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Supplementary Figures and Table

“Kdyz ¢lovék poprvé vsadi do zemé sazenicku, chodi se na ni divat tiikrat
denn¢: tak co, povyrostla uz nebo ne? I taji dech, naklani se nad ni, pfitlaci
trochu pudu u jejich kofinkti, naechrava ji listky a viibec ji obtéZuje rtiznym
konanim, které povazuje za uzitecnou péci. A kdyz se sazenicka presto ujme a
roste jako z vody, tu ¢lovek zasne nad timto divem ptirody, ma pocit ¢ehosi jako
zéazraku a povaZzuje to za jeden ze svych nejvétSich osobnich aspéchii.”

Supplementary Figure S1: Standardized, phonetically-balanced Czech text of 80 words.
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Supplementary Figure S2: Flow chart of automated algorithm describes full process of
segmentation of speech signal in basic physiological sources of signal, including voiced
speech, unvoiced speech, pause, and respiration. The signal was decimated and high-pass-
filtered in a preprocessing step. Subsequently, parameterization was performed and the
parametric space of PWR, ACR, ZCR, and LFCC was sequentially separated in a given order:
(A) Voiced speech was separated. (B) Unvoiced speech and pause were separated out of the
remaining set. (C) Respirations were detected in pauses. PWR = power, ACR = variance of
autocorrelation function, ZCR = zero-crossings-rate, and LFCC = linear frequency cepstral
coefficients
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Supplementary Figure S3: Evaluation of automated segmentation of pause and respiration.
(A) Performance comparison of proposed automated segmentation method for pauses (red
line) with pause detector for dysarthric speech (green line) and VAD ITU-T G.729B
algorithm (blue line). (B) Performance of proposed automated segmentation method for
respiration. VAD = voice activity detection



Respiration Phonation

»
>

# 400° ittt

N
> P

RLR (dB)

RST (-/ min)
NWWWwWwwWw
WONDOO®
° 2993899

A
\ PD-T  controls PD-T  controls

HH
Ojiiljﬁiiﬂ

PD-T  controls

PD-T  controls

¥

251
20+
15+
10

)
E
w
(S
|

AST (-/min®

=

PD-T  controls

* #

PD-T  controls

Articulation

»
»

350 — »—— FHH#

300+
250+
200+
150+
100+

(ms)

PD-T  controls
#

=

DUS (ms)

PD-T  controls

PD-T  controls

»
»

— k% ——

A

,TTT

i Reading i | PD-T  controls PD-T  controls
passage Monologue |

Supplementary Figure S4: Results of acoustic speech analyses between healthy controls
(n=50; description of dataset can be found in main text) and patients with mild to moderate
PD treated with levodopa (hereafter PD-T, n=40). The mean age of PD-T group (23 men, 17
women) was 64.0 (SD 9.7) years, the mean duration of PD symptoms prior to examination
was 7.0 (SD 3.1) years, the mean Hoehn & Yahr score was 2.2 (SD 0.4), the mean UPDRS IlI
score was 18.5 (SD 8.8) and the mean UPDRS Il1 speech item was 0.9 (SD 0.6). All PD-T
subjects were on stable dopaminergic medication for at least 4 weeks prior to the examination
with a mean levodopa equivalent dose of 762 (SD 365) mg/day. Bars represent mean values
and error bars represent SD values. Repeated measures analysis of variance (RM-ANOVA)
was used to test for group differences: GROUP (PD vs. controls): corrected * p<0.05, **
p<0.01, *** p<0.001 after Bonferroni adjustment; TASK (reading passage vs. monologue):
corrected ¥ p<0.05, * p<0.01, ** p<0.001 after Bonferroni adjustment. None of the features
showed significant GROUP x TASK interaction.
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Figure S4 captions: RST = rate of speech timing, AST = acceleration of speech timing, DPI =
duration of pause intervals, EST = entropy of speech timing, DUS = duration of unvoiced
stops, DUF = decay of unvoiced fricatives, DVI = duration of voiced intervals, GVI = gaping
in-between voiced intervals, RSR = rate of speech respiration, PIR = pause intervals per
respiration, RLR = relative loudness of respiration, LRE = latency of respiratory exchange,
PD = Parkinson’s disease.



Supplementary Table S1: Overview of applied speech measurements.

Feature name Abbrev  Definition Pathophysiological interpretation
iation with respect to dysarthria
Timing
Rate of speech timing ~ RST Rate of voiced, unvoiced and pause intervals measured as the  Hypokinetic movements of speech
slope of the regression line of total interval count per time. apparatus lead to reduced stream of
Each interval was described as mean time between onset and  voiced, unvoiced and pause intervals.
offset of interval.
Acceleration of AST Mean difference between RST of a segment parted in two  Acceleration of speech rate is
speech timing halves with 25% overlap. achieved at the expense of reduced
RST.
Duration of pause DPI Median length of pause intervals. Hypokinesia of speech apparatus
intervals makes initiating of speech difficult,
leading to prolonged pause intervals.
Entropy of speech EST Shannon information entropy was computed from the Increased orderliness and
timing frequency of voiced, unvoiced, pause and respiration intervals.  predictability of pathological speech
results in decreased entropy and
lower variation of timing.
Articulation
Duration of unvoiced DUS Median length of unvoiced stop consonants identified fromthe  Period of stop consonants is
stops bimodal distribution of length of unvoiced stop consonants prolonged by friction-like noise of
and unvoiced fricatives using an Expectation Maximization insufficiently closed articulators.
algorithm.
Decay of unvoiced DUF Mean difference between the second Mel-frequency cepstral ~ Temporal decrease of range of
fricatives coefficients, associated with the ratio between energies of low  articulatory movement is manifested
and high Mel-frequency bands, of unvoiced fricatives by loss of high-frequency energy in
weighted on squared duration of speech which was divided in  unvoiced fricatives.
two halves with 25% overlap.
Phonation
Duration of voiced DVI Mean length of voiced intervals. Incomplete or unperformed closure of
intervals vocal folds leads to longer voiced
intervals and voicing leakage through
inter and intra-word pauses.
Gaping in-between GVI Rate of clear pauses between voiced intervals. Clear pause isa  Deteriorated ability to properly stop
voiced intervals gap between two voiced intervals containing no consonant or  vocal fold vibration.
respiration. Formal pauses were excluded from the bimodal
distribution of length of clear pauses using an Expectation
Maximization algorithm.
Respiration
Rate of speech RSR Number of respirations per unit time. Rigidity of respiratory muscles,
respiration respiratory dyskinesia or posture
issues are related to increased
respiratory rate.
Pause intervals per PIR Median number of pauses between respirations. Impaired ability to stop respiratory
respiration airflow manifests as decreased pause
production.
Relative loudness of RLR Median of loudness measured relatively between respirations  Hypokinesia of respiratory muscles
respiration and speech as difference in logarithmic scale. and decreased range of rib cage
motion make respiration quieter.
Latency of respiration  LRE Mean duration between end of speech and start of respiration. Rigidity —and  bradykinesia  of

exchange

respiratory muscles causes higher
latency of exchange between
expiration and inspiration.




Supplementary Movie S1: Animation demonstrating outcome of automated separation of
connected speech into four basic physiological sources including voiced speech, unvoiced
speech, pause, and respiration for a representative healthy control and Parkinson’s disease
speaker.



