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ABSTRACT

In this paper, bispectrum-based feature extraction method
is proposed for classification of normal vs. pathological
infant cries. Bispectrum is computed for all segments of
normal as well as pathological cries. Bispectrum is a two-
dimensional (2-D) feature. A tensor is formed using these
bispectrum features and then for feature reduction, higher
order singular value decomposition theorem (HOSVD) is
applied. Our experimental results show 70.56 % average
accuracy of classification with support vector machine
(SVM) classifier, whereas baseline features, viz., MFCC,
LPC and PLP gave classification accuracy of 52.4/ % ,
61.27 % and 57.41 %, respectively. For showing the ef-
fectiveness of the proposed feature extraction method, a
comparison with other feature extraction methods which
uses diagonal slice and peaks and their locations as feature
vectors is given as well.

Index Terms— Higher order signal processing cumu-
lant, bispectrum, higher order singular value decomposi-
tion theorem.

1. INTRODUCTION

In our day-to-day life, to express our emotions and need
we use speech as a communication medium. Similarly,
infants use cry as a signal to communicate with the world.
Accordingly, cry types are classified as hunger, pain, fear
and birth cries, etc. Mel frequency cepstral coefficients
(MFCC) feature has been used in [1-2], for classification
of cry in normal and hypothyroidism and normal and deaf
infants class, respectively. Fundamental frequency (Fj)
has also been used to classify cry as normal and patholog-
ical infant cries [3]. It is shown by researchers that fun-
damental frequency also varies for hunger and pain cries.
Over the years, spectrographic analysis of cry has been
used by researchers and they have shown promising re-
sults in pathology classification using spectrograms. Some
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genetic diseases show distinguished acoustic features such
as double harmonic break, biphonation and rising and
falling or rising melody pattern, efc. that indicate presence
of pathology [4-7]. In [8], different melody types are de-
fined for the classification of infant cries for pathology
identification. Cry is classified in four classes, viz., pain,
pleasure, hunger and birth [9]. MFCC has also been used
for classification of pathological infant cries along with
hidden Markov models (HMM) and neural networks [10-
12]. To the best of authors’ knowledge, features used for
this task are MFCC, Perceptual Linear Prediction coeffi-
cients (PLP) and linear prediction coefficients (LPC) [1-
7]. In pathological cry classification, most of the work is
done on classification of normal and hearing-impaired
infants, where researchers got high classification accuracy
with MFCC features (around 95 %). The reason for high
performance of normal and deaf infants’ cry classification
is the absence of auditory feedback in deaf infants which
results in higher pitch (i.e., distinct cry). Some disease-
specific classification of infant cries is limited and is re-
stricted to classification of one type of pathology with
normal infants [1-4]. In this paper, we are attempting
classification of pathological infant cry from normal in-
fant cries. Even most of pathologies considered are not the
severe pathologies.

Classification of normal and pathological infant cry is
a challenging task because of higher fundamental fre-
quency (e.g., 250 Hz- 1 kHz) and higher formant frequen-
cies due to small vocal tract length (in new born, average
vocal tract length is about 7 ¢m.). The variability in these
features is very high because of variations in vocal tract
length and development of speech production system with
growing age and weight. Cry characteristics also depends
on gestation age and cause of cry (hunger, pain, etc).

Traditional speech signal processing methods consider
that the speech production system is /inear and speech is
stationary (i.e., Linear Time Invariant (LTI) system). The
nonzero values of higher-order cumulant show that the
speech production is not a linear process. Because higher-
order spectral analysis can capture presence of nonlineari-
ty embedded in speech production mechanism, it may
give better results for infant cry classification. Moreover,
the bispectrum features are used with logarithm to give
good class separation of these features. Higher order sin-
gular value decomposition theorem (HOSVD) is proposed
for dimensionality reduction. In this paper, comparison of
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Fig.1: (a) Time- domain waveform of normal infant cry, (b) corresponding bispectrum, (c) diagonal slice of (b) , (d) time -
domain waveform of pathological infant cry, (e) corresponding bispectrum, and (f) diagonal slice of (e).

proposed feature extraction method with other feature
extraction methods is also reported.

