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The story starts with the pumblens which beset any broadcaster wm attempts to
make the best of the available wectral space and dynamic range. Attention to
these problens is accentuated by considerations, on the one hand, of the types
of equipment used tocarry the signal from the radio station to the transmitter,
andontheother, bytheapparentincreaseinthedymndcrangeandspectral
oontmt of currmt pop music recordings. Pbst of the discussions which result
talk about the spectral density, signal probability, dynamic range and so on,
but often without any data being presented. Where equipment intended to modify
such parameters is proposed a practical selection might be made (11 the basis of
sane lista'u'ng tests. However the technical arguments can only be vell
rehearsed when data is present. Indeed this data might suggest alternative
directions in which attention might be focussed and it nay well pose a few mare
queries than it attanpts to answer.

Studies have, of course, been carried out in the past. D J Meares investigated
the relationship between frequency andSound Pressure level's in sound control
rooms [1] which have beenupdated by K E Randall [2]. Others have written on

the statistics on: the spectral content of sound signals [3,4,5] . More recently
L G Mueller [6] has investigated the statistical amplitude differences between
older and nodern recordings.

Much more useful information can be gathered frun the references but there still
retains a gap wtere rrodern pop music and the radio broadcaster is concerned.

Mongst the developments in audio signal reproduction is the increasing _
acceptance of the Canpact Disc (CD) medium. Amongst many attractions it offers
a wide dynamic range and an ability to reproduce full amplitude signals up to
20kH2. It has been conjectured that its use withinradio broadcast will
increase and eventually it will supplant the conventional vinyl disc as the
major music source. This is likely to have important consequences for the UK's
Independent local Radio (ILR) network most of Which rely cm pop music for the
majority of their programming.

Modern pop music hasbeen using synthesisers for sure years. Fran the outset of
itsusefearshavebeenairedbecauseithasbeenflwughtthattheabilitythat
purely electronic instruments have to produce waveforms with frequency
components at levels much greaterthan natural instnmmts would show up the
limitations of prevalent reproduction equipnent. For straight-forward record
reproductimthisdoesmtseantohavehappered. Hakeveritisfarfrunclear
that the cmventimal quality broadcast ecniiplent chain may not suffer. The
reasons for this lie in the need to provide pre-anphasis in the transnitter.
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mis paper looks at the peak spectral response and anplitude distrihition
characteristics of sale pop music. The effects of the standard 50us
pre—erphasiswithandwiflmta limiterwillbeslmn.

mama-mm

The usual signal path mama for the vhf transnitter of an ILR station are
indicatedinFIGI. Thesignaltranthestudinoentrewill, inthemain,
canprise Live microphme sources, cartridge tape sources and recorded music. It
is usually the reqxonsibility of the presenter to ensure that the level of these
sources lies within sensible bounds. Guidelines have been laid down in terms of
the signal level as nunitorei by a peakprugralme meter (13111)". For example,
formssednusic, mural peaks inthe range ofppnnark d toppnmark 5
wouldbeexpected. Thetransrfittersareusuallylinedupsotlutastereo
signal of 400Hz at 0631.: will cause a deviation of 21.3kHz, excluding pilot time.
The Itaximum permissible deviation is of the main carrier 75kHz“.

In order to increase the received signal to noise ratio the vhf nodulatim;
sigualissxbjectedmaSOuspre-enphasisaxrveE'IGZ. Noticethatthe
Wig aulio signal is first passed to a limiter muse function is to prevent
mover-deviatimofthecarrier. Asamnsequenoeofthenainsignal
Wis the sidechain of the limiter is similarly subject to the same
pre-auphasis duracteristic.

The design of the broadcast limiter is a carplex field, and one of the early
works on the flatter [7] rereins largely valid today. Hmever no IBA transnitter
incorporates the delay line approad1 referred to and the current settings of 13A
limiters at VHF transnitte‘rs are for an attack time of lms and an auto recovery
time. Inanautorecoverynodetherecaveryrateofthelimiterisdepemientm
both the negnitude and the dm'atim of any overdrive. Later work [8]
anticipates a need to find ways of driving the transmitter harder without
prodming unacceptable gain reduction side effects due to the pre—elplusis.

' Tremaisthestandardlevelneterinuseinlmbroadcastirg. It
stouldneetttelEEZGB-lo‘rypena specification. It is scaled in6
mimtelyqxalmsectimsmmberailthmxghland
mljbratedsuflithatppnmrk4isequalmOdBu. Thislevelisreferred
wasflxeoperationallevel. met-isetinestmldbeins,fl1atisa
Suzetaneburstwillwiderreadbyzda.

