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 Live subtitles re-timing proof of concept 

Trevor Ware (BBC) & Matt Simpson (Ericsson) 

Abstract 

Live subtitles for television, which are produced using speech to text software, 
are inherently late compared to the audio that they represent. This delay can 
result in a less than ideal experience for the viewer. There is an opportunity to 
reduce this delay by exploiting the time taken by the broadcast encoder to 
encode the video for transmission. For the current BBC High Definition services 
this time is around five seconds, encoding the subtitles for broadcast takes much 
less than this and so the subtitles have a compensating delay to ensure pre-
prepared, accurately authored, subtitles are synchronised with the audio. During 
programmes with live subtitles the compensating delay can be decreased which 
will reduce the delay of the live subtitles. This white paper describes a proof of 
concept that was carried out in September 2015 to assess the effectiveness and 
practicality of implementing this technique in a live broadcast environment.      

 

Additional key words: SCTE-104, playout, access services, Subito, subtitle time 
machine 
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White Paper WHP 318 

 

Live subtitles re-timing proof of concept 

Trevor Ware (BBC) & Matt Simpson (Ericsson) 

1 Introduction 

Most live subtitling in the UK is produced using speech-to-text software, with the software trained 
to the subtitler’s voice. The subtitler listens to a low-latency audio feed of the programme, and re-
speaks what they hear in a clear and even voice, where necessary adding punctuation and colour 
formatting. The text produced will be processed and formatted by subtitling software, and delivered 
to a broadcast insertion or encoding point. The resulting live subtitles will have now built up a 
latency that has not been applied to the associated audio and video. 
 
The latency is built up of a small amount of time for the audio to reach the subtitler, some cognitive 
processing and comprehension, some speech time, time taken for the speech-to-text software to 
process the speech, and time taken for the subtitling software to process the text. All of these 
latencies apart from the time taken for the audio to reach the subtitler are variable. In addition, 
latency can be variable within groups of words or utterances, and for this reason latency is typically 
measured at the beginning and end of sentences. Some live subtitling is still produced using 
stenographers in the UK and although some of the processes are different, latency measurements 
of the stenography are comparable to re-speaking. 
 
This latency can result in a less than ideal experience for the viewer and so a method to reduce 
this delay has been devised. This method takes advantage of the time taken by the broadcast 
encoder to compress the video suitable for transmission. For high definition video on BBC services 
this time-delay is currently around five seconds, the subtitles take less time to encode and so a 
compensating delay is used to ensure pre-prepared, accurately authored, subtitles are 
synchronised with the audio. By decreasing the compensating delay during programmes with live 
subtitles the delay of the subtitles will be reduced.  
 
A laboratory experiment using the BBC R&D broadcast chain test system, which comprises the 
same equipment that is used in the live broadcast chain, was carried out to determine the 
effectiveness of this technique. In this experiment the subtitle compensating delay was replaced by 
a video delay controlled by a signal, from the playout automation system, that indicated the 
programmes with live subtitles. This experiment showed very promising results and so it was 
decided that a proof of concept using the live broadcast chain should take place. This White Paper 
describes that proof of concept. 
 
 

2 The BBC, Atos, Ericsson and Screen Subtitling Systems Ltd  

The live subtitle re-timing proof of concept was collaboration between the BBC, Atos, Ericsson and 
Screen Subtitling Systems Ltd. 
 
Atos provide the coding and multiplexing service for the BBC; this prepares the television 
channels, provided by playout, ready for linear broadcast. This operation is known as Centralised 
Coding and Multiplexing (CCM) 
 
Ericsson Broadcast and Media Services provide playout and access services for BBC Television’s 
portfolio of television channels. Playout is the technology and operations that allow the BBC to 
deliver its programmes to the audience through its linear television channels. 
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Access services include audio description, sign language interpretation and subtitling, live subtitling 
is produced by subtitlers using Ericsson in-house developed software called Subito. 
 
Screen Subtitling Systems Ltd provides subtitling equipment and services; both Atos and Ericsson 
use this equipment. 
 
 

3 The aim and scope of the proof of concept  

The aim of the proof of concept was to test the technical functionality and operational robustness of 
the proposed technique. The broadcasts were to be recorded to enable a judgement to be made of 
the improvement to the live subtitle timing and to assess if there had been any technical problems. 
The recordings would also then be shared with interested third parties to gather further views. 
 
