Because this required passing signals to 
and fro between the console and the DAW it was more complex than would have been ideal.  
A foreseeable advance would be the inclusion of HOA processing within the console itself. It 
proved possible satisfactorily to combine signals from the ORTF array with those from the 
Eigenmike. It had not been anticipated that this would work well, but the wide spatial 
separation of these microphones is the stadium is thought to have contributed to its success. 

Encoding for transmission 
The video encoding of the 2160p/100 was performed using an NTT prototype encoder which 
was capable of supporting AAC-LC (stereo).  

Dolby, Fraunhofer IIS, and Qualcomm provided their encoders (ATEME and Kai Media) and 
metadata authoring tools. The latter currently support 2160p/50 as a maximum video resolution, 
so it was decided to couple the NGA services with the 1080p/100 video stream.  

Distribution and Display 
Three streams were transmitted using the following composition:  
• 2160p/100 + Stereo AAC-LC at net video bit-rate: ~28 Mbps, audio:192 kbps  
• 1080p/100 + NGA variant at net video bit-rate: ~15 Mbps, audio: 384 kbps when using 

MPEG-H, 576kbps when using AC-4 
• 1080p/50 + Stereo AAC-LC at net video bit-rate: ~6 Mbps, audio: 192 kbps 

The following modulation parameters have been used:  
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• DVB-S2; QPSK; Symbol rate: 41.60595 Ms/s; FEC: 3/4; Pilot: On; Roll-off: 0.2  

Æ overall transport stream rate: 60.416 Mbps 

The same multiplex was sent to Glasgow, but over fibre. 

NTT have provided their prototype encoder which could do the 2160p/100 HLG as a single 
PID transport stream using 20 Mbps for the base and 8 Mbps for the enhancement layer. 
1080p/100 HLG (single PID) and 1080p/50 SDR has been encoded by ATEME. The 1080p/50 
video has been reused by RAI in Aosta/Italy for the redistribution over 5G. 

For final confidence monitoring of the encoded video and stereo audio, a consumer television 
capable of live decoding 2160p/100 with ITU-R BT.2100 HLG was used. A local modulation 
has been applied. 

Recording 
During the live production the programme output has been recorded using two Clipsters 
(Rohde & Schwarz). Each Clipster recorded a 2160p/50-feed (even and odd frames). These 
feeds were combined afterwards. DPX was chosen as the uncompressed recording file format 
(YCbCr, 4:2:2, 10 bit, narrow range). Both Clipsters got the same video feed as the NTT 
transmission encoder (2160p/100). The uncompressed video will be used for further testing of 
UHD encoders, converters etc. in the future to simulate a live-camera output in a repeatable 
manner. The storage requirement for uncompressed 2160p/100 material is about 7.2 TB/h. 
Additionally, the 2160p/100 vision mixer PGM output and various camera ISO feeds were 
recorded onto a pair of Sony servers. Two 2160p/50 XAVC Class 480 files (each ~800Mbps 
and optimised for HDR) were recorded simultaneously to capture the 2160p/100 images. 

Reception at Glasgow (Scotland) and Aosta (Italy) 
The encoded signals were transmitted from Berlin using IP and satellite broadcast. Two 
remote locations, one in Scotland, the other in Italy, were equipped with receivers. The 
photographs below show reception of the signals live, over IP in Glasgow, Scotland (BBC 
Pacific Quay) on the left, and over the air in Aosta, Italy (RAI) on the right.  

   
Figure 5 Reception and display of signals at remote sites, in Glasgow, Scotland (l) and Aosta, Italy (r).  

[Photos courtesy of Jason Power, Dolby] 

The HDR HFR NGA signals were re-broadcast in Italy via the DVB-T2 test platform in the 
Aosta RAI center. The DVB-T2 multiplex was successfully decoded using two set-top boxes 
for demonstrating the advanced NGA features. One set-top box was connected to an 
immersive soundbar (MPEG-H Audio) while the second was connected to an AVR (AC-4) for 
experiencing the immersive sound mixes. At the same time a TV set was used for HDR, HFR 
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and NGA playback using the RF input (AC-4) or HDMI input fed by a set-top box capable of 
decoding MPEG-H audio. 

