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ABSTRACT 

With a specific end goal to control and deal with the framework, information exchange 

is basic in smart grid. Optical fibers are broadly utilized as a part of transmission grid 

and substations to give high-capacity and high-reliability communications. 

Notwithstanding, because of high cost and firmness, it is uneconomical and inelastic to 

format optical fibers in the middle of substations and terminal devices to give the last-

mile availability. Wireless mesh network (WMN) is suitable network for distribution 

grid communication as a result of its comfort in organization and its extended scope 

through wireless multi-hop connections. Power line communication (PLC) is another 

suitable candidate, since it does not need additional base. In any case, bothWMN and 

PLC connections are lossy connections which have a tendency to experience the ill 

effects of bit error and pocket loss because of interference and attenuation. It is greatly 

hard to ensure the reliability of real-time services in such systems. Network 

virtualization (NV) is a promising innovation to bolster customized end-to-end 

execution of different administrations. In this study, a NV-based structure is proposed 

for smart grid communication. In the system, real-time services are upheld by virtual 

networks (VNs) that are mapped to two physical systems at the same time, i.e., WMN 

and PLC system. To ensure the characteristics of real-time services, diverse VNs ought 

to be kept free and ought not to interfere with one another. In order to granularly allocate 

resources to VNs, orthogonal frequency division multiple access used as the multiple 

access schemes for WMN. Simultaneous transmissions in numerous subcarriers bring 

the advantage of additional diversity. The upgraded transmission diversity qualities 

through the two networks, i.e. WMN and PLC and the assigned sub-carriers add to the 

reliability guarantee of the real-time services. Since the VN mapping and subcarrier task 

issue is nondeterministic polynomial-time hard, a heuristic arrangement is created to 

take care of the issue efficiently and effectively.  

To reduce the complexity of the system, an algorithm of data sparsification is applied on 

the input of the system. The input data samples are divided into the 8×1 data blocks. 

Data sparsity can be achieved by forcing some elements of the data blocks to be valued 

as zero. According to the algorithm, maximum sparsity is achieved by considering the 

CPI (Cumulative Point Index) values i.e. first component of the spectrum pertaining to 
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each data block. Here in the algorithm the only value of the data blocks that is remaining 

as it is will be the CPI of the data block. Discrete Ratio Transform (DRT) is applied to 

each data block and DRT spectrum is obtained. Sparsing is carried out by forcing all 

seven data elements in a data block other than the CPI value to the value 0. This reduced 

CPI sequence is stored instead of the original data. The results with the data 

sparsification and the results without the data saprsification are compared in the 

proposed work. Simulation results uncover the sufficiency of our proposed 

methodology. 
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Chapter-1 

Introduction 

1.1 Overview 

Smart Grid alludes to a modernization of the power delivery framework, so it 

monitors, protects, and automatically optimizes the operation of its interconnected 

components. Smart grid gives a more dependable and proficient power supply with 

less greenhouse gas outflow with conventional power grid. It has been considered as 

the promising eventual future of power industry.  

Keeping in mind the end goal to control and manage the framework, information 

exchange is basic in smart grid. Optical fibers are broadly utilized as a part of 

transmission framework, substations, and so forth. An optical fiber can give high 

capacity and reliability to communication. However, it is uneconomical and inelastic 

to format optical fibers in the middle of substations and terminal devices (TDs) to 

give the last-mile availability. Along these lines, different sorts of systems with low 

cost and high adaptability are required to serve distribution grid. 

Wireless Mesh Networks (WMN) has pulled in across the board consideration, 

owning to its benefit in deployment and its expanded scope through wireless multi-

hop connections. Power line communication (PLC) is another suitable competitor, 

since it does not bother with additional framework. Nonetheless, both wireless and 

PLC links are lossy links which have a tendency to experience the ill effects of bit 

error and packet loss because of interference and attenuation. 

It is extremely difficult to ensure the reliability of real-time services in such systems 

if taking after traditional network design methodology, which just gives best-effort 

services. Network virtualization (NV) is a promising innovation to bolster 

customized end-to-end execution of different services. NV permits these services to 

work as separately and disengaged virtual networks (VNs) on the mutual substrate 

network (SN). We outline a NV-based communication system for the smart grid to 

meet the prerequisites of different services. In this system, real-time services are 

upheld by VNs which are mapped to both WMN and PLC network all the while. The 

WMN for NV is intended to embrace orthogonal frequency division multiple access 

(OFDMA) as the multiple access scheme. Along these lines, diverse VNs are 
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dispensed distinct subcarriers to be isolated smoothly. Simultaneous transmission in 

different subcarriers achieves transmission diversity improvement, which is another 

advantage of the structure. The upgraded transmission diversity through the two SNs 

and designated subcarriers enhances the reliability of real-time services.  

Since the VN mapping and subcarrier assignment issue is nondeterministic 

polynomial time (NP) hard, a heuristic arrangement is produced to take care of the 

issue efficiently and effectively. It can promise reliability of real-time services and 

expand the best-effort traffic throughput with decency. The situation of VN 

embedding (VNE) in heterogeneous SNs for transmission diversity upgrade is 

likewise concentrated on in this study. This issue has sometimes been inquired about 

some time recently. To reduce the complexity of the system, a data compression 

algorithm is introduced in the proposed work. 

In the introduction chapter, the introduction of power grid, network virtualization and 

both the networks that we are using in our frame, i.e. WMN and PLC is given. How 

this both network will be working in our framework is also explained in this chapter. 

The structure of PLC and WMN in our framework is reported. We are applying the 

data compression algorithm on the input which is also discussed in the introduction 

chapter. 

 

1.2 Power Grid 

An electric grid is a network of synchronized power providers and consumers that 

are connected by transmission and distribution lines and operated by one or more 

control centers. A Powergrid is an interconnected network for 

delivering electricity from suppliers to consumers. It consists of generating stations 

that produce electrical power, high-voltage transmission lines that carry power from 

distant sources to demand centers, and distribution lines that connect individual 

customers.  

Generation Transmission ConsumptionDistribution

 
Figure-1.1: PHY view of the Power Grid 
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As appeared in Figure 1.1, a power system for the most part incorporates four 

subsystems: power generation, transmission, distribution, and consumption. Power is 

produced at power stations from different energy sources, for example, fossil fuel, 

wind, hydro, or atomic energy. The power is then transmitted through high-voltage 

cables from power plants to power distribution substations close populated 

territories. In the distribution process, the high-voltage power is down changed over 

numerous times through transformers to low-voltage power, which is spread from 

dissemination substations to customers through a system of power cables. The 

consumers, who can be private or business substances, make utilization of the power 

from the distribution network. In smart distribution grid, there exist distributed 

power-creating devices, for example, photovoltaic cells and electric vehicles.  

 

Controller Device

Information

Control Decision
 

Figure-1.2: Closed-loop feedback system of the controller and the device 

 

Operation of the power system today is conceivable through a progression of sensors 

and devices that gather data from a wide range of devices or places in the framework 

and pass such data to human and automatic operators. In view of the information 

about how to adjust the condition of the framework, these operators make decisions. 

The devices execute these decisions and control the power framework likewise. 

Along these lines, the operators/controllers and devices frame a closed-loop feedback 

framework, as outlined in Figure 1.2[24]. 

To control different gadgets of power system proficiently, information transmission 

is as critical as power transmission in the smart grid. Also, the measure of 

information in the smart grid is drastically proliferating, compared with the 

traditional grid.  

In light of need and security prerequisites in real applications, the corresponding 

services of these information sources can be ordered into four isolated zones, 

including control, operation, management and data. The control zone alludes to that 
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the control center (CC) issues directions to adjust the conditions of various devices 

(e.g., turn on/off an electrical switch), which has the highest priority. The operation 

zone is identified with the services about power generation (e.g., adjusting loads of 

electric generators) with the second most astounding need. In the management zone, 

the data is transmitted to oversee or keep up the system (e.g., video observation). 

Services in the data zone incorporate data collection (e.g., advanced meter reading).  

 

Control and Operation Division

Control
Zone

Operation
Zone

Firewall

Management and Data Division

Manageme
nt Zone

Data
Zone

Firewall
 

Figure-1.3: Cyber view of the Power Grid 

 

The four zones can be parceled into two divisions, which are control and operation 

division (COD) and management and data division (MDD), as showed in Figure 1.3 

[24]. Services in the COD are real-time applications which set strict transmission 

delay and reliability confinements however do not have expansive data volume. 

Despite what might be expected, services in the MDD are not sensitive to the 

inactivity but rather require the throughput to be as high as would be prudent because 

of the huge data volume. The service in the COD might need to get to the data in the 

MDD, yet the opposite is not permitted. Inside of the same division, a firewall is put 

between the two particular zones to keep the partition from one another.  

In real organizations, the smart grid information framework is made out of 

heterogeneous systems, for example, optical systems, wireless systems, and PLC 

systems. The optical fibers with high capacity and high reliability are generally 

conveyed for information exchange among power plants, transmission substations, 

and distribution substations. In any case, it is excessively costly and inflexible, 

making it impossible to convey optical fibers from the distribution substation to each 

terminal electric service. Subsequently, using wireless systems and/or PLC systems 

is an economical and flexible approach to transmit data in the distribution network. 

Attributable to the high capacity and reliability, the optical network can without 

much of a stretch meet the prerequisites of different services, however, directs in 
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both wireless and PLC systems have a tendency to suffer attenuation and 

interference. In this manner, packet loss is inescapable in these two systems. Besides, 

because of their restricted transmission ranges, it is important to arrange wireless or 

PLC systems into multi-hop systems, which causes higher transmission latency. 

Hence, it is trying to fulfill the delay and unreliability limitations of the real-time 

services of COD in wireless or PLC systems.  

 

1.3 Network Virtualization Based Framework 

NV is a promising procedure to overcome the deficiencies of the Internet by 

permitting various heterogeneous systems to coincide on a common Substrate 

Network (SN). These heterogeneous networks are alluded to as Virtual Networks 

(VNs), which supply customized end-to-end services. The VNs are decoupled from 

the SN, which prompts expanded flexibility, configurability, and manageability. 

Every substrate node can bolster various virtual nodes, and various VNs work 

autonomously without meddling with one another. Subsequent to the smart grid 

requires differing applications (including real-time and best-effort services), the 

musings of NV is exceptionally suitable for the smart grid communications. That is, 

diverse applications work as particular VNs on communication infrastructures. After 

suitable resource allocation, these VNs can run freely with no mutual interference. A 

noteworthy test of NV is the VNE issue that handles effective mapping of virtual 

nodes and virtual links onto PHY nodes and links. VNE is refined when both virtual 

nodes and virtual links are mapped onto the substrate nodes and links in the SN. The 

node mapping and the link mapping can be satisfied in two independent stages or in a 

coordinated way.  

Existing VNE approaches, such as [19], [36], [18], [27] and [10] principally 

concentrate on the situation where one and only SN exists to bolster different VNs. 

Precise and heuristic optimization algorithms for the provisioning of VNs including 

different infrastructure providers are introduced in [32]. The VNs are mapped to 

numerous heterogeneous SNs at the same time. In the connection of the smart grid, 

both WMN and PLC system are built up as the SNs in the meantime. Subsequent to 

the transmission media of the two PHY systems are distinct; they likely have 

disparate topologies and diverse transmission characteristics. The VNs can be 
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embedded into the two heterogeneous SNs in light of their diverse demands. This 

element makes the VNE in smart grid an exceptional and testing research issue.  

