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Abstract. A significant part of information carried in speech signal refers to the speaker. This paper deals with
investigating alcohol intoxication based on analyzing recorded speech signal. Speech changes resulting from alcohol
intoxication were investigated in the waveform of glottal pulses estimated from speech by applying the Iterative
Adaptive Inverse Filtering (IAIF). Experimental results show that analysis of glottal excitation appears to be a useful
approach to provide evidence of alcohol intoxication of over 1%o. At this alcohol level, the associated negative events
influence professional performance and may involve fatal accidents in some cases. Via analyzing the speech signal, the
speaker could be automatically monitored without their active co-operation. For use in our experiments, a new
collection of Czech alcoholized speech consisting of phonetically identical speech data spoken in both sober and

intoxicated state was created.
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1. Introduction

For many years it has been known that alcohol
affects speech in a variety of ways. These changes
include both the content of speech and its acoustic
form expressed physically by parameters of speech
signal. However, intensive scientific research into
alcohol recognition from speech signals was started by
the accident of the U.S. oil tanker Exxon Valdez,
which ran aground in Alaska in March 1989.
A suspicion arose that the captain had been influenced
by alcohol during the accident but it was impossible to
prove it, because tests for alcohol in the blood were
performed too late. A tape with the recording of a
dialogue between the captain and a terrestrial radio
communication station was the only material that
could clarify the situation. Two years later, it was
confirmed that the captain’s speech immediately
before and after the accident exhibited significant
changes of the sort associated with alcohol consump-
tion [4].

A number of studies on alcohol and speech have
been reported in the scientific literature during the past
decades. A good general review of early research may
be found in the monograph [5]. Some works presented
the effect of alcohol from specific points of view. The
main physiological effects of alcohol on the arti-
culators are discussed in [24]. A global ability of four
speech features (LPC coefficients, cepstral coeffi-
cients, PARCOR coefficients, log area ratio
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coefficients) to recognize alcohol intoxication was
compared in [13]. Various prosodic features with al-
cohol recognition rates between 62% and 85% are
reported in [12]. Fundamental frequency, signal-to-
noise ratio, and formant frequencies were used for the
recognition of low-level alcohol intoxication in [10]. A
study analyzing various features derived from speech
rhythm and formant frequencies F1-F4 presents some
significant differences in alcoholized speech inde-
pendent of gender and speaking style [18]. Problems
of forensic analysis of alcohol intoxication in speakers
appear in [11]. An interesting project focused on the
accuracy of human listeners (professional vs. lay lis-
teners) to judge the presence and level of intoxication
by assessing appropriate speech samples was reported
in the study [8]. The purpose of that research was to
discover if actors could simulate intoxication when ac-
tually sober and simulate sobriety although seriously
intoxicated. Currently, no software for automatic de-
tection of alcohol intoxication is available. To our
knowledge, no algorithms leading to a practical in-
vestigation of speech signal for accurate estimation of
alcohol intoxication have yet been presented.

Our paper is organized as follows: Section 2 gives
brief information about alcohol intoxication, Section 3
deals with speech data used in experiments while Sec-
tion 4 describes the algorithms for estimation and pro-
cessing of glottal pulses. Section 5 presents experi-
mental results achieved with speech data from own
speech collection. Final Section 6 gives a short



conclusion of the paper and suggests some topics for
future work.

2. Alcohol Intoxication

There are two main ways of detecting alcohol
concentration in the body, blood-alcohol concentration
(BAC) and breath-alcohol concentration (BrAC). Of
the two, BAC enjoys some preference, and in fact,
BrAC is very often converted to an expression of
equivalent BAC. However, the conversion is not
utterly reliable and the BrAC value is therefore not
admissible as evidence in court in many countries.
From a short-term point of view, alcoholic intoxica-
tion causes changes both in emotional state and in
psychomotorics. Psychomotoric changes are notice-
able on levels of over 0.5%0 BAC. Exceeding the level
of 1.5%0 BAC, changes in psychomotorics are so
distinct that speech defects are usually recognizable by
the human ear. Generally, the dose-related effect of
alcohol depends on a variety of factors and is highly
individual in humans. A comprehensive review and
reference source covering a wide range of material,
from medico-legal aspects of alcohol metabolism to
practical involvement in alcohol metabolism in hu-
mans is provided, for example, in the three-volume
work [6]. At low doses, alcohol may in some cases
actually improve psychomotor performance with a
mild euphoria. Increased doses, however, result in the
well- known negative effects of alcohol on reaction
time, cognitive functions or short-term memory.

Our research is focused on the speech signal pro-
duced by normal subjects (non-alcoholics) during a
period of acute intoxication of over 1.0%0 BAC. At
this level of alcohol concentration, the associated
negative states may highly influence professional per-
formance and/or cause dangerous incidents with fatal
security consequences in some cases.

