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ABSTRACT 
This paper raises a debate about the future options that are open for multichannel audio metering in Television and 
Radio Production. These options are seen both in the light of experience with Movie production, and also as a part 
of the wider issue when metering is applied to legacy applications. In particular, the study questions the continued 
relevance of signal level metering within all-digital audio chains. It also concentrates on the importance of dialogue 
loudness and intelligibility, when that dialogue may form an integral part of several different audio delivery 
packages.  
 
 Finally, the visual perceptual aspect of various types of meter display is seen to be an important but neglected 
aspect of the overall measurement process. 
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MULTICHANNEL BROADCASTING 
The groundwork for European television multichannel audio 
production commenced some 10 years ago under HDTV initiatives 
such as EUREKA 97, and it continues today under projects such as 
MEDUSA. Meanwhile, the global Movie industry has forged 
ahead with the art of audio production in the 5.1 format and this 
experience has now entered the home in the form of DVD 
recordings.  
A choice of audio programme, delivery form, dynamic range and 
dialogue to effects ratios, are routinely provided on DVD, and it 
cannot be long before television viewers expect these same 
facilities. 
 
This is not to say that the delivery technology is lacking, for DVB, 
ATSC and DAB Radio, all support highly flexible audio delivery 
formats. Certainly there will have to be an element of “bit 
bargaining” with other added services, but the overall value (in 
bits) of multichannel audio to the listener or the viewer, will lie 
quite simply in our artistic use of the medium. There is one caveat 
to add to this statement, and it is this, that the technical aspects of 
reproduction must be transparent to consumers. A major part of 
this transparency will consist of maintaining programme balance 
and level, whatever the chosen reproduction method, in home or 
vehicle, or whatever. The tools that broadcasters require to achieve 
this transparency are metering and metadata.  
 
FUTURE BROADCAST METERING 
Audio metering can be broadly divided into three areas for study:- 

 
• The audio or signal parameters to be measured. 
• Simple measuring combinations for separate audio channels. 
• The visual presentation of the measurements. 
 
If we can accept that the input, processing and emission processes 
are kept within acceptable bit modulation ranges, we could perhaps 
believe that there will be only a minimal need for engineering 
based signal level metering within any future broadcasting 
infrastructure.  
 
The final operation needed for automation of signal level will 
hopefully be enacted during this Conference, with moves towards 
the standardization of a “level chunk” to go with the AES31 audio 
file family. At present such information has to be generated each 
time that an audio file is entered into an editing environment. Level 
information from such files is used in advance of any processing 
taking place, in order to control signal level normalization and so 
avoid clipping. Standardizing on such ancillary information not 
only saves computer time, but it also provides a complete and 
concise portable signal level history for level metering purposes.   
 
Free at Last 
This automation of signal level control leaves a degree of freedom 
to choose alternative metering parameters that will bring the 
greatest benefits, either for economy of the programme production 
process, or better still for the benefit of the final programme 
quality.  
 
Judging from generations of complaints to broadcast organizations, 
the main parameter that listeners or viewers would like controlled 
is reproduced loudness, particularly from the point of view of 
dialogue intelligibility. Since control is the whole point of the 
metering process, loudness would appear to be the major contender 
for metering.  Unlike the situation in Movie Theaters, the absolute 
reproduction loudness is in the hands of the listener or viewer, and 
it is the differential loudness between received channels and 
particularly between programme types, which concerns them. 
   
Fortunately, loudness is a sensory function that is largely 
independent of the number of reproduced audio channels, and this 

makes loudness an ideal single parameter for the comparative 
metering of different future audio broadcast delivery "packages".   
 
Another big advantage of loudness as a staple parameter is that the 
dynamic range for different "delivery" media (CD, Web cast, 
DVD, broadcast etc) can be sensibly and economically addressed. 
 
Loudness Metering Electrical Algorithms  
In the past, attempts at electrical signal processing for obtaining 
the effective sensory loudness of an audio signal (1,2), had the 
variability of analog infrastructure to contend with. Also such 
systems may have been too intimately involved with the method of 
displaying the loudness value to the operator, rather than 
separating out the display interface as a subject for a separate 
study. 
 
