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Editorial 
“I am the wisest man alive, for I know one thing, and that is that I know nothing”-Socrates 

Probably if one thinks that he knows everything than there is no further scope of research.  Keeping in mind 
what the great Socrates had said, we planned a common forum to discuss and know the things better and deeper. 
Somany International Research Journal (SIRJ) is what we are finally launching with the motive of 
providing a common platform to all the national and global researchers to support the exchange of ideas, 
expertise and innovations and to raise and discuss any issues related to wide field of engineering, technology 
and management. SIRJ is an annual journal related to the study and recent advances in the field of engineering, 
technology and management.   

Things are changing and growing in a rocketing speed in today’s world of telecommunication, computer 
technology and industrial automation. SIRJ’s main objective is to encompass the sentiments of research 
scholars towards finding a better journal to present their ideas in the form of research paper. We have received a 
wide spectrum of manuscripts pertaining to telecommunication, computer networks, mechanical engineering, 
printing technology and management.  The issues and problems discussed in the manuscripts are recent. 
Hopefully, researchers and scholars will come up with solutions after reading the manuscripts.  

The journal also includes the papers presented in the conference held at S (PG) ITM, Rewari. The Department 
of Electronics and Communication Engineering and Computer Science Engineering jointly conducted a 
National Conference on October 19th, 2013 on ‘Emerging Trends and Innovations in Computer and 
Communication- 2013 (NCETICC-2013)’.  Similarly, The Department of Mechanical Engineering and Printing 
Technology jointly conducted a National Conference on 30th November, 2013 on ‘Emerging Trends & 
Advances in Mechanical Engineering and Green Print Pack (NCETAMEGP- 2013)’.  The good quality papers 
from both of the conferences have been included in this issue of Journal as announced at the time of 
conferences. 

We are determined to progress for the benefit of our contributors and readers in future. Thanks to all the 
editorial board members for their invaluable support. We would like to extend the gratitude to the contributors 
for their useful manuscripts.  

We welcome the any form of comments and suggestions from all possible corners for the improvement of the 
Journal in future issues. Feel free to drop a line to Editor-in-Chief on below address. 

                                                                                                                                Prof. (Dr.) Pushpender Sarao 

                                                                                Editor- in -Chief 
                                                                                                                               info@sitmrewari.com 
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ABSTRACT 
Since the wireless transmission is the most energy consuming operation, designing an energy efficient routing algorithm becomes the 
main goal for the wireless mesh networks. Clustering techniques are usually applied for large scale networks and thus involve high 
cost and overhead. Clustering strongly influence communication overhead, latency, congestion, inter-cluster and intra-cluster 
formation, as well as update policy. Existing routing protocol has path discovery with the help of broad cast method. Due to this 
reason node requires many power and message collision and congestion occurs in network. Towards this direction, we proposed a 
cluster-based routing technique in which all nodes in mesh network grouped into different clusters, each cluster or group has cluster 
head (CH). In this paper, two soft computing techniques CHET for Cluster Head selection and another CBRT for cluster based routing 
in wireless mesh networks have been proposed. In this proposed two level fuzzy systems based research work, the local level consider 
the residual energy, node density, node centrality as the inputs to the fuzzy system  and node’s cluster head election ‘chance’ 
parameter for becoming a CH as the output. Then in the global level, FScore outputs the best node as CH is found considering the 
cluster head degree CHDeg, hop count Hcot, and signal strength SS. 
Keywords- Clustering, Fuzzy inference system, Wireless mesh networks, CHET, CBRT, Cluster Head 

 
I.INTRODUCTION 
Wireless Mesh Networks are self-configurable, self-healing, self-manageable, having low installation cost, low infrastructure cost as 
compared to other competitive wireless technologies. WMNs consist of mesh clients, mesh gateway and mesh routers. In multi-hop 
WMNs, each node communicates with other nodes immediately or via intermediate nodes. Wireless Mesh Networks is highly 
appealing, due to its lack of infrastructure, cost effectiveness and simple installation. Various clustering approaches are being applied 
to improve the network stability, scalability, bandwidth utilization, and resource sharing and management efficiency. Clustering 
techniques are usually applied for large scale networks and thus involve high cost and overhead. One of the solutions of the emerging 
problem is to cluster the distributed network structure. The purpose of clustering in WMNs includes stability the routing, minimizing 
energy consumption and maximizing resource sharing. 
A number of clustering approaches have been designed. The existing approaches have difficulty in clustering and managing when the 
network size varies from small to large scale. Also some clustering approaches consider only one or two parameters for cluster based 
routing and Cluster Head selection purposes. Several other important parameters must have to be considered for effective cluster 
based routing and cluster head selection. To solve the problems in existing cluster based approaches, this paper proposes two soft 
computing cluster based techniques CHET and CBRT for CH election and cluster based routing. Three parameters residual energy, 
node density, centrality of node are considered for CH election technique. While in cluster based routing technique, cluster head 
degree, hop count, and signal strength parameters are considered for route decision purposes. 
Simulation work has been performed in fuzzy logic toolkit of MATLab 7.0. 
The rest of the paper is organized as follow: Literature survey works are reviewed in section II. In section III, a detail survey of CBRP 
and LEACH has been explained. In section IV, details of the proposed techniques CHET and CBRT are presented. Finally, section V 
concludes the paper. 
 
II.LITERATURE SURVEY 
In [1] Chougdeuk Lee and Taegwan Jeong et. al proposed a fuzzy relevance based cluster head algorithm. in this work, FRCA (Fuzzy 
Relevance Cluster Algorithm) efficiently clusters and manages sensors using the fuzzy information of node status in the network. FRD 
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(Fuzyy Relevance Degree) performs clustering by choosing some nodes that act as coordinators of the clustering. FRD controls the 
several numbers of clusters to improve efficiency. Network Simulator-2 has been used for simulation purposes. Also a comparison of 
CBRP, WACA, SCAM, and FRCA work has been also implemented in NS-2. 
In[2] Adehanjo Adekiighe et. al has presented a cluster based routing protocol for wireless mesh networks. The proposed protocol is 
designed using fuzzy logic system. Two parameters cluster node degree and hope count are considered as inputs for fuzzy inference 
system. In this research work, Intra cluster route discovery and inter cluster route discovery process is also explained. Network 
Simulator-2 has been used for implementation of proposed i-CBRP and also for comparison of i-CBRP and CBRP. 
In[3] K.E. Kannammal et. al has proposed a cluster based routing scheme for wireless sensor networks. In this research work, a K-
Means clustering algorithm and a fuzzy logic based approach to Cluster Head (CH) election has been implemented. For CH election 
fuzzy based algorithm, four parameters named number of neighbor nodes, remaining energy, energy dispersion, and distance form the 
base station. The simulation work for implementation of the proposed work has been completed using MATLab. 
In [4] B.G.Obulla Reddy and Maligela have presented an adaptive fuzzy clustering protocol for MANETs. The proposed adaptive 
fuzzy system protocol has three phases: cluster based multicast tree formation, localized clustering and data transfer. By using 
weighted factor of each node, cluster formation has been completed. For fuzzy cluster formation purpose, two parameters named node 
remaining energy and node mobility are considered. For performance evaluation purposes, a number of metrics named packed 
delivery ratio, end-to-end delay, control overhead has been used. NS-2 is used for simulation purposes. For the prediction of location 
updates within the cluster head groups, Kaman filter has been applied. 
In [5] Robin Walia, Ankit Aggarwal and Yogita Wadhwa have presented a fuzzy logic based cluster head election scheme for cluster 
routing purposes. For cluster head election scheme, three input parameters named residual energy, node connectivity, node centrality 
are used to find the output parameter named ‘Chances’. The proposed scheme named CHEMF (Cluster Head Election and Multi 
hopping using Fuzzy logic) has been simulated by using MATLab. A comparison (CHEMF and LEACH) work is also implemented in 
MATLab 7.0. 
M.Anupama et al. has proposed a literature survey on cluster based routing protocols in MANETs [11]. In this survey, cluster based 
routing protocols are categorized as: location based, neighbor based, power based, artificial based, mobility based, and weight based 
routing protocols. A comparison of existing cluster based routing protocols has also done. At last several advantages and 
disadvantages of existing routing protocols have been analyzed. 
 
III.LEACH AND CBRP  
CBRP 
Cluster Based Routing Protocol (CBRP) is a routing protocol designed for use in mobile ad hoc networks [8].  The protocol divides 
the nodes of the ad hoc network into a number of overlapping or disjoint 2-hop- diameter clusters in a distributed manner.  A cluster 
head is elected for each cluster to maintain cluster membership information. Inter-cluster routes are discovered dynamically using the 
cluster membership information kept at each cluster head.  By clustering nodes into groups, the protocol efficiently minimizes the 
flooding traffic during route discovery and speeds up this process as well.  Furthermore, the protocol takes into consideration the 
existence of unidirectional links and uses these links for both intra-cluster and inter-cluster routing. 
CBRP has the following features [8]: 

 Fully distributed operation. 
 Less flooding traffic during the dynamic route discovery process. 
 Explicit exploitation of unidirectional links that would otherwise be unused. 
  Broken routes could be repaired locally without rediscovery. 
 Sub-optimal routes could be shortened as they are used. 

CBRP mainly concentrates on the use of clusters in the routing process. 
 
Routing Considerations 
Routing in CBRP is based on source routing. It can be viewed as consisting of 2 phases: route discovery and the actual packets 
routing. 
 Cluster structure is exploited to minimize the flooding traffic during route discovery phase. Furthermore, certain unidirectional links 
are discovered and used, thus increasing the network connectivity. 
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Route Discovery 
Route Discovery is the mechanism whereby a node S wishing to send a packet to a destination D obtains a source route to D. Similar 
to other MANET protocols, the way S finds a route(or multiple  routes) to D is also done by flooding, however, because of the 
clustering approach the number of times nodes are disturbed are much less  in general. Essentially, in Route Discovery, only cluster 
heads are flooded with Route Request Packets (RREQ) in search for a source route.  To perform Route Discovery to D, the source 
node S sends out an RREQ, with the target node address field set to D. It fills the Neighboring Cluster Head entries with its host 
cluster head(s) and adjacent cluster head entries (from CAT), the corresponding Gateway Node Address is either the host cluster head 
itself or the adjacent cluster's gateway node.  This initial RREQ is broadcast. 
Each cluster head node forwards an RREQ packet only once and it never forwards it to a node that has already appeared in the 
recorded route. In CBRP, the RREQ will always follow a route with the following pattern to reach destination D: 
           S,CH1,G1,CH2,G2,G3,CH3 ..... D 
The recorded route in Cluster Address list will be CH1, CH2, and CH3... 
 When the target of the Request, node D, receives the RREQ, D sends out an RREP packet to S as a reply, with the following format: 
D copies the list of Cluster Addresses into the RREP packet.  (D may choose to memorize the reversed list of Cluster Addresses to S 
that if D wants to find out a route to S, it may directly probe this route of cluster heads).  D also copies the identification field in 
RREQ to RREP and puts its own address in Calculated Route. 
The recorded Cluster Addresses gives the complete information about the SEQUENCE OF CLUSTERS RREP should traverse in 
order to reach S. Since each cluster head has knowledge of how to reach its neighboring CHs, the RREP packet will be routed to S 
eventually using IP loose source routing. 
While forwarding the Route Reply, intermediate cluster heads will calculate an optimized hop-by-hop route according to the 
information contained in the list Cluster Addresses and put it in the Calculated Route field [8]. 
 
LEACH [9] 
Low Energy Adaptive Clustering Hierarchy ("LEACH") is a TDMA-based MAC protocol which is integrated with clustering and a 
simple routing protocol in wireless sensor networks (WSNs)[9]. The goal of LEACH is to lower the energy consumption required to 
create and maintain clusters in order to improve the life time of a wireless sensor network LEACH is a hierarchical protocol in which 
most nodes transmit to cluster heads, and the cluster heads aggregate and compress the data and forward it to the base station(sink). 
Each node uses a stochastic algorithm at each round to determine whether it will become a cluster head in this round. LEACH 
assumes that each node has a radio powerful enough to directly reach the base station or the nearest cluster head, but that using this 
radio at full power all the time would waste energy. 
Nodes that have been cluster heads cannot become cluster heads again for P rounds, where P is the desired percentage of cluster 
heads. Thereafter, each node has a 1/P probability of becoming a cluster head in each round. At the end of each round, each node that 
is not a cluster head selects the closest cluster head and joins that cluster. The cluster head then creates a schedule for each node in its 
cluster to transmit its data. 
All nodes that are not cluster heads only communicate with the cluster head in a TDMA fashion, according to the schedule created by 
the cluster head. They do so using the minimum energy needed to reach the cluster head, and only need to keep their radios on during 
their time slot. 
LEACH also uses CDMA so that each cluster uses a different set of CDMA codes, to minimize interference between clusters. 
Properties of this algorithm include [9]: 

 Cluster based 
 Random cluster head selection each round with rotation. Or cluster head selection based on sensor having highest energy 
 Cluster membership adaptive 
 Data aggregation at cluster head 
 Cluster head communicate directly with sink or user 
 Communication done with cluster head via TDMA 

 LEACH is one of the first hierarchical routing Protocol used for wireless sensor networks to increase the life time of network. 
LEACH performs self-organizing and re-clustering functions for every round [10]. 

 LEACH routing protocol operations based on rounds, where each round normally consists of two phases. First is setup phase and 
second is steady state phase. 
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IV. PROPOSED CLUSTER BASED TECHNIQUES 
The most important part of the proposed techniques is fuzzy logic system. The fuzzy logic system has a number of modules: 
fuzzification module, knowledge base, inference engine, defuzzification. 
In the proposed work, Mamdani type inference method has been used. 
In this section two cluster based soft computing techniques are described: 

A. Cluster Head Election Technique (CHET) 
B. Cluster Based Routing Technique (CBRT) 

Cluster Head Election Technique (CHET) 
Mamdani method of fuzzy logic is used for election of cluster head in our proposed technique. The implementation of cluster head is 
based on following steps: 
Step1: Fuzzification of the input variables energy, concentration and centrality-taking the crisp inputs from each of these and 
determining the degree to which these inputs belong to each of the appropriate fuzzy sets. 
Step2: Rule evaluation taking the fuzzification inputs, and applying then to the antecedents of the fuzzy rules. It is then applied to the 
consequent membership function. 
Step3: Aggregation of the rule outputs-the process of unification of the outputs of all rules. 
Step4: Defuzzification-the input for the defuzzification process is the aggregate output fuzzy set chance and the output is a single crisp 
number. 
Centre of gravity (COG) method is used for finding membership function. Using COG function, the aggregated points are fuzzified. 
The following variables are used for fuzzy systems: 
All three parameters responsible for election of cluster head. 

 The linguistic variables used for residual energy are-Low, Medium, High. 
 The linguistic variables used for node density are-Low, Medium, High. 
 The linguistic variables used for node centrality are-Close, Average, Far. 
 The linguistic variables used for output parameter ‘Chance’ are: Very Low, Low, Medium, Lightly High, High, and Highly 

High. 
Total twenty seven rules for three input parameters and one output parameter have been designed. One of them includes as: 
“If Residual Energy is High and Node Density is High and Centrality is Close then Chance is Highly High”. 
We use triangle membership functions to represent the fuzzy sets Low, Medium, and High. 
Gaussian membership functions to represent the fuzzy sets Close, Average, Far. 
Triangle membership function to represent fuzzy sets Very Low, Low, Medium, Lightly High, High, Highly High. 
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Figure 1:  Rule Viewer w.r.t. three inputs and one output ‘chance’ 

                               
                      Figure2: output w.r.t. inputs ‘centracity’ and ‘RE’                           Figure 3: Output ‘Chance’ w.r.t. input variables ‘centrality’ and ‘ND’ 

 

                 
 

 

 

 

 

 

 

               Figure 4: Output w.r.t.input variables ‘ND’ and ‘centrality’                         Figure 5:Output ‘Chanece’ w.r.t. input variables ‘RE’ and ‘ND’ 

 

 
Figure 6: Output ‘Chance’ w.r.t. inputs ‘ND’ and ‘RE’ 

 
Cluster Based Routing Technique (CBRT) 
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In this proposed technique, cluster head is classified as VWeak, Weak, Average, Strong, and Very Strong. The routing parameters for 
fuzzification are: node degree, cluster head hop count, and signal strength. Node degree membership functions are high, medium, and 
low. The signal strength membership function is low, medium, and high. Also the membership function of the hop count parameter is 
classified as: low, medium, and high. The values of these three parameters are normalized between 0 and 1. 
The output parameter ‘Fuzzy Score’ having three linguistic variables as: VWeak, Weak, Average, Strong, and VStrong. 
The output parameter ‘Fuzzy Score’ represents the chance of a cluster head to be chosen as intermediate cluster head through which 
the data packets can traverse to the destination cluster head. The membership functions fuzzy values ranged between 0 and 1. 
The value of fuzzy score decides the chances of the next intermediate cluster head becoming a routing path for the data packets from 
source to destination. Triangular membership function has been used for fuzzy score (FScore). 
Here total 33=27 fuzzy rules have been designed for fuzzy inference system. Based on three input parameters and one output 
parameter, these fuzzy rules are designed. 
Fuzzy Rule 1: If CHDeg is Low and HCot is Low and SS is Low Then FScore is Weak. 
Fuzzy Rule 2: If CHDeg is Low and HCot is Low and SS is Medium Then FScore is Weak. 
Fuzzy Rule 3: If CHDeg is Low and HCot is Low and SS is High Then FScore is Average. 
Fuzzy Rule 4: If CHDeg is Low and HCot is Medium and SS is Low Then FScore is Weak. 
Fuzzy Rule 5: If CHDeg is Low and HCot is Medium and SS is Medium Then FScore is Weak. 
Fuzzy Rule 6: If CHDeg is Low and HCot is Medium and SS is High Then FScore is Weak. 
Fuzzy Rule 7: If CHDeg is Low and HCot is High and SS is Low Then FScore is VWeak. 
Fuzzy Rule 8: If CHDeg is Low and HCot is High and SS is Medium Then FScore is Weak. 
Fuzzy Rule 9: If CHDeg is Low and HCot is High and SS is High Then FScore is Weak. 
Fuzzy Rule 10: If CHDeg is Medium and HCot is Low and SS is Low Then FScore is Average. 
Fuzzy Rule 11: If CHDeg is Medium and HCot is Low and SS is Medium Then FScore is Average 
Fuzzy Rule 12: If CHDeg is Medium and HCot is Low and SS is High Then FScore is Strong. 
The inference engine has therefore made some compromise to arrive at this value to make the best decision for the intermediate cluster 
head. 
 
