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A CORRELATION ANALYSIS OF EMG ACTIVITY AND THE MOVEMENT OF 

SELECTED SPEECH ORGANS 

Hajime Hirose, Research Inst i tute of Logopedics and Phoniatrics, 

Faculty of Medicine, University of Tokyo, Tokyo, Japan 

Introduction 

In the study of the dynamic aspects of speech production, i t  

i s  ultimately necessary to  invest igate the pat tern of motor control 

signals from the central nervous system and the dynamic character— 

is t ics  of the speech o rgan(s )  which actæl in  response t o  the control 

signals. Although the pattern of the motor control signal has 

usually been observed in the form of electromyographic (EMG) po- 

tentials, the quantitative analysis of the relationship between 

EMG act iv i ty and articulatory movement has remained di f f icul t .  

Cinefluorographic observation combined with simultaneous recording 

of EMG signals has been considered to  be most sa t is fac tory ,  but 

the acquisition of necessary information is generally rest icted 

due to  the dosage problem. 

The introduction of the x-ray microbeam system to speech re— 

search (K i r i t an i ,  Itoh and Fuj imura, 1975) solved the dosage prob- 

lem to a large extent and, at the same time. proved useful for 

reducing the time required for data analysis. Figure l shows a 

data collection and analysis system in use at the Research Insti— 

tute of Logopndics and Phoniatrics, Faculty of Medicine, Universi ty 

of Tokyo. 

The present study i s  an attempt to analyze the dynamic char- 

acter is t ics  of the movements of selected speech organs recorded by 

means of our x—ray microbeam system simultaneously with EMG record- 

ings of the activity of the related articulatory muscles during 

SPeech. In the present paper, the preliminary results of an analy— 

sis of velar movement will be presented as an example, in reference 

to the pattern of the EMG activity of the levator palatini muscle. 

The articulatory movement of the velum is  known to be controlled 

almost solely by the activation and suppression of the levator pal- 

atini. Velar movement is  relatively independent of the movement 

of the other art iculators and, thus, relationship between the 

displacement of the velum and the EMG patterns of the levator 

Palatini can be considered to  be relatively st ra ight forward.  
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Figure 1 The Articulatory data collection and analysis 

system at the RILP, University of Tokyo 

Data recording 

An adult male speaker of the Tokyo dialect served as the 
subject of the present study. The subject read a l ist of test 
words either in isolation or embedded in appropriate frame sen— 

tences. 

For recording the articulatory movements, the movement of 

lead pellets attached to the pertinent articulators was tracked 

and recorded by means of the computer—controlled x-ray microbeam 

system. For recording velar movement, a strip of thin plastic 

film with a lead pellet attached to i ts  end was passed through a 
nostri l ,  placing the pellet on the nasal surface of the velum. 

The pellet movement was recorded with a frame ra te  of approximate- 

ly 190 frames/sec. 

Conventional hooked-wire electrodes were inserted into the 

levator palatini in this particular case. The EMG signals were 
recorded on an FM data recorder together with the speech signals 
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and the timing pulses which were  generated f rom the computer for  

each frame of the x-ray tracking. The EMG signals were then digi— 

t ized through an A/D converter w i th  a sampling r a t e  of  8 kHz.  

Absolute values were  taken and integrated over 5 . 8 3  msec,the value 

of which corresponds to  the interval between successive timing 

pulses. 

Data analysis 

The Y—coordinate of the pellet on the velum was selected to 

represent the movement of the velum, and the relationship between 

the time function of  the coordinate value and the EMG signal was 

examined. EMG activity i s  associated with the generation of mus— 

cle force and, therefore ,  can be related to such variables as t h e '  

displacement, velocity and acceleration of the movement of the 

pertinent ar t icu lator .  Thus, the present analysis aimed at ob— 

taining a quantitative estimation of  the relationship between these 

variables and the EMG signal. 

I t  was assumed that the EMG act iv i ty of  the levator palatini 

at a given instant could be expressed as the sum of the three 

components dependent on the displacement ( y ) ,  velocity (y)  and 

acceleration 6?) of  the movement of  the velum. Thus, an estimated 

EMG signal at a given time can be given as in equation (1) .  

