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ABSTRACT 
This paper helps to improve the student’s interest towards speech recognition. It implements Automatic Speech 

Recognition System based on the following: Preprocessing, Feature Extraction Technique (MFCC- Mel 

Frequency Cepstrum Coefficients) and Hidden Markov Model (used in recognition phase) .Its purpose is that 

the human voice can be converted to a computer-readable input, Such as buttons, binary-coded, or sequence of 

characters. Acoustic phonetic approach, Knowledge based approach and Pattern recognition approach are the 

three approaches used in speech recognition. In this paper Pattern recognition technique is used. This approach 

requires no explicit knowledge of speech. This approach has two steps – namely, training of speech patterns 

based on some generic spectral parameter set and recognition of patterns via pattern comparison. 
 

 Keywords: Automatic Speech Recognition (ASR), HMM model, MFCC-Mel Frequency Cepstrum 

Coefficients 
 

I. INTRODUCTION 
 

Communicating with a machine in a natural mode such as speech brings out not only several technological 

challenges, but also limitations in our understanding of how people communicate so effortlessly. The key is to 

understand the distinction between speech processing (as is done in human communication) and speech signal 

processing (as is done in a machine). When people listen to speech, they apply their accumulated knowledge of 

speech in relation to a language to capture the message. 

The language is unique to humans; it is the most basic form of human transmission of information. As the 

development of computer technology, communication between people and computers become more extensive 

and in-depth, so that the computer can understand human language, is not only a cherished ideal of mankind 

since the birth of the computer, but also an important research direction of multiple disciplines. 

Real time continuous speech recognition is a computationally demanding task, and one which tends to benefit 

from increasing the available computing resources. A typical speech recognition system starts with a 

preprocessing stage, which takes a speech waveform as its input, and extracts from it feature vectors or 

observations which represent the information required to perform recognition. This stage is efficiently 

performed by software. The second stage is recognition, or decoding, which is performed using a set of 

phoneme-level statistical models called hidden Markov models (HMMs). Word-level acoustic models are 

formed by concatenating phone-level models according to a pronunciation dictionary. These word models are 

then combined with a language model, which constrains the recognizer to recognize only valid word sequences.  
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II. HMM-BASED SPEECH RECOGNITION 

2.1 Principle and System for Speech Recognition (Automatic Speech Recognition) 
Voice recognition technology, also known as automatic speech recognition (ASR), its purpose is that the human 

voice can be converted to a computer-readable input, Such as buttons, binary-coded, or sequence of characters. 

Speech recognition, is different from speaker recognition, Speaker Recognition is not to identify words which is 

in the vocabulary content.[1] Speech recognition systems usually assumed that the voice signal is encoded into 

one or a plurality of symbol sequence of the information entity. In order to achieve the reverse operation, 

namely to identify the sequence of symbols of a given speaker's voice, the first continuous speech waveform is 

converted into a long discrete parameter vector sequence. Assuming that the sequence of this parameter vector is 

a speech waveform accurately represented in a vector corresponding to the period of time (typically, 10ms and 

so on), the voice signal can be regarded as smooth. This characteristic can be used to good description of the 

HMM. The concept of the Markov model is a discrete-time domain finite state automata, hidden Markov model 

HMM refers to the internal state of this Markov model is not visible to the outside world, the outside world can 

only see the output value of each moment. The acoustic characteristic of the speech recognition system, the 

output value is usually calculated from the respective frames. HMM portrayed speech signal the need to make 

two assumptions, one internal state of the transfer is only related to a previous state, and the other is that the 

output value is only relevant to the current state (or the current state of the transfer), these two assumptions 

greatly reduced the model complexity. 

 
The Basic Configuration of the Speech Recognition System 

2.1.1. Pre-emphasis 

In order to flatten speech spectrum, a pre-emphasis filter is used before spectral analysis. Its aim is to 

compensate the high-frequency part of the speech signal that was suppressed during the human sound 

production mechanism. 

2.1.2. Frame Blocking and Windowing 

The speech signal is divided into a sequence of frames where each frame can be analyzed independently and 

represented by a single feature vector. Since each frame is supposed to have stationary behaviour, a 

compromise, in order to make the frame blocking, is to use a 20-25 ms window applied at 10 ms intervals 

(frame rate of 100 frames/s and overlap between adjacent windows of about 50%), as Holmes & Holmes 

exposed in 2001. In order to reduce the discontinuities of the speech signal at the edges of each frame, a tapered 

window is applied to each one. The most common used window is Hamming window[2]. 
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2.1.2.1 Speech Endpoint Detection 

In the process of speech recognition, When the system receives a signal containing voice, system will detect and 

locate speech endpoint, removal of excess noise before and after the speech, Complete voice will be submitted 

to the next level recognition. Voice endpoint detection algorithm is mainly based on the energy of the voice,zero 

crossing rate, LPC coefficients, information entropy, cepstral, band variance and so on. The endpoint detection 

effects and the actual environmental noise has a great relationship, Therefore, the endpoint detection of pre-

denoising can improve the recognition rate. We introduce a traditional detection methods based on short-term 

energy, short-time zero-crossing rate. 

2.1.2.2 Characteristic Parameter Extraction 

Sub-frame and endpoint detection is complete, the next feature extraction parameters. Feature extraction amount 

is the effective characteristics of the signal is extracted from the speech signal, but also try to remove the noise 

information of the speech signal, to improve the accuracy of identification. 

Since voice having a short-time characteristic, the speech characteristic parameters by frame information 

extraction, frame feature vector. A voice after feature extraction, into a vector sequence. This vector sequence to 

train for and then some kind of model for speech recognition voice template. Voice characteristic parameters of 

extraction is very important, directly affects the accuracy of the speech recognition. 

A good speech features to meet the requirements of three: 

(1)Can effectively extract the signal characteristics of the speech, including the channel characteristics of the 

human auditory model; 

(2)Good independence between the order parameter; 

(3)The characteristic parameters have an efficient method of calculating. 

2.1.3. Mel-Cepstrum 

 Davis & Mermelstein (1980) pointed the Mel Frequency Cepstrum6 Coefficients (MFCC) representation as a 

beneficial approach for speech recognition (Huang et al., 2001).[3] The MFCC is a representation of the speech 

signal defined as the real cepstrum of a windowed short-time signal derived from the FFT of that signal (Huang 

et al, 2001) which, is first subjected to a log-based transform of the frequency axis (mel-frequency scale), and 

then decorrelated using a modified Discrete Cosine Transform (DCT-II). Figure illustrates the complete process 
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to extract the MFFC vectors from the speech signal. It is to be emphasized that the process of MFCC extraction 

is applied over each frame of speech signal independently. 

 
MFCC Extraction Process 

After the pre-emphasis and the frame blocking and windowing stage, the MFCC vectors will be obtained from 

each speech frame. The process of MFFC extraction will be described below considering in any instant that all 

the stages are being applied over speech frames.  

The first step of MFCC extraction process is to compute the Fast Fourier Transform (FFT) of each frame and 

obtain its magnitude. The FFT is a computationally efficient algorithm of the Discrete Fourier Transform (DFT). 

If the length of the FFT, is a power of two (K=2n), a faster algorithm can be used, so a zero-padding to the 

nearest power of two within speech frame length is performed. 

The next step will be to adapt the frequency resolution to a perceptual frequency scale which satisfies the 

properties of the human ears (Molau et al., 2001), such as a perceptually mel-frequency scale. This issue 

corresponds to Mel filterbank stage. 

The last step involved in the extraction process of MFCC is to apply the modified DCT to the log-spectral-

energy vector, obtained as input of mel filterbank, resulting in the desired set of coefficients called Mel 

Frequency Cepstral Coefficients. 
 

2.2 Hidden Markov Models 
2.2.1 Introduction  

The Hidden Markov model (HMM) is a very powerful mathematical tool for modeling time series. It provides 

efficient algorithms for state and parameter estimation, and it automatically performs dynamic time warping for 

signals that are locally squashed and stretched. It can be used for many purposes other than acoustic modeling.  

2.2.2 Markov Chains  

Hidden Markov models are based on the well-known Markov chains from probability theory that can be used to 

model a sequence of events in time. Figure below shows such a graphical network representation of such a 
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model, it has two states a and band some connections indicated by arrows that show how one can get from one 

state to another 

The topology of the network shows an important property of Markov chains, namely that the next state only 

depends on the current state the model is in, regardless of how it got in the current state; this property is often 

referred to as the Markov property. By starting in one of the two states and at each time step moving through the 

model following the arrows out of the current state to the other state or once again to the same state, sequences 

of a’s  and b’s can be generated[4]. 

 
Fig 1: A Markov Chain 

The arrows leaving a state are annotated with a probability that indicates how likely it is that this particular 

transition out of the state will be chosen. As a transition has to be made the probabilities associated with all 

arrows leaving a state should sum to one. The distribution π indicates how likely each state is to be the start 

state, in Figure 1 both states are equally likely to be the start state. Using these probabilities a Markov model can 

be used for recognition. Imagine that we have two processes that produce outputs that can be encoded as 

sequences of a’s and b’s and each of these processes can be modeled by a Markov model, the one from Figure 1 

and the one from Figure 2. 

If we now receive for example a sequence abba we can calculate for each model the probability that it generated 

this sequence by simply multiplying the probabilities along the path that corresponds to the sequence 2 .  

Probability model 1: 0.5 •0.3 •0.6 •0.4 = 0.036  

 Probability model 2: 0.4 •0.5 •0.7 •0.3 = 0.042 

 After which we may conclude that the output is most likely to be generated by the second process. 

 
Fig 2:  A second Markov model 

The concept of the Markov model is a discrete-time domain finite state automata, hidden Markov model HMM 

refers to the internal state of this Markov model is not visible to the outside world, the outside world can only 

see the output value of each moment. The acoustic characteristics of the speech recognition system, the output 

value is usually calculated from the respective frames.HMM portrayed speech signal the need to make two 

assumptions, one internal state of the transfer is only related to a previous state, and the other is that the output 

value is only relevant to the current state (or the current state of the transfer), these two assumptions greatly 

reduced the modelcomplexity.HMM scoring decoding algorithm and corresponding training forward algorithm, 

Viterbi algorithm and forward-backward algorithms. 
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III. PROCESSES AND IMPLEMENTATION 
 

HMM is one of the ways to capture the structure in this sequence of symbols. In order to use HMMs in speech 

recognition, one should have some means to achieve the following:  

· Evaluation: Given the observation sequence O = (o1, o2, …,ot) and a HMM λ = (A,B, π) to choose a 

corresponding state sequence Q = q1, q2,…,qt which optimal in some meaningful sense, given the 

HMM.  

· Training: To adjust the HMM parameters λ = (A,B, π) to maximize P(O | λ).  

The following are some of the assumptions in the Hidden Markov Modeling for speech. 

· Successive observations (frames of speech) are independent and therefore the probability of sequence 

of observation P = (o1, o2, …,ot) can be written as a product of probabilities of individual observations, 

i.e. O = (o1, o2, ….ot)= (Oi) 

· Markov assumption: The probability of being in a state at time t, depends only on the state at time t-1.  

· The problems associated with HMM are explained as follows:  
 

3.1 Evaluation 
Evaluation is to find probability of generation of a given observation sequence by a given model. The 

recognition result will be the speech unit corresponding to the model that best matches among the different 

competing models. Now to find P(O | λ), the probability of observation sequence O = (o1, o2, …,ot) given the 

model λ i.e. P(O | λ). 
 

3.2 Decoding 
Decoding is to find the single best state sequence, Q = q1, q2,…,qt, for the given observation sequence O = (o1, 

o2, …,ot). Consider δt (i) defined as 

 
that is δt(i) is the best score along single path at time t, which accounts for the t observations and ends in state i. 

by induction, 

 
3.3 Training (Learning) 
Learning is to adjust the model parameters (A, B, π) to maximize the probability of the observation sequence 

given the model. It is the most difficult task of the Hidden Markov Modeling, as there is no known analytical 

method to solve for the parameters in a maximum likelihood model. Instead, an iterative procedure should be 

used. Baum-Welch algorithm is the extensively used iterative procedure for choosing the model parameters. In 

this method, start with some initial estimates of the model parameters and modify the model parameters to 

maximize the training observation sequence in an iterative manner till the model parameters reach a critical 

value. 
 

3.4 Dentification 
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Use the Viterbi algorithm to dynamically find the hidden Markov model state transition sequence (ie identify the 

results), the time complexity is far less than the total probability formula. 

The Viterbi algorithm is widely used in the dynamic programming algorithm in the field of communication, the 

algorithm in speech recognition applications. The total probability formula, you can calculate the output 

probability of the system, but were unable to find an optimum state transition path. Using the Viterbi algorithm 

can be found not only a good enough state transition path and the path corresponding to the output probability 

can also be obtained. Meanwhile, with the Viterbi algorithm to calculate the output probability of the amount of 

computation required is much smaller than the amount of calculation of the total probability formula. 
 

IV. CONCLUSION 
 

The conclusion of this study of recognition and hidden markov model has been carried out to develop a voice 

based user machine interface system. In various applications we can use this user machine system and can take 

advantages as real interface, these application can be related with disable persons those are unable to operate 

computer through keyboard and mouse, these type of persons can use computer with the use of Automatic 

Speech Recognition system, with this system user can operate computer with their own voice commands (in 

case of speaker dependent and trained with its own voice samples). Second application for those computer users 

which are not comfortable with English language and feel good to work with their native language i.e. English, 

Kannada, Hindi. 
 

4.1 Improvement of the Model and Algorithm Updates 
In recognition algorithm, we can consider improve the HMM. For example, adding genetic algorithm, neural 

network and so on, to make HMM training and recognition more accurate. 
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ABSTRACT 

Whenever electric current flow through a resistive element say electric chip, heat is generated under 

natural convection conditions. Electric chips are facing thermal challenges to remove the heat. 

Effectively that causes rising temperature and failure. For better performance and condition 

operation additional care must be taken in to account for chip cooling system. One of the effective 

ways is attaching a heat sink over the chips which removes the heat more effectively and keep the chip 

at lesser temperature. Heat sink performance will vary with respect to the orientation. Recent study 

shows that the denser fin arrays or more sensitive to orientations. So in this study similar fin arrays 

with 0ᵒ,45ᵒ, 90ᵒ, orientation are consider for the numerical simulation under certain condition fins 

with slots can work better than the plane .different slots shape studied to find the better one of the 

rectangular fin heat sink.   
 

Keywords: Natural Convection, Cooling, Electronic Component, Numerical Simulation   
                

I. INTRODUCTION 
 

All electronic equipment relies on the flow of and control of electrical current to perform a variety of functions. 

Whenever electrical current flows through a resistive element heat is generated. Regarding the appropriate 

operation of the electronics heat dissipation is one of the most critical aspects to be considered when designing 

an electronic enclosure. Heat generation is an irreversible process and heat must be removed in order to 

maintain the continuous operation. Pure conduction, natural convection or radiation cool the components to 

some extend where as today electronic devices need more powerful and complicated systems to cope with heat. 

Therefore new heat sinks with larger extended surfaces highly conductive materials and more coolant flow are 

keys to reduce the hot spots.  The current study is for optimizing the electronic cooling by using CFD. The 

objective of the present study is to obtain a consistent set of correlations for all orientations of plate-fin heat 

sinks. At the end of the study our efforts converge to a single correlation covering a wide range of angles 

between vertical and horizontal and inclined orientations of the heat sink. In the year 2001, Chang, J e [1] 

Conducted CFD analysis of a 30-W socketed CPU of a desktop computer with minimum air flow rate and 

minimum heat sink size. They this using only the fan in the power supplies for all air movement in the chassis. 

A duct was employed to direct the air flow over the CPU and then to the inlet air vents of the power supply. 

