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ABSTRACT

In this paper, we investigate the acoustic characteristics of sustained voices from normal subjects and patients with laryngeal 

pathologies. Perturbation methods (including jitter and shimmer), signal-to-noise ratio (SNR), and nonlinear dynamic methods 

(such as correlation dimension) are used to analyze normal and pathological voices. We find that jitter does not statistically 

discriminate between normal and pathological voices, but a significant difference is found for shimmer, SNR, and correlation 

dimension. The results suggest that nonlinear dynamic analysis may be valuable for the analysis of normal and pathological 

voices but perturbation analysis should be applied with caution for pathological voice analysis. 
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1. Introduction

Over the past few years a considerable number of studies 

have been applied on the acoustic analyses, including 

perturbation methods including jitter and shimmer for the 

laryngeal pathologies [1]. However, since these parameters are 

based on the fundamental frequency, a very reliable pitch 

detection algorithm is essential to measure voicing irregularities 

[2][3]. In a severely chaotic voice signal which exhibits an 

irregular and aperiodic waveform, it tends to show extreme and 

unstable perturbation values [4]. In addition, perturbation 

analysis has been found to be sensitive to variations in pitch 

extraction algorithm and analysis tools such as 

multi-dimensional voice profile (MDVP) and CSpeech. It is also 

sensitive to aperiodicity as well as to error that can be created 

by environmental noise and measurement noise from recording 
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and sampling [2-6]. Although signal-to-noise ratio (SNR) is 

greatly influenced by various noises, the variance of the 

perturbation methods allows for the utilization of SNR 

parameter.

Nonlinear dynamic methods have recently received interest in 

the field of speech signal processing and enable us to 

quantitatively describe aperiodic and chaotic phenomena [7][8]. 

They have shown the potential ability to reliably quantify both 

periodic and aperiodic signals, to describe disordered voices, to 

classify pathological voices from normal ones, finally, and to 

quantify the degree of aperiodicity and irregularity [9-14].

The objective of this paper is to introduce nonlinear dynamic 

methods which have recently discussed in the United States of 

America (USA). We will compare acoustic characteristics of 

normal and pathological voices by using perturbation analysis 

(including jitter and shimmer), SNR, and nonlinear dynamic 

analysis (such as correlation dimension). We will then examine 

the ability of nonlinear dynamic and perturbation analyses to 

distinguish between normal and pathological voices by 

comparing the results before and after adding voice samples 

which have unreliable error estimates (error > 10). 
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DiagnosisSubject No. Sex Age (y)

1

Subject No . Sex Age (y) Diagnosis

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

M 34 Normal

F 32 Bowing

F 34

M 39

21

29

30

31

M 32

M

F 40

32

33

34

35

36

37

F 26

F 43 F

Papilloma

F

38

39

40

M

28

M

M 28

42

Chronic laryngitis

43

49

F 43

M 55

M 26

F 28

M 29

25

M 40

32F

F

27

F

Paralysis

Polyp

F

M

24

M

63

M

F

61

F

F

26

F

F

75       Parkinson's Disease

F 45

Paralysis

Paralysis

F

50

M

57

69

M 59

M 46

F 33

F

53

 Vocal fold edema

F

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

22

23

25  Vocal fold edema

Polypoid degeneration (Reinke's)

Scarring29

Keratosis / leukoplakia31

 Vocal fold edema

Polypoid degeneration (Reinke's)

Bowing38

Keratosis / leukoplakia

Polyp29

 Vocal fold edema42

18 Vocal nodule s38

18

40

Table 1. Subject information.

2. Database

The voice samples utilized in this study were selected from 

the Disordered Voice Database, model 4337, Version 1.03 (Kay 

Elemetrics Corporation, Lincoln Park, NJ), developed by the 

Massachusetts Eye and Ear Infirmary Voice and Speech Lab. 

We used 20 normal subjects (including 10 males and 10 

females, ranging in age between 26 and 55 years) and 20 

patients (including 7 males and 13 females, ranging in age 

between 18 and 75 years) from this database. The subject 

information is shown in <Table 1>, and more detailed 

information has been given in the Disordered Voice Database. 

The voice samples with the sampling rate of 44.1 kHz were 

selected by subjects sustaining the vowel /a/.

3. Data analysis

3.1 Perturbation analysis

The acoustic perturbation measures (percent jitter and percent 

shimmer) and SNR were obtained from CSpeech software, 

version 4.0 (Milenkovic and Read, Madison, WI). Jitter is a 

measure of cycle-to-cycle fluctuations in the fundamental period. 

