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Abstract

Speech variation is important for clinical examinations in auscultation of traditional Chinese medicine. This study
applied continuous speech to compare the difference among sixteen gi-vacuity patients, nine ying-vacuity patients and
twelve normal subjects. In order to compute the speech characteristics related to production irregularities, the fractal
dimension (FD) parameter was used. Two sets of test sentences were spoken in Mandarin: one is specific design and
the other is random choice. Each test sentence was pronounced three times as the test patterns, and then we compared
the difference of complexity among them using the dynamic time warping (DTW) technique. The results revealed: (1)
although the same sentence was read by each subject three times, the distributions of FD values each time were not
exactly the same to each other; (2) no significant correlation was found between speech variations and syllables; (3) the
utterances of test sentences of both gi-vacuity and ying-vacuity patients have much more variations than that of normal
subjects; (4) good classification results (over 85%) were obtained using both sets of test sentences for the classification
between deficient and normal subjects; (5) the classification accuracy using FD values of continuous speech was better
than the results using five acoustic parameters of the vowel /a/ in our previous study. In conclusion, the fractal
dimension analysis of continuous speech provides an alternative and outstanding approach to the objective auscultation
of Chinese medical diagnosis.
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dimension (FD) parameter and, for comparison, the

Introduction zero-crossing and energy ratio parameters were evaluated and
Speech is not only a tool for humans to express emotion used in the classification task by means of a dynamic
and communication, but also to reflect the condition of their programming procedure. They concluded that the FD
health. Speech variation is important for clinical examinations parameter seemed to provide a more reliable pattern
in auscultation of traditional Chinese medicine (TCM). classification than zero-crossing and energy ratio.
However, the auscultation process has been anecdotal and On the other hand, qualitative evaluation by physicians
rarely discussed due to the lack of objective assessment and for auscultation in TCM based on vocal changes for
accurate quantification [1]. Even in western medicine, an determining the nature and location of the disease is still very
objective evaluation of the laryngeal pathology by vocal difficult to quantify objectively. Not all physicians have the
changes has been difficult for the laryngologist or speech . same sense of voice, which in turn, influences their subjective
pathologist to quantify [2]. One successful example has been judgments. A quantitative analysis should produce the
performed based on the acoustic analysis of pathological possibility of evaluating and classifying speech in a less
speech qualitatively and quantitatively. Accardo and Mumolo subjective way and derive an automatic diagnostic procedure.
[3] applied traditional acoustic pat~tern matching algorithms to With the great progress of science, we can obtain more useful
discriminate between normal and pathelogical speech. In their information from physiological signals via speech analysis
study, the pathological speech has been obtained from subjects methods. In this way, auscultation of traditional Chinese
with Friedreich’s ataxia, a degenerative disease of the central medicine would attain both qualitative and quantitative
nervous system which is characterized by speech rate standards necessary for future applications in clinical
impairments, disorders of the articulatory movements, environment or medical education.
hypotonia and tremor. For each utterance, the short-time fractal In our previous study [l], we aimed at applying the
S modem techniques of voice analysis to analyze and identify....
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According to the theory of Chinese medicine, states of qi, ying,
yang and blood changing with the viscera function may lead to
voice change. For instance, a gi-vacuity patient has a faint
voice [4]. Indeed, the invasion of external microbes or
functional disorders into the body exerting an effect on the
voice has been widely accepted [5]. In a physiological sense
[6], qi-vacuity means weakness of the gi. This is usually
associated with poor organic functions and a general
weakening from illness or overwork, dietary imbalance, or
damage to the ying-blood. Ying-vacuity is the manifestation of
insufficiency of the ying aspect and depletion of body fluids
and blood. Yang-vacuity is a manifestation of an insufficiency
of yang-qi with a reduction in the warming and activating
power of the body. A pale white or withered-yellow facial
complexion, dizziness, relatively pale tongue, and a weak
pulse
parameters, the average number of zero-crossings (Al), the

characterize blood-vacuity. Four novel acoustic
variations in local peaks and valleys (A2), the variations in
first and second formant frequencies (A3), and the spectral
energy ratio in high frequency (3,000 Hz) (A4), were presented
to analyze and identify the characteristics among non-vacuity,
gi-vacuity, and ying-vacuity subjects. Among these acoustic
two Al and A2,
outperformed other parameters in classifying both non-vacuity
and deficient subjects. A4 was adequate for the classification
between gi-vacuity and ying-vacuity patients [1].

