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Abstract—The importance of automatically recognizing
emotions in human speech has grown with the increasing role
of spoken language interfaces in human-computer interaction
applications. In this paper, a emotion classification method
base on GMM is presented. Five primary human emotions,
including anger, surprise, happiness, neutral and sadness, are
investigated. For speech emotion recognition, we combined 60
basic features to form the feature vector. Finally, the features
of the speech were extracted by PCA were sent into the
improved GMM for classification and recognition. Results
show that the selected features are robust and effective for the
emotion recognition .
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L INTRODUCTION

The study of human centered emotion and cognition,
including affective computing and emotion recognition, is a
hot research topic in artificial intelligence.Speech emotion
recognition is a pivotal question of affective
computing[1,2].Generally speaking, the speech emotion
recognition ,including ,getting original speech,pretreatment
of voice signal, pitching features, pattern matching and get
result to the course of four.

In this paper, discuss the category and modeling of
emotion firstly; then, give the total frame of the emotional
speech recognition system. And explain every parts.The
main goal of this thesis is to search the most useful features
with analyzing the features related with emotions, and find a
recognition model to make use of these features.First extract
the feature vector from the speech signal with the principal
component analytic (PCA) method, and then use GMM
training and testing.

II.  EXTRACTING PITCH PERIOD

Pitch period is an important parameter of speech
signal[3], and it has been applied in many domains.In this
paper, a new pitch detection method based on the wavelet
analysis and the analysis of variance is proposed..For the low
signal-to-noise ratio , the performance of the method is better
than other methods which had been presented.

The method of Pitch period base on the wavelet analysis
and the analysis of variance comprises the following
steps.xw(n) n=1,2,...,N is voice data frame in the follow.
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Step 1:Firstly xw(n) was decomposed by wavelet
transformation until we got wavelet
coefficients.Fundamental frequency is the reciprocal of pitch
period.

Step 2: Analysis of variance were carried out for wavelet
coefficients.we got function
VSDEF(1),I=fs/pmax,fs/pmax+1,...,fs/pmin. The fundamental
frequency of speech is between pmin and pmax.fs is
sampling frequency .

Step 3:Get maximum of VSDF(1) as max.

Step 4:Set max as threshold.if max is less then th(th is
given threshold in advance) ,the frame is unvoiced frame .
Go to Step 7 . Pitch period is zero.if max is equal or greater
than th,the frame is voiced frame .Go to Step 5.

Step 5:1ook up the location of a local maximum which is
the first greater then threshold in VSDF(]) from I=fs/pmax to
I=fs/pmin and set it to Ip.

Step 6:Get Pitch period in the form P=Ip/fs;

Step 7:The whole processing ends.

III. .EMOTION RECOGNITION OF SPEECH

A GMM[4] classifier is used to recognize emotion in this
paper.Through the training and testing of lots of studied
samples, the error of the model is limited in a preconcerted
range. First extract the feature vector from the speech signal
with the principal component analytic (PCA) method, and
then use GMM training and testing.

A. Pretreatment of voice signal

Normally, voice signal need to perform preprocessing.
The pre-treatment process in a certain extent affect system
recognition rate.what we need to do is pre-weighting, en-
framing, window adding in preprocessing stage.

The purpose of pre-weighting is to boost the high
frequencies of a signal and get the flat frequency spectrum
of signals and frequency characteristics.Using window
function w(n),we get speech frame with setting spots which
is outside of processing regions to zero . Right now,
commonly used window function is rectangular window and
hamming window.

B.  Pitch features

In order to improve the recognition rate, we choose
speech features based on the fundamental frequency .
time. amplitude. cepstrum. After feature extraction, we get
60 dimension vector as parameters of emotional features .
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1) characteristic parameters from fundamental

frequency

The fundamental frequency is the vibration frequency of
vocal cords.Due to the fundamental frequency is only
significant for voiced sound, so the above characteristics are
from voiced frame.

