
TESTING VOICE QUALITY PARAMETERS IN SPEAKER RECOGNITION

Paeivikki Eskelinen-Roenkae* and Tuija Niemi-Laitinen‡*
*Dept. of Phonetics, University of Helsinki, Finland, ‡Crime Laboratory, NBI, Finland

ABSTRACT

In this study we examine, if some kind of group features can
be found in voice quality. We have formed two groups of
speakers. Speakers with modal voice form group 1. Group 2 is
formed by speakers with hoarse voice quality. We have tested,
if the speakers, who are smokers, have different voice quality
parameter values than the speakers who do not smoke. It was
found out in this study that jitter and shimmer values do not
give the answer to the question, whether it would be possible
to measure voice quality parameters reliably in forensic cases.

1. INTRODUCTION
While waiting the great ”break-through” in the area of
Forensic phonetics (if ever found!) many different speech
features have to be carefully examined. In this study, we test
some voice quality parameters in order to find out and measure
the existence of inter-speaker variability. It has been shown
that voice quality features and fundamental frequency (F0) can
be robust speech features in forensic phonetics [1]. In spite of
that, for example F0 can vary quite a lot between criminal calls
and suspect’s voice [2]. It is also known that F0 can vary a lot
depending for example on situational and technical reasons
[3]. In forensic speech samples, the speech to be analysed is
usually telephone filtered and the speech samples also differ
from each other both technically and in terms of contents.
Taking these cases into consideration it might be quite useful
to take a closer look to voice quality features. It has been
studied that especially in the case of jitter and shimmer
analysis, regarding to voice quality features the best results can
be achieved when using sustained vowel prolongation [4].
Unfortunately, this principle is not possible in most of the
forensic cases. Due to this we try to find out, if any of the
acoustic voice quality feature measurements are reliable when
different type of speech material is used. We also want to test,
if reliable results can be achieved, when very short sections of
speech material is used [5].

2. SPEAKERS
The number of speakers in this study is 39 (17 men, 22
women). The age range is 25-27 (mean 25.6) years for male
speakers and 25-29 (mean 27.1) years for female speakers.
The speakers have been selected from a larger group of
speakers (11 speakers). As a selection criteria we used the age
of the speakers. We have formed four groups of speakers.
Speakers with modal voice form group 1. Group 2 is formed by
speakers with hoarse voice quality (grouping has been done by
an auditory analysis). We also test with two groups, non-
smokers and smokers, if the smokers have different voice

quality parameter values than the speakers who do not smoke.
In Table 1, the speakers are divided into eight categories
according to their sex, smoking habits and voice quality
(modal and hoarse). Although the number of the speakers is
the same in for example modal voice group and non-smokers,
the individual speakers are not the same in these groups.

Speaker

Groups

1.

Modal

2.

Hoarse

3. Non-

smokers

4.

Smokers

Total

Men 13 4 13 4 17

Women 15 7 15 7 22

Total 28 11 28 11 39
Table 1. Number of speakers in the study divided into four

groups: non-smokers, smokers, modal and hoarse voice quality.

3. HYPOTHESES
Hypotheses of this study are: 1) jitter and shimmer values are
smaller in the groups modal voice and non-smokers than in the
groups hoarse voice quality and smokers, 2) mean F0 value
and its standard deviation is smaller in the groups smokers and
hoarse voice than in the groups non-smokers and modal voice,
3) H/N ratio is better in the groups modal voice and non-
smokers than in the groups hoarse voice and smokers.

4. SPEECH MATERIAL
Used speech material is a read paragraph (approximately 20-
40 seconds) and a read syllable list. This list contains 8
different long vowels in Finnish pronounced after a plosive [V]
(V#Ö, VGÖ, VKÖ, VQÖ, VWÖ, V[Ö, VCÖ, V1Ö) All the speech samples are
linear C-cassette recordings and special attention is paid to the
elimination of background noise. An attempt is made to
simulate an authentic forensic recording session as accurately
as possible both from a technical standpoint and in terms of
sample taking. We used as a cassette recorder type Marantz
PDM 222 XLR, microphone was Sennheiser K6 + ME 66. The
background noise level was tested at a certain time intervals
during the day (from 7.15 a.m. to 6.15 p.m.). The highest noise
level was measured at 00.15 p.m. and it was 34.7 dB. The
lowest noise level was measured at 9.45 am and it was 25.4
dB.

