
Comments on "The Equilibrium Point Hypothesis and its application to speech motor control" by 
P. Perrier, D.J. Ostry, and R. Laboissière (JSHR, Vol. 39, 365-378, April 1996) 

 
TO APPEAR IN A SPECIAL ISSUE OF THE BULLETIN DE LA COMMUNICATION PARLEE 

 
The EPH and control spaces for relaxation movements 

or 
«When is movement actually needed to control movement ?» 

 
 

Christian Abry, Pierre Badin, Khaled Mawass & Xavier Pelorson 
 

Institut de la Communication Parlée 
UPRESA CNRS 5009, INPG – Université Stendhal 

46, Av. Félix Viallet, F-38031 Grenoble Cedex 01, France 
 

 

 

Introduction 
 
In this commentary, we will address three main questions, all three concerning the generation 

and control of movement in speech, and more specifically the representations of the dynamics of its 
control parameters. For space sake, we will not recall experiments in favour of static representations 
of speech in memory, that we have reported in Abry & Badin (1996), concerning movement 
representation from perception with the issue: “Does movement in the ears and the eyes mean 
movement in the mind ?” 

1. Control space for voicing and trills 
 
First, is it viable to conceive of a speech sound generation system which produces movement 

without any “movement” of the control parameters ? One can anticipate that the answer is “yes”, as 
exemplified by plain phonation (normal voicing) and trill production. Control parameters for these 
productions are well known and less speculative than the EP control. 

The literature on aero-biomechanical models of vocal folds vibration is dense (cf. e.g. Pelorson et 
al., 1995; Laboissière & Pelorson, 1995; Liljencrants, 1991; Ishizaka & Flanagan, 1972). It seems to 
be a widely accepted fact that vocal folds vibration is mainly controlled by three parameters: (i) one 
aerodynamic parameter, subglottal pressure, (ii) one mechanical parameter, vocal fold length, or 
vocal fold tension or the mass-tension ratio, and (iii) one geometrical parameter, vocal folds 
adduction or vocal folds distance at rest or glottis area at rest. The control space defined by these 
three parameters can be divided in two regions: one gives rise to self-sustained pseudo-periodic 
movements of the vocal folds for  steady-state control parameters, while the other is a “no 
movement” region, based on equilibrium analysis. Laboissière & Pelorson (1995) give an example 
of these boundaries for a two-mass model of the vocal folds (cf. Fig. 1): in the space below the 
curves, the subglottal pressure is too low to allow vocal fold oscillations, while above the curves, 
oscillations can occur. Note that vocal fold vibration does not need any dynamic control of the three 
parameters. 



Abry et al., Coments on POL’s target paper octobre 25, 2009 Page 2 
 
 

 

More recently, trills have also been studied. Trills refer to any sound made by the rapid tapping 
of one organ of articulation against another (Crystal, 1997). Their behaviour has been formalised 
and simulated in a way very similar to that used for vocal fold vibration (see McGowan, 1992, for 
tongue-tip trills; see Maddieson, 1989, and Pelorson et al., 1994 for bilabial trills). In addition to the 
three control parameters mentioned for vocal folds, that can be more suitably referred to for trills as 
air pressure, articulator stiffness, and articulator approximation, an extra control parameter is the 
location, or the part, of the articulator involved in the vibration. 
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Fig. 1: Example of control space for a two-mass model of vocal folds, for four different acoustics 

loads. The region below the curves is the “no vocal fold oscillation” region of the [subglottal 
pressure Ps / vocal fold stiffness k1] control space, while the region above is the domain of voicing 
(from Laboissière & Pelorson, 1995). 

 
The interest of this type of control space is to make available different articulatory-acoustic 