Characteristic parameters of fundamental frequency as
follows:Maximum of fundamental frequency(FO max) .
Minimum of fundamental frequency(FO min) . Mean of
fundamental frequency(FO mean) . Standard deviation of
fundamental frequency(FO std) . Range of fundamental
frequency(FO_range) . Maximum of the absolute value of
difference of Pitch Contour(FO diff max) . Mean of the
absolute value of difference of Pitch
Contour(FO_diff max) . Standard deviation of the absolute
value of difference of Pitch Contour(FO_diff max) .

2) characteristic parameters from time

We  choose  short-time  average  zero-crossing
rate ,because speech emotion parameters from time are
different . Amplitude of the signals from positive to negative
or from negative to positive, we regard this as Zero-crossing.
Zero- crossing rate is the number of Zero-crossing in unit
time. Speech is a short-term stationary signal,we obtain the
average zero-crossing rate according to the frame in the form

Z,= ZI sgn[x(m)]-sgnx(m -1)] | w(n - m)

m=-eo

W(n)is rectangular window function.sgn[] is sign
function in the form
1 x(n)=20
sgn[x(n)]:{_l <0
We get eight statistical characteristics parameters about
short-time average zero-crossing rate using same procedure
as before.

3) characteristic parameters from amplitude

The emotional changes have a different effect on
amplitude of speech signal.for example,when one is
excited,his volume is high and the amplitude is large.when
one is sadhis volume is low and the amplitude is
small.amplitude is important for Analysis of emotion.

We get short-time energy to measure amplitude in the
form

Eu= S letmwtn-m]’

We get eight statistical characteristics parameters about
short-time energy using same procedure as before.
4) characteristic parameters from cepstrum

Due to fully considered the human auditory
characteristics, Mel Frequency Cepstrum
coefficient(MFCC)[5] can perfect obtain feature parameters
of the speech emotion recognition.

It works using MFCC as follows:

Step 1: Speech signal become short speech frame by the
window, then we get the spectrum by short-time Fourier
transform.

Step 2: to get power spectrum, we use m MEL band-pass
filter to filter,then add energy of each filter.Output power
spectrum of the Kth filter is x'(k).

Step 3:we get logarithm of output from filter and the
power spectrum of corresponding frequency band,then get L
parameters of MFCC in IDCT in the form

M

) ' e
Cn= kZ:;Ing (k)cos(zw(k—0.5) M),n L2,..,L
We choose 36 characteristic parameters using the
procedure as before with 12 dimension MFCC.Each

dimension with three statistical characteristics as
follows:Maximum  of  Short-time =~ MFCC(MFFCCI-
12 max) . Mean of Short-time MFCC(MFFCCI-

12 mean) . Standard ~ deviation  of  Short-time

MFCC(MFFCC1-12_std).

C.  Dimension reduction

In order to find a suitable combination of extracted
features[6] ,we used the PCA method to determine beneficial
features from among more than 60 speech features.Physical
meaning and scope of various characteristics in the original
eigenvector are different, A unitary processing for the feature
vector was made. The Gaussian model is used to normalize
the characters of different speech .

After normalization , we do the dimension reduction. We
make feature reduction for N-dimensional
vectors {xt}(t=1,2,...T) using PCA as follows:

Step 1:By making use of transformation of coordinate
translation,we set average vector Xm as the origin of new
coordinate system in the form x*t=xt-xm

1 T

X, :?;xi

Step 2:Find out overall covariance matrix R

R%;x,'xfr

Step 3:Find out eigenvalues (31,32,....2N) and related
eigenvectors (q1,92,...qN) .

Step 4:The sort order for each eigenvalue is descending
order, eg. 31>32,....>3N.we get a transformation matrix
A=(ql,q2,....qM) (M<N) form eigenvectors of in the M

larger eigenvalues.
Step S:Transform N-dimensional original vector to M-

gt
dimensional new vector in the form ¥ = AKX, .