5. METHODS
The methods used are Computerized Speech Lab and Multi-
Speech (Kay Elemetrics). CSL and Multi-Speech use peak
picking algorithm to measure the F0. This is known as a time
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domain technique. The linear recorded speech samples were
digitised with 20 000 Hz sampling rate by CSL. For voicing
statistics analysis (Multi-Speech), the F0 range was set to 80-
300 Hz for women and 50-150 Hz for men. The location of
impulse marks was placed after a strong negative-going peak
(impulse location: negative peak, minimum peak 500 mV).
The voicing parameters that were tested are percent jitter,
shimmer, H/N ratio, mean F0 and its standard deviation. These
parameters were measured for each vowel in the syllable list
and from the reading passage for every speaker. Different
procedures in jitter analysis have been earlier tested by, for
example, Deem & al. [6].

6. RESULTS
6.1. Text Reading and Voice Quality Parameters
Table 2 shows the results for female speakers and Table 3 for
male speakers. Speakers have been divided into four groups,
which are numbered as follows: 1. modal voice, 2. hoarse voice
quality, 3. non-smokers, 4. smokers. The voice quality
parameters have been measured using the read text paragraph
(see section 4).

G N F0

mean

(Hz)

F0

min

(Hz)

F0

max

(Hz)

F0

stdev

(Hz)

ji

mean

(%)

H/N

mean

(dB)

shi

mean

(dB)

1. 15 168.3 155.5 182.8 40.0 7.0 -5.2 1.4

2. 7 170.7 151.9 202.3 39.9 7.4 -5.5 1.5

3. 15 171.6 153.1 202.3 40.9 7.2 -5.6 1.4

4. 7 163.5 151.9 170.4 38.1 7.0 -4.6 1.5

all 22 169.0 151.9 202.3 40.0 7.1 -5.3 1.4

Table 2. Female speakers. Results of voice quality parameter
analysis for different speaker groups (G) in text reading (see

text above for group 1-4 explanations).

G N F0

mean

(Hz)

F0

min

(Hz)

F0

max

(Hz)

F0

stdev

(Hz)

ji

mean

%

H/N

mean

(dB)

shi

mean

(dB)

1. 13 99.3 89.0 112.4 24.1 7.6 -7.2 1.8

2. 4 105.4 98.1 113.4 23.0 7.1 -7.0 1.8

3. 13 100.7 89.0 113.4 23.8 7.6 -7.2 1.8

4. 4 100.5 93.9 107.7 24.0 7.3 -7.5 1.8

all 17 100.7 89.0 113.4 23.8 7.5 -7.2 1.8

Table 3. Male speakers. Results of voice quality parameter
analysis for different speaker groups (G) in text reading (see

text above for group  1-4 explanations).

6.1.1. Fundamental Frequency and its Standard Deviation.
In Table 2, the first two groups - modal and hoarse voice

quality - show the following results. Those speakers, who have
modal voice, have lower mean F0 than those speakers, who are
hoarse (168.3 vs. 170.7 Hz). The F0 standard deviation is
almost the same (40.0 vs. 39.9 Hz). In the groups non-smokers
vs. smokers the results show that mean F0 is 171.6 Hz for non-
smokers and 163.5 Hz for smokers. The difference between
these results is 8.1 Hz. The F0 standard deviation is higher in
the group non-smokers than smokers (40.9 vs. 38.1 Hz). ). Our
hypothesis number two was partly correct: mean F0 value is
smaller in the group smokers than in the group non-smokers.
In addition, the standard deviation value is smaller in the
groups of smokers and hoarse voice than the groups of non-
smokers and modal voice. In Table 3 (male speakers), there is
not much difference between the groups of non-smokers and
smokers. For example, the mean F0 is 100.7 Hz for non-
smokers and 100.5 Hz for smokers. In Table 3 the first two
groups, modal and hoarse voice quality, show that those
speakers who have modal voice, have lower mean F0, but
higher F0 standard deviation value. Our hypothesis number
two was not correct with male speakers:  mean F0 value is
higher in the groups hoarse and smokers than in the groups of
modal voice and non-smokers. However, the standard
deviation value is smaller in the group hoarse voice than modal
voice quality.

6.1.2. Jitter. The results in Tables 2 and 3 show that both for
female and male speakers there are not any real differences in
the results between different speaker groups. It might be
suggested that this parameter is not very powerful in
separating different speaker groups when using connected
speech in speaker recognition tasks. There are, however, some
individual differences. These differences must be dealt with in
another study. According to previous studies, the jitter results
here are very high (from 4.98 to 9.29 percent for female
speakers and from 6.11 to 9.86 percent for male speakers).
These results mean that it might not be very reliable to
measure jitter from a connected speech.

6.1.3. Shimmer. Also for this parameter results in tables 2 and
3 show that both for female and male speakers there is not any
real difference in the results between different speaker groups
for this parameter. The individual variation is also very small.
This suggests that shimmer is not a robust speech parameter in
speaker recognition when connected speech is used.

