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2.3 Kamp P., Castellengo M. and Stépének J.: Acous-
tic Criteria for the Characterization of the Attack
Transients of Two Flue Stops and How These Cri-
teria Evolve Over the Entire Compass.

Critéres acoustiques pour la caractérisation des transitoires d’attaque de deux
Jeux de tuyaux & bouche et évolution de ces critdres au long de la tessiture.
Les analyses de iransitoires de tuyaux & bouche ne se rapportent souvent qu’d un petit nombre de
tuyaux ([2], [3], [4]). De plus, ces analyses prernent rarement en compte le contenn harmonique du
son de biseau. Notre étude se concentre sur Ianalyse de tous les tuyaux de deux jeux : un principal
(tuyaux cuverts) et un bourden {tuyau bouché). Pour caractériser 'attaque, on propose deux crittres
acoustiques qui peuvent, &tre interprétés sur le plan perceptif. On analyse ensuite la variation de ces
critéres pour chaque tuyau des deux jeux et particulidrement la courbe de variation du critére “temps
de montée’.
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Abstract: The analysss of flue pipes attack transiemts concerm usually a small number of pipes
([21,131.[4]}. Futhermore these analyses take rarely account of hannorfic COMPONENts of the mouth-
tone. The study focuses on the analysis of all pipes of two stops : 2 principal (opc_n plps}_and a bourdon
(stopped pipe). To characterize the attack, two acoustic criteria are proposed thlch are interpretable at
the perceptive level. Then one analyses the variation of these criteria for each pipe of the two stops and
particularly the variation curve of the criteria : "buildup duration”.

1. INTRODUCTION - _ o

This paper should be seen in the context of the study of the sonority of ;mmcal sounds_. The sonority is
the property which allows to judge the sound quality once its source is identified [1]. The trmbre allows the
identification of the sousce [1].

One distinguishes usually three parts in a misical sound : the attack transient, the stcad):'-stau: and the
decay transient. However one should keep in mind that this emporal structure of the sound Is based on am
acoustic point of view. Most probably, the ear does rot perceive this structure as such bat rat}ler asa _global
pattern. The attack transient is of foremost importance in the musical context and paljﬁmﬂaﬂy n _the
performance practice of baroque music. It is one of the means used by ihe msician to deliver the musu.::al
oradon. At the organ, the musician controls the attack by the speed at which the key is depressed {organ with
mechanical action). o

We are interested, here, in the sonority of the attack transient for two typical organ stops : the principal
{open pipe) and the bourdon (stopped pipe}. These stops are rccprdftd on their entre compass with an
approximately identical depressing speed to ensure 2 good teproducubﬂ_lty of the attack. Acoustic signals are
picked up by one microphone placed inside the organ case and are acquired by DAT and PC. _

The fow investigations about the sopority of the organ are often limited to some notes of one of more
stops ([2],[31,[4]). But, it is of nmost importance 1o analyse a stop on its complete compass. Fabre [5] ha§,
i fact, showed that the spectrum varics significantly from one pipe to the other in the samme stop. This
irregularity is delfbarately persued by the organ builder. Fabre cmphasi.ms. the f_act that_ computaton of an
average spectrum to get rid of this imegularity is not realistic from a perception point of view.

2. DESCRIPTION OF THE CHARACTERISTIC PHENOMENA OF THE ATTACK TRANS]ZENT.

Most frequently, the phenomena occuring during the attack wansient are presented and inte.rprefr.ed in
terms of a physical model, This quantitative approach is, however, less converient for the acoustic and
perceptive characterization of the produced sound. A model imposes hypotheses and thus does not
completaly capture the reality. A gualitative approach, based on a experimental procedure puts itself in r;al
listening conditions. On the basis of CastsHengo's contrbution (6] conceming this approach, we describe
below briefly the main phenomena.
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First, the mouzh-tne appears, and then the different harmonics of the future steady-state start growing.
The mouth-tone consists of inharmonic components and noise bands. These inbarmenic components consist
in the pipe partials (zesonance frequencies) and combination sounds with the fundamental when the latter
appears. Some of these components can persist during the steady-state. Castellengo showed thar the edge-
tone components are present in the mouth-tone. The edge-tone is the sound produced by the jet-edge sysicm
alone ie. when the resonator is disabled. A spectrogram of an edge-tone and a mouth-tone is showed n
Fig.1.

The mouth-tone depends on the parameters proper to the pipe such as : mouth height, mouth width,
edge position... It's also influenced by sevetal components of the wind supply of the pipe : moving speed of
the pallet valve, chest and wind supply where oscillations may take place.

3. INVESTIGATIONS OF THE ACOUSTIC CRITERIA
3.1. Methodology

The investigations of acoustic crteria is carried out following two approaches : listening and acoustic
apalysis. On the basis of listezing, remarkable notes are selected and  grouped together according to their
common characteristic featares : fast attack, slow attack...The acoustic analysis is implemented first at a
global ievel (spectrograph) and next at 2 detatled level {"fins" short-term Fourier transform).

By a spectrographic analysis of these notes, one extracts the phenomena which lead to the same
grouping as obtained by listening. Finally, one carries out a “filtering" by a short-term Fouder mansfomm in
the region of the spectum where these phenemena tzke place. One chooses, finally, the acoustics criteria
which best express these phenomena.