They allowed the use of this duct more than 10°C reduction of the CPU case temperature relative to an unducted 



International Conference on Emerging Trends in Technology, Science and Upcoming Research in Computer Science 

DAVIM, Faridabad, 25th April, 2015                                                        ISBN: 978-81-931039-3-7 

279 | P a g e  

design. The CFD analysis results were confirmed by experiment and the predicted CPU case temperatures 

agreed within 62.9°C of the experimental values for the ducted cases. Here they have described the 

methodology of CFD analysis for the heat sink design and described experimental procedures to validate the 

predictions. Dhiman [2] worked on the flow and heat transfer characteristics of an isolated square cylinder in 

cross flow placed symmetrically in a planar slit for a range of conditions. They obtained the heat transfer 

correlations in the steady flow regime for the constant temperature and constant heat flux boundary conditions 

on the solid square cylinder in cross flow. In addition, variation of the local Nusselt number on each face of the 

obstacle and representative isotherm plots are presented to elucidate the role of Prandtl number and blockage 

ratio on drag coefficient and heat transfer. 
 

II. CLASSIFICATION OF COOLING TECHNIQUES 
 

In general thermal management is categorized into active cooling techniques and passive cooling techniques. 

Mechanically assisted cooling sub systems provide active cooling. Active cooling technique offer high cooling 

capacity. They allow temperature control that can cool below ambient temperatures. In most cases active 

cooling techniques eliminate the use of cooling fans or they require less cooling. Air or liquid jet impingement 

forced liquid convection, spray cooling thermoelectric coolers and refrigeration systems are the examples of 

active cooling techniques. The passive cooling sub systems are not assisted by mechanical equipments. The 

conventional passive cooling techniques include applying effective heat spreaders and heat sinks to the 

electronic package. For a module with spatial limitation, passive cooling technique is often more practical than 

active cooling. But it is limited to what it can achieve. Therefore recent technologies include the use of thermal 

energy storage with phase change materials and integration of the heat pipes to the electronic packages that are 

commonly used to achieve high cooling capacity. 
 

III. OBJECTIVE AND SCOPE OF THE WORK 
 

1. To increase the convective heat transfer rate from the solid surface to the surrounding thus cooling the 

system.  

2. To compare the total heat transfer rate of different orientation of rectangular fin under natural convection. 

3. To compare the total heat transfer rate of rectangular fin to the experimental data. 

The objective of the present study is to obtain a consistent set of correlations for all orientations of plate-fin heat 

sinks including the vertical. At the end of the study our efforts converge to a single correlation covering a wide 

range of angles between vertical and horizontal and inclined orientations.  
 

IV. CFD ANALYSIS PROCESS 
 

To perform a CFD analysis, the analyst will state the problem and use scientific Knowledge to express it 

mathematically. Then the CFD software package will embody this knowledge and expresses the stated problem 

in scientific terms. Finally the computer will perform the calculations dictated by CFD software and the analyst 

will inspect and interpret their results. In principle, three different major tasks should be done to perform a CFD 

simulation. 

 

I. Problem identification 
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1.  Define the modeling goals. 

2. Identify the domain will model. 

II. Pre-processing 

1. Create solid model geometry to represent the domain. 

2. Create the mesh (grid). 

3. Set up the physics (physical models, materials &domain properties). 

4. Set up the reference, initial &boundary conditions. 

5. Define solver settings (numerical schemes, convergence controls). 

III. Solver execution 

1. Compute and monitor the solution until convergence. 

IV. Post-processing  

1. Examine the results with qualitative contour plot or quantitative XY plots. 

2. Consider revision to the model or a grid independent study. 
 

V. CFD ANALYSIS OF THE BASE MODEL 

5.1 Specification of the Base Model 
The main specification of the heat sink is presented in shown in the Fig. 1. In this aluminium and air parameter 

are presented. The baseboard of the aluminium size is length and width is 123x157mm. The fin thickness is 

2mm. The fin height is 50mm. The aluminium base thickness is 10mm and the fin spacing is 13mm. The fluid 

width and length size is 246x314mm. 11 aluminium fins are created. 

 
Fig. 1 Symmetry View of the Base Model 

Table 1 Properties of Material 

Sl. no. Property aluminium 

1 Thermal conductivity W/Mk 202.4 

2 Density [ρ] kg/m3 2719 

3 Specific heat [CP] J/kg K 871 

4 Emissivity 0.6 
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Table 2 Properties of fluid 

Sl. no. Property Air 

1 Thermal conductivity W/Mk 0.0242 

2 Density [ρ] kg/m3 Incompressible ideal gas 

3 Specific heat [CP] J/kg K 1006.43 

4 Viscosity [v] kg/m-s 1.7894e-05 

 

5.2 Mathematical Equations 
With the boundary layer approximations the governing equations for convection are as follows. 

Continuity Equation: 

 (  +  (  ) = 0          (1) 

Momentum Equation: 

(u  + v   ) = g (  -   ) +  (        (2) 

Energy Equation: 

 (u  + v   ) =   (   )        (3) 

Rayleigh Number: 

Ra =             (4) 

In determining the heat transfer, aspect ratio (AR) is the most important parameter affecting the heat and fluid 

flow.  

The heat transfer rate inside enclosure is defined as follow: 

Q = h As (Twall - Tf) = m           (5) 

Where the convective heat transfer coefficient, h: 

h =             (6) 

where, 

h = Convective heat transfer coefficient (w/m2 ). 

Nu = The Nusselt number. 

K = The air thermal conductivity. (w/m℃). 

L = The characteristic length of the channel (m). 

Prandtl Number: 

Pr =  =            (7) 

Prandtl number is a dimensionless number used to describe the relative thickness of velocity and thermal 

boundary layers in natural convection. 
 

5.3 Boundary Condition 
The boundary condition is set as pressure inlet is taken atmospheric condition. Pressure outlet boundary 

conditions require the specification of a static (gauge) pressure at the outlet boundary. The value of the specified 

static pressure is used only while the flow is subsonic. Should the flow become locally supersonic, the specified 

pressure will no longer be used and pressure will be extrapolated from the flow in the interior. All other flow 
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quantities are extrapolated from the interior. A set of “backflow” conditions is also specified should the flow 

reverse direction at the pressure outlet boundary during the solution process. Convergence difficulties will be 

minimized if you specify realistic values for the backflow quantities. The blue colure indicates the pressure inlet 

and yellow colure indicates the symmetry wall and red colure indicates the pressure outlet and black colure 

indicates the heat sink. The boundary condition as shown in Fig. 2. 

 
Fig. 2 Boundary Condition 

 

VI. OPTIMIZATION OF THE BASE MODEL 
 

The rectangular fin heat sink placed under an atmospheric condition in a laminar flow different orientation like 

as horizontal, inclined and vertical to reduce the fin temperature applying the input as 20w.Optimizing the 

model to find the lesser temperature in different orientation as shown in the Fig. 3. 

                        
Fig. (a) With circular slot         Fig. (b) With square slot 

                         
               Fig. (c) With triangle slot                       Fig. (d) Without slot 

Fig. 3 Optimization of the Different Model 
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Table 3 Optimization Model Dimensions 
Geometry dimensions Horizontal 

dimensions 

Vertical 

dimensions 

Offset 

dimensions 

Circular slot 5mm 6.15 25 12.5 

Square slot 5mm 6.15 25 12.5 

Triangle slot 5mm 6.15 25 12.5 

 

VII. RESULT AND DISCUSSION  
 

         
Fig. (a)                                               Fig. (b) 

     
Fig. (c)                                                        Fig. (d)       

                                   
Fig. (e) 

Fig. 4 Excess Temperature of Rectangular Fin in Different Orientation of the Model 
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Table 4 Numerical Analysis of the Temperature Result 
Geometry  Number of fins Heat input (w)  Lowest maximum 

temperature 

experimental 

value(k) 

Lowest maximum 

temperature 

numerical model 

value(k) 

Without slot  11 20 w 312.54 k 311.8913 k 

With circular slot 11 20 w 312.51 k 311.8679 k 

With square slot 11 20 w 312 k       311.8277 k 

With triangle slot 11 20 w 312 k 311. 7735 k 

 

The orientation of rectangular fin heat sink  with different slot studied compare with experimental value there is 

accept triangle slot all the slot rising temperature obtained. But in the triangle slot maintained less temperature 

for the chip then the remaining slot as shown in Fig. 4. 
 

7.1 Flow Field Analysis 
The heat dissipation performance of a rectangular heat sink is directly related to the flow patterns induced by 

thermal buoyancy. The flow field using 11 fin heat sink under 20 w load the flow cross section using y-z 

direction at different orientation slot finally the triangular slot maintaining lesser temperature in the remaining 

slot as shown in Fig. 5 at different contour temperature. 

      
Fig. (a) With Slot Triangle Inclined      Fig. (b) With Slot Triangle135o 

    
Fig. (c) With Slot Triangle Horizontal                                 Fig. (d) With Slot Vertical 

Fig. 5 Different Contour Temperature of Triangle Slot 

VIII. CONCLUSION 
 

Fins with and without slot are studied at different orientation to find the rising temperature of the chip. From the 

simulation result fin with slot is working similar and even better under some orientations, when compare with 
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plane fin. Different slot shape study shows that the fin wth triangle slot is maintaining less rising temperatures 

for the chip then the remaining slots.  

8.1 Future Work 

Present study shows that rectangular slot is working better than the remaining slots. In future study the slots at 

different location can be studies for the furthers operation. 
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Nomenclature 
A       Surface area, m2                                                                                                                 tf     Fin thickness 

H        Fin height, mm                                                                                p    Pressure, pa 

h         Convective heat transfer coefficient, w m-2 k-1                                           Q    Rate of heat transfer, w  

K          Thermal conductivity, w m-2 k-1                                                                             s    Fin spacing, mm 

L           Fin length, mm                                                                                 Temperature difference, k 

W            Width of the fin array, mm                                                             T    Temperature, k 

tb     Base thickness 

Greek Symbols                                                  Subscripts 
   Thermal diffusivity                                                                    CFD         Computational fluid dynamics 

   Coefficient of thermal expansion of air, k-1                                               CPU          Central processing unit 

Cp  Heat capacity, J kg-1 k-1 

    Emissivity, dimensionless 

    Angle defined 

    Kinematic viscosity, m2 s-1 

    Dynamic viscosity, pa s 

    Density, kg m-3 

    Finning factor, dimensionless 

    Stefan Boltzmann constant, 5.67x 10-8 wm-2k-4 
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ABSTRACT                                                                                                                                
A Micro grid (MG) is an integrated energy system comprising of distributed energy resources and multiple 

electrical loads operating in a single and autonomous grid. Normally, micro grid operates in interconnected 

mode with the medium voltage network; however, scheduled or forced isolation can also take place. Hence, 

micro grid must have stable operations in such conditions.                                                                                                                     

When micro grid isolation takes place, its feasibility of control techniques to be adopted for its operation along 

with a new approach for islanding detection in distributed generation (DG) using Rate of Change of Phase 

Angle Difference (ROCPAD) is proposed here. Using synchronous transformation based algorithm, the process 

begins when retrieving of the voltage and current signals at the DG end is done followed by estimation of the 

phasors (amplitude, phase and frequency) which is very important for computation of the phase angle difference 

and ROCPAD for islanding detection.  

The goals of this paper are to explain the principle of micro grid to clarify the main ideas and positive features 

of the micro grids by using islanding detection techniques mainly by ROCPAD islanding technique. 
 

Keywords: Micro grid (MG), Distributed Generator (DG), Non-detection zone (NDZ), Rate of 

Change of Phase Angle Difference (ROCPAD), Rate of Change of Frequency (ROCOF).  
 

I. INTRODUCTION 

1.1 Concept of Islanding 
According to (IEEE 2000) an island is “That part of a power system consisting of one or more power sources 

and load that is, for some period of time, separated from the rest of the system”. Islanding occurs when the main 

supply is disconnected and at least one DG in the disconnected system remains operational. If DG is allowed to 

remain on, customer benefits in terms of reduced outages obtained. However, islanding may increase the risk for 

personnel and equipment. Even it may cause reduction in performance standards for voltage and frequency. 

Thus, power quality in the island cannot be guaranteed, as well as, the non curtailment of loads. Moreover, 

coordination between islanded DG and utility system can cause equipment damage which is due to phase 

mismatch if automatic recloser tries to connect the islanded section with the main. Islanding of the Micro grid 

(MG) [1], [6] can take place by unplanned events such as faults in the Medium voltage network or by planned 

actions like maintenance requirements. In such case, modification of the local generation profile of the MG can 

be done in order to reduce the imbalance between local load and generation and reduce the disconnection 

transient [7]. So detection of islanding condition is a must. 
 

1.2 Review of Islanding Techniques 
The main objective behind the developing micro grid concept is integration of as much as renewable energy 

sources. The micro grid system acts like a plug and play power unit which can easily isolate itself during any 

grid disturbance or outage and continue to supply its loads in an islanded state. The micro grid controllers play 
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an important role in maintaining the micro grid in its islanded state [3]-[5]. Islanding can be dangerous to utility 

workers, who may not realize that a circuit is still powered, and it may prevent automatic re-connection of 

devices. For that reason, distributed generators must detect islanding and immediately stop producing power; 

this is referred to as anti-islanding. The main objective of detection of an islanding situation is to monitor the 

DG output parameters and system parameters and also decide whether or not an islanding situation has occurred 

due to change in these parameters. Islanding detection techniques can be classified into remote and local 

techniques and local techniques can further be classified into passive, active and hybrid techniques as shown in 

Figure 1.1. 

 
Figure 1.1: Islanding Detection Techniques of Micro Grid 

 

II. ISLANDING DETECTION BY ROCPAD ESTIMATION 
 

2.1 Estimation of Rate of Change of Phase Angle Difference (ROCPAD) 
Detection of an islanding condition is the subject of considerable research. In general, these can be classified 

into passive methods, which look for transient events on the grid and active methods which probe the grid by 

sending signals of some sort from the inverter or the grid distribution point. ROCPAD [2] is one of the passive 

islanding techniques. Phasor estimation requires measurement of three parameters such as amplitude, phase 

angle and frequency. The proposed technique works on ROCPAD, and thus phase angle of respective voltage 

and current signals must be estimated accurately. The proposed algorithm uses synchronous transformation, 

based phasor estimation of the retrieved instantaneous voltage and current signals for computation of ROCPAD. 

The power signal x(t) is represented as follows:                             
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where, w0 =  2π f 0  & f 0  is the power system nominal frequency (50 Hz).  

Substituting (2.1) in (2.2), at mth order sample time i.e., t = mTs (m = 0,1,2,….), 

where, Ts = sampling interval, this results to: 
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For k = 1, the fundamental quantities are given as, 

x d1(m) = 1.5 A1 cos [2π  ( f - f 0) mTs + ¶ 1]                                                                                                  (2.4) 

x q1(m) = -1.5 A1 sin [2π ( f - f 0) mTs + ¶ 1]                                                                                                  (2.5) 

From the above d-q quantities, the amplitude (A1), phase ( ¶ 1) and frequency ( f ) are calculated as follows: 

A1 = 2/3√(x2
d1 + x2

q1)                                                                                                                                          (2.6) 

¶ 1 = arc tan [-xq1 (0) / xd1 (0)]                                                                                                                             (2.7) 

f = [{ ¶ 1 (m) – ¶ 1(m-p)} / 2πpTs] + f 0                                                                                                                                                                   (2.8) 

where, p = 0, 1, 2… 

The phase (2.7) and frequency (2.8) are required to estimate the ROCPAD as follows: 

ROCPAD = [Δ ( ¶ V - ¶ i)] / Δ t                                                                                                                           (2.9) 

Figure 2.1 and Figure 2.2 shows the complete MATLAB implementation block for estimating the voltage and 

current phasors (amplitude and phase). Initially the instantaneous current and voltage signals are fed to the 

sampling device and, sampled voltages and current Vabc and Iabc respectively are cascaded to the synchronous 

transformation based phasor estimation algorithm to estimate respective values of voltages and current Vp, Ip 

and phase angle difference. Hence, ROCPAD is estimated. The frequency is accomplished using the frequency 

block shown in Figure 2.2. The phase angle difference and corresponding ROCPAD are estimated using the 

estimation block as shown in Figure 2.3. (2.6), (2.7), (2.8), (2.9) helps in estimation of ROCPAD. 

