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Summary [Original English version]

After briefly discussing the problem, previousiérire is quoted and an
attempt is made to deduce from this the requiredadteristics for a
psophometer having subjectively correct indicatifomsaudio frequency
transmission chains.

It is shown to what extent the “Siemens & Halskgie J-77 psophometer
meets these requirements, and a description is giva series of tests into
which the readings of the type J-77 psophometee wempared with the
judgment of a fairly large number of observers.

In conclusion a report is given on some experimantertaken with the
object of establishing a psophometric weightingrewadapted as much as
possible to subjective sensitivity as well as tigaal to noise ratio required
for high quality broadcast transmissions.




Summary

After a short discussion of the problem, a literatsummary is made and
from it is derived the necessary characteristicsutsjectively correctly
indicating noise measuring meter for audio transiarschains. It is shown,
to what extent the noise amplitude meter model (Sr@mens & Halske)
meets these requirements and a test series deksaonlbe which the
indication of the J-77 with the evaluation by agnumber of persons is
compared. Inthe end the author's own investigatiare reported, which
were accomplished with the goal of determining satdye feeling as well as
possibly adopting a quality evaluation curve arertbcessary noise margin
for high-quality broadcasting.

Problem definition

One of the most important parameters for the evaluaf the quality of an
audio frequency transmission chain and/or its imidial components is noise
amplitude besides frequency response and nonldist@artion. Thus it is not
amazing that one went for a long time to the baogdof suitable instruments
for the measurement of this noise voltage, althaugtknowledge is still
quite incomplete about how annoying a noise isamdigg its frequency
composition or its content of impulses. Beyond,ttiee opinions of
individual authors in the literature often contcidiach other. Just as
disputed then are also the opinions with regattieosalue of the measuring
instruments, which were developed from these insafft documents.

It's self-evident that the broadcast organizatiavisich are concerned in
particular degree with high-quality transmissidrsaund events must have
an interest in the creation of suitable methodsd®wces for the
measurement of interference noise. The investigatiwhich were
undertaken for clarifying these questions in thetieé technology group,
were directed therefore from the beginning towaedgractical; they aimed to
separate from the controversy of the opinions somthat is surely known
sufficient to build or evaluate measuring instrutserParticular attention was
paid of course to the interferences and/or distwrbareated to audio
transmissions, such as noise, mains hum, switdhamgient noise, switching
clicks and cross talk. In the following there $ha talk about these noises
and their measurements in the first place.

The requirements imposed on an interference meggunstrument, are
quickly formulated: It should gauge the degreehefdannoyance, which the
listener perceives, into an objective indicationipinumerical values.

Who however is that, “listener?” Since the thrdglsensitivity varies from
person to person, we can proceed only with an geeralue. Well, is one to
average over all listeners or better exclude peafile obvious hearing
errors? Then one might exclude all persons be&isg $ensitive to higher
frequencies due to their age. Hearing loss indrbbgins however at teh age



of approximately 30 years! Furthermore the inténfg effect, substantially
on the mental attitude, depends strongly on wheatherhears a transmission
only casually or with focused interest. This raiffee question: which kind of
program is to be regarded as standard? Finallfh@same level are the
questions of whether and how one is to considerdbm sound level and
how the transmission equipment should be constifwthich one puts at the
basis: As it today actually on the average isla@ that, as it should actually
be?

Facing such a flood of parameters, we can only betpelves by specifying a
set of them, on the basis of criteria which appeasonable for the special
purpose. However perhaps thus one does witho@rgewvalidity of the
results or usefulness of the devices. For a bestohg corporation, which
attaches importance to the high quality of its$raissions, it is critical to
select conditions as carefully as possible, thgh-guality material, accurate
reproduction and young test subjects are used.

The next task would be to ascertain what the eaepees under the
determined conditions with the multiplicity of thesing interferences and
then to build equipment, which resembles the esreth if possible.

Literature

From the literature, little is to be learned abibig question. There is a set of
investigations about the volume of noises, but tfsall volume and
interfering effect are, as we will see in furthetall, not at all always the
same, and on the other hand such substantial dacttoas exist between the
individual researchers in the field we have diffiguwdrawing only reliable
conclusions.

