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Introduction01 Excessive sleepiness

Gold standard to measure excessive sleepiness : 
• Hospital
• Multiple Sleep Latency Test
→ 5 nap opportunities every 2 hours (9AM-5PM)

Restrictive for the patients
Costly (2000€)

= Accidental risk

de Lima Andrade et al. 2021, Environ Sci Pollut Res Int.

Measured WHO

Day 37 à 88.6 dBA 40 dBA

Night 38.7 à 68.8 dBA 30 dBA
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Introduction
MSLTc [7, 8]01

Short-term subjective 

sleepiness (KSS)

5 differents texts

(≈ 250 words)

Sleep latency

(EEG)

9AM 11AM 1PM 3PM 5PM

1 2 3

20 speakers – 100 read out loud voice samples
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State of the art01 Introduction

Goal: to monitor evolution of sleepiness in ecological conditions

Voice → low-cost measurement, passive data collection

Several features to evaluate sleepiness on read out loud speech:

▪ Acoustic features [1]
▪ Reading mistakes [2]
▪ Errors made by Automatic Speech Recognition [3]
▪ Reading pauses (duration and localisation) [4]
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01

“a central vowel that can alternate with
∅ without changing the meaning of the word”

[5, 6]

[ə]

Demain (tomorrow) → [dəmɛ̃] or [dmɛ̃]
Also used for hesitation!

Schwas
Introduction

Link between sleepiness and schwas?
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J’ai ainsi vécu seul, sans personne 

avec qui parler véritablement…

Lexique 3.83 
[9]

Presence/
Absence of 

schwa

Audio

Preliminary study02 Hand-labelled schwas

Rm
multivariate

ANOVA 

Intra-speaker variations of %S
linked to obj. and subj. sleepiness
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Preliminary study02 Objective

J’ai ainsi vécu seul, sans personne 

avec qui parler véritablement…
/ʒɛ ɛs̃i veky sœl sɑ̃ pɛʁsɔn avɛk ki

paʁle veʁitablømɑ̃/

Lexique 3.83 
[9]

Texts Phonetic
transcription

Phonemes
/ʒə ʁəgaʁdɛ dɔ̃k sɛt

apaʁisjɔ̃/

Automatic Speech 
Recognition
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Automatic extraction03 ASR v1: Acoustic model

Phonemes
/ʒə ʁəgaʁdɛ dɔ̃k sɛt

apaʁisjɔ̃/

TDNN-HMM
Acoustic model

%MAE
%RMSE

Nb Schwas

Nb Schwas
Ground truth

Estimated
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03 Automatic extraction
Acoustic model - %MAE and %RMSE

Phoneme Metric Text 1 Text 2 Text 3 Text 4 Text 5 All texts

[ə]
%MAE
%RMSE

29.3
35.7

11.2
13.5

28.4
30.5

33.5
36.2

50.2
52.0

28.3
32.4

[ø]
%MAE
%RMSE

50.0
50.0

14.5
14.5

44.8
46.3

42.6
44.1

52.5
42.5

40.0
44.6

[œ]
%MAE
%RMSE

2.6
5.1

33.3
36.7

3.2
9.7

20.0
30.0

-
-

12.5
25.0

[ə]+[ø]+[œ] 
%MAE
%RMSE

17.5
23.6

9.6
11.4

16.5
18.6

21.5
23.6

28.0
30.7

17.8
20.9
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03 Automatic extraction
Acoustic model - ANOVA

Factor [ə] [ø] [œ] [ə]+[ø]+[œ] 

Texts *** *** *** ***

Texts:MSLT - * * -

Texts:KSS - *** - -
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Automatic extraction03

Phonemes
/ʒə ʁəgaʁdɛ dɔ̃k sɛt apaʁisjɔ̃/

TDNN-HMM

ASR-phonemes

Automatic Speech Recognition
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Automatic extraction03
Words

Je regardais 

donc cette 

apparitionLexicon
+ Language

model

Automatic Speech Recognition

Phonemes
/ʒə ʁəgaʁdɛ dɔ̃k sɛt

apaʁisjɔ̃/

Lexique 
3.83 [9]

Phonemes
/ʒə ʁəgaʁdɛ dɔ̃k sɛt

apaʁisjɔ̃/

TDNN-HMM
Acoustic model

Nb Schwas
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03 Automatic extraction
Word-based ASR - %MAE and %RMSE

Phoneme Metric Text 1 Text 2 Text 3 Text 4 Text 5 All 
texts

All 
texts

[ə]
%MAE
%RMSE

8.9
12.9

6.4
9.5

11.5
13.4

10.2
13.7

25.3
30.2

11.4
15.8

28.3
32.4

[ø]
%MAE
%RMSE

0.4
0.1

17.1
17.1

16.7
21.2

7.4
10.3

11.3
15.0

10.8
16.9

40.0
44.6

[œ]
%MAE
%RMSE

2.6
7.7

6.7
16.7

6.5
12.9

25.0
35.0

-
-

8.3
20.8

12.5
25.0

[ə]+[ø]+[œ] 
%MAE
%RMSE

7.5
10.6

5.9
8.8

7.4
9.3

7.8
11.7

18.8
22.4

8.9
12.4

17.8
20.9
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03 Automatic extraction
Word-based ASR - ANOVA

Factor [ə] [ø] [œ] [ə]+[ø]+[œ] 

Texts *** *** - ***

Texts:MSLT - - - -

Texts:KSS - - - -
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CONCLUSION

▪ Link Schwas <-> sleepiness

▪ /!\ lexicons

Future work

▪ Confirm results on larger samples

▪ All phonemes

▪ Spontaneous speech

▪ Duration, acoustic and temporal properties of phonemes for 

sleepiness estimation

▪ Differences hesitations / elisions
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Thank you!

colleen-beaumard

colleen.beaumard@labri.fr
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