Unlike the current VNE solutions, the node mapping in a smart grid is deterministic, 

as the communication terminals of a service are essentially chosen by specified 

electric devices; then again, in the environment of the smart distribution grid, there 

are two SNs accessible (i.e., the WMN and the PLC system) for the link mapping. As 

said in Section 1.1, four sorts of applications are requested in the smart grid. For the 

real-time services in the COD, the delay and the reliability prerequisites are strict. On 

the off chance that any single substrate path in the SNs cannot meet the prerequisites, 

the virtual link of the VN can be mapped to substrate paths in distinctive SNs to 

upgrade the transmission diversity and the reliability. It is sensible to assume that the 

PLC and WMN are independent transmission media.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1.4: VNE in the smart distribution grid 

 

On account of the capacity restriction of the PLC system, it is fit for the services with 

little data volume. Hence, we build up VNs for control and operation administrations 

in the COD and insert them into heterogeneous systems to ensure their necessities; 

the management and data services in the MDD are merged into one VN. The VN is 

mapped to the WMN to offer best-effort transmission service. The planned structure 

is appeared in Figure 1.4[24].  
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1.4 Virtual Networks (VNs) and Substrate Networks (SNs) 

1.4.1 Virtual Networks (VNs) 

In the distribution grid, a CC is utilized to control, monitor, and deal with various 

TDs. Each TD needs to set up a two-path association with the CC. The information 

of control, operation, management and data zones is transmitted between the TD and 

the CC. The data conveyance of every zone, which is alluded to as a service, is 

disconnected into a VN, as displayed in Figure 1.5[24]. 

Control
Center

Terminal
Device

Downlink

Uplink

 
Figure-1.5: Model of VN 

 

The link from the TD to the CC is characterized as uplink, while the converse link is 

called downlink. The real-time service has a characteristic of commanded packet 

length and necessities of delay and reliability. The nodes of the VN compare to the 

genuine CC and TD, while the links of the VN are required to be mapped onto the 

SNs. 

 

1.4.2 Power Line Communication (PLC) Network 

PLCs are an old innovation which goes back to the mid-1900s and have been utilized 

for remote metering and load control from that point forward. By looking at the 

attributes of the PLC technologies, the multicarrier NB PLC is the most fitting 

technology for the case concentrated on in this thesis.  
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Beacon Contention Access Period Contention Free Period Beacon

Frame

Time

 
Figure-1.6: PLC Frame Structure 

 

In the PLC frame structure, a frame is made out of one or more beacons, one 

contention access period (CAP), and zero or one contention free period (CFP), as 

spoke to in Figure 1.6[24]. 

 

SwitchTerminal

TerminalSwitch

TerminalTerminal

Base
Node

 
Figure-1.7: PLC distribution network topology 

 

Figure 1.7 [24] demonstrates that the PLC distribution network is composed into a 

tree topology. The foundation of the tree is a base node that goes about as an expert 

or organizer to deal with the sub-network resources and connections. In a sub-

network, there exists one and only base node. Some other sub-network node is 

alluded to as service node, which is either leaf or branch purpose of the tree. At the 

point when a service node is at a branch point of the tree, it is mindful to forward to 

and from different devices in the sub-network. Consequently, the service nodes at 

branch points are likewise called switches. To be not quite the same as switches, the 

service nodes at leaves are characterized as terminals.  
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1.4.3 Wireless Mesh Network (WMN) 

WMN gives higher transmission capacity and bit rate compared with the PLC 

system. Subsequently, in our outline, the WMN needs to bolster the VN of the MDD 

other than the VNs of the COD. To ensure the characteristics of real-time services, 

distinctive VNs ought to be kept independent and should not interfere with one 

another. Subsequent to the wireless link is a broadcast medium, to keep the 

detachment; the VNs ought to be isolated in space, time, frequency, or code. The 

arrangements, for example, space division multiple access, time division multiple 

access (TDMA), frequency division multiple access (FDMA), code division multiple 

access (CDMA) or half breed approaches can be employed. In any case, these 

arrangements are not fit for the smart grid communications well. All the more 

particularly, a TD needs to bolster a couple VNs. These VNs could not be isolated in 

space. The TDMA methodology is not suitable for burst real-time messages. With 

the FDMA or CDMA techniques, the quantity of the radios that a TD ought to outfit 

with must match the quantity of VNs that it bolsters, which prompts resource waste 

and inflexibility. So as to granularly distribute resources to VNs, OFDMA is utilized 

as the multiple access schemes in the framework. Distinct VNs are relegated with 

diverse subcarriers to be effortlessly isolated. The wireless radio in the OFDM-based 

mesh node design is half duplex, and it cannot transmit and receive at the same time. 

To keep away from the case that a VN cannot transmit when another VN is 

accepting, the node ought to be furnished with two radios: One is particularly to 

transmit (called Tx radio) and the other is particularly to receive (called Rx radio). 

The WMN construction modeling is delineated in Figure 1.8(a) [24]. 

There are VN space and data storage space in the node architecture. The 

fragmentation layer is utilized to fragment the data packets of diverse VNs into 

blocks of same length, while the  fragmentation layer is utilized to remake the 

packets. Along these lines, each VN can begin transmission instantly without sitting 

tight for other VNs' receptions. To dispense with mutual interference, WMN is sorted 

out into a hierarchical structure, as exhibited in Figure 1.8 (b)[24]. 

The nodes with the same shading have the identical channel design. One node must 

communicate with the node which has the inverse design, and the two nodes at the 

same level cannot associate with one another straightforwardly. Consequently, the 

traffic must be exchanged between neighboring levels. The level that the CC situates 
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in is characterized to be the top level (or level 0), while the level with the most hops 

to the CC is alluded to as the bottom level. For a node, its link joining the node closer 

to the CC is called upper link, while the connection associating the hub more distant 

to the CC is the lower link. 

 

Rx Radio

Rx Reassmbling LayerRx Reassembling Layer Queue

Tx Radio

Tx Fragmentation Layer Queue

Control

Management & Data

Operation

Control

Management & Data

Operation

OFDMA Radio
Subcarriers

Data
Storage

Data
Storage
Space

Virtual
Network
Space

Virtual
Network

Data Access

Packet Flow  
Figure-1.8 (a) OFDMA-based mesh node design for smart grid communication 

 

TD

TD

TD

TD

TD

TD

CC

Level 0 Level 3Level 2Level 1  
Figure-1.8 (b) Hierarchical structure of the OFDMA-based WMN 

 

Relating joined nodes are called upper nodes and lower nodes. Since each VN has its 

committed subcarriers for transmission, the transmission will not endure collision or 

back-off. On the off chance that an error happens at the receiver, the transmitter will 

not get the ACK. Subsequent to holding up a specific timeframe, it will retransmit 

the packet. Multiple subcarriers can be utilized to transmit the same packet 

simultaneously, which enhances the transmission diversity. The transmission 

reliability acquires evident change when numerous low-reliability connections are 

used. 
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To reduce the complexity of the system, an algorithm of data sparsification is applied 

on the input. According to the algorithm, maximum sparsity is achieved by 

considering the CPI values pertaining to each block. Invariably this would result in 

considerable loss of information in the signal. This reduced CPI sequence is stored 

instead of the original voice data sequence. One can decompress this CPI sequence 

by introducing 0’s in appropriate places and make it a sequence of the original 

length. Then the uncompressed sequence is decoded by applying IDRT to it.  

 

1.5 Aim of the work  

The aim of our proposed work is to develop a Network Virtualization based 

framework for the smart grid to guarantee the reliability requirements of real-time 

services and to maximize the throughput of best-effort traffic, while considering the 

fairness, which assumes that the resources are allocated to flows in advance. 

The proposed work also aims to plan a NV-based communication system for smart 

grid that backings applications with various quality-of-service prerequisites. The 

intention of this proposed work is to develop an OFDM-based WMN for NV and 

transmission diversity upgrade. The system also targets to propose a VNE approach 

in heterogeneous SNs to ensure real-time service delay and reliability by increasing 

transmission diversity. The system also has the intention to provide a heuristic 

answer for comprehend the VN mapping and subcarrier task issue, which is NP hard. 

The aim of this proposed work is to get the throughput with the data compression 

applied to the input of the system. 

 

1.6 Thesis outline 

This thesis is sorted out in five chapters. The substance of the accompanying 

chapters is briefly reviewed as following:  

 

Chapter 2: In this chapter the recent and past work which has been done by various 

researchers is discussed. 

 

Chapter 3: This chapter explains the methodology of the proposed work and also 

explains the adopted algorithms. The pseudo codes for the same are mentioned. 
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Chapter 4: In this chapter the practical implementations done for the proposed work 

are explained in detail. The limitations of the study, the parameters that we are 

neglecting in this work and future expansion of the proposed work are mentioned. 

 

Chapter 5: This chapter includes the description of the outcome in details. The results 

are compared with the results of study done by other researchers.  

 

Chapter 6: This chapter includes conclusion of the proposed work. 

 

The next chapter explains the recent and past work which has been done by various 

researchers.  
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Chapter-2 

Literature Review 

Information exchange is basic in the smart grid for framework control and 

administration. In this system, real-time services are bolstered by Virtual Networks 

(VNs) which are mapped to Wireless Mesh Network (WMN) and Power Line 

Communication (PLC) arrange at the same time. In this structure a Network 

Virtualization based communication system is intended to meet the necessities of 

different administrations. The advantage of this structure is it draws out the 

transmission diversity change from the simultaneous transmission in different 

subcarriers. VN mapping and subcarrier assignment problem is nondeterministic 

polynomial time (NP) hard, a heuristic solution is developed to take care of the issue 

efficiently and viably, which can promise reliability of real-time services and 

maximize the best-effort traffic throughput with fairness. The following literature 

reviews attempt to demonstrate and support the thesis.  

 

2.1 Wireless Mesh Network 

WMN has pulled in boundless consideration, owning to its benefit in organization 

and its expanded scope through wireless multi-hop associations. WMNs comprise of 

mesh routers and mesh clients, where mesh routers have negligible versatility and 

structure the foundation of WMNs. They give system access to both mesh and 

conventional clients. The reconciliation of WMNs with different systems can be 

expert through the gateway and bridging functions in the mesh routers. Mesh clients 

can be either stationary or flexible, and can shape a client mesh network among 

themselves and with mesh routers. WMNs are expected to determine the limitations 

and to fundamentally enhance the execution of ad hoc networks, wireless local area 

networks (WLANs), wireless personal area networks (WPANs), and wireless 

metropolitan area networks (WMANs). They are experiencing fast advance and 

rousing various organizations. WMNs will convey wireless services for an expansive 

assortment of uses in individual, nearby, grounds, and metropolitan zones. 

Notwithstanding late advances in wireless mesh networking, numerous exploration 

challenges stay in all protocol layers. The research work in [11] demonstrates a low 

down study on late advances and open examination issues in WMNs. Framework 

architectures and uses of WMNs are depicted, trailed by talking about the basic 
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variables impacting protocol design. Hypothetical system limit and the state-of-art 

protocols for WMNs are investigated with a goal to bring attention to various open 

examination issues. At last, test-beds, mechanical practice, and current standard 

exercises identified with WMNs are highlighted. Conceivable framework 

architectures of WMNs are exhibited. The qualities of WMNs are outlined where an 

examination in the middle of WMNs and ad hoc networks is additionally directed. 

