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in conjunction with proprietary router hardware, to create a high-capacity lowlatency network with much of the sophistication of a TDM routing system, but
more on this in a subsequent article.
Layer 2 products use standard Ethernet frames to encapsulate audio data,
allowing it to co-exist with other forms of data on a standard infrastructure. The
well-established CobraNet and EtherSound products, along with Calrec’s original
Hydra network use this approach. Although able to reliably transport many
channels with low latency, these products rely on networks being private as they
have no defence against congestion. They are also geographically limited to a
single LAN segment.
Layer 3 networks, also known as AoIP, use IP packets — the basic unit of
data used by the internet. Doing this opens up the possibility of leveraging layer
3 switch functionality such as IP multicast as well as some standard protocols
that can assist with streaming performance, for example, RTP. A key advantage
of IP-based networks is that they can scale by connecting to adjoining networks
through a bridge or router. Notable examples are Audinate’s Dante and Axia’s
Livewire.
While all of the above are useful products in their own right, none have
attempted to crack the problem of interoperability. It is inevitable that, over time,
the plethora of audio network standards are gradually replaced by a smaller
number of widely supported standards, as the pressure mounts to be able to
connect a wider variety of equipment. Thankfully, this process has begun. There
are two very promising areas of development.
AVB (Audio Video Bridging) — AVB is a layer 2 protocol that supports
various channel and latency options on 100Mbit or Gigabit Ethernet. The
innovation of AVB is that it is designed to make use of a number of extensions
to the Ethernet standard (referred to collectively as IEEE802.1), that are designed
to support reliable and timely streaming services. These include precision clock
distribution, the ability to lock down switching resources and streaming-friendly
packet queuing and forwarding behaviour. There is also a protocol being proposed
that allows device discovery and connection management. This is a sincere attempt,
by the controllers of the Ethernet standard, to address its inherent limitations as
a real-time transport, and has generated much interest in the professional audio,
automotive, consumer and industrial sectors.
There are two limitations worthy of mention; first, that AVB networks may not
extend across routers or bridges, which means they are geographically limited to
LAN segments. Second, the benefits of the IEEE802.1 extensions are only felt if
the infrastructure explicitly supports them. At the time of writing, only a few AVB
switches and hubs are commercially available, although more are expected soon.
If AVB achieves commercial critical mass, it promises a convenient technology
for connecting various devices from different manufacturers across a common
network infrastructure. If correctly managed, this may be shared with other data
services without risk to priority audio services.
Ravenna and friends — Ravenna, proposed by ALC Networx, is a layer 3
protocol that makes use of many of the standard components used in internet
streaming. Although intended for Ethernet infrastructure, its use of IP packets
abstracts it from the underlying network fabric, extending its reach beyond
LANs to public networks and even the internet. The use of standard protocols
makes it possible to leverage existing IP infrastructure although the performance
of individual connections is limited by the bandwidth of the weakest segment
encountered.
ALC Networx is attempting to address the issue of interoperability head-on by
encouraging the formation of a Ravenna ecosystem and has already signed up a
healthy collection of manufacturers.
However, they are not the only layer 3 activists around — QSC has Q-LAN, and
Axia has been selling a similar network technology, Livewire, since 2003. The AES
is keen for some rationalisation and established the X192 task group to find some
common ground on which to define a universal interoperability standard — work
which has borne fruit in the form of a draft standard. Jumping the gun slightly, but
also proving the validity of this approach, ALC-Networx and Axia demonstrated,
at NAB 2012, mutually interoperable modes of Ravenna and Livewire.
All of this should give us hope that in the future the needs of the professional
audio industry will be met by a small number of well-defined licence-free standards
that cater for a variety of applications and environments.
However, the interoperation work will not stop at audio transportation. The next
logical step is the control and monitoring of devices across networks, and across
manufacturers which will require a common control mechanism such as that being
developed by the Open Control Architecture (OCA) Alliance. This group comprises
nine pro-audio manufacturers whose aim is to extend the control protocol defined
in AES24 to create a flexible open control mechanism that will work alongside,
but independently of, transport protocols such as AVB or Ravenna. If such efforts
are successful, we can expect to see dramatic changes in the way professional
audio equipment interacts, helping to reduce costs, increase flexibility and support
evolving workflows in the future. n
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Loudspeakers
in rooms
This article focuses on the complex interaction that will determine
the quality of the audio reproduction around the listening area.
CHRISTOPHE ANET from Walters-Storyk Design Group concludes
our acoustics primer series.
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Limited radiation space size affects loudspeaker bass boost. (Courtesy of Genelec)

L

oudspeakers and subwoofers radiate very long wavelengths at low
frequencies and produce a certain volume flow. At low frequencies this
volume flow spreads into all directions. If we limit the space by walls while
keeping the sound output power identical, the energy density (also called
intensity) in the limited radiation space increases. So, every halving of the radiation
space doubles the sound pressure level.
At high frequencies the loudspeaker no longer radiates in all directions. As the
frequency goes up and the wavelength becomes shorter the loudspeaker radiation
becomes increasingly more directional. Hence, placing a loudspeaker on the
wall does not increase the high frequency sound level but at the same time low
frequencies are boosted and the frequency response of the loudspeaker is no longer
flat. The loudspeaker
sounds boomy or bassheavy. Thus, it is
important to correct this
phenomena
occurring
in the loudspeaker or
subwoofer
response
to maintain a flat and
balanced
frequency
response.