3. Speech Data Used

Previous experiments show that vowels and nasals
are the most effective phonemes for speaker analysis
in general [20]. In terms of speaker-recognition power,
the following is the ranking of phoneme classes (in
descending order):

vowels, nasals > liquids > fricatives, plosives

Hence, the speaker’s alcohol intoxication was in-
vestigated from short segments of vowels only by
analyzing their glottal excitation. All vowels represent
well the voiced excitation of speech and are relatively
easy to identify in speech signal [7].

For our experiments, we used our own collection
of speech utterances by twelve male speakers (volun-
tary students) ranging in age from 20 to 28 years. All
speakers were native speakers of Czech and self-
reported as non-alcoholics drinking alcohol occasio-
nally only. The speakers were asked to give infor-
mation about some factors which can correlate with
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alcohol in influencing the voice such as stress, fatigue,
negative psychological states, as well as the use of
drugs. Each speaker participated in two recording
sessions, once without and once with alcohol at two
levels of intoxication (from intervals of 0.5-1.0%o0 and
1.0-1.5%o0 each) reached during increased drinking of
liquor. The values of BAC were measured using a
breathalyzer before each recording. Recordings in
both states, sober and alcoholized, contain the
following subsets of read speech: 1) five individual
vowels /a/, /e/, /i/, /o/, lu/ pronounced very long; 2) ten
individual words comprising five vowels and selected
consonants /m/, /n/, /1/, /t/; 3) fluent text read from a
book. Subsets 1 and 2 were repeated three times. All
recordings took place in a quiet office and the speech
signal was stored in the PCM format (16 bit, 22 kHz).
The boundary between the two intoxication intervals
of interest was set to 1.0%0 with respect to future
application of voice analysis in road traffic. By Czech
law, driving under alcohol intoxication below 1.0%o is
regarded as an offence, but above 1.0%o it is regarded
as a criminal act.

4. Processing of Speech Signal

4.1. Estimation of Glottal Pulses from Speech
Signal

According to a widely used model for speech
production [17], the speech signal is modelled by
convolution of glottal excitation and vocal tract res-
ponse. The vocal fold movement and corresponding
glottal flow can be measured applying clinical me-
thods, e.g. electroglottography, photo-glottography or
pneumotachography [2]. The most frequently used
clinical method, the electroglottography, is a non-in-
vasive method of measuring vocal fold contact during
voicing without affecting speech production. All these
instrumental methods are objective and relatively
accurate but it is necessary for the speaker to coope-
rate with the clinician during the measurement. Thus,
the clinical methods can be applied on a person
“online” using only some special equipment during
speaking.

There are several effective techniques for extrac-
ting glottal pulses indirectly from speech. Considering
the promising results in our previous experiments with
the excitation of speech under stress [21], glottal pul-
ses were estimated from speech signal by applying the
IAIF (Iterative Adaptive Inverse Filtering) method.
This approach is mainly used in the research of the
voice source. The principle of TAIF is to cancel the
effect of the vocal tract from a recorded speech signal
to acquire the air flow through the glottis. The block
diagram of IAIF is shown in Figure 1.

The IAIF method is based on the well-known
linear predictive coding (LPC) techniques with multi-
ple use of LPC predictors and inverse filters H ™'(z)
whereas filters H(z) describe the actual vocal tract by
LPC coefficients. The IAIF algorithm operates in two
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repetitions, hence the word iterative in the name of the
method. The first phase (blocks LPC 1st order, filter
H;\(z), LPC 12th order, and filter H,"(z)) generates an
estimate of glottal excitation, which is subsequently
used as input of the second phase (blocks LPC 4th
order, filter Hy'(z), LPC 12th order, and filter H,"'(z))
to achieve a more accurate estimate. A more detailed
description of this method may be found in [1]. Other
techniques for obtaining glottal pulses have been
shown, for example, in [3].

speech
S LPC
- 1st order
> Hi''(2) > LPC
12th order
S H2'(2) S LPC
- - 4th order
Hs(2) S LPC
- - 12th order
> Hi'(z) ——3 glottal pulses

Figure 1. Block diagram of the TAIF algorithm for
estimation of glottal pulses

s
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Figure 2. Speech signal of the phoneme /a/ (upper graph)
and the corresponding glottal pulses (lower graph)
obtained by IAIF

Figure 2 illustrates the acoustic steady-state wave
form s(#) of the vowel /a/ spoken separately (without
coarticulation) and its corresponding glottal pulses g(#)
estimated using the IAIF algorithm. In the clinical
examination of the voice, the glottal inverse filtering
conveys information about irregularities caused by vo-
cal nodules or polyps or changes in the voicing caused
by speaker fatigue [23].