  

 
Figure 7: Rule Viewer w.r.t. three inputs and one output 

 
In figure 7 when cluster head degree is 0.163, hop count value is 0.934 and signal strength is 0.1.02 then as a result the output 
parameter ‘FScore’ is 0.0758. The simulation result indicates that when hop count value increases but values of cluster head degree 
and signal strength decreases, then chances of packet forwarding is low.  But when cluster head degree increases and hop count value 
decreases with average signal strength, the output ‘FScore’ value go to top most. 
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                 Figure 8: Output ‘FScore’ w.r.t inputs ‘CHDeg’ and ‘SS’.                                         Figure 9: output ‘FScore w.r.t. inputs ‘SS’ and ‘CHDeg’ 

                                                                   

               Figure 10: output FScore w.r.t. inputs ‘HCot’ and ‘SS’                                    Figure 11: output FScore w.r.t. inputs ‘SS’ and ‘HCot’ 

Figure 8 represents the correlation between input and output parameters behavior. The figure b depicts that the fuzzy score for 
intermediate cluster head increases when the nod degree increases, hop count reduces, and signal strength also increases. This is 
shown by the dark rep topmost part of the correlation graph. 
Figure 7 is a sample of rule viewer and figure 8 is a sample of 3D decision surface. Figure 7 represents the values of input parameters 
and there respected outputs. 
Besides depicted in figure 8 is the correlation of the behavioral pattern between the input parameter and the one output parameter. 
Figure 7 and figure 8 demonstrated the way fuzzy logic makes inference with the rules. In figure 7, when CHDeg 0.163 is HCot is 
0.934 and Signal Strength is  0.102 which are shown in yellow color, then the inference engine output FScore is  0.0758 as shown with 
blue color marked with red line. The value 0.0758 is the fuzzy score of the intermediate cluster head. 
V.CONCLUSION 
The wireless mesh network is a new emerging technology that will change the world of industrial networks connectivity to more 
efficient and profitable. Mesh networks consist of static wireless nodes and mobile customer; have emerged as a key technology for 
new generation networks. In Wireless Mesh Networks, clustering is an important mechanism to build a stable network structure and to 
reduce the overhead and the table size. In large scale wireless network environment, the overhead is due to the increase of 
management cost, the decrease in routing performance, the early consumption of battery energy, and the increase in the complexity of 
head selection. In this research work, two clusters based soft computing techniques CHET and CBRT have been proposed. The 
proposed techniques used fuzzy logic system. For the efficient selection of the cluster head (CH), existing approaches used single 
measured parameter while the proposed cluster based techniques considered parameters such as residual energy, node density, and 
centrality of node. The consideration of various parameters in the cluster head selection technique reduces the overhead due to the 
allocation, efficient management of node positions and the enhancement of routing performance. The simulation work has been 
mplemented in MATLab 7.0. The simulation results indicate that that the proposed techniques works well in small wireless networks 
as well as in a large wireless networks also. 
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ABSTRACT 
Speech recognition has been lately used in our smart phones, search engines, security systems etc. When we talk about intelligent 
system or user-friendly system speech recognition comes in first choice. The main issue is about recognizing the user’s speech and for 
that purpose Hidden Markov Model (HMM) is extensively used. Out of three different an approach for speech recognition namely 
Acoustic-phonetic, Knowledge Based, and Pattern Recognition Approach, the later is used HMM Model. This paper will present 
general aspect of automatic speech recognition and use of HMM in it.  

Keywords – ASR, HMM 

I. INTRODUCTION  
 
Recognition is the third phase of speech recognition process and it deals with speech variability and account for learning the 
relationship between specific utterances and the corresponding word or words. There has been steady progress in the field of speech 
recognition over the recent yeas with two trends. First is academic approach that is achieved by improving technology mainly in the 
stochastic modeling, search and neural networks. Second is the pragmatic, include the technology, which provides the simple low-
level interaction with machine, replacing with buttons and switches. A second approach is useful now, while the former mainly make 
promises for the future. In the pragmatic system emphasis has been on accuracy, robustness and on the computational efficiency 
permitting real time performance with affordable hardware. Broadly speaking, there are three approaches to speech recognition. 
 
(a) Acoustic-phonetic approach: Acoustic-phonetic approach assumes that the phonetic units are broadly characterized by a set 
of features such as format frequency, voiced/unvoiced and pitch. These features are extracted from the speech signal and are used to 
segment and level the speech.  

 
(b) Knowledge based approach: Knowledge based approach attempts to mechanize the recognition procedure according to the 
way a person applies its intelligence in visualizing, analyzing and finally making a decision on the measured acoustic features. Expert 
system is used widely in this approach. 

(c) Pattern recognition approach: Pattern recognition 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. The popular pattern recognition techniques include template matching, Hidden Markov Model. 
 
I.a Speech Recognition Model  
The first thing as shown in the block diagram, is to process the incoming audio signal and to convert into a form that would  be easy 
for further analysis. Once the speech data is in the proper format, then the next process is the search of the best match. It does this by 
taking into consideration the words and phrases it knows about (the active grammars), along with its knowledge of the 
environment in which it is operating (for VoiceXML, this is the telephony environment). The knowledge of the environment is 
provided in the form of an acoustic model. Once it identifies the  most likely match for what was said, it returns what it recognized 
as a text string. 
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Figure 1: Block diagram showing ASR 

 
II. HIDDEN MARKOV MODELS (HMM)  
HMM is doubly stochastic process with an underlying stochastic process that is not observable, but can only be observed through 
another set of stochastic processes that produce sequence of observed symbols. The basic theory behind the Hidden Markov Models 
(HMM) dates back to the late 1900s when Russian statistician Andrej Markov first presented Markov chains. Baum and his colleagues 
introduced the Hidden Markov Model as an extension to the first-order stochastic Markov process and developed an efficient method 
for optimizing the HMM parameter estimation in the late 1960s and early 1970s. Baker at Carnegie Mellon University and Jelinek at 
IBM provided the first HMM implementations to speech processing applications in the 1970s. Proper credit should also be given to 
Jank ferguson at the Institute for defense Analysis for explaining the theoretical aspects of three central problems associated with 
HMMs, which will be further discussed in the following sections. The technique of HMM has been broadly accepted in today’s 
modern state-or-the art ASR systems mainly for two reasons: its capability to model the non-linear dependencies of each speech unit 
on the adjacent units and a powerful set of analytical approaches provided for estimating model parameters.  The Hidden Markov 
Model (HMM) is a variant of a finite state machine having a set of hidden states Q, an output alphabet (observations) O, transition 
probabilities A, output (emission) probabilities B, and initial state probabilities II. The current state is not observable. Instead, each 
state produces an output with a certain probability (B). Usually the states Q, and outputs O, are understood, so an HMM is said to be a 
triple (A, B, II).  

III. DESCRIPTION OF HMM  

For the description figure 1 shows an example of Hidden Markov Model, The model consists of a number of states, shown as the 
circles in figure. At time t the model is in one of these states and outputs an observation (A, B, C or D).  At time t+1 the model moves 
to another state or stays in the same state and emits another observation. The transition between states is probabilistic and is based on 
the transition probabilities between states which are given in state j at time t+1. Notice that in this case A is upper triangular. While in 
a general HMM transitions may occur from may state to any other state, for speech recognition applications transitions only occur 
from left to right i.e. the process cannot go backwards in time, effectively modeling the temporal ordering of speech sounds. Since at 
each time step there must always be a transition from a state to a state each row of A must sum to a probability of 1. The output 
symbol at each time step is selected from a finite dictionary. This process is again probabilistic and is governed by the output 
probability matrix B where Bjk is the probability of being in state j and outputting symbol k. Again since there must always be an 
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output symbol at time t, the rows of B sum to 1. Finally, the entry probability vector π, is used to described the probability of starting 
in described by the parameter set λ = [π, A, B]  

 
 

Figure 2: A Five State Left-Right, Discrete HMM for Four Output Symbols. 
 

  

 

 
 
 
IV. USE OF HMM IN SPEECH RECOGNITION 
 
(a) 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).  
 
(b) 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 δi(i) q1,q2….qt-1max P[q1,q2……qt=i  O1,O2…..Ot| λ 
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,  
δi+1(j)= [maxi δt(i)aij]bj(Ot+1)] 
 
(c) 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 
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parameters and modify the model parameters to maximize the training observation sequence in an iterative manner till the model 
parameters reach a critical value.  
 
V. APPLICATIONS OF ASR 
Now a day’s speech recognition is very useful in the field of technology. It is the topic of research and discussion in present scenario. 
And automatic speech recognition is one of that further topic in speech recognition which is arrived in the world of technology due to 
necessity of automatic work. ASR is used in security purpose, defense purpose, authentication purpose etc. it is used where we have to 
identification. It is also use for documentation work where we just have to say and what we say it is stored in database.  We believe 
that speech recognition is well suited to exploration and experimentation by algorithm theorists and designers. The general problem 
areas that are involved in particular, graph searching and automata manipulation are well known to and have been extensively studied 
by algorithms experts. While some very tight theoretical bounds and even very good practical implementations for some of the 
specific problems (e.g., shortest path finding and finite state automata minimization) are already well known, the manifestations of 
these problems as they arise in speech recognition are so large as to defy straightforward solutions. The result is that most of the 
progress in speech recognition to date is due to clever heuristic methods that solve special cases of the general problems. Good 
characterizations of these special cases, as well as theoretical studies of their solutions, are still lacking, however. There is much room 
for both experiments in characterizing various special cases of general problems and also for theoretical analysis to provide more than 
empirical evidence that deployed algorithms will perform in guaranteed manners. Furthermore, practical implementations of any 
algorithms are critical to the deployment of speech recognition technology. The interested algorithm expert, therefore, has a wide 
range of stimulating problems from which to choose, the solutions of which are not only of theoretical but also of practical 
importance.   
 
VI. CONCLUSION  
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 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 is for those computer users who are not comfortable 
with English language and feel good to work with their native language i.e. English, Punjabi, Hindi.  
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ABSTRACT 
A Wireless Sensor Network (WSN) consist of spatially distributed autonomous sensors to monitor physical or environmental 
conditions, such as temperature, sound, pressure, etc. and to cooperatively pass their data through the network to a main location. The 
more modern networks are bi-directional, also enabling control of sensor activity. The development of wireless sensor networks was 
motivated by military applications such as battlefield surveillance; today such networks are used in many industrial and consumer 
applications, such as industrial process monitoring and control, machine health monitoring, and so on.In this paper we have explained 
the architecture of Wireless Sensor Network, its comparison with mobile ad-hoc network, various topologies used in WSN , 
challenges and  how to detect the  malicious nodes in Wireless Sensor Network. 
Keywords: WSN, MANET, Multihope, SMDSS 
 
I. INTRODUCTION 
The WSN is built of "nodes" – from a few to several hundreds or even thousands, where each node is connected to one (or sometimes 
several) sensors. Each such sensor network node has typically several parts: a radio transceiver with an internal antenna or connection 
to an external antenna, a microcontroller, an electronic circuit for interfacing with the sensors and an energy source, usually 
a battery or an embedded form of energy harvesting. A sensor node might vary in size from that of a shoebox down to the size of a 
grain of dust, although functioning "motes" of genuine microscopic dimensions have yet to be created. The cost of sensor nodes is 
similarly variable, ranging from a few to hundreds of dollars, depending on the complexity of the individual sensor nodes. Size and 
cost constraints on sensor nodes result in corresponding constraints on resources such as energy, memory, computational speed and 
communications bandwidth. The topology of the WSNs can vary from a simple star network to an advanced multi-hop wireless mesh 
network. The concept of wireless sensor networks is based on a simple equation: 
Sensing + CPU + Radio = Thousands of potential applications 

 
Fig.1. Wireless sensor network 

II. SENSOR NETWORK APPLICATION CLASSES 
The three application classes we have selected are: environmental data collection,security monitoring, and sensor node tracking. We 
believe that the majority of wireless sensor network deployments will fall into one of these class templates. 
 
III. CHARACTERSTICS 
Power consumption constrains for nodes using batteries or energy harvesting,Ability to cope with node failures,Mobility of 
nodes,Communication failures,Heterogeneity of nodes,Scalability to large scale of deployment,Ability to withstand harsh 
environmental conditions. 
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A.  Wireless Sensor Network(WSN) vs. Mobile Ad Hoc Network (MANET) 

Characteristics  WSN MANET 

Similarity Wireless Multi-hop networking 

Security  Symmetric Key Cryptography Public Key Cryptography 

Routing Support specialized traffic pattern. 
Cannot afford to have too many 
node states and packet overhead 

Support any node pairs 
Some source routing and 
distance vector protocol 
incur heavy control traffic 

Resource Tighter resources (power, 
processor speed, bandwidth) 

Not as tight. 

B. Wireless Sensor Network Topologies 

     
Fig.2.Peer-to Peer       Fig.3. Star Network 

    
 

Fig.4. Tree Network       Fig.5. Mesh Network           

1.Peer-to-Peer networks allow each node to communicate directly with another node without needing to go through a centralized 
communications hub. Each Peer device is able to function as both a “client” and a “server” to the other nodes on the network. An 
example of a Peer-to-Peer network is shown in figure 1.         
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2.Star networks are connected to a centralized communications hub. Each node cannot communicate directly with one another; all 
communications must be routed through the centralized hub. Each node is then a “client” while the central hub is the “server”. An 
example of a Star network is shown in figure 2. 

3.Tree networks use a central hub called a Root node as the main communications router. One level down from the Root node in the 
hierarchy is a Central hub. This lower level then forms a Star network. The Tree network can be considered a hybrid of both the Star 
and Peer to Peer networking topologies. An example of a Tree network is shown in figure 3. 

4.Mesh networks allow data to “hop” from node to node, this allows the network to be self-healing. Each node is then able to 
communicate with each other as data is routed from node to node until it reaches the desired location. An example of a Mesh network 
is shown in figure 4. This type of network is one of the most complex and can cost a significant amount of money to deploy properly. 