Shimmer is a measure of cycle-to-cycle variation in waveform 

amplitude. SNR indicates the amount of noise present in the 

speech waveform.

Previous studies have shown that perturbation analysis of 

aperiodic voices is unreliable. However, nearly periodic voices 

with jitter and shimmer values less than 5% can be reliably 

analyzed [2-6]. Error in perturbation measurement is calculated 

by the CSpeech program to determine reliability. The error 

indicates the number of times the analysis algorithm overlooks a 

pitch period consistent with the peak of the autocorrelation 

function used to calculate jitter, shimmer, and SNR values [15]. 

Therefore, the error value acts as a reliability measurement for 

all three parameters. In accordance with the CSpeech user 

manual, an error count greater than 10 indicates that 

perturbation analysis methods is unreliable [15].

3.2 Nonlinear dynamic analysis

Detailed descriptions of nonlinear dynamic analysis methods, 

such as phase space reconstruction, correlation dimension, and 

second-order entropy to human voice production are widely 

found in the literature [4][7-8][11-14]. We brought almost all 

background and theory of nonlinear dynamic analysis described 

in this paper from previous papers. 

The dynamics of each voice segment can be reconstructed in 

a phase space [8]. A reconstructed phase space is created by 

plotting a voice signal against itself at some time delay. The 

reconstructed phase space shows the dynamic behavior of a 

signal: a periodic signal produces a closed trajectory, while an 

aperiodic signal produces a chaotic trajectory as shown in 

<Figure 1. (a) and (b)>. Correlation dimension, 

, quantifies 

the complexity of a reconstructed phase space: 

 = 0 

corresponds to a static state;   = 1 corresponds to a periodic 

oscillation;   = 2 describes a quasi-periodic signal, and fractal 

  describes an aperiodic or chaotic oscillation. Therefore, a 
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more complex system has a higher dimension, which means that 

more degrees of freedom may be needed to describe its 

behavior[16]. Kolmogorov entropy quantifies the rate of loss of 

information about the state of a dynamic system as it evolves. 

Second-order entropy (
) is the lower bound of Kolmogorov 

entropy, and a positive, 
, provides a sufficient condition for 

chaos. For periodic behavior, this entropy is equal to zero. A 

chaotic system with a finite degree of freedom has a finite 
 

value, whereas the 
 value of true random behavior 

approaches infinity [17].

(a) A periodic signal

(b) An aperiodic signal

Figure 1. Reconstructed phase space of a periodic and an 

aperiodic signal.

In this study, correlation dimension is performed using 

nonlinear dynamic analysis software developed by the Laryngeal 

Physiology Laboratory at the University of Wisconsin. 

Calculations made by the software are based on the numerical 

algorithms described for studies analyzing excised larynx 

phonations and pathological human voices [11-12][14]. Briefly, 

an m-dimensional delay-coordinate phase space, 

={


, 

 , …,   }, is reconstructed using the 

time delay technique, where m is the embedding dimension and 

  is the time delay [18]. Dimension, m, is determined according 

to the embedding theorem [19].

The proper time delay,  , is estimated using the mutual 

information method proposed by Fraser and Swinney[20]. The 

improved algorithm proposed by Theiler is used to calculate the 

correlation integral C(r), where r is the radius around 

[21]. 

Correlation integral C(r) measures the number of distances 

between points in the reconstructed phase space that are smaller 

than the radius r. C(r) has a power law behavior 

∝



 

, which reveals the geometrical scaling 

property of the attractor [18]. Based on C(r), D2 is estimated in 

the scaling region of the radius r with the increase of the 

embedding dimension m as shown in <Figure 2>. For 

sufficiently large m, the correlation dimension and its standard 

deviation are derived using a curve fit to the curve of log2C(r) 

versus log2 in the scaling region. <Figure 2> gives the 

estimated correlation dimension versus the radius , where the 

curves from bottom to top correspond to m=1, 2, …, 12, 

respectively. When  is within the scaling range (2
7.2 

= r1 < r 

< r2 =2
8.1

), with the increase of m, the estimated correlation 

dimension approaches 1.106 ± 0.003. This result is shown more 

clearly in <Figure 3>, where D2 is plotted as a function of m. 