 
Figure 2.1: Synchronous Transformation Based Phasor Estimation Algorithm 

   
Figure 2.2: Frequency Block Estimating        Figure 2.3: Estimation Block of ROCPAD 

                          the Frequency   
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Figure 2.4: Proposed ROCPAD in MATLAB/Simulink 

 

2.2 Sample Studied System 
The sample studied system is shown in Figure 2.5 whose base power is chosen as 10MVA. The studied system 

consists of a radial distribution system with 4 DG units (3 wind farms and 1 emergency diesel generator) which 

are connected to the main supply system through PCC. The DG units are placed at a distance of 20 km with 

distribution lines of pi-sections and the operating voltage of the micro grid is 25kV.  

The details of the generator, DGs, transformers, distribution lines and loads are mentioned as below: 

1. Generator:                                                                                                

        Rated short circuit MVA = 1000, f = 50Hz, rated kV = 120, Vbase = 120kV. 

2. Distributed Generations (DGs): 

a) DG-1, DG-2, DG-3: Wind farm (9MW) consisting of six 1.5MW wind turbines.   

b) DG-4: Emergency Diesel Generator, 5MW, 400V. 

3. Transformer:                                                                                

a) TR-1: Rated MVA = 50, f = 50Hz, rated kV = 120/25, Vbase = 25kV, R1 = 0.00375p.u., X1 = 0.1p.u, Rm = 

500p.u,         Xm = 500p.u.                                                

b) TR-2, TR-3, TR-4, TR-5: Rated MVA = 10, f = 50Hz, rated kV = 25 kV/575V, Vbase = 25kV, R1 = 

0.00375p.u, X1 = 0.1p.u, Rm = 500p.u,Xm=500p.u. 

4. Distribution lines (DL):                                         

DL-1, DL-2, DL-3, DL-4: PI-Section, 20km each, rated MVA = 20, f = 50Hz, rated kV = 120/25, Vbase = 

25kV, R0 = 0.1153ohms/km, R1 = 0.413ohms/km, L0 = 1.05e-3H/km, L1 = 3.32e-3H/km, C0 = 11.33e-

009F/km, X1 = 5.01e-009F/km. 

5.   Normal Loading data: L1=15MW, 5Mvar; L2, L3, L4, L5 = 8MW, 3Mvar.  

 
Figure 2.5: Single line Diagram: Sample Studied System 
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The voltage and current signals are retrieved at the target DG location during islanding and non islanding 

conditions (other disturbances). The relays for each DG units are placed at the DG end. The system model is 

simulated at 1.0 kHz (20 samples per cycle on 50 Hz base frequency). The complete simulation is carried out 

using MATLAB/Simulink package.  

The possible situations of islanding and non islanding conditions studied are given as follows: 

• Tripping of main circuit breaker (CB) for islanding conditions. 

• Any breakers between the power system and DG are opened. 

• Loss of power on the PCC bus. 

• Events that could trip all breakers and reclosers that could island the DG under study. 

The single line diagram as shown in Figure 2.5 can be represented in MATLAB/Simulink by implementation of 

ROCPAD as shown in Figure 2.6. 

 
Figure 2.6: Implementation of ROCPAD on Sample Studied System in MATLAB/Simulink 

 

III. SIMULATION RESULTS AND DISCUSSION 

3.1 Proposed ROCPAD for Islanding Detection 
ROCPAD is estimated from Figure 2.3 and 2.4. As phase information of voltage and current signals undergo 

larger deviations during islanding, thus ROCPAD is chosen as the tracking signal for islanding detection. It is 

observed that the magnitude of ROCPAD sharply changes during islanding compared to non-islanding condition 

as shown in Figure 3.1 to Figure 3.6. Thus, a threshold of (may be 50 degree/s or 100 degree/s) can be set to 

issue the tripping signal. Even the threshold shifts from 50 degree/s to 100 degree/s, the response time changes 

by 3 ms (less than a quarter cycle), which is accepted for relaying purpose. The response time of the ROCOF is 

within 15 ms from the event inception with 100 degree/s as threshold, which is less than one cycle (20 ms) from 

the islanding inception. It is observed that the impact of load change on the performance of ROCPAD is 

marginal as shown in Figure 3.3 and Figure 3.4, where the non-islanding events are load switching at DG-2 end 

(L-3) and section-2 completely cut off, respectively. The most important issue is to evaluate the performance of 

the ROCPAD for islanding detection with lower active power imbalance (power mismatch). It is observed that 

even if the power imbalance goes down to 10%, the magnitude deviation of ROCPAD is similar to that of 40% 

power imbalance case and a same threshold can be set to issue the tripping signal. Similar observation can be 

made for power imbalance of 0 and 80%. This shows that setting one absolute threshold (may be 100 degree/s) 

works effectively for islanding detection for wide range of active power imbalance. 
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Figure 3.1: Non-islanding case for DG-1 for       Figure 3.2: Islanding case for DG-1 for 

Designed Micro grid in MATLAB/Simulink      Designed Micro grid in MATLAB/Simulink 

    
 

Figure 3.3: Non-islanding case for DG-2 for         Figure 3.4: Islanding case for DG-2 for  

   Designed Micro grid in MATLAB/Simulink           Designed Micro grid in MATLAB/Simulink 
 

           
 

Figure 3.5: Non-islanding case for DG-3 for               Figure 3.6: Islanding case for DG-3 for  

Designed Microgrid in MATLAB/Simulink              Designed Micro grid in MATLAB/Simulink 
 

IV. CONCLUSION 
 

This paper presents a new passive technique for islanding detection in distributed generation using ROCPAD. 

Moreover, it also evaluates the islanding and non-islanding conditions for all conditions for the sampled studied 

system. Distributed power systems offer a potential increase in efficiency by localizing power generation. 

Distributed power also offers increased reliability, uninterruptible service, and energy cost savings. The 

ROCPAD works effectively where the ROCOF fails. The response time of ROCPAD is within one cycle from 

the event inception, showing fastness of the proposed algorithm compared to ROCOF relays. The most 

important observation is the ability of ROCPAD to perform with active power imbalance of 0%, thus reducing 
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the non-detection zone (NDZ) compared to existing ROCOF relays. It is observed that active power imbalance 

plays vital role in islanding detection in case of ROCOF relays. ROCOF relays work effectively with active 

power imbalance at higher end and fails in case of active power imbalance falls below 15% during islanding. An 

important observation is made on the response time of ROCPAD, which is less compared to ROCOF, showing 

the fastness of the proposed ROCPAD for islanding detection. Also the ROCPAD works with 0% active power 

imbalance, indicating the reduction of non-detection zone (NDZ). The main challenge in passive islanding 

detection technique is to derive the most significant parameter and to set an absolute threshold on the same for 

effective islanding detection. This is achieved by the proposed ROCPAD relay algorithm which performs 

effectively based on a set threshold. The most important observation is the ability of ROCPAD to perform with 

active power imbalance of 0%, thus reducing the non-detection zone (NDZ) compared to existing ROCOF 

relays. As the implementation is easier, thus DSP/FPGA based ROCPAD anti-islanding relay can be developed 

for safe and secure micro grid operations. The implementation of the ROCPAD relay is easier on DSP or FPGA 

platform as this is based on synchronous transformation based phasor estimation. The study of such issues 

would require extensive real-time and off line research, which can be taken up by the leading engineering and 

research institutes across the globe. As a future work, the effect of these dynamics on the islanding detection and 

control of islanded systems can be studied. As the implementation is easier, thus DSP/FPGA based ROCPAD 

anti-islanding relay can be developed for safe and secure micro grid operations. 
 

REFERENCES 
 

[1] S. Chowdhury, S. P. Chowdhury, P. Crossley, “Micro grids and active Distribution Networks”, IET 

Renewable Energy Series 6. 

[2] Ankita Samui and S. R. Samantaray, “Assessment of ROCPAD Relay for Islanding Detection in 

Distributed Generation”, IEEE Transactions on Smart Grid, Vol. 2, No. 2, June 2011. 

[3] J. Yin, L. Chang, and C. Diduch, “Recent development in islanding detection for distributed power 

generation,” in Proc. Large Eng. Syst. Conf. Power Eng. (LESCOPE), Jul. 28–30, 2004, pp. 124–128. 

[4] IEEE Standard for Interconnecting Distributed Resources with Electric Power Systems, IEEE Std. 1547-

2003, Jul. 2003. 

[5] IEEE Draft Application Guide for IEEE Standard 1547: Interconnecting Distributed Resources With 

Electric Power Systems, IEEE P1547.2/D10, Mar. 2008. 

[6] R. Lasseter et al. White Paper on Integration of Distributed Energy Resources-‘The CERTS Micro grid 

Concept’. 

[7] F. Katiraei, M. R. Iravani, and P. W. Lehn, “Micro-grid autonomous operation during and subsequent to 

islanding process”, IEEE Trans. Power Del., Vol. 20, no. 1, pp. 248–257, Jan. 2005. 

 

 

 



International Conference on Emerging Trends in Technology, Science and Upcoming Research in Computer Science 

DAVIM, Faridabad, 25th April, 2015                                                       ISBN: 978-81-931039-3-7 

994 | P a g e  

PRIORITIZATION OF MULTIFACETED CRITERIA 

FOR THE DIFFERENT CO2 REMOVAL 

TECHNOLOGIES FROM BIOGAS USING 

ANALYTICAL HIERARCHICAL PROCESS 

Sudeep Yadav1, Amitabh K. Srivatava2, R.S.Singh3 
1Assistant Professor, Department of Chemical Engineering,  

Bundelkhand Institute of Engineering and Technology, Jhansi (India) 
2Associate Professor, Department of Civil Engineering,  

Bundelkhand Institute of Engineering and Technology, Jhansi (India) 
3Associate Professor, Department of Chemical Engineering,  

Indian Institute of Technology-BHU, Varanasi (India) 

 

ABSTRACT 
Biogas and its derived forms may be considered as the most extensive source of Biomass energy. Raw biogas, 

which is usually generated from different type of biomass wastes, is primarily be made up of CH4 (55%-65%) 

and CO2 (35%- 45%). Raw biogas has the calorific value of 22- 25 MJ/m3. After CO2 removal, the CH4 gas has 

a calorific value up to 39 MJ/ m3, Purified biogas has much broader and greater value applications. Packed 

Tower Absorption (Water Scrubbing), Packed Tower Absorption (Amine Scrubbing), Pressure Swing 

Adsorption, Chemical Reaction with Lime, Membrane Separation and Cryogenic Separation are the main 

available Technologies for the removal of CO2 from Biogas. Each type of Technologies has its merits and 

demerits. In order to select the most appropriate Technology among them are very important to gain the optimal 

benefit.  To deal with such complex decision making problems, The Analytic Hierarchy Process (AHP) a Multi 

criteria Decision Model introduced by Thomas Saaty, is an effective tool. The AHP helps to capture both 

subjective and objective aspects of a decision by reducing complex decisions to a series of pair wise 

comparisons and then synthesize the results. In this research, prioritization of multifaceted criteria like 

Technology Maturity (Technical Aspects Only), Technology Availability (In India), Initial Investment Cost, 

Operation Cost, Process Efficiency and Process Emissions (Air, Water & Ground) is done by using AHP (Super 

Decision Software) for the prioritization of most appropriate CO2 Removal Technology from Biogas. 
 

Key Words: Biogas, CO2 Removal Technologies, Analytical Hierarchical Process, Multifaceted 

Criteria, Super Decision Software 
 

I. INTRODUCTION 
 

India depends heavily on coal, oil and natural gas for meeting its energy demand. Demand for energy will 

continue to increase and potential of energy resource will continue decrease. This mismatch denote to energy 

crisis. For removal of this disparity between energy demand and availability, the renewable energy is promoting 
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as alternative energy source. Various renewable energy sources such as wind energy, geothermal energy, solar 

energy and biomass energy etc. are available readily in India [1, 2, 3]. 

Biomass is regarded as the prominent source of renewable energy. Biomass energy is a potentially sustainable 

and comparatively environment friendly source of energy. Rapid rate of fossil fuel usage releases huge amount 

of CO2. Conversely, biomass absorbs the same amount of CO2 in rising that it releases when burned as a fuel. 

Biomass is carbon dioxide neutral source on sustainable basis utilization. In addition, biomass contain negligible 

amount of sulfur so they have a minimum contribution to acid rain. Therefore, biomass use as substitute of fossil 

fuels for energy Production will result in a net reduction in green-house gas emissions [4]. Biomass energy 

resource is comparatively uniformly available in India likened to other renewable sources. Recognizing the 

potential of bioenergy progression, the Ministry of New and Renewable Energy (MNRE), India has started 

several biomass programs, with promoting Degree of success [5]. 

Biogas and its derived forms may be considered as the most extensive source of Biomass energy. Biogas is a 

product of bio-methanation process when fermentable organic materials are subjected to anaerobic digestion in 

the presence of methanogenic bacteria. The main constituents of produced gas from the anaerobic digestion 

mainly contain CH4 and CO2. It also contains some other gases and vapors contents [6]. 

Raw biogas, which is usually generated from different type of biomass wastes is primarily be made up of CH4 

(55%-65%) and CO2 (35%- 45%). Raw biogas has the calorific value of 22- 25 MJ/m3. After CO2 removal, the 

CH4 gas has a calorific value up to 39 MJ/ m3. Purified biogas with methane content above 96% can have the 

similar property as natural gas, which can substitute fossil gas and has much broader and greater value 

applications. Thus, it is essential to promote purification techniques for biogas upgrading [7].  The majority of 

biogas purification methods are derived from conventional gas separation technologies and many of them have 

been successfully applied for natural gas purification. Normally used methods are Packed Tower Absorption 

(Water Scrubbing), Packed Tower Absorption (Amine Scrubbing), and Pressure Swing Adsorption, Chemical 

Reaction with Lime, Membrane Separation and Cryogenic Separation. Each type of CO2 removal from Biogas 

has its advantages and disadvantages, so that selecting the most appropriate removal Technology among them is 

very important to gain the best possible option. The Analytic Hierarchy Process (AHP) a Multi-Criteria 

Decision- Making (MCDM) model introduced by Thomas Saaty, is an effective tool for dealing with such 

complex decision making. 

MCDM is a branch of a general class of Operations Research models which deal with the process of making 

decisions in the presence of multiple objectives. These methods can handle both quantitative and qualitative 

criteria. In AHP, a multiple criteria problem is structured hierarchically by breaking down a problem into 

smaller and smaller consistent parts. The goal (objective) is at the top of the hierarchy, criteria and subcriteria at 

levels and sub-levels of the hierarchy, respectively, and decision alternatives at the bottom of the hierarchy. The 

best alternative is usually selected by making comparisons between alternatives with respect to each attribute. 

This type of method has been used in Renewable Energy planning [8]. 