Di erent application situations of WMNs are tended. Basic variables impacting 

protocol outline are underlined. Key issues, for example, network limit and ideal 

node density of WMNs are discussed. Late advances in convention outline for 

WMNs are examined, where protocols on both information and administration planes 

are secured and testing research issues in every one of these angles are talked about. 

A few test beds and execution routine of WMNs are introduced. Current status of 

standard exercises in WMNs is highlighted. The ability of self-association in WMNs 

lessens the intricacy of system arrangement and support, and in this way, requires 

negligible in advance venture. The foundation of WMNs professional vides a 

suitable answer for users to get to the Internet anyplace at whatever time. It can 

likewise improve the dependability of the mobile ad hoc network of mesh clients. 

WMNs empower the mix of various wireless systems. Numerous open examination 

issues that should be determined such as scalability, self-organization and self-

configuration, security and network integration are clarified. The research in [11] 

gives us the exact overview of WMNs which is helpful in creating a wireless 

network for our framework. As per the study, it gives us the clear idea that WMN is 

the right choice for our framework.  

RF mesh systems for smart metering are discussed in [3]. The scalability analysis is 

also studied in the paper. The network architecture model of the RF mesh system is 

shown and explained. The key characteristics of simulation model and system design 

framework are discussed. The simulation scenarios & parameters of the system are 

mentioned and discussed. Results for Small-scale Scenario and the results for Large-

scale Scenario are compared. Simulations have affirmed that with the given traffic of 

1 packet for each 4 hours, the framework performs well. The preconditioned that has 

been applied is that all nodes are legitimately meshed i.e., connectivity gaps brought 

on by topography should be shut with routers/range expansions. In the RF mesh 

systems, data collisions happen, yet don't prompt noteworthy disappointments. 

In the IEEE Std 802.15.4 [8], the physical layer (PHY) and medium access control 
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(MAC) sub layer determinations for low-information rate wireless connectively with 

altered, convenient, and moving devices with no battery or extremely restricted 

battery utilization prerequisites commonly working in the personal operating space 

(POS) of 10m was characterized. The motivation behind this correction was to 

augment the market applicability of IEEE Std 802.15.4 and to uproot ambiguities in 

the standard. In light of the details in [8], the most extreme and least contention 

window sizes in the study are chosen when the PHY layer technology is OFDM.  

The different network topologies for the low rate WPAN is also discussed in detail. 

The low rate WPAN architecture is shown and explained in detail. A brief outline of 

the general elements of a LR-WPAN is given. Power utilization contemplations and 

security arrangement of the LR-WPAN is talked about. Taking into account the 

specifications in the IEEE 802.11 standard [8], the maximum and the minimum 

contention window size can be achieved for our framework. So according to [8], 

when the PHY layer technology is OFDM, the maximum and minimum contention 

window sizes are 1023 and 15, separately. The PLC frame structure used in our 

framework is also explained in [8].  

A crucial rule of NV is that, when numerous VNs exist together on the same PHY 

WMN, the activity of one VN should not affect any other VNs and vice versa. In 

[13], particular difficulties in virtualizing a wireless network and different 

methodologies to address them were portrayed. The wireless virtualization 

framework is particularly focused for multiplexing experiments on an expansive 

scale 802.11 wireless test-bed facility. The challenges of wireless virtualization such 

as coherence and isolation are discussed in this study. Different approaches to the 

wireless virtualization are reported. The outline and implementation of one of these 

methodologies, to be specific Time Division Multiplexing for wireless virtualization, 

is portrayed. To show these abilities, an 802.11-based wireless grid is expanded. The 

fundamental programming plan and a portion of the difficulties included in the 

virtualization e ort are portrayed. The after effects of the preparatory integrity and 

execution benchmarks are displayed. Subsequent to the wireless link is a broadcast 

medium, to keep the disengagement; the VNs ought to be isolated in space, time, 

frequency, or code. In the study [31], virtualization and slicing of wireless networks 

are described in detail. The distinctive virtualization strategies and slicing techniques 

are examined in the paper. Since all the virtualization strategies are not just as 

agreeable to a wide range of wireless networks, the five unique sorts of wireless 
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systems are talked about in the paper. Different slicing techniques such as Space 

Division Multiple Access (SDMA), Combined SDMA and time division multiple 

access (TDMA), Combined SDMA and frequency division multiple access (FDMA) 

and Combined SDMA, FDMA and TDMA are described in detail. The mapping 

between wireless networks and the virtualization techniques are summarized. 

Generally as diverse wireless systems have distinctive qualities, distinctive 

applications likewise have distinctive prerequisites, and thus all investigations may 

not be bolstered by a wide range of virtualization. The scalability issues and the 

limitations of the virtualization techniques are discussed.  

Understanding the maximum capacity of a multi-radio mesh networks includes two 

primary difficulties: how to appoint channels to radios at every node to minimize 

obstruction and how to pick high throughput routing ways despite lossy links, 

variable channel conditions and external load. A functional, circulated channel task 

and routing protocol that accomplishes great multi-hop path performance between 

each node and one or more assigned gateway nodes in a double radio system is 

exhibited in [1]. Non-overlapping channels to interfaces along every gateway path to 

dispose of intra-path interference are appointed. Inter-path interference is decreased 

by relegating di erent channels to paths bound for di erent portals at whatever 

possible. Wireless mesh systems that include nodes, having various radios (multi-

radio mesh networks) can possibly perform fundamentally superior to anything 

single radio mesh networks. Following each node operates its radio on the same 

channel in a single radio mesh network; a sending node meddles with the two 

ensuing nodes along any multi-hop way, definitely lessening the end-to-end 

throughput. A multi-radio mesh can dispense with such intra-path interference if 

conceivably interfering links are worked on non-overlapping channels. Another 

imperative favorable position of multi-radio networks is the capacity to utilize 

numerous non-overlapping diverts in the same physical area. Therefore, there is less 

inter-path interference among different streams in a multi-radio mesh, bringing about 

aggregate throughput. While there has been huge work on multi-radio mesh 

protocols, understanding the maximum capacity of multi-radio mesh networks in 

genuine settings has remained a testing issue. The outline, execution and assessment 

of ROMA (Routing over Multi-Radio Access), a distributed routing and channel 

assignment protocol that accomplishes high end-to-end execution for gateway paths 

in a double radio mesh is exhibited. Planning an elite multi-radio convention 
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confronts numerous down to earth requirements and challenges (little node size, 

exceedingly fluctuating link qualities, external load). ROMA is a conveyed 

convention that performs routing and channel task to accomplish high end-to-end 

execution in a double radio mesh by disposing of intra-path interference and 

decreasing inter-path interference. ROMA discovers superior multi-hop ways by 

utilizing another way metric that incorporates link variations and external load. 

ROMA additionally adjusts well to network topology changes while picking stable 

routing paths. The design of ROMA, implementation and distributed operations of 

the system are reported. The study shows that designing the operating frequencies of 

the two radios into two bands separately can dispose of shared interference 

effectively. On the premise of such plan, the WMN is organized into a hierarchical 

structure that we are using in our framework. 

 

2.2 Power Line Communication 

Power line communication (PLC) is another suitable hopeful, since it does not bother 

with additional framework. The survey done in [29] addresses the essential question 

that if the PLC is a decent possibility for smart grid or not. To do as such, a diagram 

of what PLC can convey today by reviewing its history and portraying the latest 

technological advances in the range is given. Smart Grid applications, as examples of 

sensor systems administration and system control issues are addressed. The 

application situation of PLC inside of the Smart Grid is then broke down in subtle 

element. Subsequent to a fundamental element of network planning is modelling, two 

parts of engineering modelling that identify with the query i.e., demonstrating the 

PLC channel through blurring models and the Smart Grid control and traffic 

modelling issue which permits us to accomplish a superior comprehension of the 

communications necessities are examined. At long last, this paper reports late studies 

on the electrical and topological properties of a sample power distribution network. 

Power grid topological studies are imperative for PLC organizing as the power grid 

is the data source as well as the information delivery system which is an interesting 

component when PLC is utilized for the Smart Grid. The part of sensing, 

communications and control in the Smart Grid is examined basically and, in the 

meantime, what PLC can offer today and what is interesting to PLC for Smart Grid 

applications is solved. With the help of presented work in [29] the role of PLC in 
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Smart Grid is defined and different aspects of PLC are also reported, which is helpful 

in developing the PLC network for our framework. The essential advantages offered 

by PLC when it is utilized for the Smart Grid are narrowed down. PLC permits to 

exploit the current wired infrastructure along these lines enormously diminishing the 

expense of deploying a repetitive communication channel. The utilization of PLC 

permits blurring together the generally isolated elements of sensing and 

communicating as a PLC handset can be intended to switch between working as a 

"sensor" and as a "modem". PLC offers generous focal points when managing 

applications. Electrical cables give a communication path that is under the direct and 

complete control of the utility which is a key advantage. There is a wide assortment 

of PLC technologies that can discover a part in most Smart Grid application, so that 

PLC can surely give a wide class of advances that can be utilized as a 

communication solution from the transmission side of the grid. These benefits of 

PLCs provide enough reasons to use it as a network in our framework. The early 

history of power line voice communication is provided in [22]. 

An outline of the state of the art and drifts in narrowband PLC is given in [9]. The 

topics include basic modulation principles, characteristics of power lines, applicable 

regulations, typical applications and implementation challenges. Additionally, 

advertise points of view and promising open doors are examined to evaluate the 

reasonability of the narrowband PLC in the Smart Energy world. The key favorable 

position of PLC is the utilization of existing electrical lines as correspondence 

medium, which gives the significant advantage of disposing of impressive expenses 

of installing networks administration base, as dedicated cables or antennas. 

Distinctive modulation schemes are utilized by the two classifications of PLC 

technologies i.e., narrowband PLC and broadband PLC. Narrowband systems are 

mostly based on single-carrier modulation, while broadband technologies use multi-

carrier techniques. While mainly used in broadband PLC systems, multi-carrier 

modulation schemes have been recently applied in narrowband PLC. One of the most 

popular multi-carrier modulation techniques is OFDM (Orthogonal Frequency-

Division Multiplexing). A few OFDM-based NB-PLC arrangements that address 

chiefly the smart grid market have been proposed by industrial organizations together 

like PRIME [9] and G3-PLC [9]. With OFDM, information is part into sub-carriers 

of distinctive frequencies, modulated in parallel with routine systems, as BPSK, 

QPSK or QAM. Henceforth, a low bit rate transmission is changed over into a high 
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bit rate transmission by transmitting diverse parts of the information on a wide range 

of sub-carriers. An essential component of OFDM is its versatility to the channel 

conditions; sub-carriers inside of the OFDM waveform can be chosen with a specific 

end goal to abstain from transmitting at frequencies where the signal-to-noise ratio is 

too low. OFDM-based systems are more unpredictable, which means higher cost and 

expanded power consumption contrasted with single-carrier arrangements. Likewise, 

as a result of their large frequency bandwidth, the maximum data rate is extensively 

constrained by the limitations in narrowband frequency band. The power grid, PLC 

challenges such as, signal attenuation, noise and EMC regulations are discussed. 