The scope of the proof of concept was to limit the broadcasts to live subtitled programmes on BBC 
Four HD for a two week period. This in practice resulted in one programme per day being the 
target of the re-timed subtitles; the thirty-minute long “World News Today” broadcast at 19:00. 
 
 

4 Technical overview 

The key to reducing the delay of live subtitles is the ability to control the subtitle compensating 
delay associated with the broadcast subtitle encoding; reducing the delay when a programme with 
live subtitles is being broadcast and returning it to normal during programmes with pre-prepared, 
file based, subtitles. The subtitle encoding takes place in Centralised Code and Multiplexing 
(CCM). Here there is no knowledge of which programmes are scheduled to have live subtitles and 
so a signal to indicate this from Playout to CCM was required.  
  
The BBC Four HD signal provided by Playout is presented to CCM using a SMPTE 292M [1] HD-
SDI signal. This signal contains all the components that make up the linear television programme 
including the subtitles; these are inserted into the HD-SDI using Screen Subtitling Polistream 
equipment. To control the subtitling compensating delay in CCM an additional control signal was 
added to the HD-SDI in Playout using the Polistream equipment, this indicated when a live 
subtitled programme was being broadcast. Details of the changes required in Playout to implement 
this are given in section 5. 
 
In CCM the plan was to decode the additional control signal and use it to control the subtitle 
compensating delay, although, as described in section 6, this was not actually implemented in 
CCM but in the BBC R&D broadcast test system.  
 
With the compensating delay reduced the latency of live subtitles is obviously less and this needed 
to be taken into account by the Subito live subtitling system where there is a mixture of re-spoken 
subtitles and cued, pre-prepared block subtitles in the same programme. The work that Ericsson 
Access Services needed to do on this is described in section 7.  
 
A system diagram of the proof of concept is shown in section 12. 
 
 

5 Playout 

In Playout both file based and live subtitles are inserted into the HD-SDI signal by Screen Subtitle 
Polistream equipment. The Polistream system is a very flexible subtitling platform that comprises 
various software modules and has the concept of “Polistream events”, these are messages that 
are passed between the software modules.  The “channel server” module controls the playout of 
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subtitle files and live subtitles and so has the precise knowledge of when programmes have live 
subtitles.  
 
The channel server was updated to publish a Polistream event when live subtitles were active.  An 
“opt generator” module was also installed; this module produces a SCTE-104 [2] message which is 
inserted into the HD-SDI signal. The opt generator was configured to react to the events published 
by the channel server and change the state of the SCTE-104 message to signal to CCM when live 
subtitles were active. 
 
To minimise any interruption to the on-air service the Polistream system was updated first on BBC 
Four’s preview channel. The preview channel is generally used to rehearse programme junctions 
and is not broadcast.   
 
To test this functionality a new circuit was established between the BBC Four preview channel in 
Playout and the BBC R&D test system and some manual Polistream events were set to exercise 
the SCTE-104 signalling. The signalling was checked in R&D and once this was behaving 
correctly, with no adverse impact on any other component in the HD-SDI signal, the Polistream 
systems in the live channel were updated using the usual change control procedures. The SCTE-
104 message in BBC Four’s HD-SDI signal was now correctly indicating every programme with live 
subtitles. The SCTE-104 message was repeated every second and not just signalled at the start 
and end of programmes, this was to ensure that a momentary loss of signal would not result in the 
signalling be stuck in the incorrect state. 
 
 

6 Coding and Multiplexing 

Originally the intention of the proof of concept was to use the entire live broadcast chain including 
Atos Centralised Code and Multiplexing. After assessing the risk of the failure of the SCTE104 
message to return the compensating delay to the normal value for programmes with pre-prepared 
subtitles, Atos decided that a mechanism needed to be incorporated into the CCM monitoring and 
control system that would enable the operational staff to override a failed signal. 
 
An analysis of the work required to add this control concluded that the amount of development 
work required might actually take longer than the two weeks of the planned proof of concept. It was 
therefore decided that this was not cost effective and so the scope of the proof of concept was 
amended.   
 
The amended proof of concept would use BBC R&D’s broadcast chain test system, as mentioned 
in the introduction this system comprises the same equipment that is used in the live on-air 
broadcast chain. The coding and multiplexing part of this test system, including the Polistream 
subtitle encoding, would replace the part that would have been performed by CCM and as this is a 
test system there would be no on-air effect should there be any signal failures. 
 