The volume of pure tones (sinewaves) sometimesl-sach also appear
sometimes as noise — is examined very thoroughbydygher and Munson
[1] and their predecessors. The investigations ondhane of the actual
noises are much more incomplete. The following gitation is to give an
idea of the most important publications, howevdy oo the extent that the
results can directly serve our purpose.

The classical work in this area is probablydigudel [2]from the year 1933.
Steudel examines clicks and click sequences. Flators’ notes: “knack” is
translated “click” but describes many other impudgsnoises of expanded
duration with additional lower frequency contenitlf compares the volume
of clicks of a certain form with pure tones andiBrthat the audibility of both
depends equally on the amplitude. In this wayeifgngéd a scale of “normal
clicks", which he uses for his measurements, sificks are to be compared
among themselves concerning their volume moreyetish a click with a
steady tone. For a click, as developed when digaiiaa condenser, he finds
that the perceived volume increases as the disehisng constant increases
up to 1 ms and remains constant then. He makesatihgtion to steady tone
by measurements of ramped oscillations of 1000esypér second. A
volume rise of approximately 10 phons resultshéf tluration increases from



1 msto 100 ms. At still longer duration then Wodume is equal to that of the
steady tone. Likewise he finds a rise of 10 phaitils periodic clicks, if he
increases the recurrence rate from 1 to 50 cliekspcond. A further
increase of the repetition rate results in no nacezase of the volume. Also
interesting is an experiment with which he sendera high crest-factor noise
through a phase-shifting circuit, and a decreashefolume around 7 dB is
determined. The ear is proved with this experintertte dependent on the
phasing.

From these results Steudel develops a criteriothi®rolume of clicks. Thus
one must integrate the pressure in the transiethieopressure change over a
time of 0.3 ms. The resulting area will be profmral to the subjectively felt
volume. With periodic noises the integration mustimited to one period.
A special weighting of the individual frequencieforinstance according to
ear sensitivity — is not required.

This form of the weighting is surprising at firsglst. Steudel can compute
thereby the volume of clicks and click sequencehk good approximation, if
he adds still the dependence of the volume of dariclicks on the
recurrence rate. Good approximation means hetehtbarror remains below
4 to 5 phons. It is remarkable that also the v&@wan be quite well
determined by pure tones of different frequencyediag to this rule, if one
refrains from the highest frequencies.

As a particularly amazing fact it results from tfosmula that for instance a
pure tone of 1000 cycles per second is not loudsar the buzz [Schnarrton],
which one receives, if only each twentieth halfieywere present. This was
also examined and confirmed by Steudel experimigntdhis result
seriously challenges the use of rms instrumentgdlume noise stress
measurement.

Steudel undertook to develop a meter relating sasemplitude. Since
equipment, which makes the prescribed integratiactty, at a [desired]
justifiable technical expenditure is not manufaable, he proceeds thereby
however from completely different principles.

The Steudel phonometprautstarkemesser¢onsists of a weighting [ear]
filter with following vacuum tube electric rectifie The settling (rising) time
constant lies thereby under 1 ms, the falling tamestant with 50 ms.

Since Steudel’'s weighting filter leads with shonpulses due to the phase
shift to around 5 to 10 phons too low an indicatwhile it leaves a steady
tone unattenuated through, steady tones are tdiyhiglued. Steudel
eliminates these, by making a half-wave rectifmatbetween filters and
audion (rectifier + amplifier tube) so the peaktagk for sine waves is
halved. [The original text reads “Zweiweggleicimtieng” 2-way-
rectification, but only half-wave rectification nteghe requirements
described in the context.]

He obtains those with this equipment with prachicatcurring noises of
results, from the means from approximately 9 pessoily over about 2 to 3
dB deviation. The maximum deviation is 5 dB, whaote can call quite



good. It is interesting that Steudel could sthtg thany test subjects could
not differentiate cleanly between volume and annogalegree.

Burck, Kotowski and Lichte [3] 193accomplished similar investigations,
whereby however the emphasis of their work is witkvanted clicks, like
appearing unwantedly during companding. As fazamsparable
measurements are present, a satisfying equivaleitité&teudel’s exists. Itis
however remarkable that the authors believe thateigulation a
measurement of the energy behind a weighting {i@érfilter] meets the
volume. The ear is after Burck, Kotowski and LesHta RMS-meter with 50
ms inertia [integration time] (like a hot-wire mawent instrument)”.

