Observation and analyses of the physiological eventsfor the production of
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The purposes of the present study were twofold. In Study |, physiologicd events of the speech organs were observed
and analyzed using (1)the high speed digital imaging systems for the vocal fold vibration during phonation and (2)the
laser Doppler vibrometer systems (LDV) and a very small microphone system (VSM) for the vibration of the nasal
skin during anasal consonant /m/ and vowel articulation. In the first experiments(1), two magjor categories (i.e. smooth
change and unsmooth change) were found when changing the voca fold vibrations at the register changes.
Quantitative analyses revealed sigmoid-like pitch period changes with 3 phases (dow-rapid-dow), suggesting the
nature of the muscle contraction and the nervous signa. In the second experiments(2), significant and reasonable
differences were found between /m/ and the vowels by both LDV and V SM. Both studies suggested some possibilities
for the clinical gpplication of these systems. In Study 11, two patients with two types of motor speech disorders
(amyotrophic lateral sclerosis, ALS and olivo-ponto-cerebdlar atrophy, OPCA) had speech therapy with (1)loud voice
phonation (the Silverman method) which has been reported to be effective and (2)our new method, the intonation
emphasis therapy. Both methods were effective to improve various speech festures of the patients. But the
effectiveness of each method seemed to be different for different types and severity of the disorders.
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1 (Averages) (SDh) Im/
(p-values). LDV: ,AM: ,-VSM:
subl sub2
LDV Average [dB] S.D.[dB] average [dB] S.D.[dB]
m/ 0 6.206 0 5.370
fil -13.708 5.601 -15.110 4814
el -15.334 3.237 -15.472 3.894
fal -21.995 5.043 -17.466 4.687
lol -28.115 3.308 -18.574 6.954
u/ -17.736 4453 -12.681 7.304
AM average [dB] S.D.[dB]
Im/ 0 .562 average [dB] S.D. [dB]
fil -15.785 .817 0 .809
el -10.466 2.029 -14.004 511
lal -10.332 1131 -9.292 1.350
ol -15.075 2974 -11.438 3.350
ul -15.403 1.409 -10.639 1114
VSM average [dB] S.D. [dB]
m/ 0 441 average [dB] S.D.[dB]
fil -12.143 .690 0 .602
el -14.243 2.232 -16.034 544
lal -19.089 794 -16.288 1.339
lo/ -23.453 1.575 -18.148 2.941
u/ -12.355 951 -18.843 .946
LDV p-values Accl. p-vaues VSM p-values
subl sub2 subl sub2 subl sub2
fil <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
lef <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
fal <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
/ol <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
u/ <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
2. (Type). A: , B-1:
, B-2: ,B-3:
Subject 1(31ly.0. Mae) Subject 2(68y.0. Male)
CtoH HtoC CtoH HtoC CtoH HtoC CtoH HtoC
Task 5Degrees 5Degrees Octave  Octave Task 5Degrees 5 Degrees Octave  Octave
DA>A4 A4>D4 C4A>C5 C5>C4 EA4>B4 B4>E4 C4>C5 C5>C4
Type A/A(B-2?) A/A  A/A(B-2?) AIA Type B-2/B-2 A/A A/B-2 B-1B-1
Subject 3 (27y.0. Female) Subject 4(54y.0. Female)
CtoH HtoC CtoH HtoC CtoH HtoC
Task Octave Octave Task 5Degrees 5 Degrees Octave  Octave
G4>G5 G5>G4 C4>G4 G4>C4 C4>C5 C5>C4
Type B-3B-3 B-3/A Type A/A A/A AlA A/A



3. ( phases) (ms). 1: 12
oct.up: ; oct.down: . Type:
A , B-1:
, B-3:
Sub.1 5deg.up 5deg.down Oct.up oct.down
1 64.4 571 613 62.9
2 81.6 869  96.0 99.6
3 229 91.3 484 55.6
1+2  146.0 1440 1573 162.4
1+2+3  168.9 2353 205.8 218.0
2/(1+2)  0.559 0.603 0.610 0.613
Type A A A A
Sub.3 5deg.up 5deg.down Oct.up oct.down
1 26.0
2 60.2
3 231
1+2 86.2
1+2+3 109.3
No vibration 152.0
2/(1+2) 0.698
Type B-3 A
30
LA-5111
MI-1233  DAT (SONY, TCD-D10
PROILI)
314
Kay CSL4300B Multi
Speech 10 kHz sampling rate.
315

ST 1
Baseline data 2

3 Silverman

2,3 3. 5deg.up: 5

, B-2:

; bdeg.down: 5 ;

Sub.2 5deg.up 5deg.down oct.up oct.down

1 344 378 29.1 320

2 824 58.9 831 107.6

3 35.3 60.2 39.3 1724

1+2 1169 96.7 1122 139.6
1+2+3  152.2 1569 1516 312.0
2/(1+2)  0.705 0.609 0.741 0.771
Type B-2 A A B-1

Sub.4 5deg.up 5deg.down oct.up oct.down

1 34.4 23.6 29.6 26.2
2 39.3 39.1 69.6 65.6
3 27.6 23.1 24.0 67.3
1+2 73.8 62.7 99.1 91.8
1+2+3 1013 858 1231 159.1
2/(1+2) 0.533 0.624 0.702 0.714
Type A A A A
3.2
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Figure 1:Baseline speech of ALSpatient in
utterance of “ sakurawa chuhgokuya himarayanimo
arimasuga”’
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Figure 2: Speech after Slverman method by ALS
patient in utterance of “ sakurawa chuhgokuya
himaraynimo arimasuga”
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Figure 3: Soeech after the intonation emphasis
therapy by ALS patient in utterance of “ sakurawa
chuhgokuya himarayanimo arimasuga”
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