“ mammfifl'elindteratflietmmitmisusuallymsideredmhe
setat+lOdBu,Hmsgivhga2d39rard—barflastresuxiinsendsamaximm
maiiolevelat-tfid! (pmmark 6) tod-neuansnitter. 'mencdulatimlevels
areazramedtoprwideamguazdbami.
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momma-rs

'mefollowing zeconlingswerecl'nsen (Itemslto4):-

1 Dire Straits Brothers in Arms tracks 50 Far Away,
1 E 2 Haney for Notth 12:29nui.ns

2 Phil Collins No Jacket Failure-i track 1 Sustxlio d:15mi.ns

3 Eagles Greatest Hits track 3 Lying Eyes 6:20mins

4 Sarah Vaughan The Divine track 1 Perdido 2:10mins

ImiarflZwerechosenbecause:

l. nayhavebeenlmamtmsmthepastyear.

2. Theyhavebeenrecozded with C.D. inmind.

3. They appear toexploit the full dynamic range andwedigimlly masmred.

Itan3wasdaosenasanacanp1eof "easy listening",wheremetrackswndswell
controlled in level.

Imnflwasdnsentorwtesentabigbarflsomfi.

'me CD edition of the abaw were d-Iosa-I, for reproduction consists-my,
reliability and wide dynamic and frequenxy range.

Manmxgatmtofeqlfipmtisshominflcii. napaksimallevelflumgh
thesystancanbeaccuratelysetbyusingatestCDwiu-Aasetofnathmlevel
tones. Maadnmlevelwassettocomspmfltoflmnummfl. Itwasfotmd that
alloftheCDitansregisteredreasonablyclosetothemfiredguidelines
referredmaboveandsomfurmeradjusmentstothesystangainwarenade.

Waghsarflmtesoftheanalyser screaxwaremken for signals beforeand
afterSOusptwplmsisaMbeforearflaftermelmimr. Bothpeakspectnm
arflamplitude pmhabilityueremtedalongwith our-mtsregaxdjxgu'eobserved
dynanficsmmem. Alargenmberofpl'ntographsvasixwolvedandaselection
ispzesentedhare.

fics4,5and6sl'mzesultsfocr1tanl. FIGAsInvsflupa-akspecuunam
amplitude probability density (in two salsitivity ranges). along with any
cummtsmmemnreadjngspriortomypmoessing. FIGSshzmssimilarplot-s
afterSOuspre-erphsisandflGSslmsthesituatimaftarbothSOusard
linutimhasbemawlied.
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lhepeakspectraldmsitysmwemmdmmfrequmcyompomntmtedatany
time during the music period. It gives sate indication of what the worst
spectrum required to be transmitted will be. Viewing it after the 50us

isiniicateshodthespectnmhasdianged, for itwillbethis
which is essentially applied to the limiter and which is required to be

broadcast. Sothepeakspecmmatergmgfrunthelindteroughttobeguite
different again.... but it can be seat that it is only in the bass region that
there is any change. The usual settings of analyser Wdth and trigger point
were set to 12.8):1-12 and -40dB of input saisitivity. 'lhis allowed the analyser
to operate alnost in real time. The umber of samples taken is important if
extrapolations frrxn the probability density curves are to be attenpted‘".
Occasional photos were taken at the wider bandwidth of 25.6kHz simply to
confirm that nothing extraordinary has taldng place in the upper 12.8kHz of

. Thespectrunisstomlinearlyscaledbeoauseitshodsafurthertwo

octaves of the bass end.

W05

'Ihe limiter in the transnitter is sensitive to the programs envelope peaks.
What ultimately matters is whether the signal is large enough, and for a short

duration, such that it escapes any action by the limiter and causes over-
deviation. A oanparisan between the probability density traces (FIGS 4 and 5)

indicates that, in probability terns the effect of pre—enphasis appears to be

similar to raising the overall gain by approximately 665. A glance at the

Mal trace shows that this order of increase is found in the levels of
frequencies which lie above the break point frequency implied by the SOus time
constant. It is possible to see the effect of the limiter on the anplitude
probability distribution as a narrower shaped main curve. In addition there is a ‘

skirt to this curve which oauprises those peak signals which were not caught by

the limiter. Readings made on the original screen show that the probability of ‘

the signal not being caught by the limiter and thus over-driving the transmitter f
by 4453 was around 7u$ of the tine for Iten 1. It is arguable whether this is
significant. What may be of none importance is whether the 50us pre—erphasis
curve might not be iimroved upon. Although there is no possibility of altering
BiecurrentWIfbroadcaststandardfl'zereisattnughtmat forprogramnelinks
the J17 pre-anphasis curve might be more appropriate. The J17 curve is used in
the NICAM systen, forexample, but it would seenunclear what benefits might

acxzrueifitwereusedinasimplefinsystan.