’ \ -  + + ' + ——- ‘ )  Ei' c0 clyi czy i  c3yi ( r  

In this equation, the subscript i denotes the i—th time sample. 
The above equation indicates that velar movement is  realized as 

the response of a linear second order system to the EMG signal 

which i s  given as input. The coeff icients which give the best 

approximation were estimated by the least square error  method. 

That i s ,  for every time sample of  EMG signal E i '  the estimate Ei 

in equation (1) was formed by using the coordinate values obtained 

bY x-ray tracking. The coeff ic ients,  00—3 were determined by 

minimizing the value of e r ror  (Er r )  in equation ( 2 ) .  

" 2 
Err'";§:(Ei _ Ei) _____ (2) 

1 

In the above procedure, i t  was necessary to introduce a tem— 

POral smoothing of the observed coordinate value, since, without 

smoothing, the noise components in the calculated velocity and 
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acceleration were  so dominant that v i r tual ly  no e f f e c t i v e  correla- ' ' ' ' ' ' 

tion could be observed between these variables and the EMG signals. aucHo ; _Jv/\F‚_\Jr\/’"'““Lf\__ æ/bernee/' 

In order to  reduce the noise e f f e c t ,  the temporal var ia t ion  of the 

' {  coordinate value within a short time window was approximated by l ' p  
; | 

the parabolic function of time. In the data sets obtained in the 

present study, i t  was found that the error was minimum for a time 
j î '  - window of about 30 frames. Thus, in the present analysis, the vaL- vehnn ?/Fh“v%„flüv#fi\\—c“”J/F\‚JÜN\\\\k 

E A ues calculated for th is  time window width were  considered to  b e t m e  
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best  estimates of  the coef f ic ients .  
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ENKS î 
.1 Results and discussion ëâämgat. ‘/““W 
% The characterist ic constants of the linear second order systan .emkmn ---- f , î 

@! were.calculated from the estimated values o f  the coefficients in ; | _ . ‚ . ,  ......... …"…uwu. , _ . _ 

ËË equation (1) .  The value of the damping factor was found to be audk) % ,/btee/ ä 
{?  close to l ,  which implied that the second order system i s  cr i t i -  î î 

% cally damped. The character ist ic  time constant was approximately i l i p  ?“‘\\vf\\„/\\v/„»—\____„‚—v/“"""/F—__ â 

‘ä 80 msec, regardless of the di f ference in speaking rate.  @ ë % 
.? ' : ' Figure 2 shows examples of the x—ray and EMG data obtained. ! ; â 
1? These curves correspond to the three di f ferent types of test  words, Ë vehnn Ë E 

% /bemee/‚ /beN'ee/ and /beNmee/‚ each of which was embedded in a . ;,AW*N…,M_J«\\\—//rfiæv*FJÜWf—H\\\xb_ % 
; frame "sorewa desu" (that i s  ) .  In the test words, ; __f g 
ï /N/ represents the syllable f inal  nasal element in Japanese. The ; EŒËÈS = : É 

“€? - sequence of nasal segments /Nm/ is  generally uttered as a geminate f emnnm; ;, % 

nasal consonant. For each tes t  word, the curve a t  the top shows ; ' ' ' ' „m. ' ' ' ' E 

the audio signal, the second and third curves are the temporal É ' ' ' ' ' ' ' ' ' 

pat terns of the Y—coordinate value for  the lower lip and the velmm 5 3Udk) : jlfldhu\q~—-Jhflflfikfi\g /beh“nee/ ' 

respectively. The bottom curve shows the integrated raw EMG: Wi“? 
the estimated EMG curve calculated by using equation (1) super- l i p  E‘"“""\\/P\J/__\\\_„„a’"“"““/f———h 
imposed. 