To predict the listening
room behaviour at low
frequencies, complex 3D
Acoustic Boundary Element Calculator (ABEC) model —
simulation of the energy
low frequency analysis of a listening room. The red areas
represent high pressure zones while blue areas indicate flow and the related pressure
low pressure zones.
zones are calculated. Such
models allow for tailoring
room dimensions and shape as well as to define correct placement of loudspeakers
and listening positions.
Boundary interference from the Wall behind Loudspeakers — Two signals
with the same level but in anti-phase (180 degrees out of phase) can cancel
each other out, resulting in silence. If the loudspeaker is placed a quarter sound
wavelength away from a sound reflecting wall the wave reflected off the wall
arrives back at the loudspeaker drivers in anti-phase. This cancels totally or partially
the signal radiated by the loudspeaker at that particular frequency. How complete
the cancellation is depends greatly on the ability of the wall to reflect sound in a
specific frequency range. The sound level dips down at the frequencies where the
reflected sound is in anti-phase. The depth and width of a cancellation dip varies
but in most cases such dips are audible.
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No loudspeaker equalisation cures this problem;
loudspeakers and acoustical axis are positioned at the same height. In
increasing the level of the loudspeaker at the dip frequency
a multichannel system, ideally, the three front loudspeakers should be
also boosts the reflection and thus their sum remains
positioned having their acoustical axis at the same height. It should be
low and the dip is not removed. The most efficient
noted that the precise localisation of a loudspeaker’s acoustical axis is
solution to avoid such cancellations is to flush mount the
defined by the manufacturer in its technical documentation.
loudspeakers in a hard wall. This places the loudspeaker
While the brain has a high capability to localise information on the
in an ‘infinite baffle’ and can totally eliminate the dipping
horizontal plane, in the vertical plane the precision is (zenith angle)
phenomena as no reflections are present.
about 3 degrees above ear level horizon and 3 to 10 degrees below ear
Interaction between walls and freestanding
level horizon (azimuth angle). Because of this behaviour of the ear/
loudspeakers — Using a subwoofer with a crossover
brain, human vertical localisation tolerance is about 7 degrees. This
filter (typically at 85Hz) between satellite loudspeakers
allows two sources to be positioned at slightly different heights without
and the subwoofer can be very useful. The (high-passed) Wall behind the loudspeaker cancellation the brain being disturbed by such height difference.
satellite loudspeakers do not reproduce low frequencies. phenomenon. Distance to wall =
This useful human hearing limitation can be positively exploited —
They can now be placed at the walls more freely at ¼ wavelength. (Courtesy of Genelec)
a centre channel loudspeaker can easily be placed above video screens
distances where low frequency notching does not
or TV monitors. Then, you have to make sure that this centre
occur in their pass-bands. The ‘acceptable’ distance
loudspeaker does not suffer from a first order ceiling or console
extends now out to 1.1m. The loudspeakers can
reflection.
also be placed further away (1.1-2 m) without
Early reflections and sound colouration — Early reflections
seriously compromising the sound quality.
created by tables, racks, computer screens, etc. can colour the
Subwoofer placement in a room — One
sound if the level of the early reflection is close to the level of the
common location for the subwoofer is in the
direct sound coming from the loudspeakers. The early reflections
front centre of the room, equidistant from the
can also smear the coherence of sound images and compromise the
sidewalls. This position is often a compromise on
localisation of sound sources in the space between loudspeakers.
the acoustical performance. In the case of small ITU-R BS.775-1 loudspeaker placement with satellite
Symmetrical positioning of the equipment is essential.
rooms with parallel side walls, the subwoofer sits in speakers placed at least 1.1m from the wall and
Nevertheless, even with symmetry, reflections will remain and
the first pressure minimum of the lateral standing placed against a hard wall (Hemispherical loading). everything possible should be done to remove reflective surfaces
wave. The frequency response of a subwoofer in this (Courtesy of Genelec).
between the loudspeakers and the listening position. To improve
location will most likely display serious
the situation loudspeakers can be placed
irregularities.
slightly above the typical listening height and
A better position for the subwoofer(s)
tilted down towards the listener. Finally, it
is on the floor close to the front wall and
should also be remembered that the smaller
slightly offset from the middle axis of
physically the loudspeaker the less directional
the listening room (avoiding then the
it is and the more influenced it will be by its
first pressure minimum), or in a corner
surroundings.
close to the front and side walls. The
Most loudspeakers are built to have a flat
latter position maximises the subwoofer
response in anechoic conditions, once they
efficiency due to corner loading but may
are placed in a listening room their response
also excite strongly the axial modes in the
changes because of room boundary loading,
room. Both solutions eliminate the most
reflections, reverberation time characteristics,
likely sources of cancellation dips in the In-situ frequency response measurements before and after calibration.
etc. Proper placement and precise adjustment
subwoofer response. Another alternative is to use multiple subwoofers to achieve a
of the monitor’s response are needed so that the loudspeaker-room interaction
more even modal excitation of the listening room. However, the complexity of the
stays optimal.
low frequency radiation increases with the number of subwoofers used.
This article concludes our mini-series on Acoustics Essentials. So now, having
Remember that the adjustments of gain and frequency response of the
made the effort to get to this point — understanding the basic principles,
subwoofer are necessary during the final in-situ calibration. The acoustical loading
understanding sound on surfaces, understanding sound in rooms, understanding
must be compensated for. Crossover phase adjustment is also important to achieve
room-loudspeaker interaction — we are now prepared for the actual realisation of
and maintain flat frequency response across the crossover region.
our dream facility. n
Vertical loudspeaker placement — Although the vertical positioning of
Contact
loudspeakers is less critical than the horizontal one, inadequate placement
WSDG, website: www.wsdg.com
will affect the overall sound quality. In a stereo setup, it is essential that both
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