IV. LIMITATIONS 
One of the biggest disadvantages of large scale wireless sensor networks lies in the complexity of logistics involving selective 
replacement of sensors that have ran out of energy. Lower speed compared to wired networks. (of course!). Less secure because 
hacker's laptop can act as Access Point. If you connected to their laptop, they'll read all your information (username, password.. 
bla..bla..bla..). More complex to configure than wired network. Affected by surrounding. E.g: walls (blocking), microwave oven 
(interference), far distance (attenuation). Gets distracted by various elements like Blue-tooth. Still Costly at large. It does not make 
sensing quantities in buildings easier. It does not reduce costs for installation of sensors. It does not allow us to do more than can be 
done with a wired system. 
a. Suspicious node detection by signal strength 
In this section, we describe our approach for detecting suspicious messages and suspicious nodes based on signal strength. 
b. The model 
In this work, we assume WSNs are homogeneous (all network nodes contain the same hardware and software 
configuration),symmetric (node Acan only communicate with node Bif and only if Bcan communicate with A), and static (network 
nodes do not move after deployment). In particular, the radio transceivers of all members of the network operate under the same 
configuration throughout the lifetime of the network (e.g., transmission power, antenna height, and antenna gain).All nodes are 
uniquely identified, and know their own geographical position, which can be obtained using a positioning system such as the GPS. 
The value of a node’s geographical position as well as its identifier is included in each of the messages it sends. We assume that 
message exchanges in the network are protected against tampering (using some cryptographic mechanism, for example) [11]. We 
further assume that radio propagation follows a well defined model, such as the Free Space Model and the Two-Ray Ground Model 
[10], which specify how the values of transmission power, received signal strength and distance between the transmitter and the 
receiver relate to each other. As an example, the Two-Ray Ground propagation model (Equation 1) makes the assumption that a signal 
sent from one node does not arrive at another node through a unique path (a straight line), but eventually also through a reflection in 
the ground.Pr=Pt_Gt_Gr_h2t_d4L h2r (1).In Equation 1, Pris the received signal power in Watts, Ptis the transmission power also in 
Watts, Gtis the transmitter antenna gain, Gris the receiver antenna gain, the transmitter antenna height in meters, hris the receiver 
antenna height in meters, dis the distance between the receiver and transmitter in meters and Lis the system loss (a constant). A signal 
is only detected by a receiving node if the received signal power Pris equal or greater than the received signal power threshold m We 
also assume that the signal strength of a received signal can be easily acquired from a transceiver. The Chipcon SmartRF CC1000 [3] 
transceiver, used in the latest MICA Motes series [2], for example, has a built-in RSSI (Received Signal Strength Indicator) giving an 
analogue output signal at its RSSI pin. When the RSSI function is enabled, the output current of this pin is inversely proportional to 
the input signal level. The voltage at the pin can be measured by a analog/digital converter, which is the only additional hardware 
required. Formulas 2 and 3 specify the received signal strengths Pr, in dBm, when the transceiver is operating at 433 MHz and 868 
MHz, respectively. VRSI is the voltage measured at the RSSI pin.-(2) and (3) .Finally, we assume that malicious nodes are capable of 
HELLO flood attacks and wormhole attacks only. In what follows, a transmission is malicious if the geographical position included in 
the corresponding message is made up or was transmitted with a power that differs from the one agreed upon by all the other nodes in 
the system. A node is malicious if it broadcast a malicious transmission. Upon receiving a message, a node can classify it as 
suspicious or unsuspicious, depending on whether the node thinks the transmission is malicious. Given that this classification 
(suspicious vs. unsuspicious) is done locally at the receiving node, malicious transmissions may not always be classified as suspicious 
(false negatives), and  non-malicious transmissions may be classified as suspicious (false positives). 
c. Suspicious message detection by signal strength (SMDSS)                                       
Under the model described above, any node can obtain two values on any transmission it hears. The first value is the expected signal 
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strength of the received signal, which can be computed using the transmission power that was agreed upon for message transmissions 
in the system and the distance between the node that hears the transmission and the source of the transmission itself. The second value 
is the actual signal strength detected at the listener’s transceiver. In a system where all is well, the two values should match. The same 
would not be true in most cases, however, if the system is under a HELLO flood attack or a wormhole attack. We make use of this fact 
to identify suspicious messages in the system. In our proposed scheme, all transmissions in the network are subject to scrutiny: all 
nodes monitor all transmissions they hear. Concretely, the following protocol is run locally in each sensor node. For each transmission 
a node hears, it compares the expected and the actual signal strengths of the received signal, independently of whether it is the 
intended recipient of the transmission. When the difference between both is greater than a given threshold, the message is regarded as 
suspicious. Each node also keeps a local table containing the “reputation” of other nodes in the system. Each entry contains the node 
id, the number of suspicious votes, and the number of unsuspicious votes. After checking the suspiciousness of a received message, 
the node updates its table accordingly: if the message is suspicious, it increases the message originator’s suspicious count by one; 
otherwise, the unsuspicious count is increased. Note that the message’s originator can be determined, given that its id is included in 
the message. If the message is suspicious, the node takes a further action: it disseminates this information among its neighbors.  
 
V. RESEARCH CHALLENGES 
The severe constraints and demanding deployment environments of wireless sensor networks make computer security for these 
systems more challenging than for conventional networks. However, several properties of sensor networks may help address the 
challenge of building secure networks. First, we have the opportunity to architect security solutions into these systems from the outset, 
since they are still in their early design and research stages. Second, many applications are likely to involve the deployment of sensor 
networks under a single administrative domain, simplifying the threat model. Third, it may be possible to exploit redundancy, scale, 
and the physical characteristics of the environment in the solutions. If we build sensor networks so they continue operating even if 
some fraction of their sensors is compromised, we have an opportunity to use redundant sensors to resist further attack. Ultimately, the 
unique aspects of sensor networks may allow novel defenses not available in conventional networks. Many other problems also need 
further research. One is how to secure wireless communication links against eavesdropping, tampering, traffic analysis, and denial of 
service. Others involve resource constraints. Ongoing directions include asymmetric protocols where most of the computational 
burden falls on the base station and on public-key cryptosystems efficient on lowend devices. Finally, finding ways to tolerate the lack 
of physical security, perhaps through redundancy or knowledge about the physical environment, will remain a continuing overall 
challenge. We are optimistic that much progress will be made on all of them. 
 
VI. CONCLUSION 
A significant advantage of wireless sensor networks over traditional cable-based monitoring systems is the collocation of 
computational power with the sensing transducer. To date, many engineering algorithms, including Fourier transforms, wavelet 
transforms, and system identification models, have been embedded. However, wireless sensor networks should be viewed as a 
decentralized architecture offering parallel processing of measurement data. More research is needed to arrive at truly distributed data 
interrogation schemes designed explicitly for the parallelism and decentralization offered by wireless sensor networks. 
VII. FUTURE SCOPE 
Everything will be on Internet and everybody will be on Internet. This technology provides a platform to blend and interconnects 
individual smart devices. User can access information about the real world. User also can interact and influence the real world. 
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ABSTRACT 
Watermarking is a need of digital media. To protect from copyright violation of original media watermarking using combined DWT-
DCT method is done. To make watermarked image more immune to attacks during communication channel Viterbi algorithm is used. 
This makes image less prone to errors and a fast decoding method also. In this paper DWT- DCT and Viterbi algorithm has been 
proposed. 
Keywords: DWT-DCT, Viterbi Algorithm, CDMA, PSNR 
 
I. INTRODUCTION 
With the growth of multimedia services over the Internet the fact that digital information can be copied and distributedwithout loss of 
fidelity has led to development of tools for asserting copyright of the data. There is always fear of original image or multimedia files 
to be stolen or need to find out the violation of copyright. Digital watermarking has been proposed as valid solution for this problem. 
The purpose of the watermark is to embed some additional information about the digital data without visibly modifying it. Medicine 
too has benefited from watermarking research to preserve medical deontology. Watermarking is a solution to conserve the intellectual 
properties of a diagnostic image, as well as to maintain the perceptual fidelity. Many methods of watermarking are available and these 
are designed to meet the requirement of Human Visual System (HVS). Digital image watermarking systems can be classified into two 
categories called spatial domain and transform domain watermarking systems. Embedding the watermark in spatial domain is 
straightforward and simple. One way of doing this is to replace the least significant bits (LSB) of the host data with the message bit 
[1]. Alternatively, a watermark embedding operation can be carried out in transform domain such as DFT (Discrete Fourier 
Transform), DCT (Discrete Cosine Transform) or Wavelet Transform [2][3]. Insertion of watermark is suffered by various attacks like 
image shearing, image rotation, image scaling, addition of noise during transmission like Gaussian noise, white noise etc. So a more 
secure communication channel is required and a strong error detection and correction code along with watermarking is required to 
make watermarking more robust and error free. After studying lots of error correcting codes it has been found that Viterbi algorithm is 
most efficient error correcting code and comparable complex. DWT and DCT   watermarking algorithms are combined to remove 
deficiency of each. So a new watermarking approach DWT-DCT is used. In the literature present till now none has mentioned exact 
number of watermarks or way to find out number of watermarks can be embedded in an image. For this CDMA approach is used and 
maximum multiple watermarks are embedded in an image. Study of [3] showed that as the number of watermarks increases, size of 
watermarks has to be reduced. In our research work we will use Viterbi error correction code for more robust communication  
and different area of image will be selected for multiple watermarking. 
 
II. DWT-DCT Watermarking Scheme 
DWT DCT watermarking combines DWT and DCT watermarking algorithm. It improves the parameters like PSNR, bit error ratio. 
During watermarking first DWT is applied on image to watermarked and broken into four different energy coefficients cA1, cH1, 
cV1, cD1[4][5][6]. For watermarking such areas of images are selected where effect of addition another image can’t be judged with 
eyes. cH1 and cV1 are such areas. These regions are having moderate energy. Insertion of watermark in cD1 distorts the image 
significantly. On these coefficients DCT is applied and the whole embedding process is shown in figure1. Detailed steps for 
embedding watermark are:  
Step 1: Take the message and reformulate the message into sequence of 1 and 0. 
Step 2: Take the key and generate a PN sequence by that key. This PN sequence is kept same during allembedding process. 
Step 3: Generate two highly uncorrelated PN sequence pn_sequence_1 andpn_sequence_0. 
Step 4: Perform DWT on the host image to decompose it into four non-overlapping multi resolution coefficientsets: cA1, cH1, cV1 
and cD1. 
Step 5: Choose blocksize and a midband coefficients matrix for DCT. In our paper blocksize of 8 is chosen anda midband matrix of 
8*8 is chosen from literature review. 
Step 6: Now perform DCT on cH1and embed both PN sequence with a gain factor ‘k’ depending on the bitvalue of message. The 
algorithm for embedding pn sequence is shown as 
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Step 7: Now perform IDCT on cH1. 
Step 8: Repeat step6 and 7 for cV1. 
Step 9: Perform IDWT on updated values of cA1, cH1, cV1, cD1 and name this image as watermarked image. 
Step 10: PSNR, Image fidelity and Normalized cross correlation is found out to determine robustness and imagequality of 
watermarked image. 
Step 11: Now follow steps from 1 to 10 for embedding next watermark using separate key for PN sequence.The size of watermark is 
determined by hit and trial method and that comes less than the previous watermarksize. 
Step 12: Number of watermarks embedded depends upon retrieval process because watermark should beretrieved properly that is 
without any distortion [7][8][9]. 
 

 
Figure1: DWT-DCT Embedding Process 

 
For retrieval of watermark watermarked image and input image is correlated and depending upon the correlation value watermark 
message is retrieved. Detailed steps for retrieval of watermark message are as: 

 
 

Figure 2: Watermark Extraction Procedure 
 
Step 1: Steps from 1 to 5 of embedding process are same using same key for PN sequence generation. 
Step 2: Now perform DCT on cH1 and generate a sequence at condition where midband matrix element is 1.Correlate that sequence 
to pn_sequenc_0 and to pn_sequence_1. 
Step 3: Repeat the step 2 with cV1. 
Step 4: Take the mean of correlation value for pn_sequence_1 of cH1 and cV1 and correlation value forpn_sequence_0 of cH1 and 
cV1. 
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Step 5: If correlation value for 0 is greater than the correlation value of 1, put the message vector element equal to 0 otherwise 1. 
 
correlation_0>correlation_1 
message_vector = 0 
Otherwise 
message_vector = 1 
 
Step5: Reshape the message vector and that will be similar to message embedded. 
Step6: Same steps are repeated for next watermark message retrieval[7][8][9]. 
 
III. VITERBI ALGORITHM 
Viterbi decoding is used in transferring of data over noisy channel in digital communication. The algorithm has found universal 
application in decoding the convolutional codes used in both CDMA and GSM digital cellular, dial-up modems, satellite, deep-space 
communications, and 802.11 wireless LANs[10]. It is now also commonly used in speech recognition, keyword spotting, 
computational linguistics, and bioinformatics. For example, in speech-to-text (speech recognition), the acoustic signal is treated as the 
observed sequence of events, and a string of text is considered to be the "hidden cause" of the acoustic signal[11][12]. The Viterbi 
algorithm finds the most likely string of text given the acoustic signal. But in our work viterbi algorithm will be used in image 
watermarking because it is most error correcting algorithm which is having comparable complexity. The watermarking embedding 
and decoding algorithm using viterbi algorithm is shown in figure 3and figure 4. 
Viterbi algorithm is a sequential coding algorithm which generated sequences by passing bits through shift registers [13][14][15]. 
Apart from being an efficient androbust error detection code, it has the advantage of having a fixed decoding time. Thismakes it 
suitable for hardware implementation.A simple convolution encoder  and decoder is shown in figure 4 and figure 5. 
 

 
 
 
 
 
 
 
 
 
 
 

Figure3: Watermark Embedding Using Viertbi Algorithm 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure4: Watermark Decoding Using Viertbi Algorithm 
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Figure 5: Viterbi Encoder   Figure 6: Viterbi Decode 
Vierbi encoder uses flip flops to generate a sequence of input bits. It generate codes with the help of trellis diagram that represents the 
positional code of inputs. At the receiver side Viterbi code is de interleaved from the watermarked image and then watermark is 
retrieved by watermarking algorithm.  
 
IV. CONCLUSION 
Watermarking is done by using DWT- DCT and Viterbi algorithm. Viterbi algorithm is more immune to white noise, generally a 
major constraint of watermark retrieval. By using CDMA approach number of watermarks can be increased and our work will also 
suggest how many watermarks can be added into an image. Results generated by this method will be tested by various parameters like 
PSNR, BER, SNR, correlation coefficients. These will be compared with watermarking without viterbi algorithm and a more robust 
watermark will be generated. 
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ABSTRACT 

Round Robin scheduling algorithm is a pre-emptive scheduling algorithm. It is designed especially for time sharing Operating System. 
In RR scheduling algorithm the CPU switches between the processes when the static Time Quantum expires. RR scheduling algorithm 
is considered as the most widely used scheduling algorithm in research because the TQ is equally shared among the processes. In this 
paper a newly proposed variant of RR algorithm called Mode Round Robin (MRR) scheduling algorithm is presented. The idea of this 
MRR is to make the TQ repeatedly adjusted using Mode dispersion measure in accordance with remaining CPU burst time. Our 
experimental analysis shows that MRR performs much better than RR algorithm in terms of average turnaround time, average waiting 
time and number of context switches. 

Keywords- Operating System, Round Robin, Mode Round Robin, Turnaround time, Waiting time, Context switch. 

I. INTRODUCTION 

An Operating System is a collection of programs and utilities. It is an interface between end user and system hardware, so that the user 
can handle the system in a convenient manner. Proportional share resource management provides a flexible and useful abstraction for 
multiplexing time shared resources. Modern Operating Systems become more complex, they have evolved from a single task to a 
multitasking environment in which processes run in a concurrent manne. CPU scheduling algorithms decides which of the processes 
in the Ready Queue is to be allocated to the CPU. There are many different CPU scheduling algorithms, out of those algorithms, 
Round Robin is the oldest, simplest and most widely used proportional share scheduling algorithm. It is similar to FCFS scheduling, 
but preemption is added to switch between processes. A small unit of time is used in RR which is called as Time Quantum or Time 
Slice. The CPU scheduler goes around the RQ, allocating the CPU to each process for a time interval of up to 1 TQ. If new process is 
arrived then it is added to the tail of the circular queue. The CPU scheduler picks the first process from the queue, sets a timer to 
interrupt after one TQ and dispatches the process. After TQ is expired, the CPU preempts the process and the process is added to the 
tail of the circular queue. If process finishes before the end of the TQ, the process itself preempts the CPU willingly. In this paper, we 
present a solution to the TQ problem by adjusting TQ with respect to the existed set of processes in RQ. 

II. PRELIMINARIES 

CPU scheduling is the basis of multi programmed operating system. The idea of multiprogramming is, if a process is waiting for an 
I/O request, then the CPU switches from that process to another process. So, the CPU is always busy in multiprogramming. But in a 
simple computer system, the CPU is idle until the I/O request is finished. All computer resources are scheduled before in use. So, CPU 
scheduling algorithm determines how the CPU will be allocated to the process. CPU scheduling algorithms are two types, one is non-
preemptive and another is preemptive scheduling algorithms. In non-preemptive scheduling, once the CPU is allocated to a process, 
the process keeps the CPU until it releases the CPU either by terminating or by switching to the waiting state. But, in preemptive 
scheduling, the CPU can release the processes even in the middle of the execution. A process is a program at the time of execution. A 
process is more than the program code; it includes the program counter, the process stack, and the contents of process register etc. A 
process is a dynamic object. The processes are assigned to a processor are put in a queue called Ready Queue. CPU Utilization is the 
percentage of time that the processor is busy. It generally ranges from 0 to 100 percent. Throughput means how many processes are 
finished by the CPU with in a time period. The time interval between the submission of the process and time of the completion is the 
Turnaround time. Waiting time is the amount of time a process is waiting in the RQ, waiting in I/O and waiting in CPU. The number 
of times CPU switches from one process to another is called as the number of context switches. There are well known CPU scheduling 
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algorithms that has been developed such as First Come First Serve (FCFS) algorithm, Shortest Job First (SJF) algorithm, Shortest 
Remaining Time Next (SRTN) algorithm, Round Robin (RR) algorithm and Priority Scheduling algorithm. RR and SRTN are 
preemptive in nature. RR is most suitable for time sharing systems. But its average output parameters (turn-around time, waiting time, 
etc.) are not feasible enough to be employed in real-time systems.  