In this research, we have selected and ranked multifaceted criteria like Technology Maturity (Technical 

Aspects Only), Technology Availability (In India), Initial Investment Cost, Operation Cost, Process 

Efficiency and Process Emissions (Air, Water & Ground) using AHP (Super Decision Software) for the 

prioritization of most appropriate Removal Technology of CO2 removal from Biogas in Indian context. 
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II. VARIOUS REMOVAL TECHNOLOGIES OF CO2 FROM BIOGAS  
 

Removal of CO2 from Biogas can be accomplished by using a number of different Technologies like Packed 

Tower Absorption (Water Scrubbing), Packed Tower Absorption (Amine Scrubbing), and Pressure Swing 

Adsorption (ZMS), Chemical Reaction with Lime, Membrane Separation and Cryogenic Separation. Factors 

that influence the choice of removal process are: the quantity of biogas available, the ultimate application of 

energy, environmental norms and economic viability. The brief discussion of the CO2 Removal technologies 

from biogas is given below: 

  

2.1 Packed Tower Absorption (Water Scrubbing) 
Packed Tower Absorption (Water Scrubbing) is the most commonly used method for the purification of biogas. 

It is fundamentally based on the principle that the solubility of CO2 and H2S is higher in water as compared to 

CH4, thus separating both CO2 and H2S simultaneously from biogas with a high efficiency is easy. To increase 

the absorption of CO2 and H2S, Biogas is usually compressed to 900–1200 kPa and a packing media which has a 

high surface area is used. Within the scrubber, the flow of biogas keeps counter currently with respect to water 

flow that is sprayed from the top of scrubber, and the absorption primarily occurs on the surface of the packing 

media. Cleaned biogas can contain >96% CH4 after drying [9]. The liquid effluent contains a high concentration 

of CO2 and a low concentration of CH4. CH4 is recycled in the flash tank where pressure is lowered to 200–400 

kPa. Finally, water is regenerated in the stripper at near atmospheric pressure with air blown into the stripper. 

The advantages of this method include no need for chemicals and simultaneous removal of CO2, H2S, and other 

impurities which are soluble in water, e.g. Dust and Ammonia (NH3).The main challenge of this method is that 

its demand of water is very high. Current studies on PWS mainly focus on applying high pressure, reducing 

water usage, and optimizing water pH. Water pH affects absorption of H2S. Solubility of H2S decreases with 

decreasing pH .At elevated pressure, the solubility of gases increases, which reduces water demand in the 

scrubber. The method provides 100% pure methane but the purity is dependent on many factors i.e. dimensions 

of scrubbing tower, composition of raw biogas, water flow rates, gas pressure, and purity of water used[10]. 

  

2.2 Packed Tower Absorption (Amine Scrubbing) 
Amine solvent has been often used to separate CO2 from gas streams because of its high absorption selectivity 

of CO2..The solvents which are generally used are alkanol amines, such as mono ethanol amine (MEA), 

diethanol amine (DEA) or methyl diethanol amine (MDEA), among which MEA is the most widely, employed 

solvent for low pressure absorption. These solvents not only enhance CO2 absorption capacity but also reduce 

corrosion problems [10]. The reactions during adsorption and desorption processes are shown below. 

Absorption of CO2:  RNH2 + H2O + CO2                               (RNH3)+ + (HCO3)-                      (i) 

Desorption of CO2:  (RNH3) + + (HCO3) -                                RNH2 + H2O + CO2                 (ii) 
Where R is an organic component. For example, R is – (CH2)2OH for MEA. The above reactions are mainly 

governed by pressure and temperature. Lower temperature and higher pressure favors absorption, while higher 

temperature and lower pressure promote desorption. Biogas is usually compressed at 600–700 kPa before 

feeding into the absorption reactor. In the absorption phase, CO2 and some H2S gas dissolve into the solvent, 

while high-purity CH4 gas leaves the reactor. The cleaned biogas usually contains high purity CH4 (96–98%). 

Also, due to the fact that amine solvents have a much higher solubility of CO2 over CH4, CH4 loss can be very 
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low during this process [12]. Thus, amine absorption is preferred where strict environmental regulations on CH4 

emissions are applied. 
 

2.3 Pressure Swing Adsorption  
Pressure swing adsorption (PSA) uses the adsorbent's differences in gas adsorption rates to capture preferred 

gases (e.g. CO2, O2, and N2) at a high pressure, and then releases the adsorbates at a low pressure to regenerate 

the adsorbent for a subsequent adsorption cycle. Usually the adsorbents which are used in PSA are carbon 

molecular sieve, zeolite, silica gel, and activated carbon, due to their low cost, large specific area and pore 

volume, and excellent thermal stability [13]. These adsorbents are designed to have a specific pore size thus 

enabling selective adsorption of molecules that are smaller than the designed pore size. The molecular size of 

CH4, CO2, O2, and N2 are 4.0, 2.8, 2.8, and 3.0Å, respectively, at standard conditions. Therefore, an adsorbent 

with a pore size of 3.7Å is able to capture CO2, O2, andN2, but not CH4, thereby cleaning the biogas [14]. The 

major concern of the PSA system is its toxicity and over-loading of adsorbents. Sticky gases, such as H2S and 

NH3, may irreversibly attach to many adsorbents and reduce their available surface area for adsorption, while 

water competes with other adsorbates for adsorption spots. Therefore, H2S and water need to be removed from 

biogas before the PSA cleaning process . PSA method is preferred over the other purification technologies 

because of low energy requirements and low capital cost in comparison with other separation methods [15]. 
 

2.4   Membrane Separation  
The Separation principle of membrane permeation is that under a certain pressure, gases with high permeability 

(e.g. small molecular size and low affinity) can be transported through the membrane while gases with low 

permeability are retained. High permeable impurities, such as CO2, O2, and H2O, pass through the membrane as 

permeate; while low permeable CH4 is retained [16].General criteria for evaluating membrane separation are 

CH4 loss, selectivity, pressure drop across membrane, and membrane life span. Comparing the performance of a 

poly sulphone membrane and a cellulose acetate membrane on purifying biogas which was generated from a 

sewage plant unit, and it is noted that the permeability of CH4 and CO2 of both membranes was generally 

increased with temperature, which led to decreased separation efficiency. Stern et al utilized membranes made 

from “glassy” polymers, such as cellulose acetate and polyimides, to separate biogas generated from a municipal 

waste water treatment plant, and showed that CH4 content higher than 90% can be obtained, while organic 

impurities may be act as a poison for the membrane. Based on this outcome, pretreatment of biogas to remove 

organic impurities prior to membrane separation is generally recommended. Along with the development of 

bioenergy in latest years, an increase in the interest in large-scale membrane separation projects has been found 

[17].   
 

2.5 Cryogenic Technology 
The cryogenic process of refining biogas includes the separation of the gas mixtures by fractional condensations 

and distillations at the condition of low temperatures. This method has the benefit that it allows regaining of 

pure constituent in the form of a liquid, which can be transported appropriately. Cryogenic technology takes 

advantage of the different boiling points of gases (CO2: -78.50C,    CH4: -1610C) by progressively cooling the 

raw biogas under pressure and, consequently, obtaining high purity CH4. High purity CO2 is produced as a 

valuable byproduct. This method is also used for liquefied biogas (LBG) production. In a cryogenic process, 

crude biogas is compressed to almost at 80 bar. The compression is made in several stages with inter- stage 
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cooling. The compressed gas is dried to ignore freezing throughout the cooling process. The biogas is cooled 

with chillers and heat exchangers top which is at -450C, condensed CO2 which is removed in a separator. The 

CO2 is treated further to recover dissolved CH4, which is recycled to the gas inlet site. By this method more than 

97% pure methane is achieved. 

  

2.6 Chemical Reaction with Lime 
Maizirwan Mel1 et. al (2014)  used Aqueous solution of Ca (OH)2 as chemical solvent to demonstrate its ability 

and effectiveness in absorbing CO2 and H2S from biogas. Different operating parameters which include 

concentration of limewater solution and flow rate of biogas were used. Removal efficiency and absorption 

capacity of CO2 were analyzed based on the results obtained. Biogas concentration before and after treatment 

with limewater solution, Ca (OH)2 aqueous were determined using a biogas analyzer. Different percentage of 

compositions after purification was obtained.CO2 especially was seen to be absorbed into the limewater solution 

to a great value for each concentration. With the concentrations of limewater increasing, the CO2 reading 

dropped drastically to a significant value indicating CO2 absorption into the limewater solution. Using data 

obtained (by taking the CO2 reading before it is saturated and its CH4 reading) from the gas analyzer after six 

minutes of contact, CO2 removal efficiency and CH4 enrichment were calculated. It was found that the 

concentration of limewater plays an important role on the CO2 removal efficiency.  
  

III. SELECTION OF MULTIFACETED CRITERIA AND METHODOLOGY 
 

In the Analytic Hierarchy Process a decision problem is structured as a hierarchy with a goal node at the top, 

criteria influencing the goal in the level below (there may also be several additional levels of sub-criteria), and 

the alternatives of the decision in the bottom level. The Selection of multifaceted criteria for CO2 Removal 

technologies from biogas is very crucial step of this process. Various criteria like Technology Maturity 

(Technical Aspects Only), Technology Availability (In India), Initial Investment Cost, Operation Cost, 

Process Efficiency and Process Emissions (Air, Water & Ground) are selected from the literature review and 

discussion with experts from different sectors that are related to the problem improves the effectiveness and 

correctness of the decision. 
The benefit of the proposed model is that it increases the effectiveness of the decision by allowing participation 

of different experts. Multiple decision makers are often preferred rather than a single decision maker, to avoid 

bias and minimize partiality in the decision process. Since decisions made in the energy sector affect all society 

and sectors, these decisions should not be made by the initiative of one man or through one sector. The criteria 

will be pairwise compared for importance to establish their priorities with respect to the goal. The removal 

technologies will be pairwise compared for preference to establish their priorities with respect to each criterion. 

The results of all these comparisons will be combined to give the best alternative with the highest priority. The 

goal and criteria are one comparison group with the goal as the parent and the criteria as the children. The 

criteria will be pairwise compared with respect to the Goal for importance. Each criterion connected to the 

alternatives forms a comparison group with that criterion as the parent and the alternative as children [19, 20]. 

The alternatives will be pairwise compared with respect to the criterion for preference as shown in Fig. 1 given 

below. 
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Fig 1:  The Hierarchy of Biomass Priority 

In this research Super Decisions software designed by William J. Adams is used for the implementation for 

decision making. It decomposes a problem systematically and incorporates judgments on intangible factors 

alongside tangible factors. In this software a decision model is made up of clusters, nodes and links. Clusters are 

groupings of nodes which are logically related factors of the decision. Connections are made among nodes to 

establish comparison groups and when nodes are connected links automatically appear between their clusters. In 

a hierarchy the links go only downward: from the goal node to the criterion nodes and from each Criterion node 

to the alternative nodes. Below is a screenshot of the CO2 removal Technologies Hierarchy as it appears in the 

software in Fig. 2 

 
Fig 2: The Hierarchy of Links in Super Decision Software 

 

The pairwise comparison judgments are made using the Fundamental Scale of the AHP and the judgments are 

arranged in the pairwise comparison matrix. The pairwise comparison judgments used in the AHP pairwise 

comparison matrix are defined as shown in the Fundamental Scale of the AHP given by Thomas Satty below in 

Table 1. 

Table .1: The Fundamental Scale of the AHP 

Intensity of importance 

 

Definition Explanation 

1 Equal importance  Two elements contribute equally to the objective 

3 Moderate importance 

 

Experience and judgment slightly favor one 

element over another 

5 Strong importance Experience and judgment strongly favor one 

element over another 
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7 Very strong importance  An activity is favored very strongly over another 

9 Absolute importance  

 

The evidence favoring one activity over another 

is of the highest possible order of affirmation 

2,4,6,8 Used to express intermediate 

values 

 

Decimals  1.1, 1.2, 1.3, …1.9 For comparing elements that are very close 

 

The numbers in the cells in an AHP matrix, by convention, indicate the dominance of the row element over the 

column element; a cell is named by its position (Row, Column) with the row element first then the column 

element.  Only the judgments in the unshaded area need to be made and entered because the inverse of a 

judgment automatically entered in its transpose cell. The diagonal elements are always 1, because an element 

equals itself in importance. If the number of elements is n the number of judgments is n (n-1)/2 to do the 

complete set of judgments .The Pairwise comparison of multifaceted criteria as discussion with experts from 

different sectors that are related to the problem is shown in Table-2 

 

Table 2: Matrix showing Pairwise Comparison of Criteria with respect to Goal 

Goal 1.Technology 

Maturity 

2.Technology 

Availability 

3.Intial 

Investment 

Cost  

4.Operation 

Cost 

5.Process 

Efficiency 

 

 

6.Process 

Emissions  

  

1.Technology 

Maturity 

1 3 4 5 4 7 

2.Technology 

Availability 

 1 3 4 3 6 

3.Intial 

Investment 

Cost 

  1 2 4 5 

4.Operation 

Cost 

   1 3 4 

5.Process 

Efficiency 

    1 2 

6.Process 

Emissions  

 

     1 

 

It is clear from above table only n (n-1)/2 judgment are required while rest of judgment are done with the help of 

SuperDecisions Software to do the complete set of judgments as shown in table-3. 

 

 

 

 



International Conference on Emerging Trends in Technology, Science and Upcoming Research in Computer Science 

DAVIM, Faridabad, 25th April, 2015                                                       ISBN: 978-81-931039-3-7 

1001 | P a g e  

Table 3: Matrix showing Pairwise Comparison of Criteria with respect to Goal 

 

1.C1 2.C2 3.C3 4.C4 5.C5 6.C6
1.C1 1 2 3 6 8 3
2.C2 0.5 1 2 5 7 3
3.C3 0.33333 0.5 1 5 6 2
4.C4 0.1667 0.2 0.2 1 2 0.25
5.C5 0.125 0.1428 0.1667 0.5 1 0.2
6.C6 0.3333 0.3333 0.5 4 5 1

 

 
Priorities for the criteria are obtained by calculating the principal eigenvector of the above matrix. A short 

computational way to obtain this vector is to raise the matrix to powers. Fast convergence is obtained by 

successively squaring the matrix. The row sums are calculated and normalized. The computation is stopped 

when the difference between these sums in two consecutive calculations of the power is smaller than a 

prescribed value. 

The priorities of an AHP pairwise comparison matrix are obtained by solving for the principal eigenvector of the 

matrix. The mathematical equation for the principal eigenvector w and principal eigenvalue λmax of a matrix A 

is given below. It says that if a matrix A times a vector w equals a constant (λmax is a constant) times the same 

vector, that vector is an eigenvector of the matrix. Matrices have had more than one eigenvector; the principal 

eigenvector which is associated with the principal eigenvalue λmax (that is, the largest eigenvalue) of A is the 

solution vector used for an AHP pairwise comparison matrix. Aw = λmax w. 

The SuperDecisions software uses a special algorithm to remember and display additional priorities in the Limit 

supermatrix that appeared in successive powers of the matrix and give useful information. The final overall 

priorities for the alternatives, in raw unnormalized form, appear in the column beneath the goal. The priorities 

for the criteria in the goal column, when normalized, are the original priorities derived by pairwise comparison. 

The weighted supermatrix is raised to powers until it converges to the limit supermatrix which contains the final 

results, the priorities for the alternatives, as well as the overall priorities for all the other elements in the model. 

It happens that the weighted supermatrix is the same as the unweighted supermatrix for an AHP hierarchy, so 

raise the matrix above to powers [21]. 

 

IV RESULTS AND DISCUSSION 
 

Six types of multifaceted criteria Technology Maturity (Technical Aspects Only), Technology Availability 

(In India), Initial Investment Cost, Operation Cost, Process Efficiency and Process Emissions (Air, Water 

& Ground) have been evaluated to determine the most appropriate one for the prioritization of  Technology for  

CO2  removal from Biogas  in Indian Perspective . A selection methodology based on AHP (Super Decision 

Software) is used. This methodology involves a procedure for the aggregation of expert opinion using the six 

selection criteria that are appropriate for India. 