 

0" The estimation of true probability requires knowledge of the total Lima

oocupiedbythemsic, 'Bn, thetotaltinerepresentedbythenmberof

samples, T5, the class interval, dx and the reading taken Emu the graphs,

Pv. the probability, Hit), (in per cent of the total music tine) of the
signal occupying the class interval at the selected voltage level is then:

P(xlfln(l’v dad/Ts
wtereTsisthemmberofsamplestinesthesauplewindouwidth. Fourthe
12.8“: bandwidth used here the window width is 62.5ms.
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Althcugh the 50us time ccmstant nodifies the signal so that from the point of

view of its amplitude density it looks similar to the un—erphasised signal but

with about 663 of gain, it is clear from the spectral daisity traces that it

successfully fills the spectral space fmn aromd ZkHz wards. There is

however a bass rise of perhaps save 1065still present. 'me J17 curve is likely

toaclfieveanevendenserpeakspectrmbutattheriskofproducmgasignal

whose envelope peaks may be causing any protection limiter to work hard. This

risk is reduced by the overall reduetion in signal level although this will be

accanpanied by animeased susceptibility to channel noise at low frequencies.

Frantheprotectimpointofviwthis isasitshouldbemtitdcesnotbode

well for the sound which might energe at the receiving end. This saind will be

very dependent on the particular audio qualities of the limiter and especially

on its related attack and recovery profiles.

It suggests that the audio consequences of overhdeviation can pass unnoticed

while inpairments due to limiting are noticed. Reducing the signal level

entering the transmitter systan by 663 is likely to result in the merged

anplitude probability density much the same as that leaving the studio. 'mis

would be acccmpanied by an undesirable decrease in received signal to noise

ratio.
.

flaredcesmtseantobeanymtstandirgdifferamebetvemfliemmentpop

music itans (Items 1 and 2) even with respect to Item 4 (recorded 1972) in terms

ofthespectraldensity. Thus theredoesmtseantcbenudireason for

assmning that broadcast limiters work harder on account of the type of music fed

tothen. Althoughd’xiscouldbesimplyduetcthe fact thatthereally

different remedings were not sanpled.

hummus
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0112 21-12 4HZ (an: 3H2 'ILJHz 12H: <
12.6kHz bandwidth, markersat 512Hz intervals

airplitude probability density__________

300V

     

;___‘.

—3v Dv +3v

6641 sanples. class interval 11.7mv

amplitude probability density

1%/v ._ m.

_ .

. -."
OVv _ ' ‘

'3V 0V +3v

6641 samples. class interval 11.7mv

Pm notes: ppnmark 4 at peaks, noted that the true peaks must be under indicated

by12dB.

FIG 4: ham for Iten 1 without 50.15 or limiter in circuit.
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[Hz 2H: 4H: 6H: 8H: 10H: 1%]:

12.8KB: bandwidth, markers at 5121-12 intervals

litude obabilit densit

 

3003/V

  

OS/V é

-6v 0V +6v

6641 samples, class interval 23.4w

fllitude abetting densigx

1DDm%/v

  

,‘_

 

Oi/v I

'6v 0v +6v

6641 sampla, class interval 23.4mv

PPM nota: pgn mark 5!; (approximately +663u) is com peak level.

FIG 5: Traces with 50us only.
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12.8kHz bandwidth, markers at 512K: intervals

Elitude grgbabilitx datsitx

3DDa/v

        

-3v 0v +3v

6776 sanples, class inta'val 11.7mv

fllitude mbability densitg

1%/v

; _ .

‘ _

. ——'—‘5 .

OS/v ,_

-3v 0v +3v

6776 samples, class interval 11.7w

Pm notes: seldcmemeeds mama-k 5.

FIG 6: Traces with both sons and limiter.
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UHZ 2-]: AH: 652 EH2 101-12 1 21-]:

12.81412 bamiwidth, markers at 5121-12 intervals

Elitude mbabilisx density

    

  

3003/V ,

2::
.Y_‘.

0%/v : i

-3v 0v +3V
2263 samples, class interval 11.71:»;

mlitude Ebabilig densitx

1%/v

n‘ — _-_ —-——-'7‘ '7 1"

Ol/v " " '>' , . . ,'"._.‘ _ -.