6.1.4. Harmonics to Noise Ratio. There is a great variation in
this parameter. For female speakers the best H/N ratio is -10.5
dB and the worst value is -1.1. The best value is found from a
speaker, who is a non-smoker and has very good voice quality.
On the other hand, the worst value is found from a speaker
who is a smoker and has very hoarse voice and low mean F0
(151.9 Hz). For male speakers there is not as much variation in
this parameter as there is among female speakers. The best
H/N ratio value for male speakers is -9.9 dB and the worst
value is   -5.7. The best value is found from a speaker, who is
a non-smoker, and has very good voice quality. On the other
hand, the worst value is found from a speaker who is also a
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non-smoker, but who has somewhat hoarse and creaky voice
and mean F0 value just below the average (97.5 Hz). It seems
that this parameter might be used to detect the hoarseness of
the voice quality. It must be remembered, though, that the
differences in the recording situations may affect this
parameter very easily.

6.2. Long vowels, Jitter and Shimmer. The results of jitter
and shimmer analyses of the vowels turned out to be
confusing. First, in every group there is a strong list intonation
shown. That is, the last vowel in the list, vowel [1Ö], tends to
have much more higher mean jitter and shimmer values than
the other vowels. Mean jitter values for different speaker
groups and different vowels range from 2.91 to 12.1 percent.
Mean shimmer values range from 0.13 to 2.56 dB. These
values are far from normal. The reason for this is the short
duration of the vowels. Also the number of the sample points
remains low. These too reasons are related (see Table 4).

FEMALE SPEAKERS MALE SPEAKERS
vowel mean N of

samples
mean
duration (s)

mean N of
samples

mean
duration (s)

#Ö 74 0.37 40.4 0.34

GÖ 68.5 0.38 34.4 0.32

KÖ 64 0.35 32 0.30

QÖ 63 0.36 32.7 0.31

WÖ 63.2 0.34 28.9 0.28

[Ö 62.9 0.35 28.5 0.27

CÖ 60 0.34 31 0.28

1Ö 45.1 0.26 22.9 0.21

Table 4. Number and durations of samples in jitter and
shimmer analyses. The results (mean values) of all 39 speakers

and all 8 vowels are calculated.

7. DISCUSSION
Voice quality  parameters seem to be very difficult to measure
acoustically. The existence of certain voice quality can be
easily heard, but how to measure it reliably? Furthermore,
voice quality consists of many different parameters and it is
difficult to say, which are the most robust ones. Hypotheses of
this study were: 1) jitter, shimmer values are smaller in the
groups modal voice and non-smokers than in the groups hoarse
voice quality and smokers, 2) mean F0 value and its standard
deviation is smaller in the groups smokers and hoarse voice
than in the groups non-smokers and modal voice, 3) H/N ratio
is better in the groups modal voice and non-smokers.
We were not able to show, whether the first hypothesis was
correct or not because of too short vowel samples. This means,
that jitter and shimmer parameters can not be used in forensic
cases, because the number of the samples remains too low.

Hypothesis number 2 was only partly correct: mean F0 value
was smaller in the group smokers than in the group non-
smokers. The standard deviation value was smaller in the
group hoarse voice than modal voice for both female and male
speakers. For female speakers the standard deviation of F0
was smaller in the group smokers than non-smokers.
Hypothesis number three was also partly correct: for female
speakers H/N ratio was better in the group non-smokers than
smokers. For male speakers the H/N ratio was better in the
group modal voice than hoarse voice. It must also kept in mind
that the hoarse speakers in this study are not pathologically
hoarse, their voice is just not modal. There might be an answer
to the fact that the results were so similar between the two
groups of modal and hoarse voice. It is also clear that speakers
at this age do not have very long history in smoking. It is
possible that the smoking habits have not affected the voice
quality at all.
As it was found out in this study, neither jitter nor shimmer,
values give the right answer to the question, whether it would
be possible to measure voice quality parameters reliably in
forensic cases. Of course, different factors can affect the
measurements. As mentioned earlier (6.2.) a strong list
intonation was observed in the vowel list. Technically this
means that the vowels uttered first in the list were longer in
duration, stronger in amplitude and higher in frequency
compared to the last vowels. In addition, the number of sample
points that were used in voicing statistic program was higher
in the former case. Jitter and shimmer results can also be
affected by sound pressure level (SPL), sex and age of the
speaker, phonation type and the quality of the sound.
On the other hand, H/N ratio, F0 and it’s standard deviation
values may be used in forensic phonetics to show the inter-
individual differences as well as group features in speech.

8. FUTURE WORK
The result differences of individual speakers, which were
shown, must be dealt with in another study. It was shown here
that in forensic applications jitter and shimmer measurements
are not reliable, because the length of the samples remains
usually too short. Before making any final conclusions in this
field of study, further research has to be done, maybe with
different technical and/or methodological options.
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