This principle is applied computationally to theeks examined by Steudel
and those so-received compared with the resultseaflsurement. The
agreement is however not absolutely convincingh@uligh the curves
correlate well, there are still possible differesic@ to 10 dB, whereas still
some assumptions are to be made about Steudéeksjtesment.

Something similar applies in the 1936 work alsanfiigirck, Kotowski and
Lichte [4] that concerns itself mostly with click sequenc@sne cannot
always avoid the impression that facts were caigd for the sake of a
principle —however a principle captivating in itmplicity, all of our concerns
would be relieved if it were truly applicable.

An extensive work still lies fromsarner [5] (1948)forwards, which
examined the volume of consequences of short tarsgdh From the
numerous results of measurement it is interestarg Above all that perhaps
interrupted pure tones can have the same or esemawhat higher
perceived volume than steady tones of same amelialthough the latter
possess more energy. This speaks clearly agasisipde and effective
evaluation. In this connection Garner and othersecto similar results as
Steudel found with the comparison of the pure toitke the buzz tone from
each twentieth half-cycle. Finally still Steudekslization is confirmed that
with click sequences the volume rises around apprately 10 phons, if the
recurrence rate is increased from 1 cycles pemsktm50 cycles per second.

All aforementioned work refers, as already mentihrie the volume and not
to the disturbing effect. A noise will be all there annoying in the general
also, the louder it is. On the other hand howeweryone knows from
experience the fact that with very high frequentiesannoyance is far
stronger than corresponds to the volume. One shomky of the
extraordinarily unpleasant tones, which one caulyee, if one scratches for
instance with a knife on a plate.

Furthermore it is to be considered that the le¥¢he noises examined here
throughout have a much higher level, than it ihwiterferences on
broadcasting channels.



Consequences for the characteristics of measuring i nstruments.

We try to derive nevertheless once from evenly en@nting the basis of
how an interference voltage measuring instrumerstrne constituted:

First of all we will use a weighting filter, in oed to correspond to ear
sensitivity to individual frequencies. Then we dhat an effective
evaluation leads impulses to show an unacceptahblyridicated value, in
relation to steady tones. We will thus select paetiection, and for
symmetry reasons choose a full wave detector. fifteebecomes the
evaluation of the frequency sensitivity, to whidbatric rectifiers leave the
evaluation of the result. Thus we made a divisiamch is actually
completely inappropriate. The use of a weightiitigrfmeans the following:
We divide the noise after Fourier into its indivadicomponents, evaluate the
parts according to their frequency and build thgmhen again, in order to
measure it. That would be however permitted onllge ear an corresponded
to an effective rate indicating instrument, andyaelgistered noises, without
consideration for their temporal distribution anidhwut consideration for the
phase situation. Peak measuring equipment geypeikiders, as also the
ear does, the phase position, but it is generaltyused.

Fortunately however the errors resulting are noy lerge, and they are
partially eliminated by a suitable dimensioningdetection.

During peak detection altogether four parametexsabour disposal: Two
electrical, i.e. the charging and the dischargimgetconstant; and two
mechanical, the oscillation duration of the indiegtinstrument and its
absorption. We can change these four values ieraodend to the
equipment the characteristics, which make it aslairas possible to the ear.

We want to now try to derive from the literaturegadeules for the calculation
whereby we may however expect more than approxineates.

After Steudel the value of an individual click iraeses up to a duration of 1
ms, in order to remain about constant beyond thkaiey The charging time
constant must lie thus in the order of magnituadesl

An absorbed sine wave oscillation shows the tremmsftom the click to the
steady tone: In the case of very quick rise tineepcally we have another
click, with slower rise time we have nearly theastgtone. Steudel had
found that with a fading-away 1000 Hz tone the wodurose around 10
phons, if one increased the fading time constamhft ms to 100 ms, the
click thus became a steady tone. The short siiigle thus lies in the
evaluation around 10 phons below the steady tosamk peak voltage and

the transition is approximately to 100 ms to bedhme value. This results in
a dependence shownfin. 1 of the indication on the duration of a pure tone.