2. BISPECTRUM

Speech signal is considered as a zero-mean random
process and it is described by its second order moment,
i.e., autocorrelation function or power spectrum. Higher
order spectral analysis (HOSA) yields information about
the non-Gaussianity of a signal. HOSA generally deals
with bispectrum and trispectrum. In this paper, bispectrum
is used for feature extraction for infant cry classification.
Bispectrum is defined as the 3 order spectrum of a sig-
nal. It is calculated by taking Fourier transform of the 3
order cumulant of the signal. The n”-order cumulant of a
signal is defined by [13-14]

(0T T, ) =2, T T, ) = 1) (3,757, ), (1)

. . h .
where m’(z,,7,,...,7, ) is the n" -order moment function

of signal x(k) and mC(z,,7,,..,7, ,) is the n"-order mo-
ment function of an equivalent Gaussian signal that has
the same mean value and autocorrelation sequence as
x(k). Eq. (1) is valid only for n=2,3 and 4. The bispec-
trum is written as:

oo oo
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Contour plot of bispectrum of an infant cry is shown in
Fig. 1. Time-domain waveforms of normal and pathologi-
cal cries are shown in Fig. 1 (a) and Fig. 1(d), respective-
ly, and their corresponding bispectrum are shown in Fig.
1(b) and Fig. 1(e). From these bispectrum plots, it can be
seen that bispectrum features show significant changes
between normal and pathological infant cry. In bispectrum
of normal cry, we can observe that contours are smooth
while for pathological cry samples, it shows irregularity.
Diagonal slices of the corresponding bispectra (which are
shown in Fig. 1(c) and Fig. 1 (f)) show peaks correspond-
ing to bispectrum pattern. These plots indicate that in
pathological cry, the number of peaks is higher than the

normal cry. These differences in bispectrum, motivated
authors to use bispectrum-based features for normal and
pathological infant cry classification. For the computation
of bispectrum, direct method of bispectrum calculation
using FFT is used (HOSA toolbox of MATLAB is used
[15]). Bispectrum using the direct method is defined as
B(f1.f2) = X(f)X()-X*(fi+ 1), ()
where X( f) is the I-D FFT of a given discrete series x(n)
of M samples and X*(_) is the complex conjugate of X(.).

3. EXISTING FEATURE EXTRACTION METHODS

In this Section, three methods to extract features from
bispectrum are presented.

3.1 Method A-Using triangular symmetry of bispec-
trum

In [16], triangular symmetry of bispectrum (as shown in
Fig. 1(b)) is used and features in the triangular region of
the first quadrant are calculated. The features are defined
as follows:

El = {3 | B(@ )| where

NN =

=2 2 4 )
. if =N N
J""’ 2 s ] 4 geses 2 .
i-N/4 P ; . N . .
{E; }={Z|B(a%’,wz)l},wherej=2—z+1,...,z, (5)
J

ifi:%+l,...,%and E:{EIJ’E; 4} 6)

In both the equations, N is the number of points in bispec-
trum. This method gives very large dimension feature
vectors (in our case /x512).

3.2 Method B- Diagonal slice of bispectrum

In most of the bispectrum applications, diagonal slice of
bispectrum is used as a feature vector [17]. Diagonal slice
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is defined as bispectrum calculated on points where
o =0,le.,

D(@) = B(@),@,) |—0, (7
Diagonal slice of bispectrum are shown in Fig. 1 (c) and

Fig. 1 (f). This feature reduces the computational load at
the cost of losing useful information in bifrequency plane.