III. RELATED WORK 

In last few years different approaches are used to increase the performance of RR scheduling in different ways. Basically, the CPU 
scheduler is concerned mainly with CPU utilization, throughput, turnaround time, waiting time, response time and fairness. Self-
Adjustment Time Quantum in Round Robin (SARR) algorithm is based on a new approach called dynamic TQ, in which TQ is 
repeatedly adjusted according to the current burst time of the running processes. Dynamic Quantum with Re-adjusted Round Robin 
(DQRRR) algorithm is based on a TQ, in which TQ is calculated as median of the existed set of processes. A. Bhunia has proposed an 
approach to increase performance of Multi Level Feedback Scheduling (MLFQ) in which response time of starved processes and over 
all turnaround time of the whole scheduling process decreases around eight to ten percent. 

IV. PROPOSED APPROACH 

In this approach, time quantum is taken as the range of the CPU burst time of all the processes. The range of the processes is the 
difference between the largest (maximum) and smallest (minimum) values. 

A. Uniqueness of Our Approach 

Let’s assume that the data are sorted in increasing numerical order. It gives better turnaround time and waiting time. Generally, the 
performance of RR algorithm depends upon the size of static Time Quantum (TQ). If the TQ is extremely large, the algorithm 
approximate to First-Come First-Served (FCFS). If the TQ is extremely small, the algorithm causes too many context switches. So, 
our approach solves this problem by taking a dynamic TQ where the TQ is the difference between maximum and minimum CPU burst 
time as shown in equation. 

TQ = MAXBT – MINBT  

Where MAXBT = MAXimum Burst Time 

                                 MINBT = MINimum Burst Time                   (1) 

B. Proposed Algorithm 

In our algorithm, processes are already present in the Ready Queue (RQ). By default, Arrival Time (AT) is assigned to zero. The 
number of processes ‘n’ and CPU Burst Time (BT) are accepted as input and Average Turnaround Time (ATT), Average Waiting 
Time (AWT) and number of Context Switch (CS) are produced as output. Let TQ and TQnew be the time quantum and new time 
quantum respectively. The pseudocode for the algorithm is presented in Figure 1 and the flowchart of the algorithm is presented in 
Figure 2 

1. All the processes present in the ready queue are sorted in ascending order. 

 //n = number of processes, i = loop variable 

 

2. while ( RQ != NULL ) 
  //RQ = Ready Queue 
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  TQ = MAXBT – MINBT 
  //TQ = Time Quantum 
  //MAXBT = MAXimum Burst Time 
  //MINBT = MINimum Burst Time 
  (Remaining burst time of the processes) 
  // If one process is there then TQ is equal to BT of itself 
 
3.   if (TQ < 25) 
   set TQnew = 25 
      else 
   set TQnew = TQ 
      end if 
 
4.   //Assign TQ to (1 to n) process 
   for i = 1 to n 
   { 
    Pi → TQnew 
   } 
   end for 
   // Assign TQnew to all the available processes. 
 
5.   Calculate the remaining burst time of the processes. 
 
6.   if ( new process is arrived and BT != 0 ) 
   go to step 1 
  else if ( new process is not arrived and BT != 0 ) 
   go to step 2 
  else if ( new process is arrived and BT == 0) 
   go to step 1 
  else 
   go to step 7 
  end if 
       end while 
 
7. Calculate ATT, AWT and CS. 
 //ATT = Average Turnaround Time 
 //AWT = Average Waiting Time 
 //CS = number of Context Switches 
8. End 

 

 

 



               Somany International Research Journal                                    Vol. 1 -Issue-I                        Jan - Dec. 2013              ISSN No. 2320-821X 

   

24 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Flowchart of Mode Round Robin (MRR) algorithm 

 

C. Illustration 

Suppose four processes arriving at time = 0, and CPU burst time sequence P1 = 90, P2 = 96, P3 = 9, P4 = 37. The processes are sorted 
in ascending order of their CPU burst time which results in sequence P3 = 9, P4 = 37, P1 = 90, P2 = 96. Then TQ is calculated. TQ is 
the difference between maximum CPU burst time i.e. P2 = 96 and minimum CPU burst time i.e. P3 = 9. So, TQ is equal to 96 – 9 = 
87. After first iteration the remaining CPU burst time sequence is P3 = 0, P4 = 0, P1 = 3, P2 = 9. In this case, the processes P3 and P4 
are deleted from the Ready Queue (RQ). Again, CPU burst time is sorted in ascending order and new TQ is calculated. Here, new TQ 
is equal to 9 – 3 = 6 which is less than 25. So, new TQ is set to 25. After second iteration the remaining CPU burst time sequence is P1 
= 0, P2 = 0. P1 and P2 are deleted from the RQ. Since, no process in the RQ, it completes its execution and ATT, AWT and CS are 
calculated. In this case, ATT = 127.5, AWT = 69.5, CS = 5. 
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V. EXPERIMENTAL ANALYSIS 

A. Assumptions Taken 

The system environment where all the experiments are performed is a single processor environment and all the processes are 
independent. Assume that all processes are CPU bounded. Time Quantum (TQ) is not more than maximum burst time. The processes 
are sorted in ascending order of their CPU burst time. We assume a constant TQ equal to 20 in all cases. The context switching time is 
equal to zero i.e. there is no context switch overhead incurred in transferring from one process to another. Let us assume that M 
represents the Min-Max TQ. If the Min-Max TQ is less than 25 then its value must be modified to 25 to avoid the overhead of the 
context switch as shown in equation 2. 

TQ =       {     M , if M >= 25 

25 , if M < 25                              (2) 

Experimental Frame Work 

The experiment consists of several inputs and outputs attributes. The input attributes consist of TQ, number of processes, CPU burst 
time and arrival time. The output attributes consist of average turnaround time, average waiting time and number of context switches. 

C. Data Set 

To evaluate the proposed method, we will take a group of four processes in five different cases with random burst time and random 
arrival time. 

D. Performance Metrics 

The proposed algorithm is designed to meet all scheduling criteria such as maximum CPU utilization, maximum throughput, 
minimum turnaround time, minimum waiting time and minimum context switches. We are considering three performance metrics in 
each case of our experiment. 

 Turnaround Time (TAT) 
   TAT = Finish Time – Arrival Time    (3) 

                        Average turnaround time should be less. 

 Waiting Time (WT)                  
   WT = Start Time – Arrival Time                                     (4) 

  Average waiting time should be less.                    

 Number of Context Switches (CS) 
  The number of context switches should be less. 

E. Experiments Performed 

In each case we will compare the result of the proposed method with Round Robin scheduling algorithm. For RR algorithm, we have 
taken 20 as the fixed or static TQ. 
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Case 1: Assume four processes arrived at time = 0, with burst time (P1 = 12, P2 = 45, P3 = 78, P4 = 90) as shown in TABLE 1. 
TABLE 2 shows the comparison between RR and MRR. Figure 3 and Figure 4 shows the gantt chart of RR and MRR. 

TABLE 1. Processes with Burst Time 

Process Arival Time Burst Time 

P1 0 12 

P2 0 45 

P3 0 78 

P4 0 90 
                                                        TABLE 2. Comparison of RR and MRR 

Algorithm Time Quantum Turnaround Time Waiting Time Context Switch 

RR 20 142.25 86 12 

MRR 78,335 107.25 51 4 

      TQ = 20 

 

P1 P2 P3 P4 P2 P3 P4 P2 P3 P4 P3 P4 P4 

0        12        32        52        72         92       112      132       137       157      177      195     215  225 
                                                                          

Figure 3. Gantt of RR 

     TQ = 78                     TQ = 25      

 

P1 P2 P3 P4 P4 

0                           12                            57                           135                          213                      225 
 

                                                                       Figure 4. Gantt of MRR 

 

Case 2: Assume four processes arrived at time = 0, with burst time (P1 = 61, P2 = 62, P3 = 63, P4 = 64) as shown in TABLE 3. 
TABLE 4 shows the comparison between RR and MRR. Figure 5 and Figure 6 shows the gantt chart of RR and MRR. 
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TABLE 3. Processes with Burst Time 

Process Arival Time Burst Time 

P1 0 61 

P2 0 62 

P3 0 63 

P4 0 64 
 

TABLE 4. Comparison of RR and MRR 

Algorithm Time Quantum Turnaround Time Waiting Time Context Switch 

RR 20 245 182.5 15 

MRR 25,25,25 230 167.5 11 

 

      TQ = 20 

P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 

0     20    40      60      80     100    120   140     160   180    200    220     240    241    243   246   250 
 

Figure 5. Gantt chart of RR 

                    TQ = 25      TQ = 25                                        TQ = 25 

 

P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4 

0        25          50         75         100      125        150        175       200       211       223       236    250 
Figure 6. Gantt chart of MRR 

Case 3: Assume four processes arrived at time = 0, with burst time (P1 = 20, P2 = 40, P3 = 80, P4 = 160) as shown in TABLE 5. 
TABLE 6 shows the comparison between RR and MRR. Figure 7 and Figure 8 shows the gantt chart of RR and MRR. 

TABLE 5. Processes with Burst Time 

Process Arival Time Burst Time 

P1 0 20 

P2 0 40 

P3 0 80 

P4 0 160 
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TABLE 6. Comparison of RR and MRR 

Algorithm Time Quantum Turnaround Time Waiting Time Context Switch 

RR 20 155 80 13 

MRR 140,25 130 55 4 

 

TQ = 20 

 

P1 P2 P3 P4 P2 P3 P4 P3 P4 P3 P4 P4 P4 P4 P4 

0     20       40       60      80      100     120     140    160     180    200    220    240   260    280     300 
 

Figure 7. Gantt chart of RR 

     TQ = 140      TQ = 25 

 

P1 P2 P3 P4 P4 

0                           20                            60                           140                          280                      300 
Figure 8. Gantt chart of MRR 

Case 4: Assume four processes arrived at time (P1 = 0, P2 = 2, P3 = 15, P4 = 23), with burst time (P1 = 5, P2 = 25, P3 = 55, P4 = 75) 
as shown in TABLE 7. TABLE 8 shows the comparison between RR and MRR. Figure 9 and Figure 10 shows the gantt chart of RR 
and MRR. 

Process Arival Time Burst Time 

P1 0 5 

P2 2 25 

P3 15 55 

P4 23 75 
 

TABLE 7. Processes with Burst Time and Arrival Time 
Algorithm Time Quantum Turnaround Time Waiting Time Context Switch 

RR 20 80 40 9 

MRR 25,25,25,25,25 72.5 32.5 7 

 

TABLE 8. Comparison of RR and MRR 
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TQ = 20 

 

P1 P2 P3 P4 P2 P3 P4 P3 P4 P4 

0            5             25            45            65            70             90           110         125        145         160 
Figure 9. Gantt chart of RR 

 

  TQ = 25       TQ = 25                  TQ = 25                         TQ = 25                 TQ = 25 

 

P1 P2 P3 P4 P3 P4 P3 P4 

0                5                 30                55                80               105              130             135           160 
Figure 10. Gantt chart of MRR 

Case 5: Assume four processes arrived at time (P1=0, P2=17, P3= 35, P4=50), with burst time (P1 = 22, P2 = 47, P3 = 66, P4 = 74) as 
shown in TABLE 9. TABLE 10 shows the comparison between RR an MRR. Figure11 and Figure 12 show the gantt chart of RR and 
MRR. 

Process Arival Time Burst Time 

P1 0 22 

P2 17 47 

P3 35 66 

P4 50 74 
TABLE 9. Processes with Burst Time and Arrival Time 

Algorithm Time Quantum Turnaround Time Waiting Time Context Switch 

RR 20 133.25 81 12 

MRR 25,47,25,25,25 95.75 433.5 7 

TABLE 10. Comparison of RR and MRR 

TQ = 20 

 

P1 P2 P3 P4 P1 P2 P3 P4 P2 P3 P4 P3 P4 

0       20        40        60        80        82       102      122      142      149       169     189      195      209   
  

Figure 11. Gantt chart of RR 
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  TQ = 25       TQ = 47                  TQ = 25                         TQ = 25                             TQ = 25 

 

P1 P2 P3 P4 P3 P4 P3 P4 

0               22                69                94                119              114              169             185           209 
 

Figure 12. Gantt chart of MRR 

VI. CONCLUSION 

Thus Mode Round Robin Algorithm discussed in this paper  performs much better than RR algorithm in terms of average turnaround 
time, average waiting time and number of context switches. Round Robin Algorithm  is designed especially for time sharing 
Operating System. In RR scheduling algorithm the CPU switches between the processes when the static Time Quantum expires There 
are many different CPU scheduling algorithms, out of those algorithms, Round Robin is the oldest, simplest and most widely used 
proportional share scheduling algorithm. 
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ABSTRACT 
IEEE 802.16 standard WiMAX (Worldwide Interoperability for Microwave Access) is an attractive alternative to leasing lines from 
current ISPs or the deployment of new fiber networks. In this paper a scenario is designed using the QualNet 6.1 simulation package. 
This paper presents a novel approach for performance evaluation of different quality of services as demanded by evolving applications 
in the Internet. Important performance metrics considered for the study are total message received, end to end delay, average jitter and 
average throughput. 
 
I. INTRODUCTION 
This paper studies quality of service for wireless broadband systems and in particular, WiMAX based systems. WiMAX [4] is 
developed to introduce broadband wireless access into the marketplace. Before WiMAX was introduced, most effective ways to 
access broadband internet services were mainly through T1, Digital Subscriber Line (DSL) or modem. But these wired medium are 
expensive, especially for deployment in rural areas and developing countries. This limitation propelled the industry to devise an 
alternative means of obtaining broadband internet access and the approach taken was via the wireless medium. The famous companies 
like Motorola and Samsung are already developing WiMAX phones and PDAs and they are already in use in Korea with WiMAX 
cousin technology, WiBRO (Wireless Broadband) [1]. Nowadays WiMAX is one of the main technologies for next generation high 
speed wireless access networks. It gives a larger coverage compared to Wi-Fi while supporting string QoS and security mechanism 
because of its optimizable physical layer and too many adaptable capabilities. This latest innovative WiMAX technology is considered 
as one of the main standards for future wireless networks. Several technologies used by WiMAX, such as Orthogonal Frequency-
Division Multiple Access (OFDMA) and resource allocation methods with differentiated QoS are parts of Next Generation Networks 
(NGN) standards [2]. WiMAX can be convenient for Hybrid Networks, Local Area Networks or long range transmission thanks to 
MAC relays defined in 802.16j [3]. 
 
II. SIMULATION SCENARIO  
Simulation based methodology is used for this research and QualNet 6.1 wireless network simulator [5] is used to carry out this 
research and performance of WiMAX network is evaluated. WiMAX scenario is created using nodes and subnets. Two homogeneous 
networks are considered and one node of each network is assigned to act as a Base Station (BS) whereas all other nodes are assigned 
to act as a Subscriber Stations (SS) as shown in Figure 1. CBR traffic is sent from five nodes of one network to one node of the other 
subnet. The CBR traffic from the nodes (1, 2, 4, 13 and 14) is sent to node 17 and different precedence value is set for traffic so that 
data for different service classes can be studied. 
 

 
 

 

 

 

 

 

 

 

 

 

Figure 1: Simulation Scenario 
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III. SIMULATION PARAMETERS 
System parameters like simulation time, channel frequency, bandwidth, antenna model, mobility model etc were specified as per IEEE 
802.16e standard as shown in the Table 1. Simulation run simulates for 10 minutes of real operation of the network which took around 
30 seconds as simulation time. Bellman Ford routing protocol is used as a default one, which is a distance vector routing algorithm 
utilising UDP for control packet transmission. IP Output Queue Scheduler used is Strict Priority. In this scheduler, the selection of 
packets is based on the priority assigned to the traffic. The packets are allocated into different priority queues only after being 
categorized by the scheduler depending on the Quality of Service classes of the traffic. The algorithm first serves the queue with 
highest priority until it is empty, then it moves to the next highest priority queue. This procedure can also result in bandwidth 
starvation for low priority QoS classes where the packets may not even get forwarded and no guarantee is offered to flow which has 
least priority [5]. Eight queues are used in order to avoid queuing packets of different service types into one queue. 
 