Some remarks about this procedure are essential. First of all we draw the artention to the fact that the
coly purpose of Hstening is here 10 guide the determination of acoustic criteria. The aim is not to establish
some correlation between perceptive and acoustic criteria, which wonld require a set of psycho-acoustic wsts
followed by a multidimensional analysis.

We consider listsning as an analysis mean in its own sight integrated with standard signal processing
wols. An acoustic study should not make vs forget that a musical signal is first of all made 0 be listened ac

The spectrograph is used for its ahility to pive a global gualitarive image of the signal Onec can
therefore, better appreliend its global structare and links it to percepticn, Moreover, It allows to guide the
type of quantitative analysis applied at a detafled level as well as the choice of spectrum regions 10 examine
more in detail.

3.2. Investigation proper

From listening sessions we select the following descriptors : clear-soft, fast-slow.

As expected, we observe the presence of several partizls in the spectrograms and among them an
especially marked one called dominant pardal in the sequel. For the bonrdon this is the partal 5 (zthird + 2
octaves) being a fypical characteristic of this stop. The principal has a dominant partdal 3 (=6fth + 1 octave)
which is unusual but can be explained by the fact it is not a baroque principal Principal of this fatter type
exhibit generaily an important pactial 5 as well as high frequencies bands which incidently are also missing in
QUr case.

Comparing the spectra of the clear and soft notes; it seems that the clearness is related to the dominant
partial. Two extreme situations are given In Fig.3 and Fig4 for 2 note perceived as very clear, the dominant
is very marked, whereas in a very soft note, the dominant partial is nearly raissing.

For the descriptor fast-slow, the spectrographic analysis directs us towards the buildup duration of the
steady-gtate.

Next, we investigate at a more detailed level the dominant partiel and the attack duraton by an
harmoenic analysis using a shor-term Fourder trensform. In fact, it is not an harmonic analysis in the swict
sense. What we want to obtain is the amplitede i the frequency band around hermonic, including the
possible partal of the seme rank. Both are indeed very close each other. Tn order to avoid confusion we will
therefore use the term band instead of harmonic. Thus what we call dominant band is the fraquency band
including the dominent partial and the harmonic of the same Tank as this partial. The band 5 (harmonic 5 and
partial 5) is the dominant band for the bourdon. For the principal it is the band 3 (partial 3 and harmonic 3).
We extract also the frequency band around thre fundamental and call it fundamental band.
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“This analysis suggests us to choose the following acoustic criteria :

(1) thne required for the amplitede of the dominant band to reach its maximum during
the transient

(2) buiidup duration of the steady-state (= duration of the attack transient)

We choose the classical definition of the buildup duraton of the steady-state : the dme necessary for
the fundamental to reach 90% of its final value.

The two extreme sitzations for cleamess mentoned above, showed for criterion (1), that the amplitade
reaches its maximum very quickly in the case of clear nots, whereas the opposit holds for a soft note.

4, EVOLUTION OF THESE CRITERIA ON THE WHOLE COMPASS

Criterion (1) bas a great number of imegularities for the principal and the bourdon. This corroborates
the heterogeneousness of the attack of theses stops already detected at the time of listening. This irregniarity
is less marked for the critedion (2). The evolution of the latter criterion is not linear as can be observed in
Fig.2 for the bourdor. This monlinear evoluiion agrees with the results obtained by Luce [7] for the
iransverse flote. One would at first glance assume it would behave Unearly since the bullup tme of the
stationary wave is at Jeast the time required for the wave to travel two times up and down (stopped pipe) ie.
the pericd of the fondamental.

This nonbinerarity could be explained by the diameter progression of the stop. Castellengo [0} showed
experimental evidence that a pipe of same height but wirh a larger diameter has a shorter buildep duration of
the steady-stare. For shorter pipes, the ratio B/ L (D:diameter, E:length) increases and therefore the buildup
time decreases. The nonlinear evolution of D/ L is reflected in the baildup duradon.

The cxplanation given here is exclusively related to the resonator of the pipe. The parameters of the
excitator (geometry of the mowth, pressure at the foot..) probably also share some responsability i this
nonlinearity.

5. CONCLUSION
We have obtained two acoustic criteria likely to be rélevant at a perceptive level Le.
(1} time required for the amplitude of the dominant band to reach it maxdmurn during the transient
(2) buildep duration of the steady-state

The choice of these criteria was guided by Iistening sessions of two organ stops swdied here © a
bourdon and a principal. Two characteristics were selected: the clearness of the the attack and its quickness.
They suggested respectively criterion (1) and (2).

The important irregularity of eriterion (1) caused by the heterogenousness of the attack, does not allow
a meaningful interpretation of its evoliition along the compass. Critedon (2) on the other hand, varies m
nonlinear fashion. This can be explained by the fact that the buildup duration depends on the ratio D/L
(Drdiameter, T.JJength) which follows a nonlinear law.

Tn future, it would be advisable to undertake 2 detailed acoustic and perceptive study about the attack
transients. In a first step syathetised organ sounds would be used to establish precisely some comelations
between percepiion and various parameters of the transient. Next, these comelations would be validated on
vast corpus of bourdon and principal sounds of baroque organs of different styles and which could be
modified by = signal editor. '

1t would also be interesting to examine the sonerity of wansients for different depressing speeds of the
key in a realistic range of values. This woeld require the speed 1o be measured in a real performance
sitnation. This would provide good opportunity to look mere closely at the role of this parameter n the
musical context. W
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