Lessons learnt from the experiment 
This production was the first time that such a workflow (including 100 fps and next generation 
audio) has been attempted live. The attempt was very successful, exceeding the member 
organisations’ expectations. It also provided valuable insight into a number of operational 
aspects for consideration for future regular production. 

Video 

HDR vs SDR Shading 
The production team was keen to evaluate the operational differences between shading in 
HDR and in SDR. The Vision Engineer trialled shading using both the camera HDR output and 
the camera SDR output. He stated that shading was easiest in the HDR mode as fewer 
adjustments were required to create visually pleasing HDR. However, as discussed below, 
with the emphasis on monitoring and optimising the HDR images, some sub-optimal 
operational settings of the camera were possible which could affect the down-converted SDR 
images. As knowledge of HDR programme production tools and down-conversion techniques 
evolve, this is expected to become less of an issue. 

Measurement of the recorded ITU-R BT.2100 HLG luma levels on a sample of recordings 
show that the Vision Engineer was able to maintain Caucasian skin tones at the correct level 
in sunny parts of the playing area. When shading was undertaken on the SDR video signal, 
these levels remained correct throughout both the HDR and SDR programmes, however when 
shading on HDR, the levels were allowed to vary between the lighter and darker parts of the 
stadium, meaning that skin tones in the down-converted SDR were at times too dark. Allowing 
the image to vary from the levels listed in the ITU-R Operational Practice Guidelines [12] in the 
HDR domain looks quite natural but should be avoided if conversion for display in SDR is 
required. 

The down-conversion system used to derive SDR from HDR images required all of the 
cameras to have the same settings for a number of parameters, for example Master Black, 
SDR Gain Offset, HDR Black Offset and so on. 

The user controls for camera shading were changed. As the Vision Engineer was asked to 
use the individual flare control rather than the Master Black, it took some time for him to 
become familiar with this difference in operation. As the trial progressed, he was able to adapt 
and to track the black level correctly. Maintaining consistency in the user interface (if the 
joystick was adjusting flare rather than black level in this mode) was suggested as a feature 
that would ease this process. 

The camera SDR output used by the Vision Engineer (created by the camera control unit 
rather than the down-conversion system) did not always exactly match the down-converted 
SDR which was sent to the encoding platform. Careful selection of the camera parameters 
listed above minimised the impact of this issue allowing good down-conversion of HDR.  

The extensive nature of the tests provided a good opportunity for the production team to 
suggest enhancements to the overall SDR/HDR conversion process. Daily operation would 
benefit from transparent and interoperable systems (including, for example, standardized 
converter metadata), which would provide staff with additional assurances of reproducible 
picture conversion in the video chain. 
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2160p/100 infrastructure & recording (uncompressed and compressed) 
There is currently no standardized approach for the transport of 2160p/100 material in the 3G-
SDI domain and there is also no 2160p/100 standardized real-time compression format for 
(high quality) production purposes available. The workaround consisted of splitting the signals 
into “even” and “odd” frames. Including (the same) timecode with each ‘phase’, which helped 
to combine the content in the post process. This approach has several impracticalities: 

1. Managing 8 cables for each 2160p100 source/destination is cumbersome; 
2. Current equipment does not provide for signalling to distinguish between the two p/100 

phases, making the approach error-prone and requiring verification of the correct 
phases ‘manually’; 

3. There is currently no standardised timecode for frame rates above 25/30 frames per 
second. By using the ‘field flag’ it is possible to address 50/60 frames per second. 
Using the currently available timecode (SMPTE 12M) worked, but combining the split 
recordings is not ideal and requires concentration to avoid (easy) mistakes. Also 
current recording software does not always help to make this simple to manage (for 
example, by using cryptic default file naming). 

