TWO-MINUTE VOCAL TEST AND ACOUSTIC ANALYSIS REVEAL VOICE
AND SPEECH DISORDERS IN EARLY UNTREATED PARKINSON‘S DISEASE
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BACKGROUND and AIMS RESULTS

Dlsorders of voice and speech in Parkinson’s disease (PD) affect all » 116 vocal recordings were used for classification (56 for PD/60 for HC)
subsystems including respiration, phonation, articulation, and pros- * relationships between measures of articulation & phonation and sub-
ody [1-3]. Quick vocal test consisting of sustained phonation, fast sylla- scores of bradykinesia & rigidity

ble repetition, and running speech was designed in order to be gender
independent [4]. Main aim of this study was to separate early untreated
PD from healthy control (HC) participants based upon automated acous-
tic analysis [9].

that represent all PD-
PATIENTS and DATA related affected speech
subsystems
24 PD speakers (20 men & 4 women) *«81.3+£6.9%
« examined before the symptomatic treatment was started for running speech
* age 60.9 £ SD 11.2 years *75.6 £ 8.3%
e duration of PD symptoms 31.3 £ 22.3 months for sustained phonation

« H&Y stage 2.2 £ 0.5 714 £ 8.3%

« UPDRS Ill motor score 17.4 £ 7.1 for DDK task ;
FO SD (semitones) FO SD (semitones)

* best performance of Figure 3: The results of SVM-based classifier.
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22 HC speakers (15 men & 7 women)
* no history of neurological or communication disorders Table llI: Result of the speech examination.

*age 58.7 £ 14.6 years
Table I: Summary of the speech data. For reproducibility of data, each _

task was repeated at least 2 times.

[VT1] | Sustained phonationon one breath ata comfortable pitch and loudness as constant and long as possible, at least 5-sec. Shimmer (%) 857 460 325 157 | P<J001 | k=28 P=.18 R=33 P=12 R=01 P=95 R=235

[VT2] Rapid steady /pa/-ta/-/ka/ syllables repetition, called diadochokinetic (DDK)task, on one breath as constant andlong as EHN]]:L{;B ﬂi gi ;;;45 Egz i{ ﬁ: k=36 i EE j :i i{ g; k= Eli P= i R= i
possible, repeated at least 5-times. (dB) < = = = =

VT3] Running speech, atleast approx. 80-sec.

SPLD{UE} 568 299 385 301 P=05 |R=-12 P=539% R=-19 P=38 R=-3] P=08 R=16 PFP=46
METHODS Ao

EFPC (-) 043 014 058 010 | P=.001 |R=-33 P=12 R=-18 P=40 R=-15 P=55 R=-123 P=128

SDCV (-) 014 005 017 003 P=.01 =- P=05 R=-44 P=05 R=-28 P=19 R=-28 P=

. : —
Table Il: Overview of the measurement methods used.

VT | Regular orirregularvariations of glottal cycle duration, the average absolute difference befween Figure 4: Schematic diagram depicting the recording of the PD speakers.
a period and the average of it and its four closest neighbours, divided by the average period.

[VT1] ' Regularorirregularvariations of amplitude maxima in subsequent glottal cycles, the average SUBJECT VOCAL TASKS
absolute difference between the amplitudes of consecutive periods, divided by the average amplitude.

1 Noise-to-Harmonics-Ratio, the amplitude of noise relative to tonal components. . -
VT b P [VT1] Sustained phonation

[VT1] Harmonics-to-Noise-Ratio, the amplitude of tonal relative to noise components. * i
[VT2] Sound Pressure Level Decline, the robust linear regression of the signal envelope. Person in «E‘:‘:l.l.'l:’:,r sta- (at least 5 s; approximately 15 s)

[VTZ2] Robust Formant Periodicity Correlations, the first autocorrelation coefficient of F2 contour. oe of Parkinsnn‘s WTZ] East S}Tuables l.'EP etition

[VT2] Spe?ctral Distance Change Varations, me_vanaht_:tns of spectral_ dl_stance c_han_ges in spectrum. dls speal{s to - Tt e oo i) Pﬂ-"‘ Jeal-Tka/ sl
VT3] Vanations of fundamental frequency (F0) in semitones, the vanations of vibration rate of

vocal folds. microphone [VT3] Running speech
(about 170 words; approximately 80 s)

Figure 1: Details of measures used for subsequent analysis. The left | ¢
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panels are for a person with PD, the right panels are for a HC subject. Siiijiial

PHONATION ARTICULATION & RESPIRATION _

e vocal task of sustained phonation e vocal task of syllable repetition . NHR [VT
S — True positive rate of 82.78 % Phnn-ﬂtlli}ﬂ s 1]

' ' - | (the number of Parkinsonians correctly RESPII'EUDH SPLD [VT2]

AT oer Arsislation 2 REPC V121

pitch period pitch period Fﬂ SD I ;'d' I 3]

model

SVM-build

67 672 674 142 1425 143 1435 - True ﬂ-Egﬂ.ﬂ\"-E rate of 3?-56 %
t(s) t(s) y ’ (the number of healthy people correctly * PI'DS-:]dY
— s Shiey

PROSODY EVALUATION SPEECH SUBSYSTEMS MEASURES

* vocal task of running speech ' - ; 2 | L -
e - W i CONCLUSIONS

A . \didl * method demonstrated that it can accurately differentiate PD pa-
Cie : : tients from HCs
IR e subtle abnormalities such as reduced melody in running speech
”‘"""‘“WM'W"’M M L}%M"H were detectable from the early stage of PD
AR J o e acoustic analysis may serve as a simple screening test in view of
the expected advent of neuroprotective treatment
Statistics e acoustic vocal tests can be used for clinical monitoring of speech

- predictive model was built using a kernel support vector machine (SVM) progression, effect of medication on speech production, and feed-
» exhaustive search of all pos- Figure 2: Optimal SVM parameters. back in voice treatment
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