Regardless of these setbacks, the technical research background, in 
the form of Standards that are needed to establish loudness, are 
suggested by (2) to be mainly in place already, although much  
work will still  be required to link these together with the necessary 
operational subjective testing in order to produce a practical 
system, and to increase the application areas to multichannel 
systems. 
 
Assuming that this work can be done and internationally agreed 
upon, the question then needs to be answered as to what we are 
expected to do with the information produced by such a system? 
 
If we strive to maintain an even loudness across all elements of all 
possible services, then there is the risk that a harpsichord will end 
up reproduced at the same level as bagpipes, and the artistic 
production role will have been stifled. Thus the interim conclusion 
must be reached, that loudness must be balanced, like with like, and 
that takes us straight back to the common broadcast strand of 
dialogue. 
 
 
MEASURING COMBINATIONS OF AUDIO CHANNELS 
Note that in most future broadcast reproduction scenarios, some of 
the mix process may be at the command of the viewer (or listener) 
who can receive all the audio elements. Other mixes, such as for 
legacy monophonic services, may be automatically created, either 
at the studio or at a remote emission site. Another key issue in 
Europe is that the audio programme "bundle" is often dissembled 
and reassembled many times along the broadcast distribution path, 
before it actually gets to the transmitter. In view of all this, how 
can we simplify (and as far as possible, automate) any control 
process?  
 
Any assembly of audio channels can be divided into the three main 
elements comprising dialogue, effects and musical score. To this 
list, you may wish to add audio description, and there may be some 
additional non-audio items such as subtitle data, as well as other 
general programme Metadata.  
 
As a simplified route towards understanding the entire process, 
Part1 of the Figure below, can be taken as a graphical 
representation of the capture process, whilst Part 2 shows the mix 
down and distribution part of the process:- 
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There are two important things to mention at this stage. Despite the 
similarity of the actions in these diagrams to sound production in 
the Movie industry, Television and Radio have a much wider range 
of programme types to contend with and far less time to produce 
the results. This of course, particularly applies to live production. 
 
 The second thing to remember here is that once audio programmes 
are mixed for final delivery, the dialogue is rarely separable. 
Where dialogue tracks can be isolated, loudness metering is a 
fairly easy process, and in standard Movie Theatre usage, where 
the signal levels can be related directly to the reproduced sound 
pressure levels, metering with simple fixed algorithms such as 
Leq(A) have been successfully used. 
 One new problem for the consumer is that a reduced spatial source 
separation in reproduction can reduce the dialogue intelligibility. It 

is at this stage that the use of the audio Metadata for automated and 
intelligent mix down becomes so important.  
  
 
VISUAL PRESENTATION OF METER MEASUREMENTS 
A single operator can watch several hundred video screens, but is 
limited in listening to a single sound field. Therefore we must 
accept that visual metering must often replace audible metering 
where the number of available human operators is limited. The 
visual metering interface is therefore a vital element, as the meter 
display may be required to totally replace audible stimuli.  
 
Conventional moving coil meters display a needle, the angle of 
which varies over a range of 90 degrees or so. Fortunately, our 
eyes are very sensitive to angular measurement, probably as a 
result of our need to remain upright on our two legs.  
 
Sensitivity of such stimuli can be measured by Weber's Law, 
which basically states that the absolute magnitude of a stimulus is 
proportional to the smallest discernible differences. Thus high 
angular measurement sensitivity infers that the angular stimulus is 
a very powerful one. This particularly applies in comparison with 
the length of a light bar, for instance.  
Powerful visual stimuli are desirable for metering, as it is often 
only possible to glance at meters in the course of other tasks. For 
the same reason, a reasonably long persistence of a meter reading 
is desirable. 
 
On the other hand, overpowering the visual stimulus (e.g. by 
flashing lights) is not desirable unless indications of severe 
problems are intended. In this respect, the unintended flashing 
stimulus created by incrementing and decrementing discrete light 
bar elements can be visually fatiguing, and is recognized as such in 
Reference (8). 
 
All these reasons seem to point to an angular needle display as 
being desirable, and experience with motor vehicles and aircraft 
instruments, where linear bar and other alternatives have largely 
been rejected in favor of the older types of angular needle display, 
only adds to this view. However, the mechanical moving coil 
meter has several disadvantages, and it must surely be considered 
as approaching obsolescence in our areas of application.  
       