Experts involved in the assessment found that the Technology Maturity is the most important criteria having 

the priority of 0.4189 followed by the priorities of Technology Availability and Initial Investment Cost as 
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0.2469 and 0.1444 respectively. While other criteria Operation Cost, Process Efficiency and Process 

Emissions have lower scores 0.0973, 0.0575 and 0.0347 respectively. 
 

The Results above mentioned is shown below in Fig.3, the screenshot from super decision software. 

 
 

Fig.3: The screenshot from super decision software 
 

The results of the above decision can also be shown as below in Table 4. 

Table 4: Priorities of Different 

Criteria

Inconsistency 0.07034

Name Normalized Idealized
1.Technology Maturity 0.418933375 1
2.Technology Availability 0.246977191 0.589538112
3. Initial Investment Cost 0.144443978 0.344789855
4. Operation Cost 0.097330098 0.232328347
5. Process Efficiency 0.057575502 0.137433553
6. Process Emissions 0.034739856 0.082924537

 
It is very clear from the above results that the criteria related to Technology Maturity and Technology 

Availability are more important than any other criteria.  

 

V CONCLUSION 
As the India is currently moving fast towards industrial and technical advancement, energy sources have 

become an important concern. Currently, the major energy supply is from fossil fuel containing carbon sources. 

Though, these sources produced from non-renewable type of energy and are said to be depleted soon. The 

combustion of the fossil fuels contributes to the emission of the largest greenhouses gasses like carbon dioxide 

into the atmosphere which could cause global warming. 
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Biogas is preferred over fossil fuels sources as it is much cheaper and environmentally friendly. The sources for 

biogas production could be from readily available raw materials like cow manure, fruit and vegetable waste, 

food processing industries (poultry) as well as municipal solid waste (MSW). The gases in biogas can be 

combusted or oxidized with oxygen. The energy released, which is about 22 MJ/kg allows biogas to be used as 

fuel for heating purposes such as cooking or to power motor vehicles. 

However, before the biogas could be supplied for energy application, it needs to be purified as there is the 

presence of entities like CO2 and H2S which can affect the performance of the whole system for biogas 

production. Upgrading biogas to natural gas quality is a multiple step procedure. A range of technologies are 

available in order to remove contaminants or trace elements from biogas being produced, leaving purified 

biogas. 

It was found that there are sufficient removal Technologies are available but each option has its own limitations. 

In such a complex situation; Multi criteria Decision Making (MCDM) methodologies increasingly popular in 

decision making for sustainable energy systems because of their ability to integrate the multi-criteria and 

complex nature of these systems. One of possible methods is AHP method, which offers a frame of effective 

tools in complex decision situations, and helps to simplify and speed up natural process of decision making. In 

AHP method Selection and ranking of Criteria is most critical and important step. In this study an overview of 

various Removal Technologies of CO2 from Biogas is presented and Ranking of Criteria for prioritizing various 

Removal Technologies of CO2 from Biogas has been done. An AHP (Super Decision Software) model is 

developed to meet out the purpose.  

From this Research, it can be concluded that the experts involved in the assessment found that in the criteria 

related to Technology Maturity, Technology Availability and Initial Investment Cost are more important 

than any other criteria. The benefit of the proposed model is that it increases the effectiveness of the decision by 

allowing participation of different experts. Since decisions made in the energy sector affect all society and 

sectors, these decisions should not be made by the initiative of individual or through one sector. In terms of 

Biogas Energy Utilization, the ranking of Criteria involved in this study is useful to Energy Planners in 

determining the priorities in the field of Biogas Energy. The method used and the results obtained from this 

study can be used in the further research. 
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ABSTRACT 

Mobile agent is intelligent, autonomous, ragged, interactive, coordinative, cooperative and proactive agents. 

There arise a lot many problems while moving the data, so to resolve such hindrances mobile agent move itself 

instead of moving the data. They are aspired to act smart and efficiently as they are acting on someone’s behalf.  

Metrics measures have proven itself as great boon to judge a system’s complexity, reliability and efficiency. 

Main objective of this paper is to keenly check mobile agent measures in regard with quality factors. The paper 

also analyse and evaluate some of the mobile agent measures and their effect on quality factors, as the quality 

factors are used to test a system’s excellence. 
 

Keywords: Mobile Agent, Performance Measures, Quality Factor. 
 

I. INTRODUCTION 
 

Agent oriented software engineering is a new technology which is still under construction and analysis. This 

technology completely gives a new rise/idea to software development industry. In this approach agents will be 

created which is not a physical entity but an autonomous, intelligent, reactive, social able and proactive entity. 

The most promising feature of agent is mobility, which here, means that the agent is migrating autonomously 

with in network on behalf of user [1].  

Mobile agents are specialized agents which eliminates the necessity to move data from one system to another. 

This is so, because people wish to transfer data from server to client and vice versa, as earlier there was a huge 

security risk and integrity hindrances in previous techniques. So as to reduce the traffic and security risk, Mobile 

Agent paradigm brings the requesting client closer to the source and plays an vital role in network bandwidth 

reduction. Its characteristics are intelligent, autonomous, ragged, interactive, coordinative, cooperative and 

proactive [2,3]. Mobile agents have not yet been well received by the internet community [4] since issues such 

as reliability and security are yet receive developer’s confidence. However, along with the wide spread of java-

based applications, mobile agents have become extensively popular not only in the research community but also 

in industrial projects [5]. Metrics are measuring tools which are used to test and evaluate system abilities. Few 

metrics have been proposed for mobile agent, which can be used to measure the performance of mobile agent 

[6]. These metrics were based on various functions of mobile agent such as migration, cloning, saving its state 

and message passing .The measures are proposed to measure the complexity and performance of the system 

[7,8].  Quality means meeting the user requirements with a high degree of excellence. To test quality of a system 

we must evaluate its various factors like efficiency, portability, reliability, usability, security and maintainability 

[9]. The emergence of mobile agent frameworks has led many researchers to examine the quality factors of 

mobile agent measures. And in lieu with this we have shown interest in this promising area. All our efforts done 
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in regard with this paper, helps to configure out the enormous quality factors of mobile agent’s measures and 

proportionately gives a slight contribution to mobile agent paradigm. 

The paper is structured as follows. The section 2 discussed about definition and derived formulas of mobile 

agent performance measures. Section 3 provides various quality factors and design of quality model. The section 

4 includes analysis of performance measures with the help of plot representation. At Last section 5 includes 

some concluding remarks and discusses future work. 
 

II. MEASURES OF MOBILE AGENT 

2.1 Number of Mobile Agent (NMA) 
A multi agent system may have more than one mobile agent that is able to move itself in environment and other 

environments by preserving its internal states. To achieve a central goal of a multi agent system many sub goals 

are required, for this reason the system may require more than one mobile agent. This measure may be defined 

as the total number of Mobile Agents created in a multi agent system. This measure indicates how large a 

mobile agent system is. 

NMA = Total Number of Mobile Agent Created.     

Where, NMA is the total number of mobile agents [6].  
 

2.2  Clone Life Time(CLT) 
If a system has some kind of security issues then cloning of mobile agents will help in decreasing related risks, 

by not moving the mobile agent itself and move its clone everywhere outside the system, here clone will execute 

and transit in network. More than one clone may be created. This measure will help in measuring mobile agent 

lifespan with cloning. CLT can be defined as the total time taken by a clone after initiation, visiting locations, 

transition and reporting followed by termination. 

CLT = tv + tt + tr        

Where, tv is time consumed in visiting location 

tt  is the time utilized in transition and 

tr is the time required in reporting back [6]. 
 

2.3  Mobile Agent Size (MAS) 
Mobile agents are programs that run by moving itself across the systems to access the data, if the data size is 

greater than mobile agent size only then mobile agents are advantageous, hence this measure plays an important 

role in deciding whether to use mobile code or not. This measure can be defined as the total number of 

executable statements in a mobile agent program. 

MAS= Number of executable statements of a mobile agent    

Where, MAS is Mobile Agent Size [6]. 
 

2.4  Location Search Time (LST) 
Number of hosts may presents in a environment and mobile agent will visit to these location for task completion 

but MA should select one of them and selecting one of them which is most suitable is location searching. 

This measure can be defined as the time taken by a mobile agent in searching a required location among 

available locations. 
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LST = Time required to visit the favorable location.    

Where LST is the Location Search Time [6]. 
 

2.5  Agent Location Visited Factor (ALVF)  
It is defined as the ratio of number of locations visited by an agent during its lifetime to total number of 

locations. 

 
Where ALVF is the Agent Location Visited Factor [7]. 
 

2.6  Agent Clone Created (ACC) 
This metric counts the number of clone created by an agent during its lifetime. It is defined as sum of clones of 

agents to the total number of agents.  

    ACC  =  

Where, n is the total number of Mobile Agents  

and fi is the number of clones  of ith agent [7].  
 

2.7  Messages Served by Agent (MSA) 
This metric measures the messages served by an agent in response to another agents those are requesting 

services from the agent. 

 It is defined as ratio of number of messages served to total number of messages received.  

     

 MSA  =  

Where, MS is the number of messages served  

TRM is total number of messages received [7]. 
 

2.8  Messages Rejected by Agent (MRA) 
It is defined as ratio of number of rejected messages to total number of messages received.  

MRA  =  

Where, MS is the number of messages served  

TRM is total number of messages received [7]. 
 

III. QUALITY FACTORS  
 

The factors that affect the software quality can be categorized in two main groups: Factors that can be directly 

measured and factors that can be measured only indirectly. In each case measurement must occur. ISO/IEC 

9126 Provide the following description for quality characteristics/ factors [9]: 
 

3.1 Functionality  
It is defined as the capability of the software product to provide functions which meet stated and implied needs 

when the software is used under specified conditions. Sub characteristics are suitability, accuracy, 

interoperability and security. 
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3.2 Reliability  
It is defined as the capability of the software product to maintain a specified level of performance when used 

under specified conditions. Sub characteristics are maturity, fault tolerance, recoverability. 
 

3.3 Usability 
It is defined as the capability of the software product to be understood, learned, used and attractive to the user, 

when used under specified conditions. Sub characteristics are understandability, learn ability, operability, 

attractiveness. 
 

3.4 Efficiency 
It is defined as the capability of the software product to provide appropriate performance, relative to the amount 

of resources used, under stated conditions. Sub characteristics are time behaviour and resource utilization. 
 

3.5 Maintainability 
It is defined as the capability of the software product to be modified. Modifications may include corrections, 

improvements, or adaptation of the software to changes in environment, and in requirements and functional 

specifications. Sub characteristics are analyzability, changeability, stability and testability. 
 

3.6 Portability 
It is defined as the capability of the software product to be transferred from one environment to another. Sub 

characteristics are adaptability, install ability, replace ability and coexistence. 

 
Figure 1. Quality Model for Measures and Quality Factor 
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The Above figure shows impact of measures on various quality factors. The measures have an impact on the 

efficiency; either it increases the impact or decreases impact on mobile agent. This figure also shows that all 

measures gives better results for quality. 
 

IV. ANALYSIS OF MEASURES  

4.1 NMA 
As this measure is used to count the total number of mobile agent. Three quality factors efficiency, 

maintainability and security will be affected. If this measure will increase than security will decrease and 

maintainability will increase. Efficiency will slowly increases as this measure increases and remains constant up 

to a limit and then decrease slowly if limit exceeds. 

 
Figure2. Plot Representing Quality Factors with Respect to NMA Measure 

4.2 MAS 
It is total number of executable statements present in the program if the value of this measure is more than the 

size of data then it will decrease efficiency ,usability and portability of mobile agent because in that case there is 

no use of mobile agent as it cannot move easily and become less usable. Increased size will also increase the 

maintainability. 

 
Figure3. Plot Representing Quality Factors with Respect to MAS Measure. 

4.3 LST 
This measure can be defined as the time taken by a mobile agent in searching a required location among 

available locations. Factors affected by this measure are Efficiency and Testability. As the number of locations 
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visited by mobile agent increases efficiency will decreases because it proves that mobile agent is busier in 

searching rather than transiting. 

 
Figure4. Plot Representing Quality Factors with Respect to LST Measure 

 

4.4 ACC 
It is the total number of clones created by the mobile agent. Mobile agent may be accessed or captured by a 

unauthorized unit in the network to reduce this security risk clones may be introduced. More clones mean more 

reliability, reusability and maintainability. But efficiency will decreases exponentially, more clones does not 

mean more efficiency. 

 
Figure5. Plot Representing Quality Factors with Respect to ACC Measure 

 

4.5 CLT 
CLT can be defined as the total time taken by a clone after initiation, visiting locations, transition and reporting 

followed by termination. Factors affected by these measures are efficiency and usability. Increased CLT means 

clone is consuming more time in transition and reporting so its not a efficient and more usable clone. 

 
Figure6. Plot Representing Quality Factors with Respect to CLT Measure 
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4.6 MSA 
It is the total number of messages served by agent that makes a mobile agent more efficient and reliable so 

quality factors affected by this measure are efficiency, testability, reliability where reliability will increase and 

up to a limit efficiency will increase and after this limit it will decrease exponentially. 

 
Figure7. Plot Representing Quality Factors with Respect to MSA Measure 

 

4.7 MRA 
It is the number of messages rejected by mobile agent that may creates   some doubt on its efficiency, testability 

and reliability. If a mobile agent is rejecting or not responding to more messages it will reduce reliability and 

efficiency of the system exponentially. 

 
Figure8. Plot Representing Quality Factors with Respect to MRA Measure 

 

4.7 ALVF 
It is defined as the number of locations visited by an agent during its lifetime. Factors affected by this measure 

are Testability, portability, and efficiency. Portability will be increased as the ALVF increases as visiting more 

location proves mobile agent is more portable. Efficiency will decrease exponentially as agent is not transiting 

but wasting its time in visits. 

 
Figure9. Plot Representing Quality Factors with Respect to ALVF Measure 
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V. CONCLUSION 
 

Mobile agents are special agent and the use of these agents makes agent oriented technology more attractive and 

advantageous. To improve their performance we must check them on various quality factors before use and to 

check these quality factors metrics are required. This paper concludes the eight measures of mobile agent and 

their impact over eight quality factors. Mobile agent measures used in this paper are NMA, MAS, ACC, LST, 

CLT, MRA, MSA and ALVF. These measures are analysed with quality factors that are Efficiency, Testability, 

Reliability, Usability, Reusability, Maintainability, Portability and Security. All eight measure check efficiency 

of mobile agent. One of the key targets in embarking in this exercise was to evaluate the mobile agent measure’s 

quality. 
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ABSTRACT  
Microstrip patch antenna has tremendous scope in WLAN and WiMAX applications due to their low profile 

platform design. In this paper, a double L-slot microstrip patch antenna array with the Coplanar Waveguide 

(CPW) fed has been presented for WLAN and WiMAX multiband operating frequencies. The results of 

simulation shows that employing two different slots, a good bandwidth and a perfect impedance match can be 

obtained. The results obtained with IE3D simulations and real time measurements are in good agreement with 

each other. This design results in a reduction in size and weight and allows easy integration in hand-held 

devices. 
 

Keywords: Microstrip Patch Antenna, Double L-Slot, Multiband, Coplanar Waveguide Fed. 
 