3.3 Method C- Peaks, Peak Locations and Entropy

In this method, first diagonal slice is obtained. On this
diagonal slice, peak amplitudes and their locations are
recorded as [¢,w] where i=1, 2, 3. Top three peaks (a, )
and their corresponding locations (@ ) are recorded.
Normalized entropy of the bispectrum is defined as [19]:

P ==Y p,logp,, where p, = B.(0,)|/Y | B.(,®,)|
and normalized bispectrum squared entropy is defined as

P,=-Y p/logp, where p =B (q.@)f /Y B .(@.0)[
distance between two peaks is defined as d, impulse
width at -3dB is denoted by w and energy of slice spec-

M
trum E is defined as E:Z|Bx(a),,wz)|2 . The feature

i=1

@ =co,

vector is defined as:

F:{al’@’az’a)z’as’a%’d’w’E’Pl’Pg}' (8)
In [18], authors have considered two frequencies corres-
ponding to a peak. However, as can be seen from bispec-
trum, both frequencies will have same value due to sym-
metry property. Hence, we have considered only one fre-
quency component in order to remove redundancy. This
method has the advantage of having small computation
time due to smaller dimension of feature vector.

4. HIGHER ORDER SINGULAR VALUE
DECOMPOSITION THEOREM (HOSVD)

Here, HOSVD is proposed for feature extraction from
bispectrum of infant cries. The higher-order singular value
decomposition (HOSVD) theorem proposed in [19] is
used to reduce the dimensionality of the feature space.
HOSVD is a generalization of SVD applied to a tensor.
Initially, all the features are stacked together one after
another to form a 3-D tensor A. The 2-D feature, i.e., bis-
pectrum is in the space F e R"> and let the number of
samples be I .The tensor 4 (of dimension /, X/, X1 ) can
be represented in HOSVD form as (as shown in Fig. 2):
A=8xU, x,U, xUs, )
where S is the core tensor with the same dimension as 4.
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Fig 2. Visualization of HOSVD for tensor. After [19].
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Fig. 3. Unfolding of tensor A to matrix Al and matrix A2. After [19].

A
U,eRrR™,

matrices of the corresponding subspaces of 1;, I, and I,.
The matrices U, and U, contains n mode singular vectors,

ie, U"=[U™ U Ul (10)

The matrices U, and U, can be obtained from the marrix

U,eR™ and U, e R""are the unitary

unfolding of A. The unfolded matrices 4, € R"*** and

A, € R™ are obtained (as shown in Fig. 3) and they are
decomposed in their SVD representations to give U, and
U,,. Only first R, and R, principal components are re-

tained from these unitary matrices, respectively. Next,

U, e R and U, € R**" are obtained, which gives di-
mension reduced feature set, viz.,

Z=Bx, U} x,U} =U; BU, , (11)

where Ze R®**® and Be R"™": which is taken from A.
5. EXPERIMENTAL SETUP AND RESULTS

Database: Infant cry data was collected with the help
of senior doctors from Civil Hospital, Ahmedabad, India.
In the present work, data was recorded at sampling fre-
quency of 44.1 kHz at 24 bits/sample. In the database,
there are 6/ normal infant cries and 38 pathological cries
of 87 infants (few days-1 year) were recorded from the
hospital [20]. For database, only hunger and pain cries are
collected. In the database, pathological cries include infant
pathologies, viz., upper respiratory tract infection (URTI),
septicemia, malnutrition, any surgery, epilepsy, diarrhea,
hydrocephalus, hypo calcium, congenital heart disease,
jaundice, and bronchitis. This database is then divided into
train and fest dataset with a ratio of 75:25. From the cry
signal, voiced segments are extracted using an energy-
based algorithm (viz., I’ energy). The voiced data is seg-
mented in frames of length 50 ms each. Each frame is
normalized by subtracting the mean then bispectrum is
calculated.

Bispectrum is a two-dimensional (i.e., 2-D) feature of
size 512 x 512 as shown in Fig. 1. It can be observed from
Fig. 1, that bispectrum plot has twelve symmetry regions.
The symmetry property of bispectrum follows from the
properties of moments [16]. From Fig. 1, it can be ob-
served that the information of bispectrum in either first
quadrant or in third quadrant is sufficient to consider it as
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a feature. This saves the memory space and reduces the
feature extraction time as well. In our experiments, we
have considered information contained in third quadrant
only. It reduces the feature size from 572 x 512 to 256 x
256 and then a tensor (per infant) is formed for both train
and fest datasets. On these tensors, HOSVD is applied
which reduces the size of bispectrum from /28 x 128 to
10 x 10. These features are then stored as logarithm of
bispectrum feature vectors (/ x [00) for classification
purpose. On the reduced feature set (i.e.,  x 100), entropy
is used as feature selection criterion. Using this criterion,
feature size is reduced to [10 20 30 40 50 60 70 80 90
100]. On the reduced feature set, classification accuracy is
determined using support vector machine (SVM) classifier
with polynomial function kernel of order 3. LIBSVM tool
is used in our work [21].