How we perceive Vu meter readings 
The critical mechanical factor in the case of the Vu meter is the 
movement damping, as the readings are perceived by the operator 
as a mix of dynamic “twitch” on programme, along with static 
deflection on line-up signals. 
Oddly, this critical damping specification actually makes 
mechanical Vu movements more challenging to manufacture than 
PPM movements.  
 
How we perceive PPM readings 
Angular deflection would seem to be the only perceived criteria for 
a PPM meter, but any attempts at programme balancing using a 
movement with a different mechanical rise time or overshoot 
characteristic to that specified, will quickly demonstrate how 
complex an issue is actually involved here. Visual/temporal 
sensitivities in the region of 10 milliseconds are apparent, but 
possibly this is enhanced because a matching audible stimulus is 
simultaneously present. 
 
There are other factors that can quickly demonstrate the 
importance of reading Standards thoroughly. How many electronic 
so-called PPM’s actually produce a noticeable deflection at very 
low levels? Yet how reassuring it is to an operator in these days of 
low background noise, to see that tiny twitch indicating that a 
microphone channel is actually open. 
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The Meter of the Future? 
Since no-one in broadcasting can be expected to monitor a large 
bank of multichannel meters, perhaps the production meter of the 
future could look something like the Figure below:- 

 
 
The key elements are:- 
 

• A familiar meter display (at least for UK broadcasters, 
and albeit using new display technology to replace the 
moving coil meter). 

 
• A "gated" Dialogue loudness reading, in the form of 

Leq. 
 

• A similar but ungated Overall loudness reading. This 
reading could be made independent of the number of 
reproduced channels. A measure of Dynamic range 
could also be obtained by relating this reading to the 
peak digital signal excursions. 

 
• Individual peak signal level displays for all input 

channels may still be desirable for confidence 
monitoring that all channels are in fact present. There 
may well be legacy value in checking line-up levels as 
well.  

 
 
CONCLUSIONS 
Appendix 1 gives an overview of the standards that established 
broadcast metering during the analogue era.  
 
In this paper we have tried to dismiss those purely technical 
concerns that drove metering during that era. The assumption has 
been made that these concerns can be all but banished within the 
fast approaching all-digital broadcast infrastructure. This step of 
faith then opens a debate on new metering aspects.  
 
Hopefully this debate can take place with sufficient time and 
openness, to lead to the very minimum of different standard meters 
worldwide.  
 
New aspects of metering lead to new control possibilities, and here 
the importance of assisting rather than restricting artistic decisions 
seems to point to the importance of maintaining the element of 
Dialogue loudness across current or future audio delivery systems.  
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APPENDIX 1. 

 
 
 
A REVIEW OF ANALOGUE LEVEL METERING 
PRACTICES 
 
International Standards. 
 
    The organization which sets the legally recognized Standards for 
Radiocommunications, is the ITU-R (formerly known as the 
CCIR), based in Geneva.(3)                                          
                                                                                                        
     Standards for the electro technical equipment used in 
broadcasting, including programme meters and interconnection, is 
the responsibility of the IEC. However, in this case, the actual 
Standards produced are often published in parallel by National 
Standards Organizations. This often appears to produce several 
standards for one subject. For instance, IEC60268-10: (the PPM 
document), is actually identical to the British Standard BS 6840 
part 10.(4).  
                                                                                                           
    These two International Organizations, draw their expertise and 
technical inputs from a number of specific industry groups who 
themselves produce their own "Recommendations" documents. 
 
International Recommendations. 
 
        The European Broadcasting Union is the major Broadcasting 
drafting body outside the United States. (5).  
 
        In the USA, the Society of Motion Picture and Television 
Engineers, covers a wide area of interest including the Motion 
Picture industry. The National Association of Broadcasters are not 
now so active in Recommendations, but the NAB tape cartridge 
format and NAB tape equalization are past examples of the 
influence of this vast group.                                                                               
 
Vu Meters.  
  
         This familiar meter, which always looks to be as old as 
broadcasting itself, is in fact even older in concept, being a close 
relation of a type which was designed originally for long distance 
telephone lines, some time before broadcasting was even thought 
of.  
 