viable objects for different languages. Moreover, they must allow to explain sound changes 
corresponding to shifts from one stable state to another. In this spirit, one could argue that the great 
French “R” shift from a coronal articulation [r] to a dorsal one [R] could be accounted for in the 
following way. Remember first that French, like many other Romance languages, inherited from 
Latin a contrast between the “simple” flapped coronal [\] and the “multiple” trilled coronal [r]. The 
study of historical documents and dialectal variations (Abry, 1977) has revealed that this contrast 
actually shifted from the [\] vs. [r] opposition to the [\] vs. [R] opposition, i.e. a shift of location of 
the trilled phoneme. Is it relevant to state that the control of a “simple” flapped uvular [R] is rather 
difficult ? Hence, the contrast could be as well enhanced by placing the flapped version at this 
dorsal location, but without recovering the stability of the product. Needless to say that the solution 
of using the flapped vs. trilled contrast in the uvular region had no known linguistic success. Finally, 
once the distance was enhanced, the trilled nature of the dorsal [R] could be abandoned, hence the 
change into a simple fricative [Â]. For a detailed study of this process in a dialectal area, see Abry 
(1977). Note that the analysis and the simulation of vowel systems using such distance and stability 
principles has resulted in the Dispersion Focalisation Theory (DFT) (Schwartz et al., 1997a, b); but 
as concerns trills, in spite of the first simulations mentioned above, this claim needs more 
computational evidence. In fact, it seems that modelling is far more advanced for snoring than for 
speech production, this being perhaps due to the recent medicalisation of the sleep apnea disease. 

2. Control space for voicing vs. frication 
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Having described a first example of control space, which could stem plausibly from 
vocalizations and "raspberries" produced by infants, our second question will concern the viability 
of extrapolating such well known parameters to fricative production, which is mastered later. The 
answer is of course “yes” for sustained sounds. Thus we can present another example of control 
space, where the question is still whether consonants can be obtained without movement in the 
control parameters. 

The importance of glottis and oral constriction coordination for the acoustic excitation sources in 
the vocal tract has been widely recognised and discussed in the literature (e.g. Stevens, 1971; 
Scully, 1971; Badin et al., 1996). The aerodynamic behaviour of the vocal tract is represented here 
by a simplified aerodynamic model (Badin et al., 1996). The tract is then viewed as two lumped 
constrictions between which the subglottal pressure is shared out. Although some refinements could 
be made, the discussion below is based on steady state considerations, for the sake of simplicity. 
Further, viscous losses are neglected, whereas the flow downstream the constrictions is considered 
to be fully turbulent, and thus no pressure recovery is considered. From a fluid mechanical point of 
view, this description is, of course, highly disputable: the flow through the glottis during phonation 
is not steady and the turbulent flow through a constriction during a fricative is essentially dominated 
by unsteady and viscous effects. However, it is expected that the major conclusions drawn below 
remain correct, even under such crude assumptions.  

Denoting by Ag the low frequency component of glottis area, and by Ac the oral tract minimum 

constriction area, the pressure drops at the glottis ∆Pg and at the constriction ∆Pc are thus ruled by 
the following equations: 

 

Ps = ∆Pg + ∆Pc, with 
∆Pc = 

ρ
2

⋅ U2

Ac
2
  and 

∆Pg = 
ρ
2

⋅ U2

Ag
2
 

where Ps is the subglottal pressure, ρ the air density, and U the constant volume flow velocity. It is 

also known that the amplitude of voicing increases with ∆Pg and reaches a maximum for a given 

Ag depending on ∆Pg (Stevens, 1971), while the amplitude of the friction noise source is 

proportional to ∆Pcp.∆Acq (Badin et al., 1995). 
It follows that, for a given subglottal pressure, increasing simultaneously voicing and frication 

amplitudes is contradictory: a balance must be found for voiced fricative consonants. This has been 
exemplified by simulations performed with our vocal tract model, that includes the simplified 
aerodynamical model, a two-mass model of the vocal fold, a friction noise source, and an acoustical 
reflection line analogue that takes care of source tract interaction (Badin et al., 1996). Both Ag and 
Ac where systematically varied in order to explore the [Ag/Ac] control space: for each [Ag/Ac] pair, 
the level of sound pressure radiated from a highly simplified fricative articulation excited by the 
voice excitation Lv only and by the frication excitation Lf only where computed. The requirement 
for a voiced fricative being the presence of both friction and voicing, the ratio between Lv and Lf 
was computed as a function of Ag and Ac. Fig. 2 displays, in grey levels, the quantity -
20|log(Lv/Lf)| that represents the balance between voice and noise levels: when both levels are 
identical, this quantity is zero, and thus displayed in white, whereas when the difference increases it 
is more and more negative, coded in black below -12 dB. The narrow region which is not black 
represents thus the region of the control space that produces a signal for which the difference 
between the voice and noise components does not exceed 12 dB. It appears clearly that a rather 
strict coordination between the glottis and the oral constriction is needed to produce acceptable 
voiced fricatives (cf. also Mawass et al., 1997).  
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At this point, our questions to the authors could be: (i) How can you find the two EPs in such a 
control space ? (ii) Moreover, do these EPs speak to each other ? (iii) By the way, when they drive 
their system, how do they manage to “land” without any bumps ? 