In this work, classification accuracy is defined as the
ratio of total number of correctly classified frames to the
total number of frames in test dataset. We have 957 and
318 feature vectors of 45 and /6 infants, respectively, in
the training and testing dataset of normal infant cries. In
the pathological cries, we have 587 and /93 feature vec-
tors of 28 and /0 infants for train and test datasets, respec-
tively. Classification accuracy with different feature sizes
has been determined and best classification accuracy is
observed at feature vector size of /1x90, which is 70.65 %.
Similar performance is observed for the proposed feature
for radial basis function (RBF) kernel with y=0.01 (classi-
fication accuracy of 70.86 %).

Feature Classification Accuracy (%)
MFCC 52.41
LPC 61.27
PLP 57.41
Bispectrum 70.65

Table 1. Classification accuracy (in %) with MFCC, LPC, PLP
and bispectrum features.

From Table 1, we can infer that classification with
proposed feature outperform with baseline features.
MEFCC gives a classification accuracy of 52.41 %, LPC
and PLP gives average classification accuracy of 61.27 %
and 57.41 %, respectively, whereas bispectrum gives a
classification accuracy of 70.65 %. Bispectrum captures
nonlinearity in signal as feature, hence it performs better.
The HOSVD theorem retains the principal components of
the bispectrum. Since the principal components are used
as feature vector, performance is better than other existing
methods. Confusion matrix for classification of normal
and pathological infant cries using the proposed bispec-
trum- based features (for feature size /x 90) is shown in
Table 2. It can be observed that 72.64 % frames of normal
infant cries and 65.66 % frames of pathological infant
cries from test dataset is classified correctly.

Feature Feature Average Accu- Confidence
Size racy (%) Interval (%)
Method 4 1x512 59.295 +4.23
Method B 1x512 60.425 +4.21
Method C Ix11 60.425 +4.21
Bispectrum 1x90 70.65 +3.91

Identified as —» Normal Pathological
Actual Normal 231 87
Pathological 63 130

Table 2. Confusion matrix of classification of normal and patho-
logical cries using bispectrum as a feature.

642

Table 3. Comparison of classification performances (in % ) of
bispectrum features extracted from existing methods under same
experimental setup.

Table 3 shows the classification performances of exist-
ing feature extraction methods with proposed method.
Results show that proposed method of feature extraction
using HOSVD gives excellent performance compared to
existing methods along with a comparatively small feature
dimension. Comparison with method B and method C,
indicates that diagonal slice or features derived from it are
not of sufficient importance in classification of normal
and pathological infant cries. To quote statistical signifi-
cance of our experimental results, 95 % confidence inter-
val is also reported. The confidence interval at feature size
of 1 x 90 is + 3.91 % around classification accuracy of
70.65 % which indicates better performance of the pro-
posed features compared to state-of-the-art methods.

6. SUMMARY AND CONCLUSIONS

In this paper, it was found that features derived from bis-
pectrum can classify normal and pathological infant cries
better than the conventional state-of-the-art spectral fea-
tures. The motivation behind using bispectrum is to use a
feature which can capture nonlinearity in speech produc-
tion mechanism as speech is a non-stationary process and
speech production system is nonlinear. In addition, bis-
pectrum has ability to detect noise in speech signal. In
case of pathological cries, the amount of noise is even
higher (which is also apparent from use of jitter and
shimmer for pathological signal classification). It also
imparts the important result that peaks and peak locations
of bispectrum may not be always a good feature for classi-
fication task. Some of the pathologies considered here as
disease, are not severe diseases that were not identified
by the bispectrum features. Increasing the number of cry
samples in the pathological database may increase the
classification accuracy (in %). In future, we would like to
apply this method for classification of adult pathologies.
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