I.  INTRODUCTION 
 

The microstrip antenna was first proposed by G.A. Deschamps [1] in 1953, but didn't become practical until the 

1970s when it was developed further by researchers such as Robert E. Munson [2] and others using low-loss soft 

substrate materials. Microstrip antenna’s becoming more popular due to their extraordinary properties like low 

profile, light weight, low cost, conformance to planar and non-planar surfaces, simplicity and inexpensive 

manufacturability using modern printed circuit technology, mechanical robustness when mounted on rigid 

surfaces, compatibility with Microwave Monolithic Integrated Circuit designs, etc [3]. Also, on selecting a 

particular patch shape and mode microstrip patch antennas are very versatile in terms of resonant frequency, 

polarization, pattern and impedance [4]. 

A microstrip antenna consists of conducting patch on a ground plane separated by dielectric substrate. This 

concept was undeveloped until the revolution in electronic circuit miniaturization and large scale integration in 

1970. After that many authors have described the radiation from the ground plane by a dielectric substrate for 

different configurations [5]. The microstrip antennas are the present day antenna designer’s choice. Low 

dielectric constant substrates are generally preferred for maximum radiation. The conducting patch can take any 

shape but rectangular and circular configurations are the most commonly used configuration. A microstrip 

antenna is characterized by its length, width, input impedance, and gain and radiation patterns [6]. 

Deshmukh and Kumar [7] proposed compact L Shape patch broadband microstrip antenna and reported 

experimentally increase in bandwidth up to 13.7%. Reja [8] experimentally analyzed microstrip feed line patch 

antenna and reported increase in the return loss of 3.6dB at 2.5GHz frequency and VSWR of 1.5 by using CAD 

for RT DUROID 5880. Behara and Choukiker [9] proposed design and optimization of dual band micro strip 

antenna and reported the return loss for dual band frequency at 2.4GHz is -43.95dB and at3.08GHz is -27.4dB.  
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Sun et al. [10] reported fabrication three L-slots and one rectangular slot on a compact CPW-fed slot antenna for 

quad band operation which covered all the operating bands of WLAN and WiMAX, but the gain is reduced due 

to more number of slots on the patch. Enhanced the gain has been addressed using a double U-slot microstrip 

patch array by [11]. Jyoti Chitra et al. [12]  designed a microstrip patch antenna with double L-slot in order to 

increase the gain and transmit radiations over all frequency bands. Further, in other study they reported the 

double L-slot microstrip patch antenna array design and demonstrated that the gain has increased considerably 

when compared to single patch antenna [13]. 

The purpose of this paper is to present microstrip patch antenna array for WiMAX and WLAN applications. The 

antenna model consists of double L-slot microstrip patch antenna array with coplanar waveguide feed. The 

designed antenna is simulated using IE3D simulation package. The fabricated antenna is tested with help of 

Rohde and Schwarz network analyzer. 
 

II. ANTENNA DESIGN 
 

The schematic configuration of the microstrip patch antenna embedded with double L-slot is shown in Fig. 1. 

The dimensions of the radiating structures, patch width, slot length and the feed point position are chosen 

according to [13]. The radiating patch is fed by a 50 π coplanar waveguide transmission line. The dimensions of 

two slots were selected such that it should produce wider bandwidth and perfect impedance matching.  

Initially, double L-slot microstrip single patch antenna is designed and simulated. Then, in order to improve the 

gain, microstrip patch antenna array model is considered and thus a 2 x1 model of antenna is chosen. The 

antenna array is modeled as two single patches on the same substrate. Fig. 1 shows the geometry and 

dimensions of the double L-slot microstrip patch antenna array. In an antenna array, the gap between the 

antennas is selected in such a way that the mutual coupling is minimum between them. Usually the spatial 

relationship of the individual antennas also contributes to the directivity of the antenna array. The IE3D software 

is used to numerically investigate the antenna configuration. To meet the actual design requirements, i.e. 

operating frequency, bandwidth, radiation pattern, and some approximations are considered. The calculations 

are based on the transmission line model [4].  

 
Figure 1: Geometry and Dimensions of the Proposed Double L-Slot  

Microstrip Patch Antenna Array 
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The objective of present work is to present double L-slot microstrip patch antenna array with coplanar 

waveguide feed for WiMAX and WLAN applications. The performance metrics such as radiation pattern, 

VSWR, return loss and gain of designed single microstrip patch antenna are simulated. A design of microstrip 

patch antenna array is also considered to increase the gain. The simulation performance of double patch antenna 

array is compared with measured one. The IE3D software package is used to simulate designed antenna.  
 

III. RESULTS AND DISCUSSIONS 
 

In this section simulations results for the return loss, VSWR, radiation patternof the designed antennas are 

presented. The frequency range of 2–6 GHz is used for simulation as the WiMAX and WLAN frequency bands 

lies in this range. Fig. 2 shows the simulated return loss of double patch antenna array. It is observed that return 

loss for WLAN operating frequencies 2.4 GHz/5.2 GHz/5.8 GHz are -13.98 dB, -13.02 dB, -13.89 dB 

respectively and for WiMAX operating bands2.5 GHz/3.5 GHz/5.5 GHz are -15.05 dB, -12.00 dB, -11.25 dB 

respectively. The return loss below -10 dB is sufficient for radiation. Therefore, from the simulation results we 

may conclude that the proposed antenna exhibits wideband impedance bandwidth. Fig. 3 shows the simulated 

and measured return loss of the double patch antenna array. The design is simulated using IE3D package and the 

hardware model outputs are measured using Network Analyzer. It is observed that the measured and simulated 

results show good agreement with each other. 

Fig.4 shows the VSWR of single patch antenna. It is observed that VSWR of double patch antenna for WLAN 

operating frequencies 2.4 GHz/5.2 GHz/5.8 GHz are 1.5,1.52 and 1.51 respectively and for WiMAX operating 

bands 2.5 GHz/3.5 GHz/5.5 GHz are 1.56, 1.76, 1.51 respectively. Fig.5 shows the comparison of simulated and 

measured VSWR which is in good agreement. 

The radiation characteristics are studied in Figure 6. The two dimensional (2-D) patterns at various resonance 

frequencies with respect to total power in azimuthal plane (x–y planes) and elevation plane (y–z planes) are 

shown. It is observed that these radiation patterns are nearly omnidirectional for designed antenna. 

 
Figure 2. Simulated Return Loss of Double Patch Antenna Array 
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Figure 3. Simulated And Measured Return Loss of Double Patch Antenna Array 

 
Figure 4. Simulated VSWR of Double Patch Antenna 

 
Figure 5. Simulated And Measured VSWR Of Double Patch Antenna Array At Selected 

Frequencies 
Fig. 7 shows the current distribution of double L-slot patch antenna. The current distribution spreads along the 

lower edges of the microstrip feed line and along the edges of the patch. The current distribution is dense and 

well spread. Radiation efficiency depends on the current distribution. 
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Fig 6. 2D Radiation Pattern of Double Patch Antenna Array 
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Figure 7: Current Distribution of Double Patch Antenna  

Table 1 shows the comparison between simulated and measured return loss, and VSWR values of antenna array 

for all WiMAX and WLAN frequency bands. VSWR gives indication about mismatch between the antenna and 

feeding line impedances. VSWR = 1 indicates perfect matching. The return loss and VSWR depend on the 

operating frequency. The constraint of VSWR <= 2 is usually sufficient, which corresponds to about 10% of the 

reflected power from the antenna. For multiband applications VSWR <=3 is sufficient. 

Table 1: Comparison of simulated and measured Return loss, VSWR of double patch antenna array 

Antenna 

performance 

Double patch antenna array 

WLAN WiMAX 

2.4 GHz 5.2 GHz 5.8GHz 2.5 GHz 3.5 GHz 5.5 GHz 

Simulated Return loss(dB) -13.98 -13.02 -13.89 -15.05 -12.0 -11.25 

VSWR 1.50 1.52 1.51 1.56 1.76 1.51 

Measured Return loss (dB) -13.38 -10.92 -12.73 -13.07 -10.56 -14.85 

VSWR 1.70 1.95 1.85 1.79 1.90 1.62 

 

IV. CONCLUSION 
 

The design of a double L-slot microstrip patch antenna for WLAN and WiMAX operating frequencies has been 

presented and discussed. The design resulted in smaller size antenna with good omnidirectional radiation 

characteristics for all operating frequencies. The performance metrics results such as return loss, VSWR after 

simulations have been presented and discussed. The measured and simulated results of return loss, VSWR have 

been presented and discussed. Obtained results show that the antenna operates effectively in all the required 

WLAN and WiMAX communication bands. 
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 ABSTRACT 
 This paper presents the concept of Human Powered Multi-Purpose Machine mainly carried out for production 

based industries. Industries are basically meant for Production of useful goods and services at low production 

cost, machinery cost and low inventory cost. Today in this world every task have been made quicker and fast 

due to technology advancement but this advancement also demands huge investments and expenditure, every 

industry desires to make high productivity rate maintaining the quality and standard of the product at low 

average cost. We have developed a conceptual model of a machine which would be capable of performing 

different operation simultaneously, and it should be economically efficient .This machine can be used in remote 

places where electricity is irregular or insufficient. It is designed as a portable one which can be used for 

cutting in various places. It can be used for operating on materials like thin metals,wood and p.v.c.The material 

can be cut without any external energy like fuel or current. Since machine uses no electric power and fuel, this 

is very cheap.Energy is the most vital aspect in the development of modern technological civilization. In the 

present work, a human powered multipurpose machine is developed which can perform three types of 

operations drilling, sawing and grinding. Power required for pedalling is well below the capacity of an average 

healthy human being. The system is also useful for the work out purpose because pedalling will act as a health 

exercise and also doing a useful work.  
 

Keywords: Drilling, Drinding, Multipurpose, Sawing, Pedal Operated 
 

I. INRODUCTION 
 

Industries are basically meant for Production of useful goods and services at low production cost, machinery 

cost and low inventory cost. Today in this world every task have been made quicker and fast due to technology 

advancement but this advancement also demands huge investments and expenditure, every industry desires to 

make high productivity rate maintaining the quality and standard of the product at low average cost  

In an industry a considerable portion of investment is being made for machinery installation. So in this paper we 

have a proposed a machine which can perform operations like drilling, sawing, grinding, some lathe operations 
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at different working centers simultaneously which implies that industrialist have not to pay for machine 

performing above tasks individually for operating operation simultaneously.  

Economics of manufacturing: According to some economists, manufacturing is a wealth-producing sector of an 

economy, whereas a service sector tends to be wealth-consuming. Emerging technologies have provided some 

new growth in advanced manufacturing employment opportunities in the Manufacturing Belt in the United 

States. Manufacturing provides important material support for national infrastructure and for national defense.  
 

II. PROBLEM STATEMENT 
 

(i) Current machines are costly. 

(ii) This  machines requires electric supply or fuels for working. 

(iii) The unit operating by means of electricity has limited applications in the rural area 
 

III. LITERATURE REVIEW 
 

The surveys of the literature regarding the Pedal driven machines are listed:  

Dharwa Chaitanya Kirtikumar [1] designed and developed a multipurpose machine which does not require 

electricity for several operations like cutting, grinding etc. This is a human powered machine runs on chain 

drives mainly with human efforts. But if you wanted to operate this machine by electric power this machine can 

also does that. It has some special attachment so use both human power as well as electric power. The design is 

ideal for use in the developing world because it doesn’t require electricity and can be built using metal base, 

chain, pulley ,rubber belt, grinding wheel, saw, bearing, foot pedal (for operated by human) ,electric motor, 

chain socket.  

S.G.Bahaley, Dr. A.U. Awate, S.V. Saharkar [2] designed and fabricated a pedal powered multipurpose 

machine. It is a human powered machine wich is developed for lifting the water to a height 10 meter and 

generates 14 Volt, 4 ampere of electricity in most effective way. Power required for pedaling is well below the 

capacity of an average healthy human being. The system is also useful for the work out purpose because 

pedaling will act as a health exercise and also doing a useful work. 

Linxu, Weinan Bai, Jingyu Ru,Qiang Li [3] designed and developed an automatically reciprocating pedal 

powered electricity generator (ARPPEG) in conjunction with the management and control over harvesting the 

kinetic energy, electricity generation, electric storage and the output of electricity. According to the operation 

testing results, this system has been proved to effective in power generation. In view of the simple structure and 

low costs of this system without territory and time limits, the application of ARPPEG designed by them could 

open a new path to saving the energy and helping build a new energy society. 

Heinrich Arnold1 November 2001: Rather long re-investment cycles of about 15 years have created the notion 

that innovation in the machine tool industry happens incrementally. But looking at its recent history, the 

integration of digital controls technology and computers into machine tools have hit the industry in three waves 

of technology shocks. Most companies underestimated the impact of this new technology. This article gives an 

overview of the history of the machine tool industry since numerical controls were invented and introduced and 

analyzes the disruptive character of this new technology on the market. About 100 interviews were conducted 

with decision-makers and industry experts who witnessed the development of the industry over the last forty 

years. The study establishes a connection between radical technological change, industry structure, and 
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competitive environment. It reveals a number of important occurrences and interrelations that have so far gone 

unnoticed. 

Dr. Toshimichi Moriwaki (2006): Recent trends in the machine tool technologies are surveyed from the view 

points of high speed and high performance machine tools, combined multifunctional machine tools, ultra 

precision machine tools and advanced and intelligent control technologies.  

Frankfurt-am Main, 10 January 2011. : The crisis is over, but selling machinery remains a tough business. 

Machine tools nowadays have to be veritable “jack of all trades”, able to handle all kinds of materials, to 

manage without any process materials as far as possible, and be capable of adapting to new job profiles with 

maximized flexibility. Two highly respected experts on machining and forming from Dortmund and Chemnitz 

report on what’s in store for machine tool manufacturers and users.  

Multi-purpose machines are the declarations of independence. The trend towards the kind of multi-purpose 

machining centers that are able to cost efficiently handle a broad portfolio of products with small batch sizes 

accelerated significantly during the crisis. “With a multi-purpose machine, you’re less dependent on particular 

products and sectors”, explains Biermann 
 

IV. EXPERIMENTAL SETUP 
 

The Pedal powered machine consists of  3 operations i.e. drilling, grinding and cutting. It consists of chain drive 

and two v belt drives for power transmisssion.The chain used is simplex chain. It consists of chain and sprocket 

arrangement on which chain is fitted .The pedal  is fitted at big sprocket and small sprocket is fitted on shaft 

.The shaft consists of two pulleys mounted on it .One pulley is attached to the drilling machine by means of v 

belt.Other pulley is attached to grinding wheel shaft by means of v belt drive and the same pulley by means of 

mechanical linkage is connected to hacksaw frame mechanism .The mechanical linkage is connected to the 

pulley by means of nut and bolts.Therefore hacksaw frame can be removed from the pulley when we have to 

disengage hacksaw frame from mechanism.Also the v belt drive on the drilling attachments can be removed 

easily to disengage drilling mechanism from  machine  .In this way we can use each of the function 

simultaneously or two at a time.The Figure 1. shows the pedal driven machine mechanism. The pedal powered 

machine specifications are shown below:  
 

4.1 Specification 
1. Size of machine = B*H*L = 60*90*165 cm 

2. Pedal  crank radii = 19 cm 

3. Bigger pulley radii = 14 cm 

Small pulley radii = 12.5 cm 

Grinder pulley radii = 4 cm 

4. Shaft length = 56 cm 

5. Bigger pulley to drill centre = 72.5 cm 

6. Grinding wheel radius = 10 cm 

7. Connecting link hack saw length = 29 cm 

8. Chain sprocket: 

Pitch = 1.2 cm 
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Big sprocket = 48 teeth ; 10 cm rad 

Small sprocket = 18 teeth ; 3 cm rad 

Centre to centre distance = 70 cm 

9. drilling centre pulley = 3 cm rad   

 
Figure 1 :Fabricated Model of Human  Powered Multipurpose Machine 

 

V. EXPERIMENTAL PROCEDURE 
 

The pedal powered machine  set up, has a simple mechanism operate with chain and sprocket arrangement. The 

chain is placed on the teeth of the wheel and pinion. .The shaft is mounted on  pedestal bearings .First 

mechanical linkage is removed by removing nut and bolts  and  v belt drive of drilling attachment .Thus only 

grinding is in working condition .Then  by attaching v belt ;drilling and grinding is performed. Similarly by 

removing v belt and attaching  mechanical linkage ;grinding and cutting can be used two at a time .Thus it is 

used individually or two at a time.The work piece is placed on the work piece holder, which is to prevent the 

movement of work piece during cutting. Here for reducing the power, loss chain mechanism is used.This can be 

used for light woks of plywood,wooden materials ,thin sheets of metal  
 

VI. RESULTS AND DISCUSSIONS 
 

Figure 2. gives the variation of number of strokes of Hacksaw with rpm . It is observed that the number of 

strokes increases uniformly with the pedal rpm. The variation in the obtained plot is due to errors in observation 

and due to power transmission losses. 

