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1.]NTFIODUCT10N

The radio (or wireless) microphone was developed to replace the microphone cable with a radio link. This
apparently straightforward task has. over the years been made progressively more difficult, m the number oi
radio microphones used together and the demands made on thorn have increased.

This paper considers in general terms some of the design requiremens at a multichannel radio microphone
system.

2. WHY A 'MULTICHANNEL RADIO MICROPHONE SYSTEM'

Broadcsters and film makers were Initially the main users of rawo microphones. Their application was tor
outside filming where the radio microphone usew usually limited to one or two units operating at a time.
Vlfith more users. other epplicatiors were Iound and the numbers of radio microphones used together
increased. In the UK. tour spot frequencies existed for radio microphone users. These were:
174.1I 174.5, 174.8 and 175.0MHI. With only one or two radio microphones being used at one time, little
Irequency planning was required. Butthe tour spot Irequene'es were not all suitable lor simultaneous use at
one site and so users began to encounter operating and practical problems Mich were not apparent on single
units.

3. SYSTEM SPECIFICA‘HON

The first requirement at any Multichannel Radio Microphone System is a Irequency plan. This must allow a
number oi radio microphone channels to operate simultaneously as a set without mutual interference.

With separate transmitters, it is really the receivers that are combined ima a system. As a minimum this should
include the loliowing:

The receivers should be housed in a single unit.
The receiver should be a diversity type.
The individual receivers and other componem pans ol the system should be modular,
The housing lorthe receivers should contain all the service lunctions such as power supply and
antenna distribution. v
The housing [or the receivers and other modules should contain all the required power
and signal imeroonnections.
A range of (fillerent capacity housings should be available.

Both hand held and pocket transmitter types should be usable in any combination.
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4. USERS AND THEIR REQUIREMENTS

Broadcasters

The two main broadcast applications tor multichannel systems are In studios and in outside broadcast work.
For the studios the size of the system is modest. 4-6 channeb being typical. some housed In rack mounting
frames but mostly intransportablecaseframes 2 or moresets may needtooperatetogetherto increasethe
number of channels. Hand held and pocket transmitters used.
Requirement: highest audio quality. easily transportable.

For the Outside Broadcast work there is a similar system usage. some OB vans having rack mounting trames.
hm most systems being In transportable case frames. Hand held and pocket transmitters used.
Requirement: good operating range. easily transportable. highest audio quality.

Film makers

Not much demand for large multichannel sets but medium size 6-8 channel transportable systems are often
used. Pocket transmitters used.
Requirement: long range. highest audio quality. easily transportable.

Theatres

Large multichannel sets used especially in modern musical ptoductlors such as Miss Saigon. Les Miserables.

Phantom of the Opera Fixed rack mounting systems, mainly pocket transmitters.

Requirement: 30+ channels. highe§ audio quality. large audio dynamic range.

Sound oompani

Sound companies provide complete sound packages for events such as pop concerts. Mostly medium size

58 channel systems but 2 or more systems may need to operate together. rack mounting and transportable
systems. mainly hand held transmitters

Requirement: highefi audio quality. large audio dynamic range. rugged.

Contarence centres

Mostly modest size 4-6 channel. some medium 68 channel systems but 2 or more systems may need to

operate together. Transportable case frames. hand held and pocket transmitters used.
Requirement: good audio quality. simple to use. rugged.
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5. LEGALCONSTRAINTS

5.1 Type Approval
All profe$lonal redlo microphones used in the UK should be type approved by the Radiocornmunications
Agency (part at the DTI) alter type testing tothe MPTtaso specification [1].

For the design of a multichannel system a key part at this specificath Is the Mpm power limit for the
trarsmitters : SOmW e.r.p tor a body worn device or 10mW e.r.ptor a hand held.
The ditlerence In these limits makes seine allowance tor the lower radiating efficiency at the body worn
trammltter antenna. due tothe human body absorbing much of the radiated RF field.

in a design worst me. both the hand held maximum and body worn minimum signal strengths need to be
taken Into eccwm.

MPT1350 also specifies the maximum deviation allowed and the channel bandwidm. both of which are
Important parameters applicable to the overall design.

5.2 Frequency Allocation
lnlhe UK lrequenw allocation is by the type of user rather than the type of use: broadcasters. theatres. and
independent programme makers all having dillerent lrequency allocations. The broadesters are in a special
categorybecausetl'ieyhaveaccesstoanyunusedTVcl'ianneis inthebroadcastswctruminbendsltands

When the DTI agreed to the allocation ol racfio microphone tremencies for theatre use (later extended to
include other indoor fixed site users). Audio Engineering ws asked to develop possible interleaving
multichannel trequency sets. This work was used to assess the spectrum required to meet the combined
proieaed needs olthetreatre and independent tsers. Untortunately. ratherthan ellocatethe suggested bends
of spectrum. the allocations were only issued on a spot frequency bais. This ws due more tothe oblactlons
ol the existing primary users at those trequency bands than tor arty tecrn'iicallreason; Although the spot
frequencies issued were calculated to allow the simultaneous use of 26 theatre charities and 8 independent
channels. this made only partial useolthe original plan. The set shown (Table 1) Is only one oflour 8 channel
sets designed to fit In an BMHz band to maximisethe spectrum utilisation between ditlerent users. This ha
mean that these UKfrequenq allocations are not as 'elficient‘ asthey could bewhen single large multichannel
systems are needed. Recently through the work at ASP [2] parts at TV Ch 69 have been Iicersed for radio
microphone use. Learning from experience. some 01 this is now released as bands of spectrum rather than
specified frequencies.