The changes to the Polistream system comprised adding a new “SCTE35_104 reader”1 module to 
receive the SCTE-104 messages and the configuration of the “DVB Subtitle encoder” module to 
respond to the events published by the SCTE35_104 reader to adjust the subtitle compensating 
delay appropriately. 
 
The “SCTE35_104 reader” module was installed on the R&D Polistream by Screen Subtitling and 
configured to receive the SCTE-104 message from Playout, and via a Polistream event this 
information was passed to the DVB Subtitle encoder module. The DVB encoder had two 
configurations; one with the normal compensating delay, the second with the reduced delay, with 
the appropriate configuration being selected by the Polistream event from the SCTE35_104 
reader. 
 

______________________________________________________________________________ 
1
 Although called “SCTE35_104 reader” no SCTE35 signalling is produced in this instance 
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Also installed in the R&D test system was a subtitle inserter, this received the live subtitles from 
Ericsson Access Services via an IP link and inserted them into the HD-SDI signal from Playout, 
replacing the subtitles already present. 
 
Before the proof of concept went live the R&D test system was also used for testing the 
developments required in Subito, these developments are described in the following section. 
 
 

7 Access Services 

Live subtitles now actually consist of a mixture of re-spoken and prepared cued subtitles.  
Subtitlers are encouraged, where possible, to prepare subtitles in advance. Using broadcast 
materials like newsroom running orders, scripts and video clips enables subtitlers to cue out 
subtitles that are highly accurate, and by removing the re-speaking process, delivered in time with 
the audio soundtrack. 
 
It became clear in the early stages of the proof of concept that reducing the delay of the cued 
prepared subtitles was not appropriate, as they would be presented too early. The key work on 
Subito was to ensure both live and prepared subtitles were delivered to the viewer in time with the 
audio and this was accomplished in two phases. Two stages of development were needed, as 
preliminary testing indicated some issues with the first release of software. 
 
 
1st Phase Implementation - Delay Buffer 
 
The initial implementation was comparatively simple – the introduction of a configurable delay 
buffer in the Subito subtitling software that would apply to cued subtitles only, with re-spoken or 
stenographed subtitles flowing through without delay. 
 
Live subtitling of a channel is a continuous process with one subtitler handing over to the next in a 
seamless fashion. It was important handovers did not interrupt or were not delayed by the flow of 
cued, buffered subtitles. These junctions in the subtitling process required the closest 
consideration. 
 
The switch between cued and live subtitling – that is to say between buffered and non-buffered 
subtitles - needed to be handled without any glitches like flashing subtitles, subtitles on the screen 
too briefly or for too long, or any gaps in the presentation. 
 
Other considerations included ensuring minimum time on screen was respected to maintain 
readability of subtitles; this value is usually set at two seconds. To minimise the operational impact, 
subtitlers needed to be aware where the buffer was being applied, but not required to learn any 
special skills to use the new functionality. 
 
When removing latency from the live subtitling process, the critical measurement is the minimum 
time taken to produce a subtitle. Reducing latency more than this minimum time will result in some 
subtitles coming out before the audio event to which they apply. GOAL! is a good example of why 

this would be poor practice. This minimum time was set at three seconds.  
 
Testing of the initial implementation revealed two issues: 
 
First, “clear screen” commands deleted buffered cued subtitles too quickly, or before they had 
reached the screen, meaning the subtitle did not get cleared at all. 
 
Second, it became clear that the variable rate of re-spoken and stenographed text meant it was 
possible that some spoken subtitles could be released quicker than the cued subtitle buffer 
emptied. This resulted in out of order subtitles, where re-spoken subtitles arrived before a cued 
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subtitle, and a knock-on problem where cued subtitles were flushed through too quickly to be read, 
because live subtitles were queued behind them. 
 
 
2nd Phase Implementation 
 
The second stage of development involved the following changes to fix the above issues: 
 
Where the cued subtitle delay was applied, “clear screen” commands needed to be delayed by the 
time the last subtitle was delayed.  
 
Where live originated subtitles are produced and sent more quickly than the cued subtitle delay, 
plus the minimum duration setting, they will be dropped. It was not expected that this would apply 
to anything more than a few words. In the following example, a re-speaker has managed to 
generate the first word of a subtitle in two seconds, quicker than the imposed buffer of three 
seconds, plus the minimum duration of two seconds. 
 
This is a cued block subtitle, 
that I have sent with a delay. 