There are many studies demonstrating this subject [7-10].
In most of their studies, only vowel was used as the utterance
in their experiments. However, speech includes not only

parameters, temporal parameters,

vowels but also consonants. The auscultations contain both
vowels and consonants were more commonly used to the
auscultation of traditional Chinese medical diagnosis than
vowels only. The impetus of this study is to use the pattern
matching method based on fractal dimension algorithm for
continuous speech, proposed by Accardo and Mumolo [3], to
identify the difference of the auscultation characteristics
among normal persons, gi-vacuity and ying-vacuity patients.
This work represents an early step in an ongoing effort to
develop an automatic method to discriminate the continuous
speech between normal and deficient subjects for objective
auscultation of TCM.

Material and methods

Subjects

Twelve subjects (7 males and 5 females, mean age 38)
formed the control group. The deficient groups of subjects
were recruited from the outpatient department of internal
medicine of Chinese Medicine Department, €hina Medical
College Hospital, Taiwan R.O.C. All subjects were chosen by
the criteria of standard vacuity of diagnosis [11]. None of the
subjects had any voice or throat complaints at the time of these
experiments. Sixteen subjects (7 males and 9 females, mean
age 44) formed the gi-vacuity group. Nine subjects (8 males
and 1 female, mean age 37) formed the ying-vacuity group.
The information of- the groups, sex and ages of all subjects in
the experiments is listed in Table 1.
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Table 1. The groups, sex and ages of all subjects in the experiments.

Subjects Age
Male |Female| Total | Max. | Min. | MeanzSD
Normal 7 5 12 60 | 24 |38+17.1
Qi-vacuity 7 9 16 71 23 |44+ 13.6
Ying-vacuity| 8 1 9 71 12 | 374212
Speech Data

The test sentences were designed to meet the following
three requirements:

(1) The sentences were shallow, clear and easy to understand.

(2) Each word in the test sentences should contain both vowels
and consonants simultaneously.

(3) The sentences should be read fluently without any
difficulty.

By these criteria, we designed the test sentence (S;) and

random choice sentence (S,) spoken in Mandarin (details

information are shown in [12]).

We considered difference in personal nonstandard accents
and the tone or manner of speaking, etc. In this situation, we
compared the pronounced variation at different times with the
same person. The test sentences were pronounced three times
as the test patterns in a short-term interval. Then we observed
the variations between them.

The recording environment has good air condition (the
temperature was controlled in 2442°C). At first, we allowed
patients to rest for five minutes and then play the standard
speech sound and told them try to imitate it. And then told the
patients to read the sentences three times. The speech signals
were digitized using a 16-bit A/D converter (Model
AT-DSP2200 manufactured by National Instruments) at 10
KHz sampling rate with anti-aliasing function. To distinguish
the variations between three repetitions of the speech data, the
same test sentence should be read three times with an interval
time of six seconds in between each repetition. In addition, to
verify and relate results with the previously study, the vowel
/al was also recorded.

Speech analysis

In order to quantify the speech characteristics related to
production irregularities, the FD parameter was.used. The
irregularities can be considered produced by noise, i.e. by
randem fluctuation or stochastic processes, but they could also
be due to chaos, i.e. to irregularities that arise in a non-linear
deterministic system [3]. We used the box counting method to
evaluate the FD of each sentence. This is a convenient strategy
allowing us to quantify the complexity of the signal in the
temporal succession of events [13-16]. The FD parameter, D,
is defined as follows [17]:

In(N, (A))

D =1lim{ (2"

n—oe

} (0

Where A is the sequence of the speech feature, A = a;, ay...qa,,
a,’s are sampling points. Nn (A)is the number of boxes

filled by events as the resolution at the (1/2)". D“isfth'e:ED )
parameter. The FD algorithm and calculation procedure are- - .-
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Figure 1. Typical speech waveforms and their corresponding FD parameter values for (a) a normal subject, (b) a gi-vacuity patient. Note that
the test sentence (/kan//bing na yao wei//jian//kang/ /yi//ka//zai//shou//ping an la/) is spoken.

Table 2. The distance evaluation results using DTW algorithm of the
example shown in Figure 1: the intra-normal and
intra-qi-vacuity distance evaluation of D variations.

listed as follows.
(1) Assume the box counting must approximate the smallest
number of squares A necessary to cover the speech feature.