 
Figure 2: Variation of Number of Strokes with Rpm 
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Figure 3. shows the variation of cutting depth with rpm . It is observed that the cutting depth increases with the 

pedal rpm. Experimental result shows cutting depth of about 16mm can be obtained can be obtained in one cycle 

of strokes for around 100rpm. The variation in the obtained plot is due to errors in observation and due to power 

transmission losses.  

 
Figure 3: Variation of Cutting Depth with Rpm 

The main objective is to provide a multipurpose  machine which can work when there is no electricity. It has to 

be understood that in rural areas where there is  problem of electricityshortage or no electricity, it is a very 

stressful and laborious task to perform machining operations. So the product which is a pedal driven machine, it 

satisfies the need of  rural people by giving them an alternative way of performing  machining operations such 

as cutting, drilling and grinding which  cost-effective and eco-friendly. The product designed has zero operating 

cost, cost-effective. 
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ABSTRACT 

Conventional recommender systems neither consider item location nor the user location to recommend the items 

of  user’s  choice. In online purchasing  Feedback Based Recommender Systems(FBLARS) considers both the 

user as well as item location to recommend the items to the users. Existing recommender systems used to 

recommend the items to the users by considering the parameters like (user, item ,rating) that are ill-equipped to 

provide location based recommendations. The FBLARS  considers the parameters like(user, item, rating, item 

location, user location) to provide location based recommendations to the users. FBLARS uses Item Based  

Collaborative Filtering to provide recommendations. It uses a travel distance filtering technique to exploit  the 

user locations without effecting the scalability as well as the quality of recommendation and avoids access to all 

the items in a large search space. 
 

Keywords: FBLARS, Items, Location, Scalability, Rating, User 
 

I. INTRODUCTION 
Recommender systems generally  try to provide  what the most suitable products or services are, based on the 

user’s preferences and constraints. In order to complete such a computational task, recommender systems collect 

from users their preferences, which are either explicitly expressed, e.g., as ratings for products, or are inferred 

by interpreting user actions. Recommender system development initiated from a  simple observation: 

individuals often rely on recommendations provided by others in making routine, daily decisions[1,2]. “Item” is 

the general term used to denote what the system recommends to users. Traditional recommender systems neither 

consider item location nor user location. FBLARS is a location based recommendation system gives 

recommendation by considering following parameters  like[3] (user, uloc, ratings, item) where uloc is user 

location,(user, rating, item, iloc) where iloc is the location of  item and (user, uloc, rating, item, iloc) . FBLARS 

uses travel distance filtering technique that avoids exhaustive access to all spatial items. It uses pyramid 

maintenance data structure to represent huge data in a efficient manner. 
 

II. METHODS 

2.1 Content-Based Filtering  
In content based filtering the system learns to recommend items that are similar to the ones that the user liked in 

the past[6]. The similarity of items is calculated based on the features associated with the compared items. For 

example, if a user has positively rated a movie that belongs to the comedy genre, then the system can learn to 

recommend other movies from this genre. Content-based filtering systems are designed mostly to recommend 

text-based items, the content in these systems is usually described with keywords. 
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2.2 Collaborative Filtering 
2.2.1 The Collaborative Filtering Works as Follows [4] 

· User preferences are considered from large search space. 

· Using similarity count the similarity between the subgroup of the user and the user who are seeking 

recommendation is considered. 

· Predicted rating is calculated using similarity count  in order to find what may be the rating of the user who 

has not yet rated the item which is already rated by the different user. 

Collaborative filtering is the most widely used technique for recommendation[10]. 
 

2.3 Two Types of Collaborative Filtering are [4] 

· Memory based collaborative filtering. 

· Model based collaborative filtering. 

2.3.1 Memory Based Collaborative Filtering  

This method uses the matrix of user ratings for items of  the entire database to find users that are similar to the 

active user, and use their preferences to predict ratings for the active user.  

2.3.2 Model Based Collaborative Filtering  

This method extracts some information from dataset and uses that as a “model” to make recommendations 

without having to use complete dataset every time. It first develops a model of user ratings. Then computes the 

expected value of a user prediction , given his/her ratings on other items. 
 

2.4 Item Based Collaborative Filtering 
The task of  item based collaborative filtering  algorithm  to find item likeliness is of two forms[6]:  

2.4.1 Prediction  

A numerical value, expressing the predicted likeliness of an item the user hasn’t expressed his/her opinion 

about. 

2.4.2 Recommendation  

 A list of N items the active user will like the most (Top-N recommendations). 

The Fig 1 shows the item based collaborative filtering approach[5]. 

 
Fig 1 Item Based Collaborative Filtering approach 

The item based similarity is found through cosine similarity using the formula: 

 
The adjusted cosine similarity is given by : 
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III. MODEL BUILDING  
 

This iteration calculates the similarity score sim(ip,iq) for each set of objects ip and iq that have at least one 

common rating by the same user. Where R and U are the number of ratings and users, List L ,only the most  

similar items with the highest similarity score 

 

3.1 The Pearson Correlation is Given by 

 
where U is the set of all users who have rated both items i and j, ru,i is the rating of user u on item i, and ¯ri is 

the average rating of the ith item across users. Figure below shows item based collaborative filtering model 

generation. 

 
Fig 2  Item Based Collaborative Filtering Model Generation 

 

3.2 Hybrid Filtering  
Hybrid filtering combines collaborative and content-based methods, which helps to avoid certain limitations of 

content-based and collaborative systems [8]. 

3.2.1  FBLARS System Architecture 

 
Fig 3 FBLARS Architecture 
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User in online purchasing purchases the item of his/her choice and rates the particular item. Using the 

community opinion the new user will get recommendations through collaborative filtering. 
 

IV. ALGORITHMS 

4.1 Item Based Collaborative filtering 
Item based collaborative filtering recommends items by considering the similarity between the co-rated items 

through cosine similarity. 
 

4.2 Maintenance Algorithm 
As time goes by, new users, ratings, and items will be added to the system. This new data will both increase the 

size of the collaborative filtering models maintained  in the pyramid cells[9], as well as alter  recommendations 

produced from each cell. To account for these changes, FBLARS performs maintenance on a cell-by-cell basis.  
 

4.3 Travel Penalty Algorithm for Spatial Items 
Query processing for spatial items using the travel penalty technique[7] employs a single system-wide item-

based  collaborative filtering model to generate the top-k recommendations by ranking each spatial item i for a 

querying user u based on RecScore(u, i), computed as: 

RecScore(u, i) = P(u, i) − TravelPenalty(u, i). 

P(u, i) is the standard item-based CF predicted rating of item i for user u. TravelPenalty(u, i) is the road network 

travel distance between u and i normalized to the same value  range as the rating scale.  
 

V. EXPERIMENTAL RESULTS 
 

The paper is implemented in java. Item based Collaborative filtering as well as travel distance filtering 

algorithm is been implemented to provide location based recommendations to the user . The present work takes 

user id, user location ,product id, product location and the user rating for the product they have already 

purchased. The system provides the recommended products to the querying user by considering item as well as 

the user location. FBLARS first applies the item based collaborative filtering to find the similarity between the 

co-rated items and then calculates the predicted rating using the similarity count to predict the rating of the 

product that are not rated by the querying users.  
 

5.1 Performance 
FBLARS Provides increased performance compared to the conventional recommender system as it considers 

location based ratings it avoids exhaustive access to all the items in the large search space. Hence increases the 

performance to the greater extent. 
 

5.2 Scalability  
FBLARS is scalable compared to conventional recommender systems. The implementation of FBLARS with 

travel distance filtering makes the system scalable without affecting the quality of location based 

recommendation. 
 

5.3 Quality Analysis  
The recommendation quality increases to a greater extent as travel distance filtering is used along with the item 

based collaborative filtering. 
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VI. CONCLUSION 
 

FBLARS is a location based recommender system which provides recommendations to the querying users by 

considering both item as well as user location without sacrificing the quality of recommendation. It uses item 

based collaborative filtering along with travel distance filtering which avoids exhaustive access to all spatial 

items. FBLARS is more efficient and scalable compared to existing recommender systems and provides high 

quality of recommendation.  
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ABSTRACT  
The importance of heat transfer by natural convection can be found in many engineering applications, such as 

energy transfer in buildings, solar collectors, nuclear reactors and electronic packaging. This study examined 

heat transfer enhancement from a vertical rectangular fin embedded with circular perforations under natural 

convection compared to the equivalent solid (non perforated) fin. The parameters considered were geometrical 

dimensions and thermal properties of the fin and of the perforations. The study considered the gain in fin area 

and extent of heat transfer enhancement due to perforations. It showed that for circular dimension perforations 

there is an improvement in perforated fin heat dissipation over that of the equivalent non perforated solid fin. 
 

Keywords: Natural Convection, Heat Transfer Enhancement, Circular Perforations, Heat 

Dissipation. 
 

I. INTRODUCTION 
 

For a number of industrial applications, heat generation can cause overheating which occasionally leads to 

system failure. Therefore, the enhancement of heat transfer is an import subject of thermal engineering. The heat 

transfer from surfaces may in general be enhanced by increasing the heat transfer coefficient between a surface 

and its surroundings, by increasing the heat transfer area of the surface, or by both. In most cases, the area of 

heat transfer increased by utilizing extended surfaces in the form of fins attached to walls and surfaces. 

Extended surfaces (fins) frequently used in heat exchanging devices for the purpose of increasing the heat 

transfer between a primary surface and the surrounding fluid in many industries.  

Fins as heat transfer enhancement devices have been quite common. As the extended surface technology 

continues to grow, new design ideas emerge, including fins made of anisotropic composites, porous media, and 

perforated and interrupted plates. The requirements of lightweight fins and economical, so the optimization of 

fin size is very important in fin's design. Therefore, fins must be designed to achieve maximum heat removal 

with minimum material expenditure, taking into account, however, the ease of manufacturing of the fin shape. 

Large number of studies has been conducted on optimizing fin shapes. Other studies have introduced shape 

modifications by cutting some material from fins to make cavities, holes, slots, grooves, or channels through the 

fin body to increase the heat transfer area and/or the heat transfer coefficient. One popular heat transfer 

augmentation technique involves the use of rough or interrupted surfaces of different configurations. The 

surface roughness or interruption aims at promoting surface turbulence that is intended mainly to increase the 
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heat transfer coefficient rather than the surface area. It was reported that non-flat surfaces have free convection 

coefficients that are 50% to 100% more than those of flat surfaces. 

A. M. &, the other. Treats the natural convection heat transfer from perforated fins. The temperature distribution 

was examined for an array of rectangular fins (15 fins) with uniform cross-sectional  area(100x270 mm) 

embedded with different vertical body perforations that extend through the fin thickness. The patterns of 

perforations include 18 circular perforations (holes). Experiments were carried out in an experimental facility 

that was specifically design and constructed for this purpose. The heat transfer rate and the coefficient of heat 

transfer increases with perforation diameter increased. 

Abdullah H. AlEssa, Ayman M. Maqableh and Shatha Ammourah were enhancement of natural convection heat 

transfer from a horizontal rectangular fin embedded with rectangular perforations of aspect ratio of two. The 

results of perforated fin compared with its equivalent solid one. An experimental study was carried out for 

geometrical dimensions of the fin and the perforations. The study investigated the gain in fin area and of heat 

transfer coefficients due to perforations. They concluded that, values of rectangular perforation dimension, the 

perforated fin enhances heat transfer. The magnitude of enhancement is proportional to the fin thickness and its 

thermal conductivity. 

G. D.gosavi and the others. Study and investigates the concept of heat transfer through perforated material is 

one method of improving the heat transfer characteristic in the natural convection. A solid and perforated 

material of brass, aluminum, copper is selected for the experimentation. As the review is concerned it is found 

that, the heat transfer through perforated fins is much greater than 50-60% the solid one. 

This Study is aimed mainly at examining the extent heat transfer enhancement from vertical rectangular fins 

under natural convection. Conditions as a result of introducing body modification (perforations) to the fin body. 

The modification in this work is circular perforations made through the fin thickness. The patterns of 

perforations include 52 circular perforations (holes). The study investigates the influence of perforations on heat 

transfer rate or heat dissipation rate of the perforated fin. The modified fins (perforated fins) are compared to the 

corresponding solid (Non perforated) fin in terms of heat transfer rate. 
 

II.EXPERIMENTAL DETAILS 
 

The experiments were carried out in an experimental setup that was designed specifically and constructed for 

this purpose. Figure 1.shows a view of the experimental apparatus. The experimental setup included a heat sink 

supplied with heating elements. Heat was generated within the heat sink by means of one heating element with a 

power of 250 W. The heat sink chosen for these experiments was an aluminum cylinder 50 mm in diameter and 

270 mm in length. One hole was drilled in the cylinder in which one heating element was placed. Two 

aluminum straight fins were fitted vertically. The fins were 100 mm long, 270 mm wide and 2 mm thick.  

                                  
Fig.1.Experimental Apparatus.  Fig.2. View of Heat Sink and Fins. 

A transformer of type with an input of 220 v at 50 Hz and an output of 0-230 V, was used to regulate the voltage 

supplied to the heating element. The experimental data were measured by 12 calibrated type-k thermocouples to 
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measure the temperature at different locations. The measured parameters, specifications and their ranges during 

the experiments were as follows: 

1. Heat supplied:    20-220 W 

2. Perforation shape:   circular 

3. Number of perforations:   52 (13 cross 4 array) 

4. Diameter of perforation:  12mm 

5. Length of heat sink and fin:  270mm 

6. Width of the fin:   100mm 

7. Diameter of heat sink:   50mm 

The 12 thermocouples were divided equally onto the 2 fins. Each thermocouple was fixed to the surface of the 

test fin with equal spacing (15 mm) along the fin length. The apparatus was allowed to run for about 30 minutes 

until the steady state was achieved. The recording of temperature began after the steady state had been reached. 
 