Also the main areas of application for NB-PLC are discussed and typical 

implementation challenges and specific solutions to consider are discussed. The 

comparison between the broadband PLC and narrowband PLC is done in the study 

[9]. It shows that the narrowband PLC offer more multiple access schemes than the 

broadband PLC which is a necessary in our framework because PLC in our 

framework is designed to adopt the CSMA/CA scheme in the PLC distribution 

network topology. The study conducted in [9] has made the choice clear for the PLC 

technology we are adopting for our framework.  

A diagram of IEEE 1901 and ITU-T G.hn standards from the media access control 

innovation point of view, and the likenesses and dissimilarities between the IEEE 

1901 and ITU-T G.hn standards are discussed in [12], as well as potential execution 

issues. A top-down way to deal with analysis of the elements and technologies of the 

standards is utilized. The objective of the ITU-T G.hn standard was to characterize 

the physical (PHY, layer 1) and link (layer 2) layers for home-wired networks. In 

2005, the IEEE Communications Society shaped the 1901 working bunch (P1901 

WG), which was tasked with making a worldwide technical standard for fast (>100 

Mb/s at the physical layer) correspondence through AC electric power lines keeping 

in mind the end goal to bring PLC items into a common network framework. With 

the G.hn standard, ITU empowers service providers to send new offerings, including 

Internet Protocol Television (IPTV) more cost effectively. It likewise permits makers 

in the consumer electronics market to give effective gadgets to uniting an assortment 

of entertainment, home computerization, and security items all through the house, 

along these lines streamlining purchaser buying and installation process. To 

empower treatment of diverse sorts of traffic both norms give contention free and 

contention based channel access, Quality of Service (QoS), security and different 
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components. Both these standards offer comparable features, for example, expert 

slave structural engineering, contention based and contention free medium access 

plans, transmission modes, QoS and security administrations, among others. The 

major difficulties in home M2M systems are recognized in [35]. The construction 

modelling of home M2M systems is exhibited which is deteriorated into three 

subareas relying upon the radio service ranges and potential applications. QoS 

management in home M2M systems is engaged, considering the expanding number 

of sight and sound gadgets and developing visual necessities in a home zone. Three 

guidelines for multimedia sharing and their QoS architectures are delineated. Cross-

layer joint admission and rate control outline is accounted for QoS-aware multimedia 

sharing. These limitations represent various extraordinary difficulties in the 

configuration of home M2M systems to accomplish an exceedingly connected, 

productive, and dependable home. This article presents key issues and answers for 

home M2M systems, including the architecture, potential applications, standards, 

QoS management, and improvement. The network architecture of the home M2M 

systems is delineated, which is deteriorated into three integral M2M sub-networks: 

body areas, personal areas and local areas. The institutionalized radio technologies 

and their potential applications in these three subareas are additionally talked about. 

The principle includes and promising applications in every sub-system are 

distinguished. QoS management in home M2M systems is then engaged and a review 

of the norms for media sharing is exhibited. A forecast based joint outline to enhance 

multimedia QoS in home networks is reported. Illustrative results show that the joint 

configuration can adaptably assign the constrained bandwidth and give QoS sureties 

to multimedia applications in home M2M systems. The outline can break down and 

foresee QoS execution, and adaptively apportion fitting wireless bandwidth to suit 

more multimedia sessions without QoS corruption. Illustrative results demonstrate 

that the joint outline can shrewdly allocate resources in light of QoS requests in 

resource constrained home M2M systems.  

For the rising IEEE 1901.2 standard on Narrow– Band Power Line Communications 

there are two recommendations with respect to the Physical and Medium Access 

Control Layer—PLC G3 and PRIME. The Physical Layers of both drafts are 

contrasted with one another in [20], by hypothetical examination and additionally 

simulation results. Both drafts plan to utilize CENELEC, some regulation that has 

been established to standardize the PLC,  A band by Cyclic Prefix (CP) Orthogonal 
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Frequency Division Multiplexing (OFDM) in mix with coded Differential Phase 

Shift Keying (DPSK), which is known not a straightforward and powerful system for 

information transmission over frequency selective channels as OFDM can be 

actualized exceedingly effectively by the Fast Fourier Transform (FFT) and DPSK 

balance takes into account beneficiaries with no channel estimation calculations. 

Short reviews of PLC G3 and PRIME is given. The distinctions of both proposals 

from a hypothetical perspective are examined. The simulation results for ordinary 

power line channels are exhibited. The Physical Layers of both PLC G3 and PRIME 

depend on CP-OFDM and DPSK, yet the unmistakable kind of differential encoding 

(f-DPSK/ t-DPSK) infers an extraordinary distinction is outlined. By applying t-

DPSK, e.g., PLC G3 takes into account versatile subcarrier distribution, which has 

ended up being a sensible component in the simulations. According to both 

specification and simulation results, the FEC connected in PLC G3 is all the more 

capable, while PRIME is the less perplexing framework. A few focuses where the 

determinations could be upgraded, similar to their prefaces are tended to. Then again 

the collectors utilized in the simulations could be enhanced unquestionably, as well. 

A helpful review of the PRIME and PLC G3 determinations and also bits of 

knowledge in their execution is given.  

In the framework we are creating, PLC distribution network is organized into a tree 

topology. The terminal in the same sub tree adopts the CSMA/CA scheme for 

channel contention when trying to transmit operation messages. In the study done in 

[8], it is accepted that the transmission is unsuccessful if it is collided. It gives a basic 

yet greatly precise explanatory model to figure the 802.11 distributed coordination 

function throughput, in the assumption of limited number of terminals and perfect 

channel conditions. In the study the broad throughput execution assessment of both 

essential access and RTS/CTS mechanisms of the 802.11 convention is given. In this 

study, both the fundamental and RTS/CTS mechanisms of DCF are quickly 

inspected. The idea of saturation throughput is characterized in this study. In this 

study the exactness of model is accepted by contrasting the diagnostic results and 

that acquired by means of simulation. A model that is suitable for any access plan 

utilized i.e. for both essential and RTS/CTS Access system, and also for a blend of 

two is made. It is appeared in the study that execution of the essential access strategy 

firmly relies on upon the framework parameters, mostly least contention window and 

number of stations in the wireless network. Alternately, execution is a hardly subject 
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to the framework parameters when the RTS/CTS system is considered. This study 

has helped us in fathoming the conditional collision likelihood of a terminal. A 

precise model is put to analyze the execution of CSMA/CA system in [8]. The 

conditional collision probability of a terminal is explained as well. The analysis 

model in [8] depends on saturation conditions, i.e., every station dependably has 

parcel to transmit. Consequently, the computed collision probability is the upper 

bound of the genuine collision probability.  

 

2.3 Network Virtualization 

As of late, network virtualization has been pushed forward by its defenders as a long 

haul answer for the gradual ossification problem confronted by the current web and 

proposed to be an essential part of the next-generation networking paradigm. By 

permitting numerous heterogeneous system architectures to live together on a mutual 

physical substrate, network virtualization gives adaptability, advances assorted 

qualities, and guarantees security and expanded sensibility. On the other hand, 

numerous technical issues obstruct its fruitful realization. In the reviews [26] and 

[25], the past and the state is the art of network virtualization is reviewed and a 

superior comprehension of the key examination difficulties is given. Four principle 

classes of the idea of multiple coexisting logical networks i.e., virtual local area 

networks [VLANs], virtual private networks [VPNs], active and programmable 

networks, and overlay networks are quickly looked into. A reference plan of action 

and a calculated construction modeling of a network virtualization environment 

(NVE) are introduced, distinguishing the attributes and basic outline components to 

appear it. A definite investigation of the key issues is introduced underscoring open 

research challenges. [26] and [25] are the theoretical references for the Network 

Virtualization in which the past and future challenges are studied in detail. The 

network virtualization environment, architecture of NV and the architectural goals 

are presented which are helpful in creating the network for our study.  

 

2.4 Smart Grid 

Operation of power system today is conceivable through a progression of sensors and 

gadgets that gathers data from various gadgets or places in the framework and passes 

such data to human and programmed operators. Smart grid is a savvy future power 
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framework that joins all supply, network and request components through an 

intelligent communication framework. In [30] it is stated that, “The backbone of 

successful smart grid operation is a reliable, resilient, secure and manageable 

standard-based open communication infrastructure that provides intelligent linkages 

between the elements of the grid while participating in decision making that delivers 

value to the utility and supply and demand entities connected to it.” This study 

explained what smart grid is. The physical and information view of power 

infrastructure is explained. By study, the capacity of a utility to make the network 

that is discovered all over the place between the majority of its present information 

sources and choice making focuses is basic to the success of smart grid. Smart grid 

was explained as the integration of power and information systems. The power 

system views and information system views of the electricity system were studied. 

Smart grid was explained as the integration of power and information systems. This 

study helped us in understanding the operation of smart grid better.   

The cyber security challenges on service provision in the smart grid are recognized in 

[15]. Two fundamental security issues i.e., to set up a safe communication procedure 

among the electric utility, consumers, and service providers and to give a security 

saving yet responsible confirmation system among the smart grid entities without 

depending on any trusted outsider are displayed; potential solutions are given as well. 

The structure of the smart grid is presented and in addition general security dangers it 

will need to confront and the relating arrangements. A review of secure service 

provision in the smart grid is given. Apart from this, the direction of future work on 

secure service provision was also suggested by describing several open issues. In this 

study another secure communication method among the smart grid substances was 

proposed. Contrasted and customary methodologies, the proposed system is 

predominant in the parts of security elements and communication/computation 

proficiency. In [15], a component to accomplish security protecting yet responsible 

verification system without depending on any trusted outsider was proposed. A new 

secure communication procedure among the smart grid entities is proposed. 

Contrasted and traditional methodologies, the proposed system is predominant in the 

parts of security elements and communication/computation productivity. An 

instrument is proposed to accomplish privacy-preserving yet responsible validation 

outline work without depending on any trusted outsider. The work depicted above 

shows that a reevaluating of the ordinarily utilized techniques is required to address 
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the new security concerns. As discussed in the study, the isolation among distinctive 

administrations additionally adds to the security provision in smart grid. 