To reach this process leaves itself by a suitaddefy time constant (about
350 ms) and a sufficiently slow-acting indicatimgtrument.
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Anzeige des J 77 in Abhiingigkeit von der Linge eines Dauertones
und Abklingvorgang nach Abschalten des Tones

Fig. 1 Indication of the J -77 as a function of théength steady tones and drop
after switching off tones

How one sees direct, also rising the volume okslwith the recurrence rate
can be reached, if one selects the fading timetanohso largely that between
two impulses only a partial discharge of the cosgemakes place. Thus the
third substantial demand of Steudel would be fef!

The procedure outlined here drove naturally onlgrie approximated correct
indication. One will have to test such an equipt@nypical noises and after
the principles described above, make alterations.

The noise meter J 77

Equipment, which is developed according to thiagpgle is the J 77 (Rel. 3
U 311/313 of the company Siemens & Halske), whartsbme time has been
used as obligatory measuring instrument for nagseksexternal voltages with
the West German broadcast organizations, and whialso adopted by the
Federal Post Office. It was developed, by conngai U21 weighting filter
before the level monitor and at the output in plaicthe light-beam
instrument a slower-acting pointer-type instrumentsed. The U 21 is a full
wave peak detector with an averaging time of arffessand a fading time
constant of 350 ms. By use of a very high altengatoltage at the diode this
is practically linearized. The indication is howewapproximately
logarithmic.

Directly after this equipment appeared on the ntakke submitted it in to the
central technology bureau to an examination, bypammng its indication with
the evaluation by 20 to 30 test subjects with déife noises. The test



subjects in addition heard six different disturbimaises (line noises, noise of
two magnetic tape recorders, 1000-Hz-Tone, noisepEssing airplane and
hammers on stone) by playing a tape recordingeact subject had the task
to adjust by means of an automatic controller évellto same volume with a
standard white noise to which they could switckralatively.

Originally it was planned to capture both the votuamd the degree of the
annoyance. It was shown however that most obsedrdmot make a
difference between the two terms. Actually ratierinterfering effect might
have been described as the volume.
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Abb. 2
J 77 in alter Ausfiihrung mit Bewertungsfilter nach CCIF 1934.
Anzeige des Geriites bei Geriduschen, die als gleich laut
empfunden werden

Fig. 2 J 77 in the old Version with weighting filers for CCIF 1934 Ad of the
device in sounds that are perceived as equally lo@@?

“Statist Rauschen” = “extra noise”; “Leitungs - gerausche” = “line noises”;
“Flugzeug” = “airplane”; “Sprache” = “speech”.

The adjusted levels were compared with readings tfee J 77. The results
are in shown iriig. 2. (The lines connect here only measuring pointhef
same row, thus having no physical meaning.) hiosceable that only
positive values were described that all noises Vigdtéo be more disturbing
than the white noise which was felt less. In otherds: The J 77 resulted in
a too small indication for the white noise, thabtifnoises those with most
energy in the highs showed relatively lower indmas both in the case of the
line noise and the noise of the F-barftRauschen des F-Bandes” — it is not
clear what this meanghus with all noises which exhibit a large portimn
high frequencies. The high frequencies were tloeesfonsidered not
sufficiently by the weighting filter. We asked thanufacturing firm to use
another weighting filter than the CCIF 1934 ond thas used. Today's
execution of the J 77 uses the CCIF 1949 weigliiteg and thus achieves
the necessary stronger evaluation of the high &eqies.
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Anzeige einiger Gerite im Vergleich mit der des J 77
(Vgl. das bei Abb. 2 Gesagte)

Fig. 3 Display of some devices in comparison wittat of the J 77 (See fig. 2)

Finally the indication of the J 77 was comparecwiite indication of some
other devices with the same noises. The deviabppssite the J 77 are
represented ifig. 3. For the measuring the indication for the 10003ne
was used. There is at first sight two groups raaabply: The peak value
instruments according to kind of the level moniterth define more briefly
integration and long fading time essentially folldve J 77. The rms
instruments and the peak detectors with long aeetiages point however
with some noises up to 10 dB lower indication, |sjigg that the differences
are principally due to the kind of rectification!

The J 77 permits besides the noise measuremeralgoweighted
measurement within the range to 20 kHz. This m@aguange will
generally be sufficient, only in special casesafseffect of HF or tape
recorder bias frequency) an examination with a uattube voltmeter
will be necessary. The upper border was speaified0 kHz, in order
still that crosstalk on the phantom circuits ofaaded carrier frequency
cables will be captured. A uniform definition wasyway necessary, in
order to receive finally once comparable measueddes. Some
voltmeters have completely arbitrary upper cornegtdiency rolloff.