(3 second delay applied, plus minimum duration of 2 seconds) 
 
This (2 seconds – dropped) 

This is (3 seconds – dropped) 

This is a (4 seconds – dropped) 

This is a spoken (5 seconds – dropped) 

This is a spoken subtitle (6 seconds – sent) 

 
Viewer sees: 
This is a cued block subtitle, 
that I have sent with a delay. 
 
This is a spoken subtitle 
 
This is a spoken subtitle that 
 
This is a spoken subtitle that 
 Ie 
 
This is a spoken subtitle that 
 I am 

 
Etc. 
 
This mechanism was only expected to be triggered in unusual circumstances, and the effect might 
be considered to have an additional benefit of smoothing the presentational transition between 
block and word-by-word subtitles. 
 
 

8 Overview of the processes used during the proof of concept 

The live subtitling re-timing proof of concept took place between the 9th
 
and 18th

 
September 2015. 

The aim was to live subtitle one programme, World News Today, on BBC Four HD each weekday 
during this period. The Ericsson Access Services subtitlers subtitled the on-air broadcasts as 
normal but simultaneously connected to the R&D test system via an IP link with a second output of 
the Subito subtitling system. The second, modified, output managed the timing of the release of the 
subtitles as described in section 7 above. 
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The subtitles of World News Today consisted of a mixture of pre-prepared, cued blocks of subtitles 
and live re-spoken subtitles.  
 
The input to the R&D test system was the BBC Four HD signal, including the SCTE-104 signal, 
from Ericsson playout, into which the modified subtitle feed was inserted. This input signal was 
recorded onto two video servers; one recording the unmodified signal with the original subtitles 
from Playout, the other the HD-SDI signal after the locally inserted, re-timed, subtitles had been 
inserted.  
 
The recording of the HD-SDI with the original subtitles was made as a reference to compare 
against if there were any problems with the locally inserted subtitles. The recording of the HD-SDI 
with the locally inserted subtitles was as a guarantee against any problems in the coding and 
multiplexing part of the chain and would allow the programme to be run through that part of the 
chain again if necessary. 
 
Two H.264 high definition broadcast encoders coded the audio and video of both the signal with 
the original subtitles and the signal with the re-timed subtitles. The subtitles themselves were 
encoded as DVB bitmap subtitles using the Screen Polistream system. The encoded signals were 
then multiplexed together and the resulting transport stream recorded. After each broadcast this 
stream was replayed into two Integrated Receiver Decoders and a picture-in-picture recording 
made showing the re-timed subtitles in one window and the as broadcast subtitles in the other 
window. This recording was then used to assess the effectiveness of the re-timing and identify any 
issues with the re-timed subtitles.  
 
In case there were problems with the subtitles produced by the test system the off-air BBC Four 
HD broadcasts were also recorded to enable a comparison of the subtitles as broadcast with those 
produced by the test system. Ultimately these recordings did not need to be referred to.  
 
 

9 Day by day review 

Below is a day by day review of the proof of concept broadcasts 
 
09/09/2015 
A review of the HD-SDI recording showed that the SCTE-104 signal functioned as expected, it 
switched to indicate live subtitles at the start of the World News Today and switched back at the 
end of the programme. Close examination of the timing of the switch showed that it did not switch 
on the first frame of the programme but a number of frames into the programme; this was due to 
the trigger signal only having an update rate of once per second not once per frame. This was a 
limitation of the SCTE104 implementation. For all subsequent broadcasts the SCTE-104 signal 
worked in the same way, with the limitation of the once per second update rate. 
 
A review of the picture-in-picture recording showed that the re-timed subtitles greatly improved the 
subtitle viewing experience and there were no obvious problems with the subtitle re-timing 
 
10/09/2015 
This test had to be cancelled due to unrelated operational reasons.  
 
11/09/2015 
The review of the picture-in-picture recording showed that the re-timed subtitles had the same 
timing improvement as before but there was one instance of a missing subtitle. To help determine 
where this subtitle went missing the subtitles coming from Access Services over the IP connection 
were subsequently captured using the Wireshark [3] network protocol analyser. 
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14/09/2015 
Another instance of a dropped subtitle was found and this looked to be in similar circumstances as 
before. The Wireshark capture was examined and it was found that the subtitle was missing here, 
which indicated that the subtitle had not been sent from Subito. Notwithstanding the missing 
subtitle, the rest of re-timed subtitles showed the same improvement as the previous tests. 
 