Anyway, it remains  that, for articulator setting – i.e. onset, hold, and offset phases – we still 
need something equivalent to changes in control parameters, say EP movements or any other 
command making the articulators move. In fact, this would seem unavoidable both for voicing, trills 
and fricatives. 
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Fig. 2: Difference between voicing and friction amplitudes (in grey levels) in the (Ag/Ac) control 
space. 

3. Which neural control for babbling and beyond ? 
 
Finally, we will challenge this seemingly obvious answer to our previous question by asking for 

the possibility of a more primitive speech system which could also produce movement without 
changing the dynamics of control parameters. 

We refer to canonical babbling onset, at about 7 months. In this case, contrary to e.g. trill 
production, the control parameters are fully unknown, roughly as for EP in the "non-spinal human" 
for speech. Thus it is fully a metaphor to speak about a central pattern generator, and of course of 
relaxation movements, in the human brain for speech - contrary to mastication in the brain stem 
rabbit (Luschei & Goldberg, 1981; for a comparison between locomotion, respiration and 
mastication, see Rossignol et al., 1988). 

Consequently, remaining at the very same level of uncertainty - as concerns both the target paper 
and our comment -, we set forth the conception of babbling control generation propound by 
MacNeilage and Davis (1990) and MacNeilage (to appear). The novelty of this proposal stays in the 
late recruitment of Broca’s area for speech. Arguments of MacNeilage and Davis (1990, p. 56) are 
manifold: (i) comparative neuroanatomy between monkeys and humans shows that the area 
homologous to Broca’s in monkeys plays no role in vocalisation control (Jürgens et al., 1982); (ii) in 
human cortical mapping Supplementary Motor Area is the only site evoking rhythmic syllable-like 
vocalisation (Penfield & Welch, 1951); (iii) irritative lesions of the SMA also produce such 
“babbling” movements (reports from Jonas, 1981; Poeck et al., 1984, ignore these data, and are 
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themselves ignored by MacNeilage; but they provide very similar descriptions, unfortunately 
without proper scanning of the SMA region [Abry et al., to appear]).  

These arguments can be reinforced by two reviews on dendritic growth. According to Greenfield 
(1991): “the connections from Broca’s to the orofacial motor cortex develop at 12 to 15 months of 
age (Simonds & Scheibel’s [1991]neuroanatomical data, p. 582)”. In the same vein, Kent and Miolo 
(1995, p.308-309) notes that “one interpretation of these data [Scheibel (1993)] is that babbling 
reflects maturation of the motor cortex more than of Broca’s area”. There is thus a convergence to 
discard for babbling emergence the classical language production area.  

Following this view, we provocatively conclude that humans until 15 months do not need any 
ramp-like EP changes, or any other command changes making the articulators move, since they do 
not recruit the system in charge of such controls, but a more primitive one, i.e. the SMA or a 
specific part of it (Tanji, 1996). 

Recently, MacNeilage (to appear) took into account the discovery of so-called “mirror neurons” 
by Rizzolatti and colleagues in monkeys (Di Pellegrino et al., 1992), and in humans (Rizzolatti et 
al., 1996). Such neurons, located in Broca’s area, more specifically in Brodmann area 45 (and in the 
homologous area in monkeys) were selectively responsive both to execution and observation of 
actions. Hence, MacNeilage argues that specific language learnability could be mediated through 
this “lateral premotor system” (following Goldberg’s terminology, 1985), which receives inputs 
from temporal and posterior cortices, a system responsive to external simulation, available for 
learning by imitation. While the “medial premotor system”, i.e. the SMA, would be the basis for 
spontaneously generated action, namely babbling. This view answers both the need for a special 
speech module and a language specific acquisition device, thus meeting Chomsky's programme of 
principles and parameters. This language specific domain could become the realm of EP changes, 
once sufficient decoupling from the jaw carrier of the end-effector articulators is achieved during 
the control maturation process. 

Caveat 
Even if MacNeilage were right, the frame that he proposes seems efficient essentially for plosive 

and approximant production, not for avoiding transient problems in trills and fricatives setting. 
Thus, our final understatement could be that we are still obviously unable to account for speech 
babbling and speech fricative production at the level of expertise attained both for mastication and 
voluntary (fine) biting (Luschei & Goldberg, 1981). 
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