4.2. Glottal Pulse Features

For an analysis of glottal pulses obtained by IAIF,
the Liljencrant-Fant (LF) approximation [9] was
applied. To identify alcohol intoxication in speakers,
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the first derivative of the LF approximation was used.
The first derivative v(n) of the approximation function
g(n) consists of two consecutive temporal segments,
vi(n) and vy(n), described by Eq. (1) and Eq. (2),
respectively:

v (H)Z—E Sin[w(n_Top)] ea(n—TC) (1)
1 Csin[a)(Te—Top)]
for T, <n<T, and
vy(n)= —E [ee(n—n) _ ee(n—n)] )

_ST;

for T, <n<T,.

The four timing parameters, Ty, T, T, and T,
have a direct physical correspondence with human
voicing events [16] as can be seen in Figure 3.

inflexion
g(n)
n
Top Vi(n) Te T.
r Y
N
~
E. va(n)
v(n) = g'(n) Ta
Vv )\

Figure 3. A typical approximation of glottal pulse
(upper graph) and its first derivative (lower graph)

Parameter 7, is the second derivative of the
volume flow at the minimum of the first derivative.
The LF approximation is limited to the interval
Top <n < T, representing the open phase of glottal
waveform in voiced excitation. Another set of parame-
ters, E., «, w, and & was determined from the deri-
vative of g(n) using the iterative method and by the
criterion of minimal average quadratic deviation of the
curve of glottal pulses obtained by IAIF from its LF
approximation g(n).

5. Experimental Results
5.1. Effect of Alcohol on Glottal Pulse Parameters

In the investigation of alcohol intoxication, glottal
pulses were estimated from speech segments contai-
ning vowels only. The analyzed short-time speech
segments span 30 ms in the central part of vowels. The
glottal waveform obtained was normalized in maximal
amplitude and pitch synchronously before calculating
the LF parameters. Figure 4 shows the glottal wave-
forms of both sober and alcoholized speech obtained



from the long vowel /4/ in the Czech word “garaz”

(English “garage”). In this word, the first vowel /a/ is

short while the second one is long, which is indicated

in text by the acute accent as /a/.
g a . 4

N¢

t [ms]

‘Glottgl puLses from /é( - alcpholizgd sppech ‘

0 10
t [ms]
Figure 4. An example of the effect of alcohol intoxication
on glottal pulses obtained from the vowel /a/
in the word "garaz"

In our experiments, the parameters E. a, @, T,,
and ¢ defined implicitly by Egs. (1) and (2) were
measured in both sober and alcoholized speech for
each vowel across all speakers and their statistical
values obtained were then compared. In the statistical
calculations of the mean and standard deviation, 40
segments of each vowel were taken into consideration
for each speaker from the individual-vowels and
individual words data subsets. Experimental results
show that the most sensitive parameters to alcohol
intoxication are &, ®, and E, (in this order).

sober m alcoholized

01

al] 009
0,08

0,07

1 2 3 4 5 6 7 8 9 10 12

Speaker #
sober m alcoholized

ol

Speaker #

Figure 5. Mean values of the parameters ¢ and @ for the
vowel /el produced by all speakers while sober and
intoxicated at an alcohol level of 1.0-1.5%o
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5.2. Evaluation of LF Parameters of Individual
Vowels

To test the extracted glottal pulse parameters for
their ability to detect alcohol intoxication, a weighted
distance classification was applied based on the
distance measures for individual vowels both for the
alcoholized speech

| (3a)
D=2 ol
and for the sober speech
2
(3b)

In Egs. (3a) and (3b) #(n) stands for the n-th
parameter of tested vowels, ra(n) and oa(n) are the
reference values (mean and standard deviation) for the
n-th parameter of alcoholized speech while rg(n) and
os(n) are the reference values (mean and standard
deviation) for the n-th parameter of sober speech. All
reference values used in the test are speaker-specific.
Figure 5 shows the mean values of parameters « and
o for /e/ calculated individually for each speaker and
used as reference values. Table 1 illustrates the
reference values of o and @ (mean and standard
deviation) for all vowels obtained from male speaker
No. 1 (M1) in both sober and alcoholized speech.