As the standardization of the measuring methoditti®rm designation
is just as important. Also for it suggestionstad tvork commission
measuring technique are present.

Noise voltage should be described in the futurg aslthe weighted
measurement, external voltage as unweighted measuate Both are to
be indicated in dB, whereby voltages in dBu (0 d&.7%75 V) are
indicated, a voltage difference against it by d#&)(should be marked.
The interference voltage is a general heading amdrs noise voltage
and external voltage.

After evenly the saying the J 77 would have acyualierference voltage
measurers mean, since it we think, tells us thenthise voltage is actually
substantial, ever more interspersed. The noigag®lis finally the thing
which the listener is troubled by and which muskept as small as possible.
The external voltage however becomes only intergstiit entails an over-
regulation of the system together with the opegpsiignal or if it leads to
disturbing indications with devices without freqogmweighting, for instance
the level monitor. Since this is not the case \aitly of today’s common
devices, their measurement does not representadmadion of the equipment,
but has only the sense that the equipment or taengh be checked to
examine its operating ability. In pulse evaluat@om the introduction of the
CCIF curve of 1949 has measured the consequeniciéhaoise voltage
levels determined with J 77 lie usually substalytiaigher than those with the
CCIF 1934 and the vacuum tube voltmeter. Thafitetlto a certain
uncertainty. Meanwhile it is only one questiortlzé time, until one creates
new guidelines on how to define a good enough noeegin. It was
therefore also agreed upon that in the transitemog with both devices are
to be used in parallel. Since each noise sigrebhaompletely special
composition, both, which the portion of impulses anhich the portion that
concerned, it is not possible for individual freqaes, to compare the old
values with the new.

Fig. 4 shows a comparison with some other types of device

10



o L¥Y55 ¥V VS5 HV Vel V53 V58 R6S5 A [Res W l Mo
20
4
%0
-
60 -
i .
Jik Fe Y -
Fr, Ger.
80 9o \ \‘*‘277
a"r‘emd .L
by v
100 3_
db G6erausch

Abb. 4
Gerdusch- und Fremdspannungswerte einiger Geritetypen
gemessen mit J 44 (CCIF 1934) und J 77 (CCIF 1949)
(Vorliaufige MeBergebnisse des Priiffeldes)

Fig. 4 Noise levels of external voltage values efme types of device measured
with J 44 (CCIF1934) and J 77 (CCIF1949) (Provisioal results of
measurement of the test field)

The conversion from one measurement techniquedthanbrings
incontestably a substantial additional work wiself. It appears however
more correct to take this trouble once than compto measure using a
procedure which is incorrect and can steer newldpueents into
inappropriate courses. So it could quite happeh thie use of the old
measuring procedure that the developer is concemtadeducing power
supply hum still further while in reality, for exute, to the ear it is more
crucial to address a sharp noise of high frequeagys caused by
insufficiently shielded contacts.

Weighting curves

Some concern also arose that with the weightingecaf 1949 the noise level
was evaluated more highly than the external voltdgrtially that was
regarded even as proof for the unsuitability of thirve, since the ear is
cannot hear nevertheless “any longer than the ptres®ne observes
however that there is no physical or physiologrettionship between the
measured values of noise and external voltageh &t rather only brought
by the completely arbitrary appointment that thaigation for the standard
frequency of 1000 cycles per second should beah®sto each other in
relationship. In principle one could have selegteti as well the old standard
frequency of 800 cycles per second or also angmifft one than point for



comparison, whereby one would have come each traedther relationship
of the measured values for noise and external gelta
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Abb. 5
Einige Bewertungskurven zur Geriduschspannungsmessung

Fig. 5 Some weighting curves of noise measurement

The discussion over which weighting curve (alsoghsoneter curve after the
Greek word for noise) is the most suitable, is &bstay not yet completely
final. The curves ifig. 5 don’t contain however by any means all curves,
which have been used in the course of time. THerdénd, for instance the
30 phon curve indicate, very closely to the voluwrueres. One only later
became attentive to the differences between volamdeinterfering effect.
The crucial step takes place with the transitiotheoCCIF curve from 1949.
It was based on investigations of AT&T, by whicimsoiously one tried to
determine the degree of the annoyance under conditis they are present
with the broadcast recording in private dwelling$e substantially more
critical evaluation of the high frequencies resilte

Also this curve is regarded however not as finat,designated by the CCIF
as, “provisional recommendation”. The CCIF hasdskarious organizations
and the Federal Post Office, whether results ofsomegnent are in agreement,
as there is one alteration of this curve that magdsirable to make (question
15, Studying Committee Ill). On suggestion of Bezleral Post Office
thereupon the NWDR on behalf of the working grofithe West German
broadcasting corporations attempts to clarify tjusstion.