 

2.5 Virtual Network Embedding 

A major challenge in Network Virtualization is the Virtual Network Embedding 

(VNE) problem which handles the mapping of virtual nodes and virtual links onto 

physical nodes and links. In the study conducted in [19], the blueprint of the 

substrate system was reconsidered to engage less unpredictable embedding 

algorithms and more viable use of benefits without restricting the issue space. Two 

strategies i.e., splitting and migrating were upheld for this. In the part, the substrate 

network was permitted to part a virtual link over various substrate ways though in 

path migration was utilized to intermittently re-enhance the use of the substrate 

network to suit new demands. The VN embedding problem, was re-examined a more 

adaptable substrate system to better backing virtual network embedding which 

incorporates path splitting and path migration. Both path splitting and path migration 

help us to accomplish better resource use. In the study done in [19] two versions of 

VN assignment problem i.e., VN assignment without reconfiguration (VNA-I) and 

VN assignment with reconfiguration (VNA-II) were focused. For VNA-II issue, a 

particular VN reconfiguration conspires that organizes the reconfiguration of the 

most basic VNs was produced. A basic scheme for VN assignment without 

reconfiguration was developed. The execution of the proposed VN assignment 

algorithm through expansive trials was evaluated. [19] and [18] showed us the 

different ways of node mapping and link mapping in two independent stages. A 

gathering of VN embedding algorithms that impact better coordination between the 

two stages was presented in [27]. The VN embedding issue was figured as an integer 

program through substrate network growth. The integer constraints were relaxed to 

get a linear program and formulated two online VN embedding algorithms utilizing 

deterministic and randomized adjusting systems. The contention that the 

coordinating node and link mapping stages amid VN embedding essentially expands 

the arrangement space and enhances the nature of embedding heuristics was made. A 

window-based development for VN embedding that can solidify existing VN 

embedding algorithms was delivered and the prevalence of the proposed calculations 

was represented. 
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A Virtual Network Mapping (VNM) calculation taking into account sub graph 

isomorphism location was portrayed in [10], which maps the links and nodes amid 

the same stage. It can deal with various capacity imperatives and progressively 

arriving online requests. The outcomes demonstrated that the sub graph-isomorphism 

based methodology creates preferable mappings in less time over the two stage 

strategy. [27] and [10] showed us the different ways of node mapping and link 

mapping in a coordinated manner. The different ways of node mapping and link 

mapping that are shown in [19], [18], [27] and [10] mainly focused on the scenario 

where only one substrate network exists to support multiple VNs. The mapping 

techniques used in these papers are fulfilled in two different stages or in a 

coordinated manner. As VNE problem is the major challenge of NV these techniques 

can be used to do the mapping in the efficient way.  

The case that the VNs are mapped to multiple heterogeneous SNs simultaneously 

was studied in [32] and the precise and heuristic optimization algorithms for the 

provisioning of VNs including various foundation suppliers were introduced. The 

provisioning of virtual assets later on systems depending on Infrastructure as an 

administration central was displayed. It is accepted that the development of new 

actors, for example, virtual network providers going about as intermediaries asking 

for virtual resources in the interest of clients. The VN providers and InfPs 

(Infrastructure Providers) are in charge of provisioning and offering wide-range VNs 

for clients. VN provisioning happens in three primary stages: resource matching, 

embedding and binding. The VN provisioning is reached out to the different InfPs 

case in this study. The situation of one VN provider exchanging with multiple InfPs 

to procure virtual resources and form them into the craved VN is introduced. 

Accurate and heuristic algorithms are proposed and assessed to proficiently part VN 

requests for over numerous InfPs while diminishing the expense. For the situation 

where two InfPs are included, the VN request splitting issue, appeared to be NP hard, 

is precisely solved utilizing a max-flow/min-cut methodology under some reasonable 

suppositions. An accurate embedding algorithm is produced and assessed to 

guarantee simultaneous node and link mappings. Precise calculation that is proposed 

in the study gives definite and ideal embedding while diminishing the expense for 

InfPs. The proposed embedding solution is defined as a mixed integer program. A 

mathematical model for VN provisioning is given. The resource coordinating period 

of the VN provisioning procedure is investigated. Applied clustering systems joined 
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with accurate and heuristic techniques are proposed to locate the optimal request 

splitting over various InfPs. The VN embedding phase is tended to and an exact 

embedding solution for all the while allocates virtual nodes and links to substrate 

resources is given. Execution results are accounted for as far as time delay and cost. 

When candidate resources have been distinguished and the VN request graph is part 

into sub-diagrams by the VN provider, each VN sub-diagram is sent to the fitting 

InfP. Each InfP utilizes an embedding algorithm to dole out the VN sub-diagram 

request to its substrate network. The proposed embedding algorithm handles on line 

VN requests, i.e. VN requests arrival is dynamic and capricious after some time. Two 

approaches i.e., sequential request processing (SRP) and parallel request processing 

(PRP) are addressed in this work. The VN embedding formulation is also done. The 

performance results are evaluated and compared with the proposed embedding 

algorithms. The evaluation results are summarized. According to the results, VN 

embedding with PRP prompts lower implanting costs contrasted with the SRP 

approach. Also it is seen that the proposed embedding algorithms (SRP and PRP) 

give higher acknowledgment proportion contrasted with existing methodologies. It is 

concluded that once assigned, VNs will be liable to dynamic variations because of 

changes in service demands, in traffic loads, in physical foundations and subject to 

versatility affected variations. Versatile provisioning systems and algorithms are 

required to keep up VN topologies, respect established contracts, grow introductory 

assignments on interest, improve asset use and react to peculiarities, blames and 

developing interest. The proposed accurate embedding algorithms are settled in a 

polynomial time and should be supplemented with versatile VN provisioning 

arrangements. In our framework, in the setting of the smart grid, both WMN and 

PLC system are built up as the SNs in the meantime. The exact and heuristic 

optimization algorithms for the provisioning of VNs involving multiple infrastructure 

providers are presented in [32]. As in our framework we are mapping WMN and 

PLC, networks are supposed to be mapped in a simultaneous manner, [32] shows us 

the mapping technique to map the both network in the way we want to be.  

 

2.6 Conclusion 

The study done in [11] gives us the exact overview of WMNs which is helpful in 

creating a wireless network for our framework. As per the study, it gives us the clear 
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idea that WMN is the right choice for our framework. With the reference of 

presented work in [29] the role of PLC in Smart Grid is defined and different aspects 

of PLC are also reported, which is helpful in developing the PLC network for our 

framework. [26] and [25] are the theoretical references for the Network 

Virtualization in which the past and future challenges are studied in detail. The 

network virtualization environment, architecture of NV and the architectural goals 

are presented which are helpful in creating the network for our study. The study done 

in [30] helped us in understanding the operation of smart grid better. The different 

ways of node mapping and link mapping that are shown in [19], [18], [27] and [10]. 

As VNE problem is the major challenge of NV these techniques can be used to do 

the mapping in the efficient way. The exact and heuristic optimization algorithms for 

the provisioning of VNs involving multiple infrastructure providers are presented in 

[32]. As in our framework we are mapping WMN and PLC, networks are supposed 

to be mapped in a simultaneous manner [32] shows us the mapping technique to map 

the both network in the way we want to be. The study conducted in [9] has made the 

choice clear for the PLC technology we are adopting for our framework. A helpful 

review of the PRIME and PLC G3 determinations and also bits of knowledge in their 

execution is given in [20]. A precise model is put to analyze the execution of 

CSMA/CA system in [8] which is received by the sub-tree of PLC distribution 

system topology when attempting to transmit operation message. Taking into account 

the specifications in the IEEE 802.11 standard [28], the maximum and the minimum 

contention window size can be achieved for our framework. For the isolation in NV, 

different approaches are adopted which are reported in [31]. [28] and [31] are helpful 

in creating the perfect NV framework in our study.  The study in [21] shows that 

designing the operating frequencies of the two radios into two bands separately can 

dispose of shared interference effectively. On the premise of such plan, the WMN is 

organized into a hierarchical structure that we are using in our framework. 

The next chapter explains the methodology and the algorithms that are adopted for 

the proposed work in detail. 
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Chapter-3 

Methodology and Algorithm 

This chapter gives the details about the methodology that we are adopting for our 

proposed work. The algorithm which we are using in the study is explained briefly 

including required mathematical equations. 

NV is a promising innovation to bolster customized end-to-end execution of different 

administrations. NV permits these administrations to work as in-subordinate and 

segregated virtual networks (VNs) on the mutual substrate network (SN). The 

objectives of our proposed work are as follows: 

1. To plan a NV-based communication system for smart grid that supports 

applications with various quality-of-service prerequisites. 

2. To plan an OFDMA-based WMN for NV and transmission diversity upgrade. 

3. To propose a VNE approach in heterogeneous SNs to ensure real-time service 

delay and reliability by increasing transmission diversity. 

4. To develop a heuristic answer for comprehend the VN mapping and subcarrier 

task issue, which is NP hard.  

 

3.1: Methodology of the Proposed Work 

The proposed design flow is shown below in Figure 3.1. 

 

Estimation of
Design Parameter Optimization Result of AnalysisAnalysisGenerating Models

for Simulation

 
Figure-3.1: Proposed Design Flow 

 

Figure 3.1 shows the design flow that is adopted for the proposed work. First of all, 

the project definition was decided. The literature survey was done after getting the 

project definition to get the knowledge and required information for the proposed 

work. According to the information obtained from the literature review, the design 

parameter was estimated. The next step was to learn the simulation tool that we are 

using for the proposed work, i.e. MATLAB. The network models for the simulation 

were created after. On the basis of created network model, the analysis for the same 
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was done. The optimization of the proposed work was conducted after. At the end, 

the results of analysis were noted and the proposed work was concluded. 

Network virtualization (NV) is a promising strategy to overcome the inadequacies of 

the Internet by permitting multiple heterogeneous networks to exist together on a 

mutual substrate network (SN). These heterogeneous systems are referred to as 

virtual networks (VNs), which supply customized end-to-end services. The VNs are 

decoupled from the SN, which prompts expanded adaptability, configurability, and 

reasonability. Every substrate network can bolster different virtual networks, and 

different VNs work freely without interfering with one another.  Diverse applications 

work as particular VNs on correspondence foundations.  After suitable asset 

assignment, these VNs can run autonomously with no common impedance. A 

noteworthy test of NV is the VNE issue that handles productive mapping of virtual 

nodes and virtual links onto PHY nodes and links. VNE is refined when both virtual 

nodes and virtual links are mapped onto the substrate nodes and links in the SN. In 

the setting of the smart grid, both WMN and PLC system are set up as the SNs in the 

meantime. Since the transmission media of the two PHY systems are unmistakable, 

they presumably have divergent topologies and diverse transmission attributes. The 

VNs can be embedded into the two heterogeneous SNs in view of their differing 

requests. The node mapping in a smart grid is deterministic, as the correspondence 

terminals of an administration are just chosen by indicated electric gadgets; be that as 

it may, in the environment of the smart distribution grid, there are two SNs 

accessible for the link mapping. For the real-time services in the COD, the delay and 

the reliability requirements are strict. For the example, a command must be received 

by device in a particular amount of time with a particular probability after being 

issued by the control center of the virtual network. On the off chance that any single 

substrate way in the SNs cannot meet the necessities, the virtual link of the VN can 

be mapped to substrate ways in distinctive SNs to improve the transmission diversity 

and the reliability. Attributable to the limit restriction of the PLC system, it is fit for 

the administrations with small data value. Therefore, we build up VNs for control 

and operation administrations in the control and operation division (COD) of the 

power grid and insert them into heterogeneous systems to ensure their prerequisites; 

the management and data administrations in the management and data division 

(MDD) of the power grid are merged into one VN. The VN is mapped to the WMN 

to in conflict with best-effort transmission service. This is the means by which the 
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VNE approach in heterogeneous SNs is proposed to ensure real-time service delay 

and reliability by expanding the transmission differing qualities. In the distribution 

grid, a control center (CC) is utilized to control, monitor, and deal with various 

terminal devices (TDs). The nodes of the VN contrast with the genuine CC and TD, 

while the links of the VN are required to be mapped onto the SNs. By comparing the 

attributes of the different PLC technologies, the multicarrier NB PLC is the most 

fitting innovation for the case considered in this paper. For the PHY layer of PLC, 

both PLC G3 and PRIME employ orthogonal frequency division multiplexing in 

combination with coded differential phase shift keying as modulation. For the MAC 

layer, they two receive a hybrid channel access scheme consolidating carrier sense 

multiple access with Collision Avoidance (CSMA/CA) and time division multiple 

access (TDMA). Time is isolated into edges, which are composite units of 

deliberation for channel use. The nodes in the PLC system can get to the divert in the 

contention access period (CAP) of the PLC frame structure as per CSMA/CA 

mechanism or ask for a committed contention free period (CFP) of the PLC frame 

structure to exchange information. On the premise of the structure plan, the control 

and the operation VNs are proposed to be inserted into the PLC system. Since the 

control service has the higher need and stricter reliability prerequisite than the 

operation service, it is actuated in the CFP to maintain a strategic distance from the 

postponement acquired by collisions and back offs. The operation service utilizes 

CAP for transmission as a part of that its delay demand is not all that thorough as the 

control service. The PLC distribution network is organized into a tree topology.  