When m is sufficiently large, the voice is estimated as 1.106 ± 

0.003, which differs from the nonconvergent estimate of the 

random noise, as shown in <Figure 3>. 

Scaling region
r1 r2

T
h
e
 e

s
ti

m
a
te

d
 D

2

Figure 2. The estimated dimension versus r, where the curves 

from bottom to top correspond to m=1, 2, …, 12, respectively.

The reliability of nonlinear dynamic analysis calculations is 

determined for each voice signal using the standard deviations 

of the estimated D2 values which refers to as SDD2. For reliable 

estimation of dimension in a particular signal, SDD2 values 
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should be less than 5%. SDD2 values greater than 5% indicate 

that the nonlinear dynamic analysis method was unreliable for a 

signal.

Figure 3. D2 is plotted as a function of m, where the estimate 

of D2 converges to 1.106 ± 0.003 with the increase of m

3.2 Statistical analysis

Percent jitter, percent shimmer, SNR, and correlation 

dimensions are compared for the two groups (20 normal and 20 

pathological sustained vowel samples). The Mann-Whitney rank 

sum test is employed using jitter, shimmer, SNR, and 

correlation dimension as dependent variables and the subject 

groups (normal and pathological) as independent variables. 

Statistical significance level is set at the level of 0.05. SPSS 

12.0 software is used for statistical analysis. 

4. Results and discussion

<Figure 4 and 5> show the distributions of jitter (%) and 

shimmer (%), respectively. The box plots represent better 

visualization between normal and pathological voices. It is made 

by min, first quartile, median, third quartile, max values, and 

outliers. As mentioned in chapter 3.1, many samples analyzed 

via perturbation methods have unreliable error estimates (error > 

10). In this paper, 25% of analyzed pathological data showed 

unreliably high errors. So, to compare the reliability of 

perturbation method, statistical analyses before and after adding 

the pathological data which have high errors are discussed in 

<Tables 2 and 3>. When pathological data with error > 10 were 

removed, the median jitters of normal and pathological groups 

were 0.29 and 0.48, respectively. Then, no significant difference 

was seen in jitter (P = 0.053). When all data samples were 

included, regardless of error, they were 0.29 and 0.57, 

respectively. Mann-Whitney rank sum tests showed that jitter 

reveals a statistically significant difference between pathological 

and normal voices (P = 0.005) And the median shimmers of 

normal and pathological voices were 1.93 and 2.71, respectively, 

when pathological data with error > 10 were removed. When all 

data samples were included, they were 1.93 and 5.48, 

respectively. Mann-Whitney rank sum tests showed that shimmer 

reveals a statistically significant difference between pathological 

and normal voices in two cases(P = 0.011 and P = 0.001).

<Figure 6> shows the distributions of SNR (dB). In <Table 

2>, when unreliable error estimates were removed, the median 

SNR values of normal and pathological voices were 24.22 and 

17.80, respectively. In <Table 3>, when unreliable error 

estimates were included, the median SNR values of normal and 

pathological voices were 24.22 and 16.20, respectively. 

Mann-Whitney rank sum tests showed that SNRs shown in 

<Table 2 and 3> reveal a statistically significant difference 

between pathological and normal voices (P = 0.004 and P < 

0.001). <Figure 7> shows the distributions of D2. Results of D2 

analysis for normal and pathological voices are given in <Tables 

2 and 3>. In case of removing pathological data with error > 

10, the median D2 of normal and pathological voices were 1.16 

and 2.62, respectively. On the other hands, in case of including 

pathological data with error > 10, the median D2 of normal and 

pathological voices were 1.16 and 2.68, respectively. 

Mann-Whitney rank sum tests showed that both demonstrated a 

statistically significant difference between pathological and 

normal voices (P < 0.001 and P < 0.001). As shown in <Figure 

4 to 6>, the distributions of the acoustic parameters such as 

jitter, shimmer, and SNR showed a similar characteristic 

between normal and pathological voices as mentioned in other 

researches[4-6][11]. Specifically, compared to other distributions, 

D2 had a definite threshold to classify normal and pathological 

voices as easily found in <Figure 7>. Also, we can confirm that 

the D2 values of pathological voices have a broad one with 

ratings distributed from 1.82 to 3.50 and are higher than that of 

normal voices.
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Figure 5. Distributions of shimmer 

between normal and pathological voices
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Figure 6. Distributions of SNR between 

normal and pathological voices.
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Figure 7. Distributions of correlation 

dimension between normal and 

pathological voices.