I t  can be seen that in /bemee/ the velum lowering for /m/ vehnn 
starts immediately af ter  the oral release of the initial /b/ and 
continues until the release of /m/. Velar elevation then begins. 
the speed of which appears to be slower than that of lowering: amL 
as a resul t ,  the temporal pat tern of velar movement i s  asymmetrical 

for the production of /m/. In /beN'ee/, the velum lowering for 
/N/ continues longer, and the velar displacement i s  larger than 
for /m/ so that the temporal pattern appears to be symmetrical. d h h d .  . 1 ( t  ) 

' ' — ' t au 10 51 na o 
In /beNmee/, the level of the maximum velum lowering for /Nm/ is lower llP and the velum,compare Wit  e 9 P 

higher than for /N/ in /beN'ee/, although the duration of nasaliza' and the raw and the estimated EMG curves (bottom). 

EßAG 
r a w ;  
estimat. 

20 msec/div. 

FiQure 2 The temporal patterns of the Y—coordinate value for the 
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tion is  longer. In this case, a f te r  reaching the level of maximum 

lowering, the velum appears to  stay a t ,  or to  ascend very gradual- 

ly from, that level and, thereaf ter ,  i t  ascends with a speed simi- 

lar to that for /m/ in /bemee/. 

Comparing the patterns of the raw EMG act ivi ty with those 

of the velar movement, i t  appears that the pat tern of levator 

activity for /N/ in /beN'ee/ i s  characterized by a step-like EMG 

suppression, the level of which is  the same as that for the rest-  

ing position of the velum af ter  the cessation of the utterance. 

In other words,  the movement of the velum for  /N/ can be regarded 

as  a smoothed response of the velum as a second order system to 

the step-l ike control signal to  the velum. In /beNmee/, on the 

other hand, a rapid suppression of levator activity i s  followed 

by a short period of an intermediate level of EMG act iv i ty.  A1- 

though the EMG level of the initial part of the suppression for 

/Nm/ i s  apparently the same as that fo r  /N/ in /beN'ee/ ,  the velmn 

does not show an extreme lowering but stays at a somewhat higher 

position. Thus, i t  appears that the period of intermediate level 

EMG activity mentioned above is responsible for the characteristk: 

pattern of velum movement for /Nm/. The duration of the suppres- 

sion of the levator act ivi ty for /m/ in /bemee/ is relatively 

short compared to the estimated value of the time constant of the 

second order system, and, therefore ,  the pat tern of the velar move- 

ment for  /m/ can be taken as a ballistic impulse response to  the 

EMG signal. However, as seen in Figure 2 ,  a short re-activation 

of  the levator palatini reaching the intermediate level i s  ob— 

served in some utterance samples of /bemee/. Thus, for /m/, a 

question st i l l  remains as to whether the apparent re—activat ion<fi  

the levator palatini may necessarily result in the gradual ascent 

of the velum af ter  the initial lowering. 

The character is t ic  pattern of each of the three utterance 

types i s  also demonstrated in the estimated EMG curve. In partic- 

ular, the estimated curve for /Nm/ is characterized by the fact 

that when the EMG activity increases after the negative peak of 

suppression, the rate of increase is  temporarily depressed before 

i t  reaches the maximum level, and, as a result, there i s  a plateau 

in the estimated curve. This result would indicate that, as fa r  

as the second order linear relationship between the levator EMG mfi 

velar movement i s  concerned, the patterns of the velar movement 

_ _ _ - _ _  
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for /Nm/ can not be accounted for by a constant increase in the 

EMG activity af ter  suppression. Rather, i t  can be assumed that 

an intermediate stage of EMG control is necessary during the phase 

of re—activation. 

I t  has been reported that there are  characterist ic di f ferences 

in the temporal patterns of velar movements for  these three u t te r— 

ance types (Ushij ima and Hirose,  1974;  Fuj imura, Miller and 

Kiritani, 1976).  The result of the present study seems to con- 

firm this result. I t  also suggests that these differences are 

based on the d i f ferent  pat te rns  of motor control to  the velum. 

For a better understanding of the dynamic aspects of speech 

production, further attempts should be made to accomplish the 

quantitative analysis of the relationship between EMG signals and 

articulatory movements.. A preliminary analysis of jaw movements 

in reference to the pattern of the EMG activity of the related 

muscles i s  now in progress.  
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