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Abstract- In this paper we have develops an approach to speech based emotion recognition based on spectral features and 
combination of SVM and HMM classifier. The proposed system is divided in to two parts- audio feature extraction and 
verification of emotion. In the feature extraction part, first we are selecting audio clip which has to be tested, then we are 
extracting four spectral features from the input audio clip namely centroid, spread, flatness and projection. We are training 
the model before testing. For training purpose we are generating audio database which consists of speech utterances belongs 
to ten different emotions. After feature extraction, in the stage of emotion verification we are verifying emotion by using our 
classifier SVM and HMM.  
 
Index Terms- Speech Emotion Recognition, Support Vector Machines, Hidden Markov Models, Spectral Features 
 
I. INTRODUCTION 
 
The purpose of speech signal is to communicate with 
each other. According to information theory speech is 
a source of message content or information. The 
information that is to be communicated through 
speech is discrete in nature. Speech Processing is an 
application of digital signal processing to process and 
analyze speech signal. Speech Processing aims at 
modeling and manipulation of speech signal in order 
to transmit the speech (code) efficiently. For healthy 
life emotional wellbeing as well as the social and 
behavioral sciences can play a very important role. 
According Darwin’s theory, each emotion induces 
some physiological and psychological changes in 
order to prepare our self to do something, e.g., fear 
prepares peoples to run from a danger, success makes 
peoples happy where as depression and tension 
makes people sad and nervous [1], [2].  There are 
various ways from which we can identify human 
emotions like facial expressions, acoustic speech, 
gestures, psychophysical data, person’s daily 
activities etc. But here we are going to focus on 
speech because emotions are directly reflected in to 
speech [3]. Psychiatrists or psychological counselors 
using this technique to determine the mental status of 
the patient. Sometimes speech is a mixture of two or 
more emotions and then it is difficult to understand 
emotions. Under such circumstances this technique is 
very much effective to identify emotions. Small 
changes in the emotions cannot be identified by 
person but, by using this emotion recognition 
technique we can identify even small changes in the 
emotion [4]. 
 
Human emotions are mixtures of various 
psychological and physical factors. Although people 
may reveal their emotions in speech, speaking rates, 
intonation, stress, and styles [5], emotions vary 
among persons. These variances in the emotional 

speech can only be identified by dedicated 
techniques. To increase recognition rate and accuracy 
we need to use a robust classifier along with very 
good feature extraction technique. Generally in 
emotional speech processing prosody is a most 
common feature. Prosody refers to intonation of 
speech, which involves pitch related features, energy-
related features, tone, speech rates, articulation, 
timing and so forth [4]. 
 
II. LITERATURE SURVEY 
 
Research done by Williams and Steven [7] describes 
further attempts to identify and measure some 
parameters of speech signals that reflect emotional 
states of user. Murray[8] performed a comparative 
study of speech rates, pitch, intensity, quality, and 
articulation. They also obtained a qualitative result 
concerning the effects of emotion on voice based on 
those features. Busso[6] analyzed the fundamental 
frequencies and acoustic saliency of speech and 
derived a model for classifying emotions. Very 
recently, Mower[9], [10] proposed an emotion 
profiling system based on three metrics of emotional 
expressions (valence, activation, and dominance). 
Their system employed the Support Vector Machine 
(SVM) to generate emotion expression scores and 
then fused these scores together to detect emotions. 
Rather than depends on prosodic features, some 
research used spectral features, such as cepstral 
features, Mel-frequency cepstral coefficients 
(MFCCs), or linear predictive cepstral coefficients 
(LPCCs) [4], to enhance recognition accuracy and 
improve recognition rate. The advantage of spectral 
features is that they can be used to obtain energetic 
information from the speech spectrum in frequency 
ranges of interest. 
 