Median 25%-75% range

1.78-2.93

Jitter (%)

Shimmer (%)

SNR (dB)

D2 2.62 < 0.001*

0.33-0.620.48 0.053

17.80 13.50-18.30    0.004*

2.09-6.092.71 0.011*

Normal voices (N=20)

Median 25%-75% range Mann-Whitney (P value)

0.29 0.25-0.48

1.93 1.34-2.96

24.22 19.72-24.74

1.16 1.13-1.44

Pathological voices (N=15)

* Significant

Error count mean = 0, std. = 0 mean = 0.47, std. = 0.99

Table 2. Comparisons of normal and pathological voices for differences in jitter, shimmer, SNR, 

and D2(removing pathological data which show unreliable error estimates).

Median 25%-75% range

1.82-3.05

Jitter (%)

Shimmer (%)

SNR (dB)

D2 2.68 < 0.001*

0.38-1.420.57 0.005*

16.20 11.20-18.18 < 0.001*

2.32-9.255.48 0.001*

Normal voices (N=20)

Median 25%-75% range Mann-Whitney (P value)

0.29 0.25-0.48

1.93 1.34-2.96

24.22 19.72-24.74

1.16 1.13-1.44

Pathological voices (N=20)

Error count mean = 0, std. = 0 mean = 28.50, std. = 67.93

* Significant

Table 3. Comparisons of normal and pathological voices for differences in jitter, shimmer, SNR,

and D2(including pathological data which show unreliable error estimates).

Normal Pathological
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P = 0.0053

Figure 4. Distributions of jitter between 

normal and pathological voices.
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In this study, the traditional acoustic analysis methods (jitter, 

shimmer, and SNR) and nonlinear dynamic analysis method 

(correlation dimension, D2) have been applied for the analysis of 

sustained vowels. Jitter and shimmer describe the temporal 

properties of a voice by measuring variations in the fundamental 

frequency and peak amplitude. Differing from jitter, shimmer, and 

SNR, the correlation dimension describes the properties of 

complexity and predictability of a voice in a state space and does 

not require the definition of cycle period. Thus, perturbation 

analysis and nonlinear dynamic analysis provide different but 

complementary information on the analysis of voice[10-12]. As 

shown in <Table 3>, when all data samples are included, 

regardless of error, all these acoustic parameters except jitter 

show a significant difference between normal and pathological 

voices. Also, although Mann-Whitney rank sum tests show that 

shimmer and SNR reveal a statistically significant difference 

between pathological and normal voices in <Table 2 and 3>, the 

their P values present the high variation degree compared to 

before removing pathological data with error > 10. On the other 

hand, P values of D2 show same value as shown in <Table 2 and 

3>. These facts suggest that it can be unreliable to use the 

perturbation methods to estimate jitter, shimmer, and SNR in 

pathological voices due to a failed pitch extraction. In contrast, 

error count for all normal voices is 0 as shown in <Table 2 and 

3>, indicating the perturbation methods are reliably calculated for 

these nearly periodic signals. Therefore, jitter, shimmer, and SNR 

should be cautiously applied to the analysis of pathological 

voices, whereas correlation dimension may represent valuable 

methods for normal and pathological voice analysis.

5. Conclusion

In this paper, we have applied acoustic measures of nonlinear 

dynamics and perturbation to normal and pathological voices. 

Although the distributions of perturbation measures such as jitter, 

shimmer, and SNR significantly differentiated between 

pathological and normal voice, error count demonstrated the 

insufficient reliability of these measures in quantifying the 

pathological voice signal. No significant difference was also seen 

in jitter(P = 0.053).On the other hand, nonlinear dynamic measure 

like correlation dimension obviously differentiated between 

pathological and normal voices. As evidenced by P value, the 

measure was able to reliably quantify normal and pathological 

signals. In conclusion, shimmer, SNR, and correlation dimension 

each successfully discriminated between normal and pathological 

voices, where shimmer and SNR values were calculated for 

periodic voices and correlation dimension values were calculated 

for both periodic and aperiodic voices. Therefore, nonlinear 

dynamic analysis may provide more information and present a 

valuable procedure to objectively classify normal and pathological 

voices; but perturbation analysis should be applied with caution 

for pathological voice analysis.

Future research should focus on clinical application of 

nonlinear dynamic analysis as a valuable, reliable tool for 

measurement of extremely aperiodic voice, such as noise like 

voice.
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