D. Emotion recognition of speech based on GMM

we use GMM to do Pattern recognition in this paper.The
Maximum Likelihood(ML) method now is the most popular
parametric estimation method of GMM. The purpose of
maximum likelihood estimates is to get model parameters in
given the training data.In the experiment of emotional speech
recognition[7,8] base on GMM , there were two sessions,
train and test. During the training, we use EM to get GMM
from the features related with emotions. During the
testing,we use GMM to get probability of Testing voice
features .the emotion with the biggest probability is the result.
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1) Training

In emotion recognition of speech system, features
extracted from each emotional speech can be expressed as an
array F={f1,2,..ft,....,fT},ft is eigenvector of speech frame,T
is the number of frames in each speech.we build models for
each emotion using GMM in the Fig.1 below.

initialization

Training data

LM
algorithm

model
Convergence

Get model
parameters

Figure 1. speech enotion recognition system based on HMM

The specific methods to achieve the following :

Step 1 : Initialize parameters of model. It includes the
number of Gaussian component and parameters of each
Gaussian component.

Step 2: Originally, we are hypothesizing the value of 3 in
initial GMM model.we get new value of 3 using EM until

p(F|2)> p(F | 2)

Step 3 : Repeat Step 2 until P(F[A) converges,we get
GMM model parameters .

2) Testing

A given vocal signal sequence F= B B f) -

test.Probability output of 3 in GMM model is PUAIEY 4
is the ith possible emotion .we get it according to Bayesian
rule in the form
P(F| 2)p(4)

p(F)

p(F) stays the same when matching .when p(ii) is a
certain threshold,what we need to do is to compute
P(F| 4)

p(4; | F)=

Finally,we get the recognition results using
Maximum output probability
K .
rule, I =arg max P(F[4) 1<i<N 4w jo the emotion we
need.

E.  Emotion Recognition Results in Mandarin Speech

To test the validity of the algorithms,this paper contrives
a few experiments in matlab7.5.We choose 50 speech from
mandarin emotional speech database as training data and test
data.25 speech signals were randomly selected as training
data,others as test data.In experiment,we set pre-emphasis
coefficient as 0.9375. the frame length as 32ms. overlap of
Frame as 16ms and data window using Hamming window.
The dimensions of eigenvectors from MFCC is 12.

We do the experiment related to sex. Training speech
signals from persons of the same sex were selected as
training set.This system improves measurement precision by
averaging the testing values of repeated measurements. The
experiment is carried out repeatedly 5 times ,we get the
average as the result .

In experiment, the number of Gaussian component (M) is
set to 16, 32, 64. 128. 256.The accurate identification
rate in different genders and the number of Gaussian
component is provided in Fig.2 .The emotional recognition
ratio of each emotion when M=128 as Tab.l show.The
results show that recognition ratio is greater in men than
women.

O Male
[ Female

90 /e/
85
The f/ m/E/
recognition 80
rate( %) O/ /
75
70 f
]

65

01632 64 128 256

The number of Gaussian component

Figure 2. The accurate identification rate of different genders

IV. CONCLUSION

Automatic speech emotion recognition is a new research
area with a wide range of applications in human-machine
interactions.It is signification for artificial intelligence
research.The feature parameters distillate accuracy
influences recognition-rate directly.Two kinds of speech
features, long-term and short-term features are studied, to
classify five emotional states: anger, happiness, sadness,
surprise and a neutral state.To reduce the halving and the
doubling errors in pitch tracking, an algorithm based on The
wavelet analysis is proposed .we get short-term features of
speech .A novel speech emotion recognition, that is speech
emotion recognition based on GMM. Experiments show that
the recognition is very successful.we will try to improve the
method to improve recognition rate in the near future.
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TABLE 1. EXPERIMENTAL DATA OF DIFFERENT GENDERS ( M=128)

emotion neutral happiness anger sadness surprise
neutral 76.6 4.6 3.8 12.6 2.4
probability happiness 6.6 83.6 5.6 0.0 42
using test anger 6.4 13.1 772 23 1.0

data of

female sadness 6.8 1.2 3.7 87.0 1.3
surprise 5.0 9.5 7.2 32 75.1
neutral 94.4 3.6 0.0 0.8 1.2
probability happiness 7.0 81.8 8.6 0.0 2.6
using test anger 0.0 4.0 94.3 0.0 1.7
data of male | gadness 1.4 3.4 0.0 94.5 0.7
surprise 1.7 8.2 8.4 1.6 80.1

Published by Atlantis Press, Paris, France.
© the authors
1225




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