(2) In the continuity of the functions, we retain the highest and
lowest value in each column. Every box in between will be Distance First First  [Second vs.|  Total
entered by the function. (E) vs. Second | vs. Third | Third
(3) Starting with a number of samples that is a power of two,
we halved the number of columns recursively. . Normal 6.760 4.8717 5.296 16.933
(4) Using the results of (3), we plot In(N,(A)) vs. . .
In(1/2)" points in log-log graph, and then find the Qi-vacuity 7792 6.697 6.432 20921

approximate straight line in these points.

(5) Practal dimension D is obtained by the slope of the straight Table 3. The distance evaluation results using DTW algorithm of the

example shown in Figure 2: the intra-normal and

line of (4) intra-qi-vacuity distance evaluation of D variations.

The speech signal for FD analysis purpose was divided
into 256 ms for each speech frame with a 32 ms overlapping Distance First First Second vs.| Total
between them. In Figure 1, typical speech waveforms and their
corresponding FD parameter values for a normal subject and a (E) vs. Second | vs. Third | Third

gi-vacuity patient with the test sentence (S;) being spoken are
shown. Also, typical speech ~waveforms and their
corresponding FD parameter values for a normal subject and a Qi-vacuity 0.485 8.651 4.491 22627
gi-vacuity patient with the test sentence (S;) being spoken are R a—

shown in Figure 2.

Normal 6.726 4.480 4.065 15.271
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Figure 2. Typical speech waveforms and their corresponding FD parameter values for (a) a normal subject, (b) a qi-vacuity patient. Note that
the random choice sentence (/zhong//guo yi yao/ /xue yuan/ /fu/ /she yi yuan/) is spoken.

Table 4. The statistical analysis results among normal, gi-vacuity, and

ying-vacuity groups in two sentences.

Sentence Group MeantSD p value
Normal 15.1584+2.471

p<0.05*
Qi-vacuity 23.44818.064
Normal 15.158+2.471

S; p<0.05%
Ying-vacuity | 24.32247.167
Qi-vacuity 23.44848.064

p<0.05*
Ying-vacuity | 24.32247.167
Normal 14.257 +2.346

D<0.01%
Qi-vacuity | 25.354 +4.915
Normal 14.257 £2.346

S, p<0.01%*
Ying-vacuity | 34.677+7.859
Qi-vacuity 25.354 £4.915

_ p<0.01*
Ying-vacuity | 34.677+7.85%

* represents that there exists statistical significance between “two

groups of subjects.

“Procedures

When the D variations of the speech were computed, we
compared the differences of each pair of sentences from
among the three utterances. A possible problem with this
technique is how to compute the differences in the path length
of fractal dimension values. The dynamic time warping (DTW)
method was used to compare the differences of these path
distributions of fractal dimension [18-19]. The values of D
variations were then normalized for saving computer
executions time. The distance between two lines was
calculated in Euclidean distance [20]. Finally, the optimal
distance £ was calculated by DTW algorithm and it can be
considered as the difference intensity between two D
distributions. the distance evaluation results
using DTW algorithm of the examples shown in Figure 1 and

Figure 2 were depicted in Table 2 and Table 3 respectively.

For instance,

Results

In order to test the performance of the proposed features,
the Student’s t-test analysis in the SPSS statistical” analysw;,'ﬁ”

package was implemented. The values of E in keach group.of

subjects were calculated. All parametric data were expressed - :
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Table 5. The t-test results between normal and deficient groups in two

sentences.
Sentence Group MeanzSD p value
Normal 14.257+2.346
S — p<0.05*
Deficient 22.393+4.970
Normal 14.25742.346
S — p<0.01*
Deficient 29.217+£6.769

* represents that there exists statistical significance between two
groups of subjects.

Table 6. The accuracy of discrimination among normal, gi-vacuity,
and ying-vacuity groups.

Table 9. The accuracy of discrimination between normal and
gi-vacuity groups.

S; S, Merge two sentences
Normal vs. | g 2q, |  92.9% 85.7%
Qi-vacuity
Normal | 72.0% 90.5% 85.7%
vs.Ying-vacuity
Qi.-vacuity.vs. 71.4% 80.0% 80.0%
Ying-vacuity

Table 7. The accuracy of discrimination between normal and deficient
groups.