Parameters Value 
Simulator QualNet 6.1 

Simulation Time 10 min 
Service Types BE, nrtPS, rtPS, ertPS, 

UGS 
Channel Frequency 2.4GHz 
Channel Bandwidth 20MHz 

Antenna Height(meter) 5 
Antenna Model Omni directional 
Mobility Model Random Waypoint 

Interval between Packets 0.0007 sec 
Item Size 512 bytes 

Node Placement Random 
Precedence Value 0,2,3,4,7 

Radio Type 802.16 Radio 
FFT Size 2048 

Items to send 1000 
Traffic Type CBR 

 

Table 1: Simulation Parameters 
IV. SIMULATION RESULTS 
After the simulation is performed the results of the analysis i.e. total message received, end to end delay and average jitter are 
considered. Comparative plots of service flows BE, nrtPS, rtPS, ertPS and UGS with changing mobility are given in Figure 2 to Figure  
Total Message Received Figure 2 shows comparative plot of the total message received with respect to mobility for all service flows 
i.e.  BE, nrtPS, rtPS, ertPS and UGS. 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2: Total message received wrt mobility 
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When no mobility model is assigned to the model the total number of message received is equal to total number of messages sent i.e. 
1000 in case of rtPS, ertPS and UGS flows, whereas it is 972 in nrtPS and 944 in BE service flow. When random way point mobility 
model is assigned and mobility is increased from 5mps to 20 mps the total message received start to decrease further in BE, nrtPS and 
rtPS flow but remain same in ertPS and UGS as they are given higher precedence. But due to random way point model, the nodes go 
away from the base station and hence are out of coverage area so no message are received. 
 
Average end to end delay 

Figure 3 shows comparative plot of average end to end delay with respect to mobility for all service flows i.e.  BE, nrtPS, rtPS, ertPS 
and UGS. 
The delay is more for BE service flow at all mobilities as compared to all other service flows as it handles applications on best 
available basis. So, this is the expected result as this service flow is provided with the least precedence and hence it has encountered 
highest delay. UGS flow has the highest value of precedence so as expected it encounters the least delay but when the messages are 
not received due to random way point model and out of coverage area so delay cannot be calculated at these mobilities. 
nrtPS flow is for non real time services so this flow also exhibits greater delay but less than BE flow. ertPS flow works almost like 
UGS flow so encounters almost similar end to end delay. 
 

 

Figure 3: Average end to end delay wrt mobility 

 

Average Jitter   

Figure 4 shows comparative plot of average jitter with respect to mobility for all service flows i.e.  BE, nrtPS, rtPS, ertPS and UGS. 
The value of average jitter is more in case of BE service flow as compared to nrtPS, rtPS, ertPS and UGS. This is the expected 
behaviour as the precedence of UGS flow is greater as compared to all other service flows. BE has least precedence so it has 
maximum jitter. Jitter follows same trend as that of end to end delay. 
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Figure 4: Average jitter wrt mobility 

V. CONCLUSION 

The paper presents an extended comparison of all the service flows i.e. BE, nrtPS, rtPS, ertPS and UGS flows with the CBR traffic. 
The effect of mobility has been studied in detail for all the service flows i.e. BE, nrtPS, rtPS, ertPS and UGS. It is concluded that UGS 
flow performs better than all service flows in case of the CBR traffic and serves the traffic in the best possible way. 
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ABSTRACT 
The paper presents an overview of some important behaviors of equalizer using diverse transmitter and receiver antenna systems 
under Rayleigh channel environments. All analysis has been performed under ideal identical independent fading conditions with the 
help of MATLAB. In this paper, implementations of different equalizers are also verified for the improvement of the BER 
performance. MIMO fading channels are correlated to observe mutual coupling between antenna elements. Receiver diversity is 
analyzed especially with the Maximal Ratio Combining (MRC) technique and fair comparison is done with Equal Gain Combining 
(EGC) and Selection- Combing (SC). Further study is done with integration of Maximum Likelihood (ML), Maximum Mean Square 
Equalization (MMSE) and Zero Forcing (ZF). All the results obtained are simulated by using the MATLAB, under Rayleigh channel 
conditions.  
Keywords: MRC techniques, ZF, MMSE and ML equalizers, SNR BER, Fading Channel 

I. INTRODUCTION 
Modern radio communication systems have to provide higher and higher data rates. As conventional methods like using more 
bandwidth or higher order modulation types are limited, new methods of using the transmission channel have to be used. Multiple 
antenna systems (Multiple Input, Multiple Output – MIMO) give a significant enhancement to data rate and channel capacity. 
Introduction to basic MIMO concepts and terminology and explains how MIMO is implemented in different radio communications 
standards.  In this thesis work, different equalization approach called Minimum Mean Square Error (MMSE) equalization will be 
discussed. The channel as a flat fading Rayleigh multipath channel and the modulation as BPSK will be taken. Taking about today’s 
engineering world spatial multiplexing techniques makes the receivers very complex, and therefore it is typically combined with 
Orthogonal frequency-division multiplexing (OFDM) or with Orthogonal Frequency Division Multiple Access (OFDMA) modulation, 
where the problems created by multi-path channel are handled efficiently. MIMO technology can be used in non-wireless 
communications systems. One example is the home networking standard ITU-T, which defines a power line communications system 
that uses MIMO techniques to transmit multiple signals over multiple AC wires (phase, neutral and ground). The key advantage of 
employing multiple antennas is to get reliable performance through diversity and achievable higher data rates through multiplexing. In 
MIMO system same information can be transmitted and receive through multiple antennas simultaneously. A Minimum Mean Square 
Error (MMSE) estimator is a method in which it minimizes the mean square error (MSE), which is a common measure of estimator 
quality. Minimum mean-square error equalizer, which does not usually eliminate ISI completely but instead, minimizes the total 
power of the noise and ISI components in the output. For which equalizers are used. Equalizers are the essential building blocks of a 
communication system in broadband applications where ISI is a critical factor. In many such systems data are transmitted in packets 
where each packet consists of a known training sequence followed by unknown data. There are different equalization techniques used 
for MIMO systems like Zero forcing, maximum ratio combining and Minimum mean square error (MMSE) techniques are used. 

II. OVERVIEW EQUALIZER 
An equalizer is usually implemented at the baseband or at IF in a receiver. Since the baseband complex envelope expression can be 
used to represent band pass waveforms, the channel response, demodulated signal and adaptive equalizer algorithms are usually 
simulated and implemented at the baseband .Equalizers can be classified as either linear or non-linear. For each type of equalizer, 
there can be a structure, and corresponding to the structure there are algorithms. The main structures and the fundamental algorithms 
are illustrated in Figure 1. The review material presented in this chapter is taken principally from the Proakis textbook.  
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Figure 1: Equalizer types, structure and algorithms. 

The general modes of operation of an equalizer involve training and tracking. In the training mode, a fixed length, pre-determined 
sequence is sent from the transmitter to the receiver to enable the equalizer to minimize a cost function. When an equalizer is properly 
trained, it is said to have converged.  Once the equalizer is trained, the user data is transmitted and the equalizer employs an algorithm 
to track the changing channel and update the equalizer coefficients.  

 
Figure 2: The equalization process- filtering and updating equalizer coefficients. 

Furthermore, either of the operating modes can be divided into two stage processes. The first stage is filtering while the second is 
updating the filter coefficients as shown in Figure 2. The choice of adaptive algorithm, therefore, governs the performance of an 
equalizer and its ability to track channels. Other factors that should be considered when choosing an algorithm include numerical 
stability, implementation complexity and robustness [17]. 
III. MULTIPLE ANTENNA SYSTEM 
Several different diversity modes are used to make radio communications more robust, even with varying channels. These include 
time diversity (different timeslots and channel coding), frequency diversity (different channels, spread spectrum), and also spatial 
diversity. Spatial diversity requires the use of multiple antennas at the transmitter or the receiver end. Multiple antenna systems are 
typically known as Multiple Input, Multiple Output systems (MIMO). Multiple antenna technology can also be used to increase the 
data rate (spatial multiplexing) instead of improving robustness. In practice, both methods are used separately or in combination, 
depending on the channel condition. 
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Figure 3 : Multiple transmission in MIMO system 

 
Multiple antennas can be used for increasing the amount of diversity or the number of degrees of freedom in wireless communication 
systems. We propose the point of view that both types of gains can be simultaneously obtained for a given multiple-antenna channel, 
but there is a fundamental tradeoff between how much of each any coding scheme can get. For the richly scattered Rayleigh-fading 
channel, we give a simple characterization of the optimal tradeoff curve and use it to evaluate the performance of existing multiple 
antenna schemes. Figure 3 shows  
Multiple transmission in MIMO system. 
In MIMO wireless communication, an equalizer is employed which is a network that makes an attempt to recover a signal that has 
suffers with an Inter symbol Interference(ISI) and proves the BER characteristics and maintains a good SNR. A Minimum Mean 
Square Error (MMSE) estimator is a method in which it minimizes the mean square error (MSE), which is a common measure of 
estimator quality. Minimum mean-square error equalizer, which does not usually eliminate ISI completely but instead, minimizes the 
total power of the noise and ISI components in the output 
 
IV. SIMULATIONS  
Equalization Techniques are of enormous importance in the design of high data rates wireless systems. They can combat for Inter 
symbol Interference even in mobile fading channels with high efficiency Zero forcing Equalizer performs well only in theoretical 
assumptions that are when noise is zero. This also helps to achieve data rate gain, Minimum Mean Square Equalizer uses LMS (least 
mean square) as a criterion to compensate ISI. 
Minimum Mean Square Equalizer not only eliminates ISI components but also minimizes the total power of noise as compared to 
Zero Forcing Equalizer the results in lowering the chances of incorrect decisions resulting in enormous interference cancellation and 
there is a less improvement in the Bit Error Rate. 
Making different antenna arrangements for simplest conditions, from the study one can observe the BER performance with BPSK 
modulation scheme for SISO, SIMO, MISO, and MIMO. In receiver diversity like Selection combine (SC), Equal Gain 
Combining(EGC), Maximal Ratio Combining(MRC) more number of antennas are used in receiver side i.e. For N number of 
antennas. Performance are shown  in figure 4, figure5 and figure 6.  



               Somany International Research Journal                                    Vol. 1 -Issue-I                        Jan - Dec. 2013              ISSN No. 2320-821X 

   

38 
 

 
Fig.4. BER for BPSK modulation scheme for SISO, SIMO, MISO, MIMO 

 
Fig. 5 BER for BPSK modulation scheme Minimum Mean Square Error (MRC) equalizer 

 
Fig. 6 BER for BPSK modulation scheme Minimum Mean Square Error (ML) equalizer 
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V. CONCLUSION:  
 
The paper showed the simulation analysis MIMO antenna configuration and comparison of the performance with the different types of 
equalizers. The Performance of the Rayleigh Wireless channel under BPSK modulation scheme is gradually changed by changing the 
number of antenna either in transmitter side or in receiver side. The study confirms that the better BER performance is achieved if 
receiver diversity is more than transmission diversity under the MIMO conditions. In over analysis adopting ML Equalizer for the 
MIMO technique, the system achieved best performance.  
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ABSTRACT 
This paper demonstrates the result of study of glass powder/epoxy composite embedded with thin photovoltaic film, the embedment of 
photovoltaic film in composite material is a new concept. This concept revolves around the generation of electricity through the 
composite material. This concept includes all the aspects related to the composite material and the photo-voltaic. As everyone knows 
that the use of conventional source of energy generates carbon which depletes the ozone layer and creates lots of problem for the 
environment and for human being as well. But the solar energy is the best alternative source of energy available to us in huge amount. 
Also composite material which itself have excellent mechanical property and high strength to weight ratio. By the use of this material 
in automobile is we can reduce the weight of the vehicle which is helpful in reducing the consumption of fossil fuel. Therefore it really 
helpful in  improving the efficiency of automobile. So in this circumstances the development of such a composite material which is 
able to generate electricity and also save the fuel due reducing the weight of the vehicle. So the development of this material is really a 
milestone in the field of mechanical engineering as well as in the field of alternative source of energy. It really helpful to sought out 
the energy problem by using this material-sheet in automobile roof, in shelter of houses & public place buildings. 
Keywords: - Glass powder/epoxy composite, photovoltaic film, DC power. 

I. INTRODUCTION 
Glass matrix composite is a lightweight, extremely strong, and robust material. Although strength properties are somewhat lower than 
carbon fiber and it is less stiff, the material is typically far less brittle, and the raw materials are much less expensive. Its bulk strength 
and weight properties are also very favorable when compared to metals, and it can be easily formed using molding processes. The 
matrix used for glass matrix composite may be epoxy, vinyl-ester or polyester (a thermosetting polymer). But the epoxy resin has 
superior property than others so the epoxy resin used. Glass matrix composite is engineered combination of fine glass particle (or glass 
in powder form). Epoxy resin as a matrix which has excellent adhesive property with glass powder & wood floor for the reinforcement 
in order to get good mechanical strength. 
The embedment of thin photovoltaic film in glass matrix composite enables the material to generate the DC power. Glass matrix 
composite embedded with thin photovoltaic film is a composite material which has all above mention characteristics as well as 
generates the DC power by sun light. It contains following. 
Fine glass particles + Epoxy + Thin photovoltaic film 
(200 micron)          + (GX 250)    + (silicon semiconductor based solar cells array) 
(Fiber)             +       (matrix)   +    (power generation) 
In order to generate the DC power from this composite material sheet, the sheet should be transparent from one side and opaque from 
another side. So that the solar radiation directly strikes with photovoltaic film through the solid layer of glass powder & epoxy resin 
and reach to the photovoltaic film. But it should not pass through the sheet. 
To make sheet transparent from one side the epoxy resin used is colorless also the transparent glass powder is used. In order to make 
the sheet opaque from other side the wood floor used as the reinforcing constituent, it also strengthens the sheet. 
Epoxy, also known as polyepoxide, is a thermosetting polymer formed from reaction of an epoxide "resin" with polyamine "hardener" 
In general, epoxies are known for their excellent adhesion with fine glass particles. Most common epoxy resins are produced from a 
reaction between epichlorohydrin and bisphenol-A, The hardener consists of polyamine monomers, for example Triethylenetetramine 
(TETA). When these compounds are mixed together, the amine groups react with the epoxide groups to form a covalent bond. Each 
NH group can react with an epoxide group, so that the resulting polymer is heavily cross linked, and is thus rigid and strong. 
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Epoxy adhesives are a major part of the class of adhesives called "structural adhesives" or "engineering adhesives”. These high-
performance adhesives are used in the construction of aircraft, automobiles, bicycles, boats, snowboards, and other applications where 
high strength bonds are required. Epoxy adhesives can be developed to suit almost any application. They can be used as adhesives for 
wood, metal, glass, stone, and some plastics. They can be made flexible or rigid, transparent or opaque/colored, fast setting or slow 
setting. Epoxy adhesives are better in heat and chemical resistance than other common adhesives. In general, epoxy adhesives cured 
with heat will be more heat- and chemical-resistant than those cured at room temperature. The strength of epoxy adhesives is degraded 
at temperatures above 350 °F (177 °C)  
Epoxy resins are a family of thermosetting plastic materials which do not give off reaction products when they cure and so have low 
cure shrinkage. They also have good adhesion to other materials, good chemical and environmental resistance, good chemical 
properties and good insulating properties. The epoxy resins are generally manufactured by reacting epichlorohydrin with biphenyl. 
Different resins are formed by varying proportions of the two: as the proportion of epichlorohydrin is reduced the molecular weight of 
the resin is increased. 
CHEMISTRY OF EPOXY RESIN 

 

II. PARTICULATE (FIBER) MATRIX  INTERFACE 
The structure and properties of reinforcement matrix interface plays a major role in mechanical  and physical properties of the 
composite materials. In particular large difference between the elastic properties of the matrix and fiber has to be communicated 
through interface. Many theories have been proposed for these interface characters and coupling agents. 
So by the use of epoxy with glass particle & thin photovoltaic film we were able to develop glass matrix composite  embedded with 
thin photovoltaic film. 
The fabrication of the glass matrix composite was done at room temperature. The required ingredients of resin, glass particle and 
photovoltaic film are transferred to mould cavity of the mould and the mould tightened with the help of nuts & bolts. Then allow 
solidifying at room temp.   
III. DESIGN CONSIDERATION 

 Strength 
 Impact load , stiffness 
 Environmental effect 
 Non corrosive 
 Chemical resistance 
 Electrical insulation 
 Temp. to which it withstand  

 
IV. LITERATURE REVIEV 
This section includes the various advancements in the field of photovoltaic film (solar energy) & composite material and also their 
future scope.  
EMPHASIES ON SOLAR POWER 
In 2001, the global market for PV panels and equipment was valued at $2 billion. Worldwide in 2000, solar, geothermal, wind, 
combustible renewable and burning garbage and other wastes collectively provided 1.6% of electricity production, according to the 
International Energy Agency (IEA) in Paris. In its World Energy Outlook 2002, IEA described two scenarios for world energy 
demand and supply until 2030. One scenario assumes only the continuation of current government measures to stimulate sustainable-
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energy supply and demand. In it, fossil fuels continue to meet more than 90% of energy demand. All renewable except hydropower 
grow by 3.3% annually, but they will not meet a large share of the total energy demand because of their low-percentage base. Carbon 
dioxide (CO2) emissions will grow 70% by 2030 to 38 billion metric tons annually. 
In the alternative scenario, governments will implement policies such as promoting energy efficiency, the use of cleaner energy 
sources, and reducing the environmental impact of producing and burning fossil fuels. Compared with1990, those changes would 
result in an estimated 16% fewer CO2 emissions in 2030—a year when the United Nations estimates the world population will be 
about 8.3 billion—in part because renewable energy sources will grow rapidly.  
Current applications of PV solar panels include providing power to spacecraft and isolated villages in developing countries, solar-
energy systems in homes and buildings in Western countries , and even powering the lamps of remote lighthouses. “Especially where 
there is no connection to the grid, solar energy is easily cheaper than small-scale electricity production with a diesel generator, . “For 
electricity production in rural areas in developing countries, solar is the cheaper alternative. To achieve more, we need breakthroughs 
in large-scale storage of electricity, and solar must be developed in combination with wind, biomass, energy-storage systems, and 
fossil fuels.”  
 