Nwea[11] investigated the feasibility of using log 
frequency power coefficients (LFPCs) to model 
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motions by comparing LFPCs with MFCCs and 
LPCCs. In addition to the aforementioned features, 
other spectral characteristics, including spectral 
centroid, spectral spread, spectral flatness, spectral 
flux, and spectral roll-off, are frequently used in 
systems for analyzing the emotions that are elicited 
by music [12]. 
 
After feature extraction another important step in the 
speech processing is selection of classifiers. 
Classifiers that are used to recognize emotions from 
speech are Support Vector Machines (SVMs), Hidden 
Markov Models (HMMs), Artificial Neural Networks 
(ANNs), Gaussian Mixture Models (GMMs), K- 
Nearest Neighbors (KNNs). Here we are extracting 
spectral centroid, spectral flatness, spectral spread 
and spectral projection features from input speech 
signal in order to recognize emotion from speech. 
After feature extraction feature verification stage is 
there. We are forming database to classify 10 
different emotions like happiness, sadness, fear, 
anger, boredom, disgust, excited, frustrated, surprise 
and neutral. To recognize these emotions we recorded 
sound clips belonging to various emotion categories. 
The sentences that we are using in our daily 
communication have been recorded in order to build 
database. Hence the database is created by own 
recorded audio clips [15]. 
 
III. METHODOLOGY 

 
Fig.1 System Overview. Feature Extraction and 
Emotion Verification based on SVM and HMM 

 
The working of the proposed system is divided in to 2 
different stages including: Audio Feature Extraction 
and Verification of Emotion. In the first step 4 types 
of acoustic features are analyzed including spectral 
centroid, spectral spread, spectral flatness and spectral 
projection. Features extraction technique is used in 
order to obtain descriptive features from input audio 
signal to enable classification of emotion from input 
audio. The raw speech signal consists of information 
besides the linguistic message and has a high 
dimensionality that’s why the feature extraction in 
needed. Both these characteristics of raw speech 
signal would be unfeasible for the classification of 
emotion from sound clip. The feature extraction 
algorithm helps us to derive a characteristic feature 
vector with a lower dimensionality, which is used for 
sound classification [15]. The segmentation of audio 
plays important role in audio classification. 

Classification is the process of assigning unknown 
input audio data to a class in an audio database. For 
this assignment a decision rule is applied to find out a 
class which is closer to new audio data. The overall 
goal of classification module is classify the given 
input audio file into different classes. In content based 
audio classification, audio data is classified based 
upon its characteristics. These characteristics are in 
the form of features of audio file. The extracted 
features are given as input to segmentation module 
and based on these features the classifiers are trained.  
The idea of proposed system is to segment sound clip 
by classifying into different classes as happiness, 
sadness, anger, neutral, fear, disgust, boredom, 
surprise, excited and frustrated. It begins by extracting 
various audio power features. This extracted data is 
trained by two models HMM and SVM supervised 
learning models. This trained data is forwarded to 
classification models such as SVM and HMM [11, 
16]. Then it is classified into different classes. In 
proposed approach we use model based technique for 
effective results and because of better performance.  
 
IV. FEATURE EXTRACTION 
 
This module aims to extract or calculate features of 
every audio file which has to be verified. Audio 
power features are used in this system such as spectral 
centroid, spectral spread, spectral flatness and spectral 
projection. The features are calculated based on data 
and frequency of an audio file. A process of feature 
extraction is shown below: 

 
Fig.2 Feature Extraction Process 

 
Select audio data for feature extraction. Take audio 
data and its frequency as input of feature extraction 
process. Calculate features of frames using formula: 

Abs (X) ∗ 2
i h Block Length                                      (1)  

Where, X is the values taken from the spectrogram. 
Create database of above mentioned four features. 
This database consists of matrix of 1:50 of each audio 
file. Generate the spectrogram of audio data as well 
as four audio power features as amplitude vs. time. It 
is generated based on audio data, window size, block 
length, and hop length. Finally, the features of audio 
data are extracted.  
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A. Spectral Centroid 
Spectral centroid is defined as the measurement of the 
brightness of sound. This measurement is achieved by 
estimating the “center of gravity” using the 
magnitude and frequency information of Fourier 
Transform. The spectral centroid of individual frame 
is defined as the average frequency weighted by 
amplitudes, divided by sum of the amplitudes, or: 

Spectral Centroid = ∑ [ ]
∑ [ ]

         (2) 

Here,F[k] is the amplitude corresponding to bin k in 
DFT spectrum [13]. 
 