The packet error rate (PER) of PLC is described byy , and the hop count of a 

terminal to the base node is h. It is accepted that the traffic loads of the control and 

operation services are not all that substantial that the CFP can simply be apportioned 

while being asked. Henceforth, the success probability of control message 

transmission over PLC (meant by ) is, 

         (1) 

The terminals in the same sub tree receive the CSMA/CA plan for channel conflict 

when attempting to transmit operation messages. In the event that a terminal endures 

collision, it needs to back off an irregular interim before the following attempt. 

Along these lines, it can't promise that the transmission latency is inside of the delay 

requirement with a certain probability. In this paper, we expect that the transmission 
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is unsuccessful on the off chance that it is collided. Bianchi set forward a precise 

model in [8] to dissect the execution of CSMA/CA system. The conditional collision 

probability (signified by p) of a terminal can be settled from the accompanying 

nonlinear framework:  

       (2) 

         (3) 

The variable τ shows the probability that a station transmits in a randomly chosen 

slot time. The parameter W levels with the minimum contention window 

while m is the maximum backoff stage such that = 2mW. In light of the 

particulars in the IEEE 802.11 standard [13], when the PHY layer technology is 

OFDM, the maximum and minimum contention window sizes are 1023 and 15, 

respectively. In this manner, the parameters in (2) are W = 15 and m = 6. The 

parameter n in (3) indicates the number of the stations that go after the channel. The 

analysis in [8] depends on saturation conditions, i.e., every station dependably has 

packet to transmit. Consequently, the computed collision probability is the upper 

bound of the actual collision probability. 

Given the collision probability p of the  jump, the successive transmission 

probability  can be registered by = 1 − p. On these grounds, the success 

probability of operation message transmission over PLC  is, 

       (4) 

WMN gives higher data transfer capacity and bit rate contrasted and the PLC system. 

In this way, in our outline, the WMN needs to bolster the VN of the MDD other than 

the VNs of the COD. An essential standard of NV is that, when numerous VNs 

coincide on the same PHY WMN, the exercises of one VN ought not to influence 

some other VNs and the other way around. Since the wireless link is a show medium, 

to keep the disengagement, the VNs ought to be isolated in space, time, frequency, or 

code. The arrangements, for example, space division multiple access, time division 

multiple access (TDMA), frequency division multiple access (FDMA), code division 

multiple access (CDMA) or half breed approaches don't fit for the smart grid 

communication well. Keeping in mind the end goal to granularly allocate resources 

to VNs, OFDMA is utilized as the multiple access schemes for WMN in the 
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framework. Distinct VNs are assigned with distinctive subcarriers to be effortlessly 

isolated. The wireless radio in the OFDM-based mesh node design is half duplex, 

and it cannot transmit and receive at the same time. To keep away from the case that 

a VN can't transmit when another VN is accepting, the node ought to be furnished 

with two radios: One is particularly to transmit (called radio) and the other is 

particularly to receive (called  radio). To abstain from disregarding the 

acknowledgement (ACK) plan, the ACK transmission is seen as atomic operation 

together with information gathering. All the more particularly, subsequent to 

transmitting data packets, the  radio will sit tight for ACKs. Likewise, when the  

radio has gotten data packets effectively, it will send ACKs after a short inter-frame 

dispersing for exchanging. The  fragmentation layer is utilized to fragment 

data packets of distinctive VNs into blocks of same length, while the Rx 

reassembling layer is utilized to rebuild the packets. Along these lines, each VN can 

begin transmission quickly without sitting tight for other VNs' reception. At the point 

when there are various radios on the same wireless node, the out-of-band (OOB) 

interference impact for the most part exists, configuring the working frequencies of 

the two radios into two groups individually can dispose of mutual interference 

successfully.  This is how the OFDM based WMN is designed for network 

virtualization. On the premise of such outline, the WMN is sorted out into a 

hierarchical structure. The nodes on the same level have the indistinguishable 

channel configuration. One node must communicate with the node which has the 

inverse configuration, and the two nodes at the same level cannot interface with one 

another specifically. Consequently, the traffic must be exchanged between 

neighboring levels.  

Since each VN has its committed subcarriers for transmission, the transmission will 

not endure collision or back-off. In the event that a mistake happens at the recipient, 

the transmitter will not get the ACK. In the wake of holding up a sure timeframe it 

will retransmit the packet. Various subcarriers can be utilized to transmit the same 

packet simultaneously, which enhances the transmission diversity. The transmission 

reliability gets clear change when different low-reliability connections are used. In 

this paper, we concentrate looking into it that the CC is outfitted with two radios. 
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3.2 Algorithm 

To reduce the complexity of the system, an algorithm of data sparsification is applied 

on the input. According to the algorithm, maximum sparsity is achieved by 

considering the CPI values pertaining to each block. Invariably this would result in 

considerable loss of information in the signal. The input is divided into 8×1 samples 

and discrete ratio transform (DRT) is applied to each block and DRT spectrum is 

obtained. Each block spectrum would consist of 8×1 samples. The first element in 

each block spectrum is its CPI and the remaining seven elements its spectral 

components. Now, sparsing is carried out in each block by forcing all seven elements 

in a block other than the CPI to the value 0. The positions of all 0’s are a priori 

known and hence one can compress the spectrum of the original length to the CPI 

sequence of its 1/8th length. This reduced CPI sequence is stored instead of the 

original voice data sequence. One can decompress this CPI sequence by introducing 

0’s in appropriate places and make it a sequence of the original length. Then the 

uncompressed sequence is decoded by applying IDRT to it.  

 

Data Compression Algorithm: 

Procedure: 1 // Converting the input data sequence into the 8×1 data blocks 

1. Input: Original data sequence 

2. Divide the input data sequence into the 8×1 data blocks. 

Procedure: 2 //Getting the DRT spectrum and apply the data sparsification 

3. Create an operating matrix  

4. for each data block do 

; // DRT spectrum 

5. for each data block of the DRT spectrum do 

Make all the values of the data block zero other than the CPI; 

Create a sequence of the CPIs; 

6. New input: Sequence of CPIs 

Procedure: 3 //Applying IDRT at the output 

7. Place the zeros at the appropriate places to get the sequence of same length of 

that of the input and make the data block of size 8×1 with the first value as the CPI 

and all the other elements to be zero. 
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8. for each data block do 

; // reconstructed data sequence 

9. error=input data sequence-reconstructed data sequence; 

The stepwise discrete ratio transform (DRT) flow chart with an example is as 

follows:  

� Consider an N dimensional signal vector  where  with  being a non-

negative integer. 

For example, x= {1, 9, 6, 2, 3, 1, 5, 1}. 

� Let the length of the input be N=8 and thus the number of iterative stages that 

are required to compute DRT is n=3 and let the stage number be k= {1, 2, 3}. 

For x= {1, 9, 6, 2, 3, 5, 1} 

 

 
No. of steps= k= {1, 2, 3}. 

� Stage #1, that is k = 1 

In general, there is a unique operating matrix  at stage number k of dimension 

       (5) 

;        (6) 

Where   is the dimension of corresponding identity matrix at stage number k. 

Hence, for 1st stage,   

For example the dimension of identity matrix at stage k=1 is   

So, at stage k=1  

       (7) 

Note: The entries of not only depend on the values of but also on the auxiliary 

information (phasor values)   generated as a result of subtracting certain signal 

sample from another sample of the discrete signal. This is shown below in the next 

row. 
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� If the input signal sequence to an arbitrary stage  the 

auxiliary information  is expected to contain inherent phasor relationship only 

between the signal samples a and e.  

�      (8) 

Where, . 

Here, in our example, comparison is made between 1st and 5th. Thus the value off is 

1. 

� The expression used to get DRT is, 

, m = {k, k − 1,..., 1}.      (9) 

� Operating matrix  is constructed.  

For the example,  

 
� First stage output 

         (10) 

 
� is obtained by reshaping  

 
� There are two equilibrium segments in the second stage i.e. and hence 

.  

For the example we have considered, 
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�  for       (11) 

For the example we have taken, 

 And  

� Thus  is obtained as 

 
� 2nd stage Operation k=2 

;  

 

       (12) 

� To construct operator matrix ,                  

 

 
 

� The output of the second stage is calculated as 

         (13) 

 
� is obtained by reshaping  

 
� The auxiliary information values can be obtained for the four equilibrium 

segments 

     (14) 
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�        (15) 

 
� The value of is thus calculated as 

 
� 3rd stage Operation k=3 

;  

 

       (16) 

� To construct operator matrix ,                   

 

 
� The output of the second stage is calculated as 

         (17) 

 
Thus after 3 iterative stages, the final DRT output is obtained as  [28, 2, 0, 14, 

-8, 10, -4, 10]. In this case, the CPI value is 28.  

IDRT is used to retrieve the input signal in the presence of the auxiliary phasor 

information    andd . Assuming that these values are known the IDRT operator  

is obtained. 

For the example we have considered, 

       (18) 

      (19) 

 
Input for the IDRT will be [28, 2, 0, 14, -8, 10, -4, 10]. 

 
� The expression used to retrieve back the input signal in each stage is 
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     (20) 

Where m = {k, k − 1, ..., 1}. 

For the example we have taken,  

For the third stage, the input will be the DRT output. 

         (21) 

 
Since  

 

 
�      (22) 

Here,  

 
� For the second stage input, 

         (23) 

For the example taken, 

 

 

Second stage input,  =  

� Here the second stage input is reshaped. 

2nd stage Input,  =  

 
� 2nd stage Operation k=2 
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 Andd  

 

 
� The transpose of , 

 
� For the third stage input, 

         (24) 

For the example taken, 

 
� The third stage input is reshaped to an 8×1 matrix. 

3rd stage Input  

� So, at stage k=1 

 
Here  
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The transpose of  is, 

 
� For the final output, 

         (25) 

For the example we have considered, the final IDRT will be, 

 
Thus after 3 iterative stages, the final IDRT is obtained as x= [1, 9, 6, 2, 3, 1, 5, 1]. 

Error = [0, 0, 0, 0, 0, 0, 0, 0] 

The first element in each block spectrum is its CPI and the remaining seven elements 

its spectral components. Now, sparsing is carried out in each block by forcing all 

seven elements in a block other than the CPI to the value 0. The positions of all 0’s 

are a priori known and hence one can compress the spectrum of the original length to 

the CPI sequence of its 1/8th length. This reduced CPI sequence is stored instead of 
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the original voice data sequence. The stepwise flowchart for the IDRT of sparsed 

spectrum is mentioned below. 