High Frame Rate monitoring 
During production only a consumer display was available to have a look to the high frame rate 
video but not until after compression and transmission. This not only introduced delay, it also 
made it difficult to distinguish artefacts from the encoder and the display processing. There is 
currently no reference monitor available which can handle 100 frames per second, either in 
1080p or in 2160p resolution. This is a blocker for any real-world, live productions. 

HDR and Wide Colour Gamut 
Some slight hue shifts caused by the change in gamut, were observed on the down-converted 
standard dynamic range video material when compared to the wide colour gamut HDR original 
video. These shifts are typical of those found in standard SDR production today (that is, the 
down-converted images match the camera SDR output).   

Audio 

Metadata 
The ideal workflow would have used a standardized format of metadata to describe the 
objects.  This would be serialized ADM (sADM). Defining the metadata in advance for this 
event was not problematic, but would not work in general. A clear need is now apparent for 
sADM to become the single format of interchangeable audio metadata. 

Spatial audio microphone array placement 
Quite a lot of consideration was given to microphone placement, but because this trial was a 
(relatively tiny) add-on to the official production, there were limitations on where it was 
possible to place the ORTF array and the Eigenmike. As it turned out, the placements were 
quite good, and allowed more use of the Eigenmike than had been planned. A large spatial 
separation between the two (> 100m) seemed to give sufficient decorrelation for them to be 
mixed. 
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Because the Eigenmike was positioned on the field, a large amount of the signal energy was 
from above (from the crowd). A lot of this is lost on downmixing to a lower channel count. Care 
needs to be taken in the positioning of the microphone and the use of such derived signals. 

The ORTF array gave a natural and pleasant immersive sound, but picked up quite a lot of 
sound of the public address loudspeakers in the stadium. 

Workflows 
The workflows were made somewhat more complicated by the extensive use of the 
Eigenmike.  HOA processing was not available in the SSL console, so it was done in the 
DAW. Use of the signals from the Eigenmike in the channel-based bed therefore required use 
of the DAW as well as the console. It also meant that there were multiple flows of audio from 
the DAW to the console, for the channel-based bed, as well as for the HOA bed. 

Audio-Visual Synchronisation 
Click-and-flash was used to measure the latencies in the audio and video infra-structure 
between microphone stage-boxes and cameras. The range of differential audio delays 
between widely-separated microphones around the stadium is a normal feature of such an 
event (for example, approximately 1/3rd of a second from 100m start to finish line microphone). 
Care had to be taken to ensure that sound and picture matched, fading up the spot 
microphone at the start line and fading down the Eigenmike signal (at the finish line) for when 
the starting gun was fired. Similarly, when video coverage switched to a different event, spot 
microphones close to it were brought into the mix. The use of 3D audio did not add any 
complexity to the production in this respect, although dependence on only a single 
microphone array for the ambience could be more or less satisfactory depending on how its 
position caused it to pick up localisable sound events. 

The 1s delay of the AC-4 encoder presented problems during the combination of the three 
NGA signals. MPEG-H audio encoding is not instantaneous, of course, but the combination of 
audio and video encoding in a single unit meant that no additional compensation had to be 
made for differential time offsets between audio and video. 

Limitations of the multiplexer to deal with the nature of the multiple PESs presented to it meant 
that it was not possible to combine the three audio signals into one transport stream. 

Complexity of monitoring simultaneous audio productions 
It would not be the case in normal practice to produce three completely different audio signal 
sets. Monitoring all of them simultaneously would be expected to be challenging. However, it 
was found that producing just one, with the variations in presentation that were available, 
placed large demands on the mixing engineer. 