NEW THIN FILMS 
Copper indium dieseline (CIS) is a more recent thin-film PV material. Siemens Solar developed a process for depositing layers of the 
three elements on a substrate in a vacuum, and Shell Solar later acquired the technology when it bought Siemens Solar. CIS modules 
currently on the market reach stable efficiencies of more than 11%. In the laboratory, NREL scientists have achieved cell efficiencies 
of 19.2% with the semiconductor. Research now focuses on increasing efficiency, reducing costs, and raising the production yield of 
CIS panels. This is predicts that thin-film technology will eventually halve the present production cost per unit kilowatt peak (kWp), 
which is the peak power that a solar panel can produce at optimum intensity and sun angle (90°). This implies a cost reduction for a 
complete system of 35% or more. 
Progress in solar PV research and the development of new applications are guided by national and international collaborations 
between industry and government, such as those described in the U.S. PV roadmap and carried out by national research teams 
organized by NREL. Japan and Germany have similar ongoing programs, and leading manufacturers are collaborating with other 
companies to install solar panels on commercial buildings. For example, a recent agreement between Volkswagen and BP Solar calls 
for installing solar-energy systems on the roofs of the automaker's dealerships throughout Germany. Each company is investing in 
several different technologies 
 
THIN PHOTOVOLTAIC FILM FUTURE 
Energy from the sun—available everywhere, for everybody—has motivated research on solar-energy technologies for about three 
decades. The U.S. Photovoltaic Industry Roadmap, intended to guide companies in developing solar-energy systems, takes a more 
prosaic but realistic view of the next three decades. It aims for solar energy to provide 10% of U.S. peak generation capacity and 
supply a considerable share of foreign markets by 2030 
Most photovoltaic (PV) solar technologies rely on semiconductor-grade crystalline-silicon wafers, which are expensive to produce 
compared with energy from fossil fuel sources. However, potentially less costly thin-film alternatives may make major inroads in the 
world market in five years, suggests Franz Karg, research manager at the Shell Solar facility in Munich, Germany.  

PRODUCTION CAPACITY  
As thin film PV technologies mature, applications get larger in size for installed solar arrays. First Solar, along with Juwi Solar, 
Germany, is installing a 40-MW thin-film CdTe solar field in Saxony, Germany. The project is currently under construction and will 
be completed by early 2009. Thus far, 6-MW of the solar field has been installed. When completed, this will be one of the largest solar 
fields in the world. The total price of this project is Euro 130 million. Thus, the installed PV system price is Euro-3.25 per watt, also 
the lowest installed price for any PV system in the world.  It shows a thin-film CIGS facade installed on a building by Honda in Japan. 
The system size is estimated around 22-kW.  

WHY COMPOSITE MATERIAL 
The inherent idea between the developments of composite material is the requirement of desired properties which do not have in 
individual material, so the engineers make such a smart material by the combination of two or more distinct and identifiable material 
which are mechanically and metallurgical bonded together. The material formed by this combination has improved property usually 
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high strength to weight ratio and high strength to stiffness ratio. So in this manner, composite offer light weight, high strength and 
improved other mechanical properties which are desirable and required. Due to these characteristics, there are various type of 
composite material are developed and widely used in the automobile and aerospace. The use of composites in automobile and 
aerospace is helpful to reduce the weight and increases the fuel efficiency of the aircraft. A recently (in 2007) manufactured aircraft 
named Boeing 787 reduce its weight up to 35000lbs by using 50% composite material, this save 20% fuel. So the composite material 
helpful to save fossil fuel.  
 
NEW COMPOSITE MATERIAL 
On the basis of geometry, composite materials are classified as 

 Particulate composite 
 Laminar composite 
 Fiber-reinforced composite 

Fiber-reinforces composite is recently a keen interest of research and there are many types of fiber matrix composite are developed by 
the engineers. 
A general classification scheme for composites given as 

 Polymer matrix composite (PMC) 
 Metal matrix composite (MMC) 
 Ceramics matrix composite(CMC) 
 Carbon-carbon composite(CCC) 
 Hybrid matrix composite 

Polymer matrix composite and hybrid composite are the recent development in the field of composite material. Basically a hybrid 
composite is the use of two different type of composite in one matrix in order to make the composite more appropriate and suitable for 
their application. 
COMPOSITE MATERIALS AND THEIR FUTURE REQUIRMENTS 
In recent few decades, the energy crisis is the big challenge for the whole world. Also the saving of fossil fuels due to their limited 
resources is a major challenge. Apart from that, the requirement of high speed automobiles and their robust structure are increasing 
day by day. In order to fulfill these requirements and overcome these challenges, the development of new composites is a keen interest 
of the researchers and scientists. 
 
V. EXPRIMENTATION  
Commercially available epoxy resin  along with hardener HY 951 was used as matrix material in fabrication of different composite.   
For processing the mix ratio (by weight) epoxy resin (100 parts) and hardener (10 parts) are used as specified. 

Raw Material Used 
Epoxy resin 
Hardener 
Fine glass particle in powder form 
Thin photovoltaic film 

Fabrication of Material 
The fabrication of the glass matrix composite embedded with thin photovoltaic film is done at room temperature. The required 
ingredients of epoxy resin, hardener is mixed thoroughly in beaker and the mixture so made is transferred to mould cavity of the 
mould and then put glass particle & laminated photovoltaic film. After that mould tightened with the help of nuts & bolts. 
Mould preparation 
Two wooden moulds of a particular size(mms) were used for casting of glass  matrix composite slabs. The moulds made of pressed 
wood. The mould comprises of two plates one top & other   bottom. After that by placing the three pieces together & then it has to be 
tightened by nuts & bolts. 
Dough preparation 
The required mixture of resin & hardener is made by mixing them in (10:1) parts in a beaker by stirring the mixture in a beaker by a 
rod taking into care that no air should be entrapped inside the solution. 
Casting of slabs 
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The dough prepared was transferred to mould cavity by care that the mould cavity should be thoroughly filled. Leveling was done to 
uniformly fill the cavity. 
Curing 
Curing is done at room temperature. then allow to solidify. 
Sample Preparation 
The cast slabs of the material is taken out of the mould & then  samples is taken each for Compression & Impact test. 
 
VI. FABRICATION TECHNIQUE 

1. Convention technique:- 
 Hand lay- up operation 
 Spray lay- up operation 

2. Advance technique:- 
 Injection molding process 

Actual process adapt to the development of glass matrix composite sheet embedded with thin photovoltaic  
1. Design a suitable size mold (9’’X7’’) acc. to std. size of the photovoltaic film(i.e. array of solar cells) with the  provision 

of electric connection panel for  joining no. of solar cells                  for making mould we use glass slabs & strips 
because it will not highly adhesive with the sheet material. i.e. mixture of glass particle , wood floor & epoxy resin + 
hardener   

2. Wet the mold by silicon solution to make ejection (of molded sheet) process easy. 
3. Pre heat the glass powder & wood floor in order to remove moisture content in air heater own at 50 C for 1 hr. 
4. Mix the glass powder with wood floor in equal proportion & make sure glass powder, wood floor mix uniformly. 
5. Pour the epoxy resin in the mixture of glass powder& wood floor in bouquet in ratio of 

 
1                                   :                           2 

(Glass powder + wood floor)   :                      (epoxy resin) 

6. Blend glass powder + wood floor + epoxy resin with hardener , hardener is taken in ratio of 1/10. 
This mixture is for the lower layer i.e. layer below the thin photovoltaic film (i.e. array of solar cells.) 
 
Now prepare the material for upper layer as follow 

7. Mix the glass powder in epoxy resin in ratio of 
  

1                   :                      2 

Glass powder       :      epoxy resin 

8. Blend the glass powder & epoxy resin with hardener in ratio of 1/10. 
9. Pour whole solution of glass powder , epoxy resin & hardener in the mould. In order to make layer above the solar cells 

array. This layer is transparent. 
10. Now put photovoltaic film (i.e. array of solar cells) 
11. Now pour the mixture of glass powder, wood floor & epoxy resin with hardener to make lower layer. This layer is 

opaque.  
12. Put the closing slab on the mould & put the mould in compression moulding machine at a pressure of 100 N/M2 for 5 hr. 
13. Then allow curing for 5 hr. 
14. After 5 hr. take out the mould from the compressing moulding machine. 
15. Then break the mould & take out the sheet from mould. 
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16. This sheet has an electric connection provision also it is transparent from top. or front of photovoltaic film & opaque 
from another side. 

 
VII. RESULT AND DISCUSSION 
As we observed that the material developed by this manner is a completely different material. This material produce DC power by the 
sun light through the thin photovoltaic film. So it is obvious that it will be installed in the open environment where it will able to take 
the sunlight directly from sun. 
Apart from that the material should have enough strength to withstand to the environmental effect like high air pressure, external 
impact & collision strength etc. so in order to improve the strength of the material & to withstand in the environmental effect the 
reinforcement is must. 
The material used for the reinforcement is aluminum wire and the wood floor. The selection of these materials is favorable due to their 
good adhesive property with the epoxy resin. Also the cross wiring of aluminum provide it a cross linked structure.  
These materials give it sufficient strength and also make it opaque from one side on the other side we need 100% transparency in 
order to pass the sun-light through the outer layer and to reach at thin photovoltaic film. So we do not reinforce on other side. 
Finally we find that the utility of such kind of material for reinforcement improve mechanical strength of the material but the 
reinforcement should be uniform and the proportion of reinforcing element should be least as compared to the main constituents. 
After this reinforcement the material is able to for any public pace roof, house roof and also as the automobile roof. 
 
VIII. CONCLUSIONS 
The present study was designed primarily to test the feasibility of the development of composite material embedded with thin 
photovoltaic film by using hand lay-up process. Despite the preliminary nature of the material the transparency & the generation of 
DC power per square feet of composite sheet is also taken in to consideration.  
The reinforcement of the material in order to provide strength of material so that it will able to withstand impact load as well as face 
the drastic environmental condition is also part of study. 
Apart from that the joining and installation of the composite sheet is the essential part of the study, installation and joining of sheet is 
equally important in order to make the material useful for generation of electricity. 
The inherent idea of this study is to replace metal shelter of bus queues, railway platform etc. by this composite sheet which is able to 
generate the DC power which fulfill the electricity problem of such  type public place. Also this material make the houses eco-friendly 
by using it as there roof. 
The use of this material as the roof of automobile is helpful in performing auxiliary function such as music player, air condition etc.   
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ABSTRACT 

Welding current is the most influential variable in arc welding process which controls the electrode burn off rate, the depth of fusion 
and geometry of the welding. In this paper, the study of the effect of welding current on temperature control in MIG welding is 
presented.  The primary effect is investigated on bead shape, depth of penetration, flow of molten metal to the surface of metal, under 
the variation of temperature. 
 

I. INTRODUCTION 

Welding is a fabrication process of joining two or more materials into permanent reliable joints of desired mechanical properties. This 
is often done by melting the work-pieces and adding a filler material to form a pool of molten material (the weld puddle) that cools to 
become a strong joint, but sometimes pressure is used in conjunction with heat, or by itself, to produce the weld. This is in contrast 
with soldering and brazing, which involve melting a lower-melting-point material between the work pieces to form a bond between 
them, without melting the work pieces. A heat affected zone (HAZ) of a weld is that part of the welded joint which has been heated to 
a temperature up to solidus of the parent material resulting in varying degree of influence on microstructure as a consequence of 
heating and cooling cycle. Gas Metal Arc Welding also known as Metal Inert Gas (MIG) welding is an arc welding process which 
produces the coalescence of metals by heating them with an arc between a continuously fed filler metal electrode and the work.  

 The process uses shielding from an externally supplied gas to protect the molten weld pool. Upon cooling and solidification of weld 
pool a metallurgical bond is created. Since the joining is an intermixture of metals, the final weldment potentially has the same 
strength properties as the metal of the parts. This is in sharp contrast to non-fusion processes of joining (i.e. soldering, brazing etc.) in 
which the mechanical and physical properties of the base materials cannot be duplicated at the joint. The intense heat needed to melt 
metal is produced by an electric arc. The arc is formed between the actual work and an electrode wire that is manually or mechanically 
guided along the joint. The electrode is generally in the form of roll which is guided through the rollers of the wire driver and through 
the pipe reaches the welding gun. It is a specially prepared wire that not only conducts the current but also melts and supplies filler 
metal to the joint. There are mainly three type of wire 1) one with copper coating over the filler wire to provide extra conductivity like 
mild steel wires. 2) Solid filler wire and 3) flux cored wires. Most welding in the manufacture of steel products uses the second type of 
electrode. 

II. VARIABLES AFFECTING WELDING  

 The welding variables in arc welding have enormous effect on mechanical properties of weld and HAZ toughness and the weld bead 
shape and size. The variables affecting the mechanical properties of weld and HAZ in arc welding are classified into the following 
groups: 
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A. PRIMARY VARIABLES 

The welding current, voltage and welding speed are most commonly used to change the characteristics of the weld metal and are 
called as primary variables. 

a) Welding current:  Welding current is the most influential variable in arc welding process which controls the electrode burn off 
rate, the depth of fusion and geometry of the welding. Our study is primarily concentrated on the effect of current variation on welding 
size, shape and depth. 

b) Welding voltage: 

This is the electrical potential difference between the tip of the welding wire and the surface of the molten weld pool. It determines the 
shape of the fusion zone and weld reinforcement. Lower welding voltage produces wider, flatter and less deeply penetrating welds 
than high welding voltages. Depth of penetration is maximum at optimum arc voltage. 

c) Welding speed: 

In the arc welding process increase in welding speed causes: 

i. Decrease in the heat input per unit length of the weld. 

ii. Decrease in the electrode burn off rate. 

iii. Decrease in the weld reinforcement. 

iv. If the welding speed decreases beyond a certain point, the penetration also will decrease due to the presence of the large amount of 
weld pool beneath the electrode, which will cushion the arc penetrating force. 

d) Number of passes: 

An increase in number of passes increases the metal deposition in the weld groove and also increases the weld reinforcement. Due to 
increase in number of passes, a large amount of heat is generated that alters the mechanical properties of the base metal and heat 
affected zone. 

B. SECONDARY VARIABLES 

 Secondary variables include the stick out, wire feed rate, torch angle, etc. 

Electrode inclination: This is the angle which the electrode makes with the normal at the arc point in the longitudinal plane. If the 
torch is maintained perpendicular to the joint, it is called normal. When the electrode is pointed in the direction of advance, it is said to 
be forehand and when the electrode is pointed in opposite direction, it is said to be backhand welding.                       

Many researches’ have taken place in the field of welding to study the effect of various parameters on microstructure and mechanical 
properties of welded joints and heat affected zone of different material having different compositions such as Oldand et al. in their       
experiments have investigated the effect of heat input on microstructure and properties (hardness, tensile strength, ductility, toughness 
and microstructure) of high strength steels. Makighi et al have studied the effect of welding current and heat input on the metallic 
crystal and hardness in the deposited metal and heat affected zone of mild steel welds.  In the present work only heat affected zone has 
been considered and effects of welding current, voltage and number of pass on the microstructure and mechanical properties of heat 
affected zone of mild steel have been investigated. 
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III. EXPERIMENTAL DETAILS 

Arc shielding  

Therefore, many arc-welding processes provide some means of covering the arc and the molten pool with a protective shield of gas 
and slag. This is called arc shielding. This shielding prevents or minimizes contact of the molten metal with air. Shielding also may 
improve the weld. An example is a granular flux, which actually adds deoxidizers to the weld. Often shielding gases are also used to 
prevent oxidation like argon, helium, carbon dioxide and mixture of the gases. Mixing of gases makes the welding more economical. 
Mixtures of argon with CO2, argon with helium and argon with helium etc makes the welding more economical. In MIG welding 
carbon dioxide is used as shielding gas making it more economical. Effect of shielding gases can be seen in figure below. 