Our Own attempts at defining the weighting curve

We aimed to follow the AT&T approach of accompliglpithe observations if
possible under the same conditions (utilizable mauroom level)
experienced in listening to radio broadcasts atdhom

The emphasis was put thereby in the critical cds®s,they are present for
example during the transmission of quiet placdsigifi-quality music in quiet
rooms. In order to be able, which arise to changeler deviating conditions,
however also attempts in noisier areas and withesdmt less sensitive
music measure were undertaken. As utilizable proagmaterial quiet
recording of high-quality piano were selected argho and string music
motives with as small a dynamic range as possiblerder to keep the
dispersion of the test results small due to varyiolgme of the signal level
used. Each observer could regulate for himselptagback volume
steplessly, as he normally hears listening to brasiihg.

The disturbing noise was radiated under accordingtyral conditions over
the same loudspeaker. It consisted of a one-tlutalve band of random
noise and a pure tone periodically interrupted &ifrequency of 2 cycles per
second, after the suggestion of the CCIF the freges 50, 100, 200, 400,
800, 1600, 3200, 6400, 8000 and 12500 cycles pensevere used. It was
observed that sensitivity was substantially higheelation to high
frequencies, than was to be expected after the @@4B curve, so there was
a the closer investigation of this range in a sdc®t of frequencies, which
overlapped first in a larger frequency range ireoitthat sufficiently many
tests were done. The frequencies 3.5, 5, 6,9, B), 11, 12, 13, 14, 15, 16
kHz were used. Within this range we measured naitiowly swept pure
tones (sweep rate 6.25 cycles per second, frequnaegtion 100 cycles per
second), since the third-octave noise containsvide a range for a clean
measurement.

The interferences could be reduced by the tesestshpy means of an
adjustable attenuator in stages of 2.5 dB to tlet pleat they did not judge
the benefit of the presented music to be impaired.

Half of the attempts were accomplished in a quied @f 30 phons noise
level, the other half in a noisier area of 50 phoSsice such an area with
approximately constant noise level was not avadlaold strong temporal
fluctuations would have increased the dispersiathefresults of
measurement unnecessarily, the level in a calnearaas artificially
increased. To achieve this, in addition over @asddoudspeaker a tape
recording of the road noise of a busy street wagqul, whereby the upper
frequency range was electrically reduced, in otdeeplicate sound
absorption by closed windows.

The observations were implemented by 20 ladieggantlemen at the age
between 20 and 30 years. Their hearing had besamiard before with a
phonometer and cases of hearing loss had beerdexiclu
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Before the attempts the observers were expreskfdde evaluate the
interfering effect and not the audibility or thelwmme of the interferences.
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Abb. 6

Frequenzgang nach den Versuchen der Zentraltechnik bei ver-
schiedener Nutzmodulation. Von der ZT vorgeschlagene
Bewertungskurve im Vergleich mit der nach CCIF 1949

Fig. 6 Frequency range of the attempts of the cerdf technology bureau test
signals. Suggested by the weighting curve CCIF 194

The results of the attempts are presentéa)irb. Thereby not only over all
test subjects, but also over the two different ambsound levels the
interferences were averaged. An averaging ovepitbgented noises was not
made, because quite different opinions can be szghdbpending on the
different noises. As to be expected, sensitiatgat much smaller in the
modulation break at the largest versus the piansiewath its pronounced
intervals between the individual tones. If, awith organ and string music
the case, this correlation is missing, the maskiifgct of the presented noise
is particularly stronger in the middle frequencygge.