The input for this procedure will be Y= [28, 0, 0, 0, 0, 0, 0, 0]. 

� The expression used to retrieve back the input signal in each stage is 

 
Where m = {k, k − 1... 1}. 

So,  

 
Since  

 

 
� The input for the first stage, i.e., Y is reshaped  

So for  

 
 Input for the first stage will be, 

 
� The input for the second stage can be achieved by, 

 
So, for the example we have considered,  

 

 

� 2nd stage  Input, =  
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� For the third stage input, 

 
And  

 So,  

 
� The transpose of , 

 

 The input of third stage,  

  

 
 After reshaping ,  

3rd stage Input  

� For the last stage  of IDRT for sparsed spectrum, 
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Here  

So,  

 
The transpose matrix of will be, 

 

� For the final output,  
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Thus after 3 iterative stages, the final IDRT is obtained as x = [3.5, 3.5, 3.5, 3.5, 3.5, 

3.5, 3.5, 3.5]. 

X = [1, 9, 6, 2, 3, 1, 5, 1] (Actual signal sequence) 

Error, E = [-2.5, 5.5, 2.5, -1.5, -0.5, -2.5, 1.5, -2.5] 

 

Table-3.1: Result of the Data Compression Algorithm 

Original 

sequence, X 

DRT 

spectrum,  

Sparsed 

spectrum,Y 

Reconstructed 

sequence, x 

Error, 

E=original-

reconstructed 

1 28 28 3.5 -2.5 

9 2 0 3.5 5.5 

6 0 0 3.5 2.5 

2 14 0 3.5 -1.5 

3 -8 0 3.5 -0.5 

1 10 0 3.5 -2.5 

5 4 0 3.5 1.5 

1 10 0 3.5 -2.5 

 

The degree of sparsity obtained in this case is 12.5%. 

Other than this, sparsing can be carried out in each block by forcing to zero all six 

elements other than the CPI and the fifth element. The degree of sparsity will be 25% 

for that case. Similar to that, sparsing can be carried out in each block by forcing to 

zero all four elements other than CPI, third, fifth and seventh element. The degree of 

sparsity will be 50% for that case. It is observed that the error obtained in the case of 

12.5% data compression is high, that obtained in the case of 25% data compression is 

medium while the error obtained in the case of 50% data compression is low. 

This algorithm is applied on the input and the results with data compression and 

without data compression is compared in the study.  
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In the next chapter, the practical implementations done for the proposed work are 

explained in detail. The limitations of the study, the parameters that we are 

neglecting in this work and future expansion of the proposed work are mentioned. 
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Chapter-4 

Practical Implementation 

This chapter details the software utilized and the coding which is performed to 

accomplish the operation of general framework. Little learning on the utilization of 

these was at first accessible so every stride has been actualized through accumulated 

data and afterward applying them to the application requirements for this work. The 

coding for every stage has been done starting with no outside help and is simply 

centered on the operation of this framework. Fundamentally, MATLAB is used as 

the software platform for the proposed work.  

 

4.1 Practical Implementation 

The substrate WMN and the PLC system are both able to be abstracted into weighted 

undirected graphs, which are meant as and separately, 

where N is the node set and  andd  are edge sets of the WMN and PLC systems 

respectively. The two systems have the indistinguishable node set N where  

There is one CC (denoted byy ) and (n-1) TDs (denoted by  where i=1, 2… n-1) in 

the set N. In this framework each node contains of two attributes, i.e.  and , 

which shows the subcarrier numbers offfffffff  and  radios respectively.  

The edge sets in the two graphs usually are not indistinguishable since the topologies 

of two SNs are likely diverse. For each , it is associated with a real number 

ϵ [0, 1], which represents the reliability of the lossy wireless links. The reliability 

of PLC link  is figures as = 1-  where  is the Packet Error Ratio (PER) of 

the PLC link. The bit error rate of both WMN and PLC are represented as  and 

, respectively. 

Except for the CC, each node has three VN requests. A control service request is 

communicated by a triple c(i)=(((((((((( , where  is the dominated 

length of the control message,  is its delay request and  is the reliability 

request. The actual transmission success probability of c(i) after being mapped to the 

heterogeneous SNs is . An n×(n-1) matrix  is used to keep the 

records of the  radio subcarrier assignment of the control services. The term  
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in the matrix indicates the -radio subcarriers that  allocates to c(j). Likewise, 

n×(n-1) matrix  keeps the records for the -radio subcarrier 

assignment.  

An operation service request is communicated by another triple 

o(i)=( , where  is the dominated length of the control 

message,  is its delay request and  is the reliability request. The actual 

transmission success probability of o(i) after being mapped to the heterogeneous SNs 

is . An n×(n-1) matrix  is used to keep the records of the  radio 

subcarrier assignment of the operation services. The term  in the matrix 

indicates the -radio subcarriers that  allocates to o(j). Likewise, n×(n-1) matrix 

 keeps the records for the -radio subcarrier assignment.  

Beside control and operation services, every node likewise has a best-effort traffic 

request b(i). The real fulfilled part of the best-effort traffic request is f(i) after the 

VNE process. An n×(n-1) matrix  is used to keep the records of the  

radio subcarrier assignment of the best-effort services. Likewise, n×(n-1) matrix 

 keeps the records for the -radio subcarrier assignment. The goal is to 

fulfill real-time service reliability request and amplify the total best-effort throughput 

without violating subcarrier constraints.  

The issue can be formulated as beneath: 

Maximize         (26) 

St. 

,  i=1, 2… n-1      (27) 

,  i=1, 2… n-1      (28) 

f(i)≤b(i),  i=1, 2… n-1      (29) 

, i=1, 2… n-1   (30) 

, i=1, 2… n-1   (31) 

These equations state that the actual satisfied part of the best-effort traffic request 

should be maximized such that the actual transmission success probability of c(i) will 

be more than the reliability request of control service on the node n(i). Also the 

actual transmission success probability of o(i) will be more than the reliability 
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request of operation service on the node n(i). The total number of radio subcarrier 

that  allocates to the control, operation and best-effort services will be less than the 

subcarrier number of the  radio on node . Likewise, the total number of radio 

subcarrier that  allocates to the control, operation and best-effort services will be 

less than the subcarrier number of the  radio on node .   

The previously stated issue does not consider the fairness of the best-effort traffic. 

Under such conditions, a few nodes might endure starvation, i.e., its satisfied best-

effort traffic equals zero. In order to avoid such circumstances, Max–Min fairness is 

taken into account. For this objective the difference between the maximum ratio of 

the actual satisfied part of the best-effort traffic request and the best-effort traffic 

request of each node and the minimum ratio of the actual satisfied part of the best-

effort traffic request and the best-effort traffic request of each node should be 

minimized. The accompanying target ought to be added to the problem formulation 

as below: 

minimize        (32) 

The complexity of this multi-objective optimization issue is NP hard. To take care of 

the issue effectively, we take a heuristic solution in to use.  

 The first step of the heuristic solution is to figure the success probability of real-time 

services in the PLC network. The real-time services influence the PLC system as one 

of the transmission media. By principles determined in earlier chapters, the control 

service works in the CFP, while the operation service keeps running in the CAP. In 

light of equations (1) and (4), the success probability of real-time service's 

transmission in PLC (signified by ) can be figured.  

The second stage of the heuristic solution is to relegate subcarriers for real-time 

services in the WMN. The real-time services additionally embrace the WMN for 

transmission to enhance the diversity and reliability. Let  be the success 

probability in the WMN and  be the reliability request of the real-time service. 

The integrated reliability of the transmissions in two SNs measures up to the 

probability that the transmission is successful in no less than one SN. Taking into 

account the demand that the integrated reliability should not be less than the required 

reliability, we can get  

1-(1- ) (1- ) ≥≥≥        (33) 
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In the wake of acquiring  in the initial step, the lower bound of the reliability in 

the WMN can be registered as 

 ≥         (34) 

Because of the mesh topology, a TD might have various routing paths to the CC. To 

decrease the complexity of routing selection, the TD picks the routing path with the 

minimum single subcarrier expected transmission time, which is ascertained as  

min          (35) 

Where, p is a routing path from the TD to the CC, e is a link in p, is the single 

subcarrier bit rate of e, and L is the dominated packet length of the real-time service. 

After the routing path is determined, the nodes on this path assign /// -radio 

subcarriers to the real-time service. The subcarrier assignment is directed in an 

iterative way, i.e., add one subcarrier to the link with the most minimal reliability at 

once until the reliability of the entire path accomplishes or surpasses . 

The third step of this heuristic solution is to maximize the best-effort service 

throughput. At the point when Step 2 has been done, the remaining WMN = 

(N, ) is utilized for best-effort traffic. It is unique in relation to traditional maximal 

flow problem, subsequent to the capacity of an edge in our system might change with 

the usage of different edges if these edges share subcarriers.  

Two algorithms are assigned for getting the maximal best-effort service throughput. 

The first algorithm is for maximizing the throughput without fairness, while the 

second algorithm takes the fairness into the account. 

Algorithm 1 is proposed for the purpose of throughput maximization. The center 

thought of Algorithm 1 incorporates two stages. The main stage is to confine the link 

capacity from top to bottom in the hierarchical structure. The second stage is to push 

traffic from bottom to top however much as much as possible. The primary stage is 

important on the grounds that it can abstain from misleading traffic to the way in 

which upper links are with low capacity. The computing complexity of Algorithm 1 

is O(| |•|N|), and it can be illuminated in polynomial time. 

The input for the first algorithm is the remaining WMN . For each , the 

capacity of the link in a routing path from the TD to the CC is marked. For each node 

n on the current level, the capacities of the lower links are set based on the capacities 
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of its upper link from top level to the bottom level. Then for each node n on the 

current level, the maximum traffic is pushed to the upper nodes from bottom level to 

top level. The capacities of the relevant links are updated according to it. The output 

of this algorithm is the maximal throughput. The process for the algorithm 1 is 

shown in Figure 4.1. 

 

Input= Remaining
WMN For each eϵE* Mark e’s capacity Set the capacities

of the lower link

For each node n
on the current

level

From top level to
bottom level

Push traffic to
upper node

For each node n
on the current

level

From bottom level
to top level

Update the
capacities

Output= Maximal
Throughput

Figure-4.1: Process for the Max Flow algorithm 

 

Algorithm 1 does not include fairness into the consideration, which might bring 

about a few nodes' starvation. To accomplish max–min fairness, Algorithm 2 is 

created. This algorithm works in a round-robin way. Every time, a node pushes a 

specific extent of its best-effort traffic request to the CC. In the event that the 

majority of the data have been transmitted or all the routing paths to the CC have 

been saturated, the transmission comes up short, and the node is expelled from the 

node set. The procedure rehashes until the node set gets to be void. Along these 

ways, the satisfied ratio of the considerable number of nodes increments consistently, 

and the gap between the maximal ratio and the minimal one is minimized. The 

complexity of Algorithm 2 is O(|N|). 