The theatre (or fixed indoor site) allocation is largely on a spot lrequena/ basis.

The Independent programme makers allocation is only on a spot frequency basis.

Unless the frequency allocation In the UK is changed lrom spot frequencies to spectrum bands. the lrequenq'
plan at multichannel sets is not variable lor non—broadcast users apart lrom those in TV Ch69. This restriction
will potentlalty block the introduction of other plans for non broadcast Lsers.

Proc.i.O.A. Vol 14 Pen 5 (1992)  



  

   
 

Proceedings ot the Institute of Acoustics

MEETING THE CRITERIA

8 Channel Theatre Radio Microphone Set With lntermodulltlon Product Table
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6. INTEFIMODULA‘HON

lntermodulatlon Is the generation of unwanted spurious output by the interaction of two or more signals in a

non linear device.

6.1 Transmitter lntermodulation
In a radio microphone transmitter the non linear device ls usually the pawer arm stage. which for reasons

of etiiclency is typically operating in class Cr li twotransmitters are physically close (<1 tOMHz),they will interaa

producingeseriesotsmlwsslgnals (Fig 1). queveritls only thosewhich are close telheoriginaltransm'rtter

irequencies that will be a problem. These signals take the term :

2fr-f2 . 2Iz-Ir . 31‘1 -2Iz . 3Ir2'r
Substituting actual numbers will make the mechanism clearer:

|I11=100MH1 and 12:1 01 MHZ:
' 2(1-12 = 99MH2 . ZIzIr = 102MHz.3Ir-2‘2 = SBMHZ . 3Iz-2Ir = 103MHz

These tntermodwation producB are known as 2 tone or A+B typerlt can be seen that the lntermodulation

produds occur at intervals equal to the lrequency difference oi the transmitters. The pair oi spurious signals

nearest lhetransmitter carriers are 3rd order (tram the sum ot the order oi the terms):_2Ir 1,12. The next pair

out are 5th order-ditch . Higher order products are not tsualty produced even under extreme operating

cmditlons.

Pm.I.O.A. Vol 14 Part 5 (ma)



 

Proceedings of the Institute of Acoustics

MEEI'ING THE CRITERIA

Itthe two close transmitters are also similar In frequency (within IMHz), the intermoduiatlon products will be
at appreciable amplitude. Also because these lntennodulatlon products are produced from harmonics of the
original modulated signals the deviation on them will be appreciably higher. These trammitter generated
Imermoduletion signals show not be ignored.
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Another 3rd order spurious intermodulation signal will be generated when a third transmitter is Introduced.
‘l'hisisknownmaGtoneorMB- Ctypeendtaksthetorm:

liolzta=ix where ix is a fourth channel.
In practice this type of intermoduiation is not normally a transmitter problem. due to the difficulty in getting
three transmitters physically very class and the necessarily greater frequency separation of any third
trarsmltter.

6.2 Receiver lnterrnodulation
For a single receiver it Is the linearity of the input stege(s) and the large signal handling capability at the firs
mixer that determines the level at intermoduiation products generated within the receiver. A high Q inpm filter
ideally protecting the receiver from other unwanted signals. In a multichannel system the input stage is usually
pert olthe antenna distribution circuit or even In a masthead pro-amp. Here it Is subjecttothe greatest oontlid
of design goals. It must. at thasame time. be low noise. high gain and linear to relatively high input levels, all
withwt the protection 01 a high 0 filter. However the input filter bandwidth should be tightly tailored to only

accept the wanted radio microphone transmitter signals (especially needed when operating near a used TV
channel). Although it is possible to produce both A+B endA+B - C Intermoduiaiion products within the receiving
system In practice it Is mostly the A+B » C type. This intermodutatlon will normally oowr only under strong
input overload oonditiors
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7. FREQUENCY PLANNING

The generation of a frqu plan is carried on after the basic parameters of the system have been

established. These include: deviation levels. minimum enamel spacing. receiver selectivity and receiver

system 31d order intercept poim, From these figures the acceptable limits tor the intermodulatlon products can

be deduced. The limits are then used to calculate the optimum channel spacing and the sa size.

8. CONCLUSION

Multichannel radio microphone wstems have been in use lor more than 10 years. Even after this length at

time it is only the theatre users who regularly need more than one of the 6 or a channel systems currently

available.

Manufacturers at larger. more complex and more expensive systems may well find a diminishing market for

such a product in the current economic climate, it Is high audio quality and the general reliability at the system

under adverse working condition that most users require. ll either at these qualities are compomised by the

introduction 01 larger frequency sets within an aMHz band. it will restrict the user base still iunher.

For a non broadcast user In the UK any multichannel radio microphone system with a new trequency plan will

have to wait for a change in the reguiations beiore it can legally be used
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