 

Figure 1: Effect of Shielding gases 

Nature of the Arc 

An arc is an electric current flowing between two electrodes through an ionized column of gas. A negatively charged cathode and a 
positively charged anode create the intense heat of the welding arc. Negative and positive ions are bounced off of each other in the 
plasma column at an accelerated rate.  

In welding, the arc not only provides the heat needed to melt the electrode and the base metal, but also supply the means to transport 
the molten metal from the tip of the electrode to the work. Several mechanisms for metal transfer exist. Two (of many) examples 
include: 

Short-Circuit Metal Transfer  

The transfer of a single molten droplet of electrode occurs during the shorting phase of the transfer cycle as shown in Fig. 2.4. 
Physical contact of the electrode occurs with the molten weld pool, and the number of short-circuiting events can occur up to 200 
times per second. The current delivered by the welding power supply rises, and the rise in current accompanies an increase in the 
magnetic force applied to the end of the electrode. The electromagnetic field, which surrounds the electrode, provides the force, which 
squeezes (more commonly known as pinch) the molten droplet from the end of the electrode. Because of the low-heat input associated 
with short-circuiting transfer, it is more commonly applied to sheet metal thickness material. However, it has frequently found use for 
welding the root pass in thicker sections of material in open groove joints. 

Globular metal transfer  

 Globular metal transfer is a GMAW mode of metal transfer. Where by a continuously fed solid or metal-cored wire electrode is 
deposited in a combination of short-circuits and gravity-assisted large drops as shown in Fig. 2.5. The larger droplets are irregularly 
shaped. During the use of all metal-cored or solid wire electrodes for GMAW, there is a transition where short-circuiting transfer ends 
and globular transfer begins. Globular transfer characteristically gives the appearance of large irregularly shaped molten droplets that 
are larger than the diameter of the electrode. The irregularly shaped molten droplets do not follow an axial detachment from the 
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electrode; instead they can fall out of the path of the weld or move towards the contact tip. Cathode jet forces, which move upwards 
from the work-piece, are responsible for the irregular shape and the upward spinning motion of the molten droplets. The process at 
this current level is difficult to control, and spatter is severe. Gravity is instrumental in the transfer of the large molten droplets, with 
occasional short-circuits. 
Spray Transfer  
Spray metal transfer is the higher energy mode of metal transfer, whereby a continuously fed solid or metal-cored wire electrode is 
deposited at a higher energy level, resulting in a stream of small molten droplets. The droplets are propelled axially across the arc as 
shown in Fig. 2.6. Axial spray transfer is the higher energy form of GMAW metal transfer. To achieve axial spray transfer, binary 
blends containing argon + 1-5 % oxygen or argon + CO2, where the CO2 levels are 18% or less should be used. Axial spray transfer is 
supported by either the use of solid wire or metal-cored electrodes. Axial spray transfer may be used with all of the common alloys 
including: aluminum, magnesium, carbon steel, stainless steel, nickel alloys, and copper alloys. More of the heat developed by the arc 
is transferred to the weld pool with consumable electrodes. This produces higher thermal efficiencies and narrower heat-affected 
zones. 

 

Fig2. : Short-Circuit Metal Transfer     Fig. 3 Globular metal transfer      Fig. 4: Spray Transfer 
 
Temperature Distribution in Welds and Around 
Figure below shows the temperature distribution around a metallic arc butt weld. Electrode (i.e., the arc) is moving from right to left. 
The leading edge of the temperature pattern is compressed, because the arc is continually moving cold metal and the trailing edge 
becomes extended because the arc leaves preheated metal in its wake. An arc weld made in a high conductivity metal such as copper 
or aluminum, does not produce as steep a temperature gradient as in a similar weld made in steel. As compared to arc welding, in gas 
welding base metal is more widely heated, but the temperature gradient is less severe [3]. 

 

Fig.5: Temperature distributions around a metallic arc butt weld. 



               Somany International Research Journal                                    Vol. 1 -Issue-I                        Jan - Dec. 2013              ISSN No. 2320-821X 

   

50 
 

Since the advent of welding technology it has been extensively used as fabrication process. It involves many metallurgical 
phenomena. Weld metallurgy is considerably affected by following phenomena 
(a)The base metal and the electrode melt re-solidify as an integrated mass under the equivalence of chill casting conditions. This 
causes redistribution of micro constituents and the alloying elements in the weld metal zone. 
(b)The base metal is subjected to complex heat treatment in the form of temperature gradient from high temperature to room 
temperature and followed by a cooling cycle induced by the neighboring cold metal and atmosphere. 
(c)The temperature and the phase changes that take place in and around the weld introduce volume changes which result in the plastic 
flow, residual stresses and sometimes cracking too. 
From the microstructure study there are three distinct zones in a weldment as mentioned below 
1. Parent metal 
2. Grain growth zone 
3. Heat affected zone               
4. Recrystallization growth zone. 
5. Partially transformed zone 
6. Weld metal zone 
The area surrounding the weld pool is raised to a temperature below the melting point and hence it undergoes a heat treatment which 
differs from conventional one in the sense that a rapid variation of temperature with time occurs during welding. The area adjacent to 
a weld pool receives thermal energy in three different ways. 

1. By conduction through base metal, 
2. Radiation from the arc source, 
3. Preheat, if employed. 

As the base metal in the vicinity of the weld pool receives that heat by these sources, it is raised to a temperature, sufficient to cause 
micro structural variations in the parent metal. However the mode of transformation is governed by subsequent cooling rate as the arc 
moves away and the material continuously looses heat to the surroundings. Therefore, during fusion welding process, any location 
near to the weld pool experience rapid heating and cooling cycle together with a short time.During heating in the welding process, a 
thermal cycle is introduced. So the metal is heated over a range of temperature (up to fusion) and followed by cooling to ambient 
temperatures. In other words a differential heating will take place, thereby the metal remote from the weld will be simply warmed out, 
but as the weld area is approached, progressively higher temperatures are obtained, resulting in a corresponding complex mixture of 
microstructure particularly in steel. 
The influence of electrical conductivity 
There is poor weldability if the carbon content is more. This is due to formation of high carbon content martensite and massive iron  
carbide in heat-affected zone and partial fusion zone. Even after an annealing, affine distribution of graphite particles in heat affected 
zone can prevent the weld to attain toughness and ductility. 
It is also found that the electrical conductivity of a wire electrode is basically influenced by the nature and composition of the alloy 
elements. The lower the alloy proportion, the better the electrical conductivity at the stick-out of the wire and the higher the welding 
current and voltage (with constant wire feed). This means the arc output rises, improving the weld geometry in the process . Changing 
the type of wire electrode because of the base material, therefore requires adapted set values for the wire feed (= welding current) and 
welding voltage. 
Modern Technique to control metal transfer 

Modern techniques have been developed to control unstable transfer in MIG welding process. Metal Inert Gas welding can have 
various deposition rates while using with solid mild steel wires and Argon based shielding Gases. The behavior in the process is 
investigated. At low deposition (or wire feed rate) rates, current densities in the wire electrode are low and the process operates in 
short-circuit transfer mode. The molten droplet at the end of electrode regularly touches the weld pool, the metal transfer takes place 
through a combination of surface tension and electromagnetic forces. This mode can be made to operate very stably with correct 
selection of key process parameters.  Innovative application current waveform control has increased the controllability and stability of 
this mode. As wire feed rate is increased, the current density must also increase so that the melting rate matches the feed rate. For 
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mean current of approximately 170A to 210A for 0.9 mm diameter wire, the process operate in regular transfer mode, since the 
electrode no longer touches the weld pool. .Large droplets formed at the end of electrode are detached by a combination of gravity and 
electromagnetic forces at irregular intervals. Irregular metal transfer results in poor bead appearance and low operator appeal. In this 
current ranges pulsed spray transfer. In open arc process the metal transfer is regular and can be controlled via the current wave form. 
The droplet is consistent size and is propelled across the arc at regular interval with minimum spatter, which produce a smooth bead of 
intermediate size. Above 220A ,with 0.9mm wire the process transits to spray transfer mode. Fine droplets are produced, which 
become finer with increase in current. The droplet becomes finer and tapered. The high current produces high heat input and relatively 
wide bead. The speed has to be increased to avoid puddling. The downhand position is preferred. At very high currents ( above 500A), 
a long electrode , rotating arc transfer can be produced. Preheating of electrode is high enough to soften it to a point where it is rotated 
irregularly by non axial forces. Since tiny weld droplets are expelled towards weld pool resulting a wide bead. This mode is seldom 
used. 

 

 

 

 

 

Fig.6: Various shapes of metal transfer from electrodes used in GMAW 

The electrical conductivity of most of the gases increases rapidly with temperature as shown below: 

 

 

 

 

 

 

 

 

 

 

Fig.7: Electrical conductivity vs temperature of various gases. 

Polarity 

The amount of heat generated at the electrode and work piece, deposition rate, bead geometry and mechanical properties are affected 
by polarity. There is variation in welding rate by connecting the positive pole to electrode then work piece. 
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IV. CONCLUSION AND FUTURE WORK 

The paper included various discussion related to metal transfer, its rate and temperature control in the process.. Further experiments 
will be conducted at a fixed feed rate with micro variation of current and voltage. Behaviour with electrodes with different sizes will 
also be investigated. 
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ABSTRACT 
The purpose of study was to investigate the consumer attitudes and perceptions towards eco-friendly packaging & products and their 
willingness to pay more on green products and modify their buying habits according to source reduction. This study was based on both 
primary and secondary data. The primary data were collected from the sample survey that was conducted in the two districts in 
Haryana such as Rewari, Delhi and Kurukshetra. 130 respondents were selected for the survey and respondents were asked to answer 
the prepared questionnaire. The questionnaire was designed to obtain the consumers attitudes and perception regarding eco-friendly 
packaging and source reduction. The secondary data were collected from relevant journals, books and other published data. 
The study revealed that there is a growing awareness and interest among Indian customers regarding protection of environment and 
they are willing to pay something more on green products. The majority of customers considered that package is most important 
element of such products. The researchers have recommended some marketing strategies to meet changing mind set of customers 
towards the green products. 
Keywords- Green products, Eco-friendly packaging, Attitudes, Eco awareness, Source Reduction 
 
I.INTRODUCTION 
Eco-friendly packaging includes products made from recycled, biodegradable or reusable materials. Using eco-friendly packaging is 
more sustainable and reduces waste production. 
The global green packaging market is expected to grow from USD 109 billion in 2011 to reach nearly USD 178 billion by 2018. 
Among the key factors behind the move towards green packaging are growing awareness about carbon emissions, energy consumption 
and waste reduction targets, rapidly growing economies, a lack of natural resources, and consumers' preference for ecologically clean 
products. Among the different packaging product types, recycled packaging accounts for the highest market share, growing at a 
CAGR of 6.9% during 2013-2018. 
There is growing interest among the consumers all over the world regarding the protection of environment. Worldwide evidence 
indicates that people are concern about the environment and are changing their behavior. As society becomes more complex with the 
environmental pollution and unethical business practices, now both consumers and business organizations are concerned with the 
natural environment. So businesses have begun to modify their behavior in an attempt to address this society's "new" concerns. 
 
II.SOURCE REDUCTION 
Source reduction is reducing the amount and/or toxicity of the waste ultimately generated by changing the design, manufacture, 
purchase, or use of the original materials and products. Source reduction is the best way to reduce the impact of solid waste on the 
environment because it avoids waste generation altogether. Source reduction encompasses using less packaging, designing products to 
last longer, and reusing or refilling products and materials. Specific ways to achieve source reduction include light weighting 
packaging materials, purchasing durable goods, purchasing larger sizes (which use less packaging per unit volume) or refillable 
containers, and selecting toxic-free products. 
Overall, source reduction has many environmental benefits, including 

 conservation of resources, 
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 protection of the environment, and 
 Prevention of greenhouse-gas formation. 

 
III.RESEARCH PROBLEM AND OBJECTIVE 
Environmental sustainability is a matter which cannot be ignored, so business organizations have to recognize the competitive 
advantages and business opportunities to be gained from green marketing & packaging although it may cost to the organization. 
Consumers also have to largely aware of the usefulness of adapting to the green products and green packaging. Green marketing and 
packaging incorporates a broad range of activities, including product modification, changes to the production process, packaging 
changes, as well as modifying advertising. Today, marketing parishioners of all sectors in India use environment friendly packaging 
and modify the products to minimize the environment pollution. However there is a big argument among the marketing philosophers 
regarding attractiveness of green product and packaging to customers in developing country like India. With this background, the 
researchers have made attention on attractiveness of green marketing and packaging strategies in India. The Main objective of the 
study is, 

 To investigate the consumer attractiveness towards eco- friendly products and packaging in all sectors and their impact of 
purchasing decision. 

 To evaluate consumer attitudes and perception regarding eco-friendly products under four value-added areas such as 
product, package, place and promotion that lead towards the motivation of consumption. 

IV.LITERATURE REVIEW 
World-wide evidence indicates people are concerned about the environment and are changing their behavior accordingly. As a result 
there is a growing market for sustainable and socially responsible products and services. Green consumerism is often discussed as a 
form of ‘pro-social’ consumer behavior. It may be viewed as a specific type of socially conscious or socially responsible consumer 
behavior that involves an ‘environmentalist’ perspective and may thus be called ‘environmentally concerned consumption’. A classic 
definition (Henion, 1976) describes ‘environmentally concerned consumers. Business organizations tend to concern about 
environments issues due to several reasons such as environmental pressure, governmental pressure, competitive pressure, cost or profit 
issues. 
Unfortunately, a majority of people believe that green marketing and packaging refers solely to the promotion or advertising of 
products with environmental characteristics and terms like Phosphate Free, Recyclable, Refillable, Ozone Friendly, and 
Environmentally Friendly are some of the things consumers most often associate with green marketing. While these terms are green 
marketing and packaging claims, in general green marketing and packaging is a much broader concept, one that can be applied to 
consumer goods, industrial goods and even services. 
The case against packaging, the sense that it creates  the growing amounts of needless waste, needs little elaboration. Less obvious is 
the counter-argument: packaging plays a crucial role in the distribution of goods, and may even reduce the total amount of waste in 
some cases. Packaging protects the integrity, cleanliness, and freshness of goods, allowing long-distance shipping while reducing 
waste and spoilage. For some new forms of packaging, designed to keep food fresh while in transit, the reduction in food waste may 
be much greater than the weight of the packaging. 
For years, many companies have been seeking to reduce both costs and their carbon footprints by either switching their packaging to 
more eco-friendly materials, reducing the amount of packaging or both. 
Companies such as Starbucks and Nike are known for their use of eco-friendly packaging, but today, more companies are joining the 
movement. In turn, the amount of waste from product packaging has decreased, industries are reducing costs and the earth is — and 
will continue to — benefit. 
How much waste is awareness of eco-friendly packaging saving? In Europe from 1998 to 2008, 27 states decreased by 43 percent the 
amount of packaging waste either going to landfills, according to a report by the European Organization for Packaging and the 
Environment (EUROPEN), a trade organization for companies in the packaging industry. EUROPEN cites higher recycling rates and 
other forms of packaging waste recovery as reasons for the trend. In the United States, the statistics are somewhat dimmer for overall 
waste. In 2009, 243 million tons of garbage was generated in the U.S., down slightly from 2000, according to the U.S Environmental 
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Protection Agency (EPA). But recycling and composting kept 82 million tons of material from landfills in 2009, up from 15 million 
tons in 1980, according to EPA reports. Developing country like India is also following this practice. 
There are numerous examples of firms who have strived to become more environmentally responsible, in an attempt to better satisfy 
their consumer needs. While governmental regulation is designed to give consumers the opportunity to make better decisions or to 
motivate them to be more environmentally responsible, there is difficulty in establishing policies that will address all environmental 
issues. Hence, environment-friendly consumption may be characterized as highly a complex form of consumer behavior, both 
intellectually and morally as well as in practice. 
 
V.METHODOLOGY 
Data Collection 
As a matter of fact, this study is almost an empirical one. So, as far as possible and attempt was made to gather primary data. In that 
context, a detailed questionnaire was administrated. Meanwhile personal interviews and observations were also made. In order to 
ensure an acceptable number of responses, a convenience sample was used. Data were collected through the self administrated 
questionnaires by the researchers themselves and   trained field assistants. The questionnaire comprised 24 questions including both 
close ended and open ended questions All close ended constructs used in this study were measured by various items on five-point 
Likert-type scales (1  completely disagree to 5  completely agree). It is widely believed that attitudes are best measured by way of 
multiple measures and the general trend in measuring environmental issues is via several items instead of single-item questions. The 
sample was drawn from Kurukshetra, Delhi and Rewari. Researcher selected the sample using combination of convenience and simple 
random sampling method. As much as possible attempt was made to get the sample comparable basis for convenience of the analysis. 
Secondary data were collected by website published articles, newspapers, relevant journals etc. and the researches had a 
predetermined discussion with them before the product categories and brands were determined. Basically, they were asked to come up 
with the free ideas the products available in FMCG sector in India, with special attention paid on those of green marketing and 
packaging practices. Thereafter, researches determined the product categories such as food items, beauty soap and detergent 
respectively. 