Table 1. Values of LF parameters for speaker M1

Sober (0 %o) Alcoholized (1.0-1.5 %o)

al-]

w[-]

a [-]

o[-]

rs(@) os(a)

rs(@) os(®)

ra(@) oa(a)

ra(w) oa(w)

/a/
/e/
/il
/o/
u/

0.051 | 0.005
0.058 | 0.004
0.053 | 0.003
0.061 | 0.004
0.059 | 0.006

0.030 | 0.001
0.031 | 0.001
0.029 | 0.002
0.030 | 0.001
0.031 | 0.002

0.060 | 0.005
0.072 | 0.003
0.057 | 0.004
0.073 | 0.005
0.055 | 0.005

0.029 | 0.001
0.030 | 0.002
0.028 | 0.002
0.028 | 0.002
0.031 | 0.001

In the final test, three most effective glottal pulse
parameters, namely «, o, and E., were considered for
the estimation of distances d, and ds, i.e., the total
number of terms in the sum in Egs. (3a) and (3b) were
N=3. For testing, the vowels from the data subset of
read text were used. Hence, the training and testing
speech data were from two disjunct classes. The
number of speech segments for each tested vowel
varied between 50 and 112. The final classification of
alcoholized speech was performed using the minimal
distance min{dy, ds}. Table 2 summarizes the detec-
tion rate of alcohol intoxication computed in the bino-
mial classification (sober/intoxicated) for a group of
twelve male speakers. In the experiment, speech spo-
ken under higher intoxication (interval 1.0-1.5%o) was
taken into account.

The most effective individual vowel for the detec-
tion of alcohol intoxication seems to be /o/ followed
by /e/. However, considering the phoneme occurrence
statistics, the vowel /e/ can be the most important
individual Czech phoneme for investigation of alcohol
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intoxication because it is the most frequently used
phoneme in the Czech language, with its relative fre-
quency of 9.2% (in comparison with a frequency of
7.9% for the vowel /o/) [15]. A typical Czech /e/ is
pronounced quite broadly. The average duration of
short /e/ is 83 ms for spontaneous speech and 77 ms
for read speech while the average duration of long /¢é/
is 125 ms for spontaneous speech and 122 ms for read
speech [15]. The duration is in all cases sufficient
enough to enable a reliable phoneme analysis. Contra-
ry to English, Czech long and short vowels are the
same sound only the duration for which they are pro-
nounced is different. The vowels are never reduced
and undergo no assimilations. Vowel modifications
such as nasalization do not occur in Czech. The acous-
tical form of Czech vowels is presented, for example,
in the pronunciation guide Local Lingo, which is
available online via the website [25].

Table 2. Detection rate of alcohol intoxication by individual
vowels

Detection rate (in %)
Speaker
/al le/ /il /o/ /u/
M1 61 72 69 79 71
M2 76 82 77 75 70
M3 54 67 68 62 61
M4 78 81 80 83 76
M5 72 78 73 78 75
M6 75 74 72 76 73
M7 62 73 76 75 76
M8 68 74 77 83 69
M9 72 85 80 81 70
MI10 71 82 79 77 65
Ml11 75 79 76 79 74
MI12 68 72 69 76 71
Average 69.3 76.6 74.7 77.0 70.9

To do the signal experiments in our research, the
proposed algorithms were implemented in MATLAB.
In addition, for inverse filtering of speech signal, we
developed our own software tool and implemented it
in the MATLAB GUI environment [22].

6. Conclusions and Future Work

Human voice can be taken into account as a pos-
sible indicator of alcohol intoxication in speakers.
While investigating alcohol in speakers we are only
concerned with the speech features which are physi-
cally measurable from the speech signal. Besides these
features, other verbal factors (e.g. word repetition, dis-
continuity of speech, excessive or incoherent talking,
etc.) can be observed in the speech spoken under the
influence of alcohol.

An approach for speaker-dependent detection of
alcohol intoxication based on signal analysis of vowel
glottal pulses was presented. The detection rate in the
binomial classification (sober or intoxicated) varies
between 69.3% and 77.0%, analyzing individual
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vowels only. The most suitable vowels for alcohol de-
tection seem to be /o/ (77.0%) and /e/ (76.6%). The
achieved detection rate is comparable with other me-
thods based on phonetic and prosodic features given,
for example, in [12] and [18]. An advantage of the
glottal pulse parameters is their relative independence
from the voluntary changes in speech and therefore
usability for extended speaker recognition in the bio-
metric security systems [14]. It was evident that the
acoustic correlates of alcohol in the speech signal are
subject to individual differences. The problem of indi-
vidual variability is not limited to alcohol and speech
research but to alcohol research in general. The
obtained results should be verified on a large-scale
database of speakers including also female voices.
Furthermore, a comparison with foreign sober and
intoxicated native speakers will be useful. However,
the only available corpus of alcoholic speech is the
German professional database called Alcohol Lan-
guage Corpus which was recorded at the University of
Munich [19]. Future work could be oriented at robust
detection of alcohol intoxication with respect to
eliminate the detection error of type “false alarm”. For
that reason, other factors affecting also the glottal
pulses such as some emotions, psychological stress,
etc. should be investigated and compared with alcohol
intoxication. In general, the two main spheres in
which alcohol testing play a role at present are
vehicular traffic and workplaces.
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