B. Spectral Flatness 
Spectral flatness is defined as; it is measurement of 
the noisiness (sinusoidality) of a spectrum. For noisy 
signal its value is close to 1and for tonal signal it is 
close to 0. 
The normalized log spectrum of time sequence is 
given by 
         V = V(θ) = log{|E[exp(jθ)]| / r (0)          (3) 
Where r (0)denotes energy of time sequence, given 
by 
     r  (0) =  ∑ e = ∞

 ∞ ∫ |E[exp(jθ)]       (4) 
 
C. Spectral Spread 
 It is the technique of spectral feature extraction in 
which transmitted signal is spread over a wide 
frequency band, which is much wider than that of the 
minimum bandwidth required to transmit the 
information to be sent. This is done by taking a 
carrier of certain occupied bandwidth and power and 
‘Spreading’ the same power over a wider occupied 
bandwidth [14]. 
 
D. Spectral Projection 
The spectral projection is defined as the projection of 
spectrum on to a low dimensional subspace via 
reduced-rank spectral basis function; it is called as 
Spectral Projection. It is basically used to train 
Hidden Markov Models in order to apply uniformly 
to diverse source classification task with higher 
accuracy [17].  
 
V. EMOTION VERIFICATION 
 
In the stage of feature extraction we calculated 4 
types of acoustic features like spectral centroid, 
flatness, spread and projection. Before that we have 
generated database of various speech samples that we 
are using in our daily life communication. Once 
database is created, we are selecting audio clip that 
we have to test and then we are calculating above 
mentioned 4 spectral features for each sound clip 
individually.  
 
At the same time we are training our classifiers that 
we are used here in our experiment purpose. Here, we 

are using Support Vector Machines (SVM) and 
Hidden Markov Models (HMM). Then these 
classifiers are showing there result and classifying 
emotions according to their class like happy, sad, 
surprise etc. 
 
VI. EXPERIMENTAL RESULT 
 
For this experiment purpose an emotional speech 
database of 10 emotion classes (anger, sadness, 
happiness, boredom, fear, disgust, surprise, frustrated, 
excited and neutral) was used. The speech samples 
were used that we are using in our daily 
communication. The classification result for 
Happiness emotion and for the speech utterance 
“Happy New Year” is shown in below figure 3.   
    

 
Fig. 3 Result of classification 

 
In fig. 3 Classifier showing result is the input speech 
utterance is belonging to happiness. Figure also 
showing the histograms of input audio signal and 
features extracted by using spectral centroid, spread, 
flatness and projection. The average accuracy of this 
system with 10 emotions is 65.46%. Accuracy of 
classifiers for various emotions in percentage is as 
shown in below table I: 
 

Table I: Accuracy of classifier for various emotions 

 
 
CONCLUSION 
 
In this experiment we used two different classifiers 
namely Support Vector Machines (SVM) and Hidden 
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Markov Models (HMM). We created the database of 
10 different emotions. For feature extraction purpose 
we used 4 techniques like spectral centroid, flatness, 
spread and projection. After feature extraction we 
verified the class of selected audio clip by using 
classifier this stage is known as emotion verification. 
This technique is very effective in the calculation of 
10 emotions. This technique is useful for Doctors to 
identify the mental status of the patient. It is also 
useful in E- learning process to identify the mood of 
the listener. It is very handy in military applications 
as well as useful for theft detection for police in case 
of crime by using audio footage. In order to develop 
this technique we used MATLAB software.  
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