Monitoring of the rendering down of the spatial audio from System J (4+7+0) or HOA to 5-
channel surround or stereo, with and without one or other of the commentaries or audio 
description is a lot to do. It was concluded that more, better, visual metering is required, so 
that confidence that levels were appropriate could at least be maintained quickly. Having only 
limited metering, off to one side, well out of the normal sight-line, was problematic. 

Listening to the mix was made even more difficult by the presence of people in the room: with 
more loudspeakers around there is more opportunity for people to stand in front of them. 
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Care and creativity with 3-D panning 
It was noted that having a 3-dimensional space into which to pan sounds presents a much 
greater scope for error than 2-channel stereo, or 5-channel surround. The complexity of the 
mixing, coupled with having to do it live, meant that some signals were panned “safely”, to the 
front and centre, so they would at least be guaranteed to lie where the pictures were, even if 
their position was not perfect. 

On the other hand, the ability to use height provided great creative possibilities. The 
placement of lavalier microphones on the bar of the high jump and pole vault meant that the 
microphones picking up the sound of the run-up and landing could be panned to left and right 
at head height, whilst the sound of impact with the bar could be panned above. 

The crowd sound in the stadium became truly immersive in the System J loudspeaker array. 

Good communication between the sound engineers in EuroMedia and those in the EBU trial 
was extremely valuable in order to get the best from the sources available. 

Placement of spot microphone signals in the spatial audio mix 
The spatial microphone array signals created a fully 3-dimensional sound scape. This actually 
presented a problem when mixing in spot microphones for particular effects. Ideally, it would 
be possible to create a gap in the soundscape to unmask a spot microphone panned into that 
position. 

Creation of diffuse audio in object-based systems 
It was decided during the planning of the production that the AC-4 and MPEG-H systems 
would both use 11 channels for the creation of the 3-dimensional sound scape. The bit rates 
used are very efficient, compared to previous generations of codecs, but future work should 
include the creation of diffuse audio objects in the renderer, directional audio coding, and so 
on, to reduce the channel count, and, potentially, the bit rate required. 

Distribution 
It has been observed that the video bit rate might be a little too low for 2160p/100 HLG video, 
with the compression efficiency available in current real-time HEVC encoders. As the chosen 
bit rate was limited due to the satellite transmission path further tests will have to be 
performed using the uncompressed recordings directly from the camera output. 

Conclusions 
A great deal was achieved and demonstrated during this trial. Maximum use was made of the 
unique combination of a world class sports event and the availability of state-of-the art 
equipment and experts, both for state-of-the-art audio and video production. Some truly 
outstanding audio and video was transmitted, and recorded for future research. It is clear it is 
possible to do so with current state-of-the art equipment. It is also clear it is not practical, yet.  

The four main reasons on the video side are: 

1. Lack of support for simple interfaces for 2160p/100, making part of the operation 
cumbersome and error-prone (infrastructure & media management); 

2. A lack of production monitors for p/100; 
3. A lack of consumer displays that support p/100 (multiple models will be needed to 

compare the transmitted productions on); 
4. Distribution encoders are still in the prototype phase. 
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Finally there remains the question of what quality aspects need further study. The trial 
suggests: 

1. A subjective comparison of p/50 versus p/100, for example, by comparing 2160p/50 
and 2160p/100, and 1080p/50 versus 1080p/100. The latter is important as it provides 
a potentially cost-effective ‘upgrade’ option for current HD broadcasts. Care needs to 
be taken in deriving the p/50 (frame dropping vs. frame averaging).  

2. Subjective comparison of different distribution encoder bitrates. At the trial the 
impression was 28 Mbps may be too low for current encoders. 

On the audio side further work is required to understand the requirements for audio-visual 
synchronization when a three-dimensional soundscape is in use. Sports and music events, for 
example, might need different approaches. 

Positioning of microphone arrays for 3-D audio is more complex than for stereo.  

The need for the audio sADM metadata standard has become even more apparent. 
Monitoring of immersive, interactive, audio can be complex, especially when three systems 
are in use simultaneously. 
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