The sample was employed 100 respondents from Kurukshetra, Delhi and Rewari districts. Respondent category comprised with 
university students, academic staffs, office workers, housewives, business people and managers of several companies   those who have 

much exposure to the FMCG and other category’s and who represent the India customers. The sample size is also enough to 
generalize findings to the India context.  

 
Table 01: Sample Profile 

District Number of Respondents 

Kurukshetra 55 

Rewari 45 

Delhi 30 

Total 130 

 
Data Analysis Procedure 
Descriptive statistical techniques were utilized to analyze the data with the help of SPSS package. The major statistical techniques, 
which were used in this study, are central tendency (Specially Mean), percentage analysis and the correlation analysis. 
Percentage and correlation values highlighted the salient features of the collected data, facilitated comparisons between variables and 
enabled the study relationships more readily. Percentage values were used to identify the contribution of various categories of each 
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variable. The central tendency values used to identify the nature of attractiveness towards the each variable of eco friendliness. 
Answers for open ended questions had coded and categorized before analyzing 
 
VI. FINDINGS AND DISCUSSIONS 
Many firms and customers are beginning to realize that they are members of the wider community and therefore must behave in an 
environmentally responsible fashion. This translates into firms that believe they must achieve environmental objectives as well as 
profit related objectives. This results in environmental issues being integrated into the firm's corporate culture. All most all in the 
sample generally want to do the right thing, so the challenge and opportunity for the green marketer is to make it easy for people to do 
so. 
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ABSTRACT  
Communication of a message, statement, or text through any means: audio, video, print or electronically as an e-book or on the web is 
generally referred to publication. With the advent of digital media and internet the scope of publication has been extended to various 
forms like Email publishing, Print-on-demand, e-books, e-journals, electronic ink, Web publishing etc. The paper presents the basic 
concept of publication and explores various types, stages and future perspective of publishing unfolding its history. 
Keywords: [Non-paid publishers, semi-paid publishers, paid publishers] 
 
I.INTRODUCTION 
The word publication means the act of publishing, and also refers to any printed copies. Publishing is the process of production and 
dissemination of literature, music, or information — the activity of making information available to general public. In some cases, 
authors may be their own publishers, meaning: originators and developers of content also provide media to deliver and display the 
content for the same. Also, the word publisher can refer to the individual who leads a publishing company or imprint or to a person 
who owns a magazine. 
Traditionally, the term refers to the distribution of printed works such as books (the "book trade") and newspapers. With the advent of 
digital information systems and the Internet, the scope of publishing has expanded to include electronic resources, such as the 
electronic versions of books and periodicals, as well as micropublishing, websites, blogs, video game publishers and the like. 
Definition 

“Publishing is the process of production and dissemination of literature, music, or information”. Publishing includes the stages of 
the development, acquisition, copyediting, graphic design, production – printing (and its electronic equivalents), and marketing and 
distribution of newspapers, magazines, books, literary works, musical works, software and other works dealing with information, 
including the electronic media. 
A. TYPES OF PUBLISHING 

 Non-Paid Publishers: The term non paid publisher refers to those publication houses which does not charge author at all to 
publish the book. 

 Semi Paid Publishers: Publication houses that charges partially to the author in order to meet the expenses of the book. 
Author has full right to claim 50% of the copies printed in case if author has met with the burden of paying 50% of the total 
amount to get the books published. 

 Paid Publishers: These days paid publication has become very common, here the author has to meet with the total expense 
to get the book published and author has full right to set up marketing policies. 

 B. PROCESS OF PUBLISHING 
Acceptance and negotiation 
Once a work is accepted, commissioning editors negotiate the purchase of intellectual property rights and agree on royalty rates. 
 
Pre-production stages 
Although listed as distinct stages, parts of these occur concurrently. As editing of text progresses, front cover design and initial layout 
takes place and sales and marketing of the book begins. 
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Editorial stage 
Editors often choose or refine titles and headlines. Editing may also involve structural changes and requests for more information. 
 
Design stage 
When a final text is agreed upon, the next phase is design. This may include artwork being    commissioned or confirmation of layout. 
In publishing, the word "art" also indicates photographs.  
 
Sales and marketing stage 
The sales and marketing stage is closely intertwined with the editorial process. As front cover images are produced or chapters are 
edited, sales people may start talking about the book with their customers to build early interest.  
 
Printing 
When editing and design work are completed, the printing phase begins. The first step is the creation of a pre-press proof, which is 
sent for final checking and sign-off by the publisher.  
Once the proofs have been approved by the publisher, printing—the physical production of the published work—begins. 
 
Distribution 
The final stage in publication is making the product available to the public, usually by offering it for sale 
 
II. History of book publishing 
The United Nations Educational, Scientific and Cultural Organization (UNESCO) monitors both the number and type of books   
published per country per year as an important index of standard of living and education, and of a country's self-awareness 
 
  United States (2010) 328,259 (new titles and editions)  
  United Kingdom (2005) 206,000 
  China (2010) 189,295 (328,387 total) 
  Russian Federation (2008) 123,336 
  Germany (2009) 93,124 
  Spain (2008) 86,300 
  India (2004) 82,537 (21,370 in Hindi and 18,752 in English 
 
Book publishing in India  
Indian book publishing is quite big and in terms of number of titles published annually, as per UNESCO, it is one of the six top 
publishing industries of the world. Publishing industry in India is counted among the top seven publishing nations in the world. With 
an estimated market of INR 10,000 crores.  India has 3rd rank after the US and UK in English language publishing. Currently the 
sector is witnessing a Compound Annual Growth Rate (CAGR) of 30%. The sector presently produces 90,000 new books a year in 24 
languages including English. The value of the Indian publishing industry in 2012 is estimated at USD 2 Billion with an overall growth 
rate of around 15% as per conservative estimates. 
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Fig 1: Indian Scenario in book publishing 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 2: Book publishing in different languages in India 
 
III. DIGITAL PUBLISHING: This section deals with recent trends in digital publishing. 
 
A. RECENT DEVELOPMENTS 
The 21st century has brought a number of new technological changes to the publishing industry. These changes include e-books, print 
on demand and accessible publishing. E-books have been quickly growing in availability in major publishing markets such as the USA 
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and the UK since 2005. Google, Amazon.com and Sony have been leaders in working with publishers and libraries to digitize books. 
As of early 2011 Amazon's Kindle reading device is a significant force in the market, along with the Apple i Pad and the Nook from 
Barnes & Noble. 
B. PRESENT SCENARIO 

The number of people reading e-books in 2011 went up by 163% over the previous year and by 36% in the last 4 months of 2011. The 

e-publishers are using DRM (Digital Rights Management) technology, which inhibits the use of digital content that is not desired or 

intended by the content provider, and also provides copy protection which cannot be circumvented without modifying the file or 

device. The e-publishing market has been fuelled by a number of parallel technological advancements.  

 
Figure 3: Digital print scenario 
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IV. FUTURE PROSPECT 
The majority of the population expects to be making at least as much and possibly even more use of print media. This positive 
correlation in the use of new and old media has been established by several studies. The combined use grows proportionally with the 
level of education. Hence, from the point of view of the user, there is no indication that by 2012 the Internet will cover substantial 
parts of the print markets. History has demonstrated that the “new media replace old media” theory did not hold true in the past: 

•  During the 1920s: Radio was to replace printing. 
•  1950s: Television was to replace printing. 
•  1980s: The computer was to replace printing. 
•  1990s: The Internet was to replace printing. 

          The fact is that print is still a dominant medium and is continuing to grow. Besides the Internet, the CD-ROM also has an important 
part to play. These powerful data carriers, on which a wealth of product information, pictures, video sequences, etc. can be stored 
easily and cost-effectively, have already firmly established themselves as a part of everyday life. 
 
V. CONCLUSION 
As far as printed matter world-wide is concerned, packaging and label printing shows strong growth while the other product segments 
such as advertising and commercial printing, newspapers, catalogues, magazines, and books show a moderate increase. There is an 
enormous variation in growth between individual regions or countries.The trend towards the “one-man press” as a result of increasing 
automation of all the steps in the process of a printing house will create an enormous potential for innovation in the field of machinery 
and equipment but also in processing in the coming years.Beside the classical areas of activity – the production of print media – other 
services are becoming more important. Hence the design of print media, the creation of multimedia products (CD-ROMs, Internet 
sites, print media in combination with electronic media, etc.), consulting services, and individual training are being requested more 
and more by the printing and publishing industry. 
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ABSTRACT 
Hazardous waste is waste that is dangerous or potentially harmful to our health or the environment. Hazardous wastes can be 
liquids, solids, gases, or sludges. They can be discarded commercial products, like cleaning fluids or pesticides, or the by-products 
of manufacturing processes. There are many waste minimization opportunities that are easy to implement and that can make a 
sizeable difference to the amount of waste that is disposed of to the landfill. Reducing the amount of waste produced throughout the 
printing process will not only benefit the environment but will reduce operating costs by reducing the use of raw materials, such as 
paper. In addition separating reusable, recyclable and recoverable wastes from the general waste stream can considerably reduce 
waste disposal costs, which are expected to increase in the future. 
 
I. INTRODUCTION 
Historically, the amount of wastes generated by human population was insignificant mainly due to the low population densities, 
coupled with the fact there was very little exploitation of natural resources. Common wastes produced during the early ages were 
mainly ashes and human & biodegradable wastes, and these were released back into the ground locally, with minimal environmental 
impact.  
But with the advent of industrial revolution, waste management became a critical issue. This was due to the increase in population and 
the massive migration of people to industrial towns and cities from rural areas during the 18th century. There was a consequent 
increase in industrial and domestic wastes posing threat to human health and environment. This waste has increased tremendously in 
recent years due to economic growth and rapid industrialization of India. Thus, it is very important to control this industrial waste 
generation to have sustainable growth in future. Solid and Hazardous Waste Management may be defined as the discipline associated 
with the control of generation, collection, storage, transfer and transport, processing and disposal of solid and hazardous wastes in a 
manner that is in accord with the best principles of public health, economics, engineering, conservation, aesthetics and other 
environmental considerations. 
A. Types of Solid and Hazardous Waste 

Solid and Hazardous Waste generated by a printing organization can be classified as: 
1. Characteristic Wastes 

The waste which has one or more of the following characteristics comes under this category. These are: 
a) Ignitable 

 Any liquid waste that has a flash point below 60°C.  
 Any non-liquid capable of spontaneous combustion under normal conditions.  
 An ignitable compressed gas or oxidizer. 

            e.g. Blanket and Roller washes, Isopropyl alcohol(Fountain Solution), Solvent-based coatings. 
b) Corrosive 

 An aqueous (water-based) material with a pH less than 2.0 or greater than 12.5.e.g. Film/plate processing chemicals, Acids, 
Waste battery acid, highly alkaline cleaners. 

c) Reactive 
 Unstable materials that react violently without detonating.  
 React violently with water or form an explosive gas, vapor or fume when mixed with water.  
 Contain cyanide or sulfide, and generate toxic gas vapors/fumes at a pH between 2 and 12.5.            

d) Toxic 
 Contains specific constituents above threshold levels. Typically determined using the TCLP test. This test will determine the 

amount of toxic materials in the waste stream. 
2. Listed wastes 
Listed wastes are those wastes that are included by name on lists of hazardous waste drawn by waste managing and controlling 
organizations such as Environment Protection Agency (EPA). These are hazardous in nature by their chemical composition and are 
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carcinogenic in nature. e.g. Lead. It is a heavy metal and is carcinogenic in nature. There are various kinds of lists that include these 
chemicals and compounds. Some of the lists that include these wastes are ‘F’ list, ‘K’ list, ‘D’ list, ‘P’ list etc. e.g. Lead is included in 
‘D’ list of hazardous waste drawn by Environment protection Agency (EPA). 
B. Techniques of Solid and Hazardous waste management 
In recent year’s new and better solid and hazardous waste management techniques have been suggested which are as follows: 
Utilization of wastes 
In some cases solid wastes might be put to direct use. E.g. Fresh paper that is produced as solid waste in packaging industry after 
cutting and trimming can be utilized for in-house stationery.   
Reduction in wastes 
The real reasons for the phenomenal growth of solid and hazardous waste tonnages have been the trend to the “throw away” society. 
The most important method to avoid production of solid and hazardous waste is to reduce waste using modern methods of production 
and advanced techniques which at first time only produce less waste. e.g. In prepress, if we use computer to plate technology instead 
of computer to film technology, wastes such as film, fixing solutions, developing solutions etc. can be reduced or eliminated 
completely. 
Recycling of wastes 
During the recent years it is very clear that the resources of the world have been indeed finite and in order to maintain a stable 
economic growth and a standard of living in the future it has become necessary that we use resources very carefully and evolve 
technologies for recycling wastes and residues that save both resources and energy. Another reason to recycle has been that limited 
resources of the world are indeed a sacred trust of the present generation which it owes to the generation that will follow. e.g. Paper 
wastes in packaging industry should be recycled in order to preserve trees and forests as it takes years to grow one tree but few 
minutes to cut it down and paper is a very important resource for us. 
Reuse of wastes 
Wastes should be by far reused either through the method of direct reuse or by replenishment. e.g. Inks which have expired their date 
of use can be reused by mixing them to make black ink which can be then reused in printing. 
Recovery of materials 
In some circumstances, valuable materials can be recovered from solid wastes lessening disposal problems and financial costs. e.g. In 
film processing, silver is produced during developing and fixing processes, instead of discarding the solution, silver can be recovered 
from it which can be sold to be used by metal industries. 
 
II. HIERARCHY OF SOLID AND HAZARDOUS WASTE MANAGEMENT TECHNIQUES  
Waste hierarchy - The waste hierarchy refers to the "3 R’s" reduce, reuse and recycle, which classify waste management strategies 
according to their desirability in terms of waste minimization. The waste hierarchy remains the cornerstone of most waste 
minimization strategies. The aim of the waste hierarchy is to extract the maximum practical benefits from products and to generate the 
minimum amount of waste. The below figure depicts solid and hazardous waste management hierarchy: 
 

 
 

Figure: Hierarchy of Solid and Hazardous waste management techniques 
 
 
III. KINDS OF WASTE IN PAPER/PAPERBOARD PACKAGING INDUSTRY 
Various kinds of waste generated along with waste management techniques in paper/paperboard packaging industry during the 
production of paper labels, folding cartons and corrugated boxes can be classified as follows:-   
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S.No Kind of Waste Waste Management Technique 
1 

Paper waste 

White paper waste: Can be utilized for making in-house stationery; recycled for 
making paper. 
Kraft paper waste: Recycled to make kraft board. 
Inked paper waste: Deinked and recycled 

2 

Ink waste 

Expired ink: Can be reused by mixing and recycling to make black ink. 
Shop towels: Incinerated to produce energy. 
Ink containers: Can be washed and reused as containers for storage purposes; Sent 
back to ink manufacturer to be reused again by them. 

3 
Chemical/Solvent waste 

Plate wash-up: Reused after replenishment with fresh solution. 
Fixer and developer: Reused after replenishment; Silver can be recovered and sold to 
metal industries for their use. 

4 Machine Maintenance waste Bearings, spare parts, gears and other machine parts can be sold to steel and metal 
industries where they can be fabricated into new parts through melting and recasting. 

5 Miscellaneous Plates: Reused after coating; sold to metal industries. 
Films: Sold to film manufactures where these are recycled. 

 
IV. EFFECT OF SOLID AND HAZARDOUS WASTE MANAGEMENT ON PRINTERS 
It has so far been observed that in our country strict implementation of regulations is still missing but in future stringent rules and regulations 
will be followed in every industry. So, if the printers start managing their waste from today itself they need not be worried about the future. 
One of the most important techniques of waste management is waste reduction which means maximum utilization of resources thus saving 
the resources which in turn saves money. Thus, waste management saves cost for the printer and thus increases his profit margin. 
Waste management not only controls pollution but also prevents printers from facing fines, law suits along with saving money. Thus right 
management at right time is call of the hour. 
 
IV. CONCLUSION 
Waste management is important nowadays because of increasing population. As population continues to grow, we need to identify better 
ways of managing the by-products of our lifestyles to cope up with the changing environment. Increasing landfill costs in the not too distant 
future could have a significant impact on printing packaging businesses that can’t avoid, reduce, reuse or recycle their wastes. Moreover, 
world is facing a great threat of global warming and climate change and if necessary steps to control the pollution and wastes are not 
undertaken today, the day is not far when we will have to face the calamities caused by  our mother--The Earth. 
It is the social responsibility of printer to focus on waste management so that we can hand over safer, hygienic and green earth to our present 
as well as future generations. 
Thus, waste management is the need of the hour which should be done at the earliest time so that we and our future generation do not face its 
adverse effects. 
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