        At a first glance, the Vu meter(6), seems to be a very basic 
arrangement, consisting of just a full wave rectifier, a resistor and a 
moving coil meter. The response is therefore fairly limited in 
dynamic range, both because of the rectifier characteristic, and 
because the basic meter movement is linear. Skilled operators, 
however, rely on watching the dynamic fluctuations of the needle 
rather than the absolute deflection, and so the dynamic response of 
the meter movement proves to be the most important parameter to 
be tested. This dynamic response is controlled by the movement 
damping, which is incidentally, more critical an element than that 
in the Peak Programme meter. Although the complex test signals 
necessary for evaluating both these meters are now economically 
available in digital recorded form (7), there are still many 
commercial "Vu" and "PPM" meters that are technically a long 
way from the requirements of the Standards. 
 
 
Peak Programme Meters 
 
   The PPM as it is usually known, is as complex as the Vu meter 
was simple. 
 
 

 
 
 
For a start, the IEC (8), recognizes two distinct types, with three 
scales, and the Nordic broadcasters add an extra scale of their own 
to the basic IEC Type I instrument.    
 
 
IEC Type I meters, and the Nordic scale variants. 
 
           Whatever the form the meter display takes, be it moving 
coil, led or plasma display (or even the original light spot 
galvanometer type), Type I versions can be recognized by their 
wide scale range. This will typically range from -40dB or so, up to 
+5dB for the Type I (used in Germany and the old OIRT 
countries), or from -36dB up to +12dB on the Nordic scale. 
The Nordic meter is exactly the same as the Type I meter, but the 
scale is marked 9dB higher (see Figure1). 
 
 
IEC Type IIa and IIb  meters. 
 
         These are again, electrically identical, but with two scale 
variations, BBC (type IIa) and EBU (type IIb). 
         The dynamic signal range is more restricted than that offered 
by Type I meters, but the only real technical difference is an 
integration time of 10mSec, rather than the 5mSec in the case of 
the Type I.  In practice this difference is trivial, and it just means 
that the Type II meters will read slightly lower than the Type I on 
isolated short transients. This integration time is an intended 
function of either type of meter, as the ear does not generally 
respond to such short transients either. The result is a quasi-peak 
reading meter, suited to programme balancing, rather than a true 
peak reading meter suitable for pure engineering functions. 
 
                                                   
                                  
Programme alignment. 
 
         "Lining up" an Audio circuit, consists largely of establishing 
the analogue levels that correspond to a given "Line up" level of 
digital modulation.  Previously, In an entirely analogue world, any 
live programme exchange involved a whole series of analogue 
levels on different media. This might have involved Radio or 
modulated cable links, flux levels on magnetic tape, or even 
groove excursions on disk recordings. Because of the analogue 
weaknesses such as crosstalk in some of these elements, three 
different (but related) levels of line up signal were recognized 
internationally. These are still important as the anchors of 
programme production, and they are described in the ITU-R 
document, BS 645-2. They are known as  "Alignment Level" (AL), 
" Permitted Maximum Level" (PML), and "Measurement Level" 
(ML).  
        
        Alignment Level is the most enduring of these three signals, 
and it is the one to be found on the headers of recordings, or left 
connected on lines in the absence of programme. Normally 1kHz is 
the frequency used, but 400 Hz is also to be found. This is the level 
which is set to the "Test" or "0" point on the Programme level 
Meter in use. 
 Permitted Maximum Level on the other hand, equates to the peak 
modulation on a Radio link. It is set at a level 9dB higher than 
Alignment level, except in some countries such as the UK, where it 
is 8dB higher than AL, mainly to fit the PPM meter scale in use 
there.  
         Measurement Level is set 12dB lower than Alignment Level. 
This level is fairly low because it is used for measuring technical 
parameters of the signal chain, such as the frequency response. If 
the level was set any higher, the narrow band test signals might 
cause cross talk problems to adjacent circuits, or simply be 



EMMETT, KENNEDY  METERING FOR MULTICH AUDIO 

AES 110TH CONVENTION, AMSTERDAM, NETHERLANDS, 2001 MAY 12–15 6 

reproduced too loud on monitor loudspeakers. In the case of analog 
tape recording, this low level would also not be as prone to 
frequency dependent level compression effects.  
        
        The relationships between these three important signal levels, 
and the common programme meters in use throughout the world 
can probably be illustrated most simply by the diagram below:- 
 

 
 