.3, 0V +3"

2263 samples, class mm 11.7w

metes: pmmark 4 with occasional peaks atpplnnark 45.

FIG 7: Traces for man 2 vim: SOus or limiter in circuit.

ProcJ.O.A. Vol7 Part3 (1985) 147  



 

Proceedings of The Institute of Acoustics

134E DISI'RBUI'ICN CF SIQJAL NW INW MUSIC

  

litude babili densit

 

3003/V

 

12.8kH2 bandwidth, markers at 512Hz intervals 1

“

 

OS/V

-6v 0V +6v

2263 sanples, class interval 23.4w

fllitude Erghabilitx densitx

1 %/v —

N
i
.

 

oa/v \
-6v , 0v 46v

2263 samples, class interval 23.4mv

  

meta: ppunazkfiusuallysemwithowasmlpeaksatppnmké.

FIG 8: Traces with SOus only.
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0H: 2H: 4H: 6H2 3H2 10H: 1 2H:

12.8kHz bardwidm, markers at 512112 intervals

fllitude whammy density;

200%/v _A

    

0%]v

-3v 0v +3v

2392 samples, class imam-val 11.7w

filitude whamntx densitx

mama/v - - ._ . ,___7,.

    

  
2392 sanplg, class interval 11.7mv

Pm Incas: ppn shows peaksupto pp“ wk 55 only occasmnally despite more than
ads of limiting.

m; 9: Traces with both SOus a'nd limiter.
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OH: 2142 4H: 6H: 8H2 ' 1on 121-12

12.8kHz tandwidm, markus at 512-12 intervals

fllimde Embilitx densitx

ISM/v __’_’__V V

   

08/v
-3v 0v +3V

3376 samples, class interval 11.7mv

fllitude Egbabilitx densitz

‘II/v

 

-3V 0V +3v

3376 samples, class interval 11.7mv

m4 nota: Usual peak level indicated at ppnmark 5.

FIG 10: km for Itan 3 mm: 5015 or limiter in circuit.
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12.8kJ-Iz bandwidth, markers at 512112 Intervals

litude 111 densit

 

zoos/v

  

oe/v
-6V

3376 samples, class interval 23.4mm

fliitude Embilitx densitx

1%/v

{IS/v

-6v

3376 samples, class interval 23.4w

Phineas: Usualpeaklevellmicatedatppnmrksk only.

FIG 11: Traces with SOus only.
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0H: 2H: 4H: 6H2 8H2 101-12 12H:

12.8kHz landwidth, markers at S‘IZHZ intervals

gmncude Ebabilitx densitx

zoom/v

   

DS/v

-3V 0v +3v

3397 samples, class interval 11.7mv

Elitude Ely-ability daisig

- com/v

  

oa/v '- ' ~- -~
—3v . 0v +3v

3397 sanpls, class mtetval 11.7mv

Pmnotes: Fairlysteaflypeakhfiicationarqmdpmnarksmwoecasimalmmnts
ot'gainrefisgcttmuptoddtahflicatedmlimiter.

F1612: 'nraces with both sons and 11mm.
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01-12 2-12 4H: 6H: EHZ 1032 12B:

12.8kHz baxflvddth, markers at 5121!: intenrals

Emma muting; dmsitx

Isoz/v _

 

03/V

 

-3v 0V +3v

871 sampla, class intaval 11.71:“;

mlitude Eghabilig daisifl

lt/v

 

-3v 0v +3v

871 sanpls. class interval 11.7mv

11mm: Usual micatimppunarksmoccasimulpealsabovemnmk 53.

FIG 13: Traces for man 4 name 5005 a: limiter in circuit.
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12.3w: bandwidth, narkers at 512Hz intan

litude babili densi

 

BUM/v

   

Oi/v

-6v 0v +6v

B71 simples, class interval 23.4mv

ElitUde Eliabilitx densiy

II/v

ct/v

 
FIG 14: 'nraces with 5005 only.
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OH: 2H: 4H: SH: SH: 101-12 1 21-12

12.8kHz bandwidth, markers at 512Hz intarvals

fllitude mbabilitx densltx

3DO‘IV

 

(IS/v

-3v 0v +3v

1169 sanples, class interval 11.7mv

fllitude 99121211152 dafistix

mama/v . V-

  
Oi/v

-3v 0v +3v

PPMmtes: Usualhflicationofmnnarkssmmpeaksjustmch pmnarkG
cacasimallyldsofgainreductmnmsshmmbythel tar.

FIG 15: Traca with bath SOus arfl limitfl.
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