A similar effect has by the way the room ambientrablevel, while the
difference of the disturbing value of noises haffgcts itself. The strongly
taken off curve (CCIF 1949) covers itself withirettower and middle range
quite well with the results of the attempt, partgly if one regards the
critical cases (pauses and piano music). Juselione could use however
the broken straight line with an upward slope ofB6per octave (simple RC
element). Within the upper range the new measurntsmesult in however a
noticeably larger sensitivity. Here therefore lineken course of the curve
was suggested. The not inconsiderable deviatipossibly to be attributed
to the possibility that during the AT&T investigatis also older test subjects
were involved.
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The necessary noise margin

The CCIF's goal in the test series just describad anly the appointment of
the frequency response for a weighting filter. Thesstigation of the
necessary signal-to-noise ratio took place in arsgtest series, since for this
purpose the actually arising interferences proméasbdtter approximation to
practice as the somewhat artificial disturbing asjsvhich were necessary
for the definition of the frequency response. Tdilwing eight noises were
used:

1. Noise of amplifier (V 72).

2. Inductive stray effect of power supply hum. B Hz component of
powerline hum was subjectively crucial.

3. Switching noise of relays and power line hurradime. For the ear the
impact of impulsive switching noise was crucial.

4. Crosstalk of a long-distance call on a phone.liThe well understandable
woman'’s voice outweighed all background noises.

5. Cross talk from accordion music on a line. Thesic, with which as
consequence of the cross modulation the high frezjes were
substantially overestimated, outweighed also here.

6. Noise of magnetic tape recorder (increased inrwe). For the ear the
frequency band around 4000 cycles per second wasstrongly
observed.

7. Noises in a VHF receiver. The noise consisfeslset of pure tones,
which did not lie harmoniously to each other andwbose pitch
continuously changes. The hearing-moderate imresgas some high
and unpleasant swirling or chirping.

8. Pure tone 1000 cycles per second. The tonentrasluced particularly
for calibration and measuring purposes.

In the remaining points the test procedure was taged and only slight
changes were introduced. Thus the string musid sgdar, which was quite
obscure and compact and hardly differed in additimmcerning its effect on
selection was changed. Furthermore the artifroatl noise was lowered
from 50 to 40 phons, due in large part that mantheftest subjects said that
they would not listen to broadcast transmissiond,@rtainly no high-quality
music with so loud a background noise.

The measurement of the interferences took place agéhe sound field.
This was necessary, in order to eliminate the table remaining frequency
response from room and loudspeaker. The compliexenaf most natural
interferences permits no computational correcta@wvas possible with the
artificial interferences.

With very sharp impulsive noises some roundinghefdignal is to be
expected on the way to the loudspeaker, so thed thay be some difference
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between the heard disturbance and the indicatioheod 77’s direct electrical
measurement. It is to be expected however thaetinor is small due to the
frequency response in relation to the deviations.

While for the determination of the frequency resgmthe other
characteristics (kind of detector, time constafhthe instrument take only a
minor role they are of decisive importance whenniled the required signal-
to-noise ratio, since noises were used here, wieshit in very different
measurements for steady tones and impulses. Tasum@nents were
accomplished therefore in parallel with the J 7@ aith an rms instrument
(thermocouple) according to at the time the stlid/basic international
standards. The comparison with the results osthgective test permits then
at the same time an evaluation of these measurgiguments concerning
their suitability for the measurement of noise lsveOne evaluated in both
cases after CCIF 1949. In addition a comparatieasurement with a J 77
was accomplished, with which the filter curve haeib adapted to the process
suggested by the time (stronger evaluation of thlesh) by means of an
upstream four-pole network.

Since many natural interferences are temporallycoostant, but have
considerable dynamics, in the case of slow-actisyuments a varying
indication is given, which makes the measuremenenddficult. During the
available investigations the indication was useith wie loud places, since
these might be crucial for the interfering effelgolated points were however
ignored, since only according to experience regkiat@ulses are felt as
disturbing.