S S, Merge two sentences

Normal vs. Deficient | 78.4% | 83.8% 86.5%

Table 8. The accuracy of discrimination between normal and
ying-vacuity groups.

Voice Al | (A1, A2} | (A2, A3} | A2 A3
parameters
Accuracy |75.0%| 71.4% 71.4% | 64.3% |64.3%

as meantSD. The two-sided paired t-test was applied to test
between two groups of subjects. The statistical significance
was defined as p<0.05. The results are presented in Table 4.

In order to evaluate the normal and deficient groups, the
gi-vacuity and ying-vacuity subjects were combined as the
deficient group. We used the t-test to evaluate the statistical
significance of difference between the normal and deficient
groups. The results are shown in Table 5.

In comparison with the accuracy between physician’s
diagnosis and the discriminant results, shown in Table 6 and

Table 7, we suggested that the Fisher linear discriminant .

function could be used as a method in auscultation diagnosis.

Also, the previous methods [1] were applied to classify
the groups between normal and deficient subjects. The vowel
/al was estimated by the proposéd acoustic parameters, and
discriminated the accuracy among -normal, qi-vacuity, and
ying-vacuity groups. The results were showed in Table 8~
Table 11. For simplicity, we only show results with better
discriminant performance. Note that a new acoustic parameter,
the spectral energy ratio in low frequency (800 Hz) (AS), was
recruited to classify the subjects between normal and deficient
groups. In contrast to the paraméter A4 mentioned before, the
parameter AS was demonstrated in [12] that it was also useful
for the classification between gi-vacuity and ying-vacuity
patients.

Yoice a1 A2 A3)[(ALA2)| Al | A2 | A3 | AS
parameters

Accuracy 95.2% 90.4% | 81.0% |81.0%| 71.4% |66.7%
Table 10. The accuracy of discrimination between ying-vacuity and

qi-vacuity groups.

Voice |5 | (A4, A5} | (A5, A1) | {AS. A3}|{A3, A4, AS)
parameters

Accuracy |80.0%| 80.0% 76.0% 76.0% 64.3%
Table 11. The accuracy of discrimination between normal and
deficient groups.

Voice Al |{ALA4} | {Al, A2} |{A], A2,A3} | {AL, A3}
parameters

Accuracy |81.1%| 78.4% 75.7% 75.7% 75.7%

Discussion

In this research, we found the following results revealed
in all subjects: (1) Although the same sentence was read by
each subject three times, the distributions of FD values each
time were not exactly the same; (2) No significant correlation
was found between speech variations and syllables, it was
various case by case; (3) The utterances of test sentences of
both gi-vacuity and ying-vacuity patients have much more
variations than that of normal subjects. Any malfunction of an
organ would change the pattern of voice, which is detectable
through diagnosis with the fractal dimension analysis method.
It may be due to the physiological or mental problems. There
are indeed some speech problems in stability and the ability for
some test subjects to repeat the same sentence; (4) Good
classification results were obtained using both sets of test
sentences for the classification between deficient and normal
subjects; (5) The classification accuracy using FD values of
continuous speech was better than the results using five
acoustic parameters of vowel /a/ in previous study. The results
show that the objective auscultation in TEM by the variations
of continuous speech are feasible and much more reliable than
that by the variations of vowels.

Conclusions

Although it had great achievement to modernize the
auscultation in traditional Chinese medical diagnosis, most of
researches emphasized to evaluate vowels in their experiments
and they were not the only judgments of auscultative diagnosis.
Speech and sounds uttered by humans can reflect important
physiological information. For this reason, this study used the

variations of continuous speech to distinguish between

deficient patients and normal subjects. The utterances of test:

sentences of both gi-vacuity and ying-vacuity paticnt‘s\:had'

much more variations than that of normal subjects.Dcfyiciém?“ :
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patients had malfunction of an organ would change the pattern
of voice. As result of physiological or mental problems, there
are certain speech problems in stability and the ability for
some test subjects to repeat the same sentence. By these results
of variations of continuous speech, we might conclude that the
health condition of human body could be represented in the
voice, and different situation (gi-vacuity and ying-vacuity)
would cause different variations in voice. Also, the fractal
dimension analysis of continuous speech provides an
alternative and outstanding approach to the auscultation of
Chinese medical diagnosis. However, this study is still lack of

subjects, it requires additional investigation in the future work.
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