III. EXPERIMENTAL CALCULATIONS 
 

Perforated fins can be used to increase the heat transfer coefficient and effective heat transfer rate. The change 

in magnitude of the surface area depends on the geometry of the fin with the perforations. In this experiment, the 

number of perforations  in the X- direction (L) and in the Y- direction (W) can be assumed and perforation 

diameter b. Also the dimensions of fin are known. Circular perforation pattern is studied. The directional 

perforations spacing Sx and , the analytical calculations of fin as calculated as follows,                           

                   ……………(1) 

An experimental h is the heat transfer coefficient Nu is the nusselt number. K is the thermal conductivity, L is 

the effective length, Gr is the grashof number, Pr is the prandalt number and correlation to estimate the convection 

heat transfer coefficient of an array of vertically oriented parallel flat plates is given by, 

                                                                                                                                       ……………(2) 

                                                                                                                     ……………(3) 

                                                                                                                                            ……………(4) 

 

IV. RESULTS AND DISCUSSION 
 

In this experimental work was conduct to investigate the perforation shape geometry effect on the convection 

heat transfer from the fins by natural convection. Were the study will be compared between circular shape of 

perforations and then with non-perforated fin. The temperature distribution along the fin is one of the factors 

that reflect the performance of the fins, which it can be used to compare between fins. The results show that the 

graphs of temperature v/s distance, the highest temperatures were along the non-perforated fin, and lower 

temperatures distribution along the perforation fins was along the perforation fin with circular shape and these 

results are shown in figure 3.for different values of the heat supplied. 
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Graph Temperature v/s Distance 

   
(a)20W      (b) 40W 

     
(c) 60W     (d) 80W 

    
(e) 100W     (f) 120W 

    
(g) 160W     (h) 200W 

Fig.3. The Temperature Distribution along Fins with Different Locations 
The heat transfer coefficient regarded one of the main factors on the performance of fins, which varies with the 

perforation. From figure.4 the heat transfer coefficient appears with different values of heat input, where the 
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results show that the highest values of the heat transfer coefficients were in the fins with circular shape. The 

lower values for the heat transfer coefficient were a non-perforated fin. 

 

Fig.4.The Relation between Heat Transfer Coefficient and Power Supplied 
 

V. CONCLUSION 
 

The temperature drop along the length of the perforated fins was consistently higher than for the equivalent non-

perforated fin. The increase in the heat dissipation rate for the perforated fin was strongly dependent on the 

perforation dimensions. Heat transfer coefficient for circular perforated fin is higher than the non perforated fin. 
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ABSTRACT 

Social Media such as Facebook and Twitter are used widely by all aged people across the World. A large 

repository of live real time information is thus provided by these media. Various organizations, government 

agencies, institutions and businesses are therefore looking for ways to monitor and analyze public response to 

various events, products, and services. A lot of work has been done for detecting emotions in the message and 

tweets. This survey paper contains survey on various technologies used for detecting emotions in the tweets or 

messages. These systems automatically collect messages for detecting emotions and give a summary of the 

messages or tweets. 
 

Keywords: Classification, Microblogging, Naïve Bayes, Svm, Tweets 
 

I. INTRODUCTION 
 

With the growing use of social media such as Twitter and Facebook for information sharing, there is a need for 

automated tools and techniques to analyze and monitor messages or tweets. Emotion Detection requires 

measuring emotion and their expression within a wide range of informal messages. Detecting emotion from 

such a corpus is a difficult task because the messages are unstructured. Misspellings, slangs, contradictions and 

abbreviations are used commonly in tweets because the maximum length of tweets allowed is 140 characters. 

Companies and media organizations are seeking ways to find out what people feel and think about their product. 

Earlier emotions were detected and categorized only as positive negative or neutral. But with advancements in 

technology, more emotions such as joy, fear, anger, etc are also detected by the machine. Many techniques have 

been developed for this purpose and this survey paper contains the various technologies used for detecting 

emotions in Social Media. 
 

II. LITERATURE SURVEY 
 

Classification of text into positive, negative and neural i.e. sentiment analysis proved to be the first 

encouragement for emotional detection in Social media. 

In their work “Opinion mining and sentiment analysis” authors Bo Pang and Lillian Lee (2008) have discussed 

major challenges in sentiment analysis and ways to overcome them. They have covered different techniques to 

perform sentiment classification and extraction on structure each dealing with different features and aspects of 

sentiment analysis [1]. 

 In paper “Twitter as a Corpus for Sentiment Analysis and Opinion Mining”, authors Alexander Pak and Patrick 

Paroubek (2010) have collected the corpus using Twitter API which consists of text posts and formed a dataset 
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of three classes: positive sentiments, negative sentiments, and a set of objective texts (no sentiments). They 

performed linguistic analysis of the collected corpus to understand the various factors that are useful for 

classification of the data. Using the corpus, they built a sentiment classifier, which is able to determine positive, 

negative and neutral sentiments for a document [2].  

In the domain of six Ekman’s emotion detection from tweets, Saif M. Mohammad (2012), in his work 

,“#Emotional Tweets”, has proposed a unique method for creating a training corpus from tweets using emotion 

word hash tags. He also extracted a word–emotion association lexicon from this Twitter corpus, and show that it 

leads to better results [3]. 

Uma Nagarsekaret. al in their paper, “Emotion Detection from “The SMS of the Internet” went beyond the basic 

sentiment classification (positive, negative and neutral) and target deeper emotion classification of Twitter data. 

They focused on emotion identification into Ekman’s six basic emotions i.e. JOY, SURPRISE, ANGER, 

DISGUST, FEAR and SADNESS. They employed two diverse machine learning algorithms with three varied 

datasets and analyzed their outcomes. They also proved that equal distribution of emotions in training tweets 

results in better learning accuracies and hence better performance in the classification task[4]. 

Martin D. Sykoraet. al in their paper,”Emotive Ontology: Extracting fine-grained emotions from terse, informal 

messages”, employed an ontology engineering approach to the problem of fine grained emotion detection in 

informal messages. It detects a range of eight high level emotions. It can also detect multi-word phrases such as 

‘blew-blank-blank-away’ such as ‘blew my mind away’ and substrings such as prefixes or suffixes. The 

ontology into memory was developed in Python and eight basic emotions are represented as a set of Hashtable 

and a trie data structure. Currently the ontology covers eight emotions which are anger, confusion, disgust, fear, 

happiness, sadness, shame and surprise[5]. 

Alexander Paket. al in their paper, ”Twitter as a Corpus for Sentiment Analysis and Opinion Mining”,  

presented a method to collect a corpus with positive and negative sentiments, and a corpus of objective texts. 

Their method allows to collect negative and positive sentiments such that no human effort is needed for 

classifying the documents. Objective texts are also collected automatically. The size of the collected corpora can 

be arbitrarily large. They also performed statistical linguistic analysis of the collected corpus. They  used the 

collected corpora to build a sentiment classification system for microblogging. They conducted experimental 

evaluations on a set of real microblogging posts to prove that their presented technique is efficient and performs 

better than previously proposed methods[2]. 

Aditya Joshi et. al in their paper, “C-Feel-It: A Sentiment Analyzer for Micro-blogs”, described a web based 

system, C-Feel-It, categorizes tweets as positive, negative or objective and gives an aggregate sentiment score 

that represents a sentiment snapshot for a search string. It predicts sentiment in micro-blogs on Twitter. The 

weighted majority voting principle is used to predict sentiment of a tweet[6]. 

EfthymiosKouloumpiset. al in their paper, “Twitter Sentiment Analysis: The Good the Bad and the OMG!”,  

proposed a system that evaluates the usefulness of existing lexical resources and captures information about the 

informal and creative language used in microblogging.It uses three different copora of Twitter messages in 

experiment. Hashtagged data sets are used for development and training. Emoticon data set from 

http://twittersentiment.com . Manually annotated data set produced by iSieveCorporation(iSIEVE) are used for 

evaluation[7]. 
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III. METHODOLOGY 
 

Uma Nagarsekar et.[4] Al in their system, proposed a methodology that is divided into different stages as shown 

in Figure 1.  

 
Fig 1.  Emotion Analysis of Proposed Methodology [4] 

The five stages are as follows:  

1. Collection of tweets: The input to the emotion analyser is a user entered keyword based on which recent 

tweets over the last seven days are fetched from Twitter using its Search API. 

2.  Pre-processing: The procedure for pre-processing consists of the following five steps:  

a) Converting all the tweets collected to the lower case 

b) Removing the URL’s present in the tweets and replacing it with URL  

c) Replacing any usernames present in the tweets to AT_USER  

d) Converting the hash tags to normal words i.e. removing the #  

e) Removing any unnecessary characters, extra spaces etc. 

3. Feature Extraction : The input is the pre-processed tweet which is first filtered using the four steps 

mentioned below: 

a) Removing all stop words like a, the, is, etc. which don’t indicate any emotion  

b) Replacing two or more repeating letters in a tweet by two letters of the same  

c) Removing punctuation like commas, single/double quotes, question marks, etc.  

d) Discarding all words which don’t start with an alphabet  

4. Classification: A classifier is a learning model with associated learning algorithms that analyse data and 

recognize patterns which can be used for classification. They used two supervised classifiers: Naïve 

Bayes[8] and Support Vector Machines[9] that model the probability of an input being in a particular class 

by predicting the categorical emotion labels (joy, surprise, anger, disgust, sadness, fear). The authors have 

used SVM with a linear kernel [10]. 

5.  Visualization of labeled tweets: A web interface is used for clear and concise visualization of the labelled 

tweets. It acts as a means for the user to interact with the system. The results of the classification are 

displayed in the form of a stream of the original tweets and the associated class label.[4] 

Martin D. Sykoraet. Al[5] in their paper proposed the following system: 
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Fig. 2 Emotion Detection Proposed Methodology [2] 

In this pipeline, messages were initially segmented into sentences based on punctuation. They used a tweaked 

version of Potts regex based tokeniser, which covers a wide range of emoticons. It also breaks up certain tokens 

on their suffices or prefixes for instance lipophobic would become lipo+phobic. This enables for efficient and 

fast matching of strings using Hashtables. A trie facilitates an efficient search for the longest possible phrase. 

Once an emotion was found, intensifiers, negators and conjunctions that occur before the emotion token would 

be matched too, if they satisfy some constraint. 

The next step is Parts-Of-Speech tagging. Finally, as emotions, intensifiers, negators, conjunctions are matched, 

a running total of the emotional charge score for each found emotion is kept.  Then, overall emotionality 

strength score will be computed by taking sum, average and maximum for each tweet.In future, the authors 

further intend to extend the ontology[5] 

Using Twitter API the authors Alexander Paket. Al [2] collected a corpus of text posts and formed a dataset of 

three classes: positive sentiments, negative sentiments, and a set of objective texts (no sentiments). To collect 

negative and positive sentiments, they followed the same procedure as in (Read, 2005; Go et al., 2009). They 

queried Twitter for two types of emoticons: 

• Happy emoticons: “:-)”, “:)”, “=)”, “:D” etc. 

• Sad emoticons: “:-(”, “:(”, “=(”, “;(” etc. 

The two types of collected corpora will be used to train a classifier to recognize positive and negative 

sentiments. They used the presence of an n-gram as a binary feature. The process of obtaining ngrams from a 

Twitter post is as follows: 

1. Filtering – Remove URL links (e.g.://example.com), Twitter user names (e.g.@alex – with symbol @ 

indicating a user name),Twitter special words (such as “RT”6), and emoticons. 

2.  Tokenization – Segment text by splitting it by spaces and punctuation marks, and form a bag of words. 

However, it should be made sure that short forms such as “don’t”, “I’ll”, “she’d” remains as one word. 

3.  Removing stopwords – Remove articles (“a”, “an”,“the”) from the bag of words. 

4.  Constructing n-grams – Make a set of n-grams out of consecutive words. A negation (such as “no” and 

“not”) is attached to a word which precedes it or follows it. For example, a sentence “I do not like fish” will 

form two bigrams: “I do+not”, “do+not like”, “not+like fish”. Such a procedure allows to improve the 
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accuracy of the classification since the negation plays a special role in an opinion and sentiment expression( 

Wilson et al., 2005).[3] 

Aditya Joshi et. al[6] proposed the following methodology: 

Input: Search string 

Output: It is a two level- tweet wise prediction and overall prediction. For tweet-wise prediction, sentiment 

prediction for each of the resources is returned. For overall prediction, it combines sentiment from all tweets to 

return the percentage of positive, negative and objective content retrieved for the search string. 

It is divided into three parts: 

1. Tweet fetcher: It obtains tweets related to a search string entered by the user. It uses live feeds from Twitter 

which retrieves atleast 50 tweets about the keyword in English. The result is in XML format. 

2. Tweet Sentiment Predictor: It predicts sentiment for a single tweet. It has three fundamental blocks- 

Preprocessor, Emoticon-based Sentiment Predictor, Lexicon based sentiment predictor. Preprocessor deals 

with getting clean tweets. It handles extensions and contradictions. Extensions: Eg-‘besssst’ such extensions 

are normalized to their dictionary equivalent. It indicates a strong sentiment, so the extended word is 

replaced by two occurences of the contracted word. In Chat lingo normalization the words used in tweets 

are not present in lexical resources. A dictionary downloaded from http://chat.reichards.net is used to 

replace chat word by its dictionary equivalent. Emoticon based Sentiment Predictoris used for the visual 

representations of emotions frequently used on Internet. Emoticon mapping from 

http://chat.reichards.net/smiley.shtml is used. 

3. Tweet Sentiment Collaborator: It gives overall prediction with respect to a keyword in the form of 

percentage of positive, negative and objective content. For each resource, the following scores are 

determine 

posscore[r] =Xmi=1piwpi 

negscore[r] =Xmi=1niwni 

objscore[r] =Xmi=1oiwoi 

where 

posscore[r] = Positive score  

negscore[r] = Negative score  

objscore[r] = Objective score  

m = Number of resources used for prediction 

pi, ni, oi = Positive,negative& objective count of tweetpredicted respectively using resource i 

wpi,wni, ooi = Weights for respective classes derivedfor each resource i[4] 

EfthymiosKouloumpiset. al proposed the following methodology: 

Hashtagged Data set- The Edinburgh Corpus contains 97 million tweets collected over a period of two months. 

The hashtagged data set is created by filtering duplicate tweets, non-English tweets, and tweets that do not 

contain hashtags. The final set of messages to be included in HASH dataset is selected by identifying tags that 

appear atleast 1000times in corpus. Then, the top hastags are marked as positive, negative and neutral tweets. 

Emoticon data set- Go, Bhayani and Huang created an emoticon data by collecting tweets with positive ‘: )’ and 

negative ‘: ( ‘emoticons. The set contains 381381 positive and 150,570 negative. 

iSeive data set- Contains 4,000 tweets. It contains data on selected topics, and label of each tweet reflects its 

sentiment towards the tweet’s topic. Used for evaluation. 
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Preprocessing- It contains 3 steps- 

1. Tokenization- Emoticons and abbreviations are identified. 

2. Normalization- Abbreviations replaced by their actual meaning(eg-brbis be right back). All caps word are 

made into lower case and instances of repeated characters are replaced by a single character. 

3. Parts-Of-Speech tagging is done[7]. 
 

IV. CONCLUSION  
 

This survey paper contains various methodologies that have been employed for detecting emotions in tweets. 

Emotions are complex entities just like spontaneously occurring behaviours. Their expression varies from 

person to person and also changes over time. This makes them difficult to manipulate and measure 

experimentally without disrupting its expression. Hence it becomes increasingly difficult to identify them.  

Larger datasets give better results for supervised training. Currently a large dataset consisting of emotion 

labelled tweets is unavailable. This created an urge to create our own custom dataset to proceed with the 

research. But the small size of the dataset is a shortcoming. Also, it cannot be assured that all the tweets have 

been correctly tagged in the training corpus. There is a possibility that incorrectly tagged entries may be present 

and such entries which affect the accuracy.  

Furthermore, it is possible that a single tweet may represent multiple emotions or the same tweet can mean 

different emotions to different people. Consider the example of a Tweet tweeted on 20th April 2013, “@ 

WhoAhMai yeah fair enough  Fear Sucks!” The above tweet represents joy, fear and disgust at the same time. 

It becomes almost impossible to classify such Tweets into a single class of emotion, affecting the accuracy.  

Currently a major shortcoming of the dataset is that it does not contain a neutral label which means that the 

tweet is emotionless. Such a label is essential since it is not necessary that every tweet will portray an emotion. 

This problem persists since existing datasets do not identify such a label.  
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