Since the weighted signal-to-noise ratio requirepgeshds on the sound level
of the program material giving full rejection okthlisturbance, the result of
the attempts depends directly on the sound enginesasurement of the
program. Therefore several sound engineers wéaeglder their opinion,
whether they could evaluate the level of the prognaaterial that was used.
Fortunately the dispersion of their data was sdldimat the average
measured value could be used as a basis for tise tes

Results of measurement

Fig. 7 shows the averages of the noise margin demandé&@ st subjects.
First the large differences, which were determidegdending upon the
program material, interference and room sound lew&re a surprise.
Thereby obviously the program material has thedbyargest influence. That
is all the more remarkable, than the program selesdiffer not at all so
much from each other; in all cases it concerns-giggiity and relatively
quiet, transparent music.
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Von den Versuchspersonen geforderter Geriuschspannungs-
abstand fiir verschiedene Nutzmodulationen
und Raumgeriuschpegel

Fig. 7 Signal to noise ratio demanded by the testigjects depending on
different disturbances and room ambient sound level

Pauses and piano music prove again as the masakcdases. The more
transparent string music used here is however traxyrio the first recording
— more sensitive to disturbance than the organenuBhe differences in level
correspond what was to be expected after the measmts for the
psophometer curve. All interferences lie subsgdigtin the middle
frequency range, in which particularly in calm ar#@e evaluation curves for
the individual kinds of music diverge strongly. uehfor example a mean of
13 dB results for the difference between piano@gan music from both test
series.

The ambient room level brings generally only altekéft around 2 to 3 dB.

The values for different interferences within aeeof measurements are
rather constant, thus the evaluation by the J lf[GwWe the subjective
breakdown impression well. Are remarkable the m&duirements for
attenuation of the steady tones (1000 cycles mamskand power line hum)
along with missing modulation (break) in calm arebspresence of program
material, in particular with organ and string musiese tones are very little
disturbing. This probably corresponds to the elgoee that such tones are
masked despite being audible, by a changing progaartent, because this
obviously directs the attention of the listener enstrongly on itself.
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Mittelwert iiber die Nutzmodulationsarten nach Abb. 7

Fig. 8 Average values over the disturbances of Fig

The average values fm. 8 shows still more clearly the good agreement of
the measured values of the J 77 to those subjemtaiations.
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Fig. 9

The use of the weighting curve suggested by the bnings a further
adjustment to the horizontdld. 9), thus certain improvement, if one wants to
draw such conclusions from the available matewaich is to serve
predominantly different purposes. (Mean error @BSnstead of 0.9 dB,
mean error from subjective evaluation 0.65 dB.)er€hare substantial errors
with the rms measurement, with up to 8 dB deviaifsam the average value
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(mean error 2.3 dB). Also this attempt speaksrisidar the superiority of
the peak detector.

Attempt a conclusion

It lies in the nature of a demand for quality ttregreby significant value must
be granted to personal opinion — not least, becdngsenplementation is
often connected with a substantial economic expereli

In the available case it concerns above all, wpidgram material is to be
used for the test, and whether the listener wittmab needs is to be the
judge, or one with high requirements.

Furthermore — and this is probably the most diffietthe mental attitude of
the test persons must be evaluated in terms ofefsgguThis question is here
far more important than during the definition oé fisophometer curve for the
disturbance, because that if such an influenceeaisgmt depending on the
program material, it cannot hardly be doubted thatfrequency range of the
disturbing influence is not well represented.

If we take as our principle accordingly, the ma#ti@al program as a basis,
piano music in a quiet listening room, the evaluatthen we come on the
average on 54 dB.

The group of fastidious music listeners requirecesal dB higher signal-to-
noise ratio. Such test subjects adjust to a sotislig higher playback
volume than the average. Since due to the nomlcwanection between
audibility and volume the disturbing modulatiordisproportionately strongly
raised thereby, that leads to higher requirememtsefduction of noise at the
same time.

On the other hand we may however accept that gtestdbdject, who expects a
noise in order to be able to judge will be subsédigtmore critical than the
usual listener, who normally concentrates his &ttaron the program. The
difference amounts to about 4 dB. The test suligemmpparently first closer to
the natural attitude and becomes more critical tatgr after an assessment is
required. An interpretation in the sense thatigtener becomes more
sensitive with the duration of the disturbance$ess probable, since the
character of the disturbance constantly changéso this would contradict
the everyday experience that power line hum orisenat the beginning of a
transmission disturbs frequently, while one latethie program is often
ignored completely.

With consideration of all of these circumstances oan conclude that a
weighted signal-to-noise ratio of 55 dB is to bagid. Beyond that no
further increase is to be represented, if it isnemted with considerable costs.
A margin of 45 dB might cause no impairment withstntypes of program
material still cause no impairment, and even wihiB large parts of the
program are still heard with satisfying quality.
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