15/09/2015 
During one news item some pre-prepared blocks were displayed before the words were spoken, 
after some analysis of the non re-timed subtitles it was decided that the subtitler was just sending 
the subtitles out a little prematurely. The rest of the re-timed subtitles displayed the same 
improvements as before. 
 
16/09/2015 
This test had to be cancelled due to unrelated operational reasons.  
 
17/09/2015 
One instance of a missing subtitles was found, this was in similar circumstances as before. The 
rest of the programme displayed the same improvement to the re-timed subtitles as before. 
 
18/09/2015 
The re-timed subtitles exhibited the same timing improvements as before. This was the last proof 
of concept broadcast. 
 
 

10 Analysis of the results 

Three hours of programming was subtitled live using the new re-timing method, during these three 
hours there were three instances of a single subtitle being dropped. Careful analysis of the 
circumstance when this occurred identified that it happened when the subtitles switched quickly 
between cued block, re-spoken and cued block. This was eventually discovered to be down to a 
bug in how the delay was being applied to the “clear subtitles” function, this has now been 
corrected and the function proven in the Subito test environment; this correction will be in 
subsequent software releases.  
 
The live subtitle trigger worked 100% reliably and although it did not change frame accurately this 
did not have any impact on the subtitles. 
 
The Subito client successfully simultaneously sent the standard timed subtitles to the on-air subtitle 
inserters and the re-timed subtitles to the R&D test system inserter without the subtitler having to 
use any special procedures. 
 
The improvement to the live subtitles presentation was very worthwhile with both the block and the 
re-spoken subtitles appearing generally well timed with the accompanying speech. The choice of 
reducing the subtitle compensating delay by three seconds, which was determined by the testing 
before the proof of concept, was shown to be correct. Small changes to the broadcast encoder 
delay, which could be due to encoder improvements or change of manufacturer, can be 
accommodated without the need to change the value of three seconds, so long as the encoder 
delay remains longer than three seconds. 
  
Overall the proof of concept was a success and it has been decided to roll out the technique 
across the BBC’s portfolio of broadcast channels. 
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11 Deployment onto live broadcast services 

The BBC is going to take a phased approach to deploying the live subtitle re-timing to its broadcast 
television services, mainly due to the older generation of equipment used for the standard 
definition services. 
 
The proof of concept has shown that a reduction of three seconds to the delay of the live subtitles 
provides a very worthwhile improvement. This reduction can be achieved because the HD 
encoders used for the BBC high definition services have a coding delay of over five seconds.   
 
The broadcast encoders used for the standard definition services have an encoding delay of just 
over two seconds, this would not allow for the three second reduction that was used for the proof of 
concept. It is felt that a delay reduction of just two seconds does not provide a worthwhile 
improvement of the subtitle timing and so the subtitle re-timing will not be deployed on the SD 
services using these encoders. Over time these SD encoders will to be replaced with a new 
generation of encoders that are likely to have a longer coding delay, this will allow the subtitle re-
timing to be deployed on these channels.  
 
So the first services to benefit from the reduction of delay to live subtitles will be the BBC HD 
channels that are coded in CCM. These may then be followed by the HD channels coded by other 
third parties and then the SD channels when the SD encoders are replaced. 
  
Before deployment to the live broadcast services a number of issues that were identified in the 
proof of concept will also be addressed: 
 
The bug that caused the three instances of a missing subtitle has been corrected. 
 
The SCTE-104 signal will change frame accurately at programme boundaries and will follow the 
format specified in BBC R&D White Paper WHP296 [4]. 
 
There is a requirement to have both the standard subtitles and the re-timed subtitles available in 
the HD-SDI signal, because some services will not immediately deploy the re-timed subtitles. To 
achieve this the standard subtitles will continue to be carried in Teletext page 888 and the re-timed 
subtitle will be carried in Teletext page 887, with each service configured to use the appropriate 
subtitles. 
 
For the proof of concept only DVB bitmap subtitles had their timing adjusted, on satellite platforms 
Teletext subtitles are also broadcast. To enable this the Teletext transcoder module in the CCM 
Polistream system needs to be upgraded to have the same functionality as the DVB bitmap 
encoder module. 
 
In CCM the additional functionality of the Polistream system will need to be integrated into the 
monitoring and control system. The proof of concept showed that the SCTE-104 signalling was 
robust and did not require any manual intervention; this allows the changes in CCM to be limited to 
just monitoring the additional functionality, no additional control is required. 
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12 Proof of concept system diagram 
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