The input of the second algorithm is the remaining WMN  and the proportion of 

the pushed traffic . For each , the •  is attempted to push to , while   

N ≠ ϕ. If the attempt is success than the remaining WMN will be updated otherwise 

the node will be removed from the node set. The output of this algorithm will be the 

achieved throughput. The process for the algorithm 2 is shown in Figure 4.2. 
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Input= Remaining
WMN and pushed

traffic
N≠ϕ

Attempt to push
the proportion of
best-effort traffc

False

True
For each niϵN Attempt

success

False

True Update the
remaining WMN

Node is removed
from the node set

Output=Achieved
Throughput

 
Figure-4.2: Process for the Fair Flow algorithm 

 

To reduce the complexity of this system a new algorithm is applied at the input. This 

algorithm is about the data sparsing. According to this algorithm the input is 

converted into the blocks of 8×1 blocks. The Discrete Ratio Transform is applied on 

each block of the input. Each block of the DRT spectrum will have 8×1 blocks. The 

data sparsing is carried out by forcing all seven elements in the block other than the 

CPI to the value 0. So the spectrum will be represented by only the CPI values. The 

new spectrum will be of 1/8th length of the original spectrum. As the spectrum length 

will be reduced, the complexity of the system will be reduced as there will be less 

data to be processed through the system and lesser the data less will be the 

complexity. This compressed CPI sequence of the input can be uncompressed by 

introducing the 0’s in appropriate places and make it the sequence of the original 

length. The uncompressed sequence can is then decoded by applying IDRT to it.   

The flow chart for the algorithm is shown in Figure 4.3. 

 

Input Data Converted into
8×1blocks Apply DRT DRT spectrum Data Sparsing

CPI sequenceSystem

Original length
sequence by
putting 0s in

appropriate places

IDRTOutput Data

 
Figure-4.3: Flow chart for Data Compression 

 

4.2 Limitations 

In this study, the software implementations are done in the MATLAB, so we are 

applying the input and the output in the form of matrices. There is no signal or image 



 
52 

 

input applied to the system. Also the framework done here is only software base. 

There is no hardware implementation done. 

 

4.3 Parameters Neglected 

We are assuming in this study that if the terminal collision happens in the PLC, than 

the transmission will be unsuccessful. There are some parameters, the values of 

which are taken as default in our study. The PLC bit-rate ( ) will be 100kbps. The 

value of PLC packet error ratio (PER) ( ) is 0.01. The number of subcarriers 

assigned per radio (  is 128. The retransmission waiting time (  is 1ms. The 

value of bit-rate per subcarrier ( ) is {100 kbps, 80 kbps, 50 kbps}. The control 

packet length (  is 1000 bits. The value of control delay request ( ) is 30ms. The 

value of control reliability request ( ) is 0.999. The operation packet length (  is 

2000 bits. The value of operation delay request ( ) is 60ms. The value of operation 

reliability request ( ) is 0.99. The value of the best-effort traffic request (b) is 

following a normal distribution, with µ varying from 500 kbps to 1400 kbps and 

σ=100 kbps. The value of wireless link reliability ( ) is following a uniform 

distribution from 0.80 to 0.99. 

 

4.4 Future Expansion 

The hardware of this system can be done in the future expansion. The equipment that 

is needed for the same are listed below. 

 

� Spectrum Analyser: 

 

 
Figure-4.4: Spectrum Analyser 
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A spectrum analyser measures the magnitude of an input signal versus frequency 

within the full frequency range of the instrument. The primary use is to measure the 

power of the spectrum of known and unknown signals. The input signal that a 

spectrum analyser measures is electrical, however, spectral compositions of other 

signals, such as acoustic pressure waves and optical light waves, can be considered 

through the use of an appropriate transducer. Optical spectrum analysers also exist, 

which use direct optical techniques such as a monochromatic to make measurements. 

By analysing the spectra of electric signals, dominant frequency, power, harmonics, 

bandwidth and other spectral components of a signal can be observed that are not 

easily detectable in time domain waveforms. These parameters are useful in the 

characterization of electronic devices, such as wireless transmitters. 

The display of a spectrum analyser has frequency on the horizontal axis and the 

amplitude displayed on the vertical axis. To the casual observer, a spectrum analyser 

looks like an oscilloscope and, in fact, some lab instruments can function either as an 

oscilloscope or a spectrum analyser. 

 

� Power Analyser:  

 

 
Figure-4.5: Power analyser 

 

The power analyser can be used to measure and audit power consumption of single 

phase devices. It can also be used to evaluate load performance under varying line 

conditions. The effectiveness of power conservation efforts can be demonstrated with 

the use of the power analyser. It is used to characterize device AC power 

requirements. 
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� Wireless Router: 

 
Figure-4.6 Wireless Router 

 

A wireless router is a device that performs the functions of a router and also includes 

the functions of a wireless access point. It is used to provide access to the Internet or 

a private computer network. It can function in a wired LAN (local area network), in a 

wireless-only LAN (WLAN), or in a mixed wired/wireless network, depending on 

the manufacturer and model. 

 

� RF Modulator: 

 

 
Figure-4.7: RF Modulator 

 

An RF modulator (or radio frequency modulator) is an electronic device whose input 

is a baseband signal which is used to modulate a radio frequency source.  

RF modulators are used to convert signals from devices such as media 

players, VCRs and game consoles to a format that can be handled by a device 

designed to receive a modulated RF input, such as a radio or television receiver. 

Technically, RF modulation usually means combining the data with a carrier 

signal at a standardized frequency. Either amplitude or frequency modulation may be 

used, as required by the receiving equipment. 
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� RF Demodulator: 

 

 
Figure-4.8: RF Demodulator 

 

A demodulator is a circuit that is used in amplitude modulation and frequency 

modulation receivers in order to separate the information that was modulated onto 

the carrier from the carrier itself. A demodulator is the analog part of the modulator. 

A modulator puts the information onto a carrier wave at the transmitter end and then 

a demodulator pulls it so it can be processed and used on the receiver end. 

 

� Wireless Transmitter: 

 

 
Figure-4.9: Wireless Transmitter 
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In electronics and telecommunication a transmitter or radio transmitter is an 

electronic device which, with the aid of an antenna, produces radio waves. The 

transmitter itself generates a radio frequency alternating current, which is applied to 

the antenna. When excited by this alternating current, the antenna radiates radio 

waves. In addition to their use in broadcasting, transmitters are necessary component 

parts of many electronic devices that communicate by radio, such as cell 

phones, wireless computer networks, Bluetooth enabled devices, garage door 

openers, two-way radios in aircraft, ships, spacecraft, radar sets and navigational 

beacons. The term transmitter is usually limited to equipment that generates radio 

waves for communication purposes; or radiolocation, such as radar and navigational 

transmitters. Generators of radio waves for heating or industrial purposes, such as 

microwave ovens or diathermy equipment, are not usually called transmitters even 

though they often have similar circuits. 

 

� Wireless Receiver: 

 
Figure-4.10: Wireless Receiver 

 

In wireless communications, a wireless receiver is an electronic device that 

receives radio waves and converts the information carried by them to a usable form. 

It is used with an antenna. The antenna intercepts radio waves (electromagnetic 

waves) and converts them to tiny alternating currents which are applied to the 

receiver, and the receiver extracts the desired information. The receiver 

uses electronic filters to separate the desired radio frequency signal from all the other 

signals picked up by the antenna, an electronic amplifier to increase the power of the 
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signal for further processing, and finally recovers the desired information through 

demodulation.

The next chapter includes the description of the outcome in details. The results are 

compared with the results of study done by other researchers.



 
58 

 

Chapter-5 

Results and Discussions 

This chapter contains the results of the proposed work as well as the analysis of the 

result. 

Simulations are directed to assess the execution of our proposed NV-based system. 

We produce a node set which contains one CC and ten TDs. The TD nodes are 

numbered from 1 to 10. Every node is equipped with two radios, and every radio has 

128 subcarriers. Since the uplink traffic and the downlink traffic are equal, we just 

consider the uplink best-effort traffic in the examinations with a specific end goal to 

facilitate analysis. These nodes frame a hierarchical mesh topology as appeared in 

Figure 5.1 through wireless links. Figure 5.2 demonstrates the tree topology of the 

PLC system.  
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Figure-5.1: WMN Topology 
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Figure-5.2: PLC network topology 
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Figure-5.3: PLC distribution topology 
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Figure-5.4: Hierarchical structure of OFDMA-based WMN 

 

The PLC distribution topology and hierarchical Structure of OFDMA-based WMN is 

shown in the Figure 5.3 and Figure 5.4, respectively. The networks are formed first 

and to represent it the matrix are created. The network is represented with the 

hexagon shaped objects. 
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Figure-5.5: Impact of PLC on the maximal throughput 

 

Figure 5.5 shows the effect of the PLC system on the maximal throughput. The 

lowest curve compares to the case that just the WMN is utilized to backing all the 

VNs and the PLC system is not utilized. For this situation, the WMN needs to dole 

out more subcarriers to the real-time services to ensure their reliability requirements. 

In like manner, the rest of for best-effort traffic are less, which brings about the low 

throughput. The other great case is that the PLC reliability is sufficiently high to 

meet all the real-time services' requirements, the general subcarriers in the WMN can 

be used for best-effort traffic. The perfect maximal throughput in such case is 

outlined by the blue plane line, which shows the maximal throughput upper bound. 

Some different cases are additionally tried, in which PLC PER ( )(which is stated 

as P in the graph) shifts from  to . Lower )(which is stated as P in the 

graph) suggests that the PLC can give higher transmission reliability, and more 

subcarriers in the WMN can be utilized for best-effort traffic. It uncovers that 

embedding VNs onto the two heterogeneous SNs enhances the maximal throughput 

strikingly through upgrading transmission diversity, and the maximal throughput of 

best-efort traffic is adversely identified with the PLC PER. 

 



 
62 

 

Table-5.1: Result of Impact of PLC on The Maximal Throughput 

Total Data 

Demand(Mbps) 

Maximal Throughput (Mbps) 

Ideal Only 

WMN 

=0.1 =0.01 =0.001 

6 6 6 6.0000 6.0000 6.0000 

7 7 7 7.0000 7.0000 7.0000 

8 8 7.2 8.0000 8.0000 8.0000 

9 9 7.4 8.2000 9.0000 9.0000 

10 10 7.7 8.4000 9.3000 10.0000 

11 11 7.7 8.6000 9.5000 10.4000 

12 12 7.7 8.6000 9.8000 10.7000 

13 12.3 7.7 8.6000 9.8000 10.8500 

14 12.7 7.7 8.6000 9.8000 10.8500 
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Figure-5.6: Impact of reliability requirements on the maximal throughput 
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At the point when the reliability of the control service changes from 0.999 to 

0.999999 and the operation service reliability shifts from 0.99 to 0.99999, relating 

maximal throughputs are uncovered in Figure 5.6. It is clear that the expansion of the 

reliability is at the expense of subcarrier resource consumption. From another point 

of view, by inserting the real-time VN onto heterogeneous SNs to upgrade the 

diversity, to a great degree high reliability(e.g., reliability of 0.999999) can be 

accomplished, which is a troublesome errand in a single SN with lossy link. 

 

Table-5.2: Result of Impact of Reliability Requirements on The Maximal 

Throughput 

Total Data 

Demand 

(Mbps) 

Maximal Throughput (Mbps) 

=0.999, 

=0.99 

=0.9999, 

=0.999 

=0.99999, 

=0.9999 

=0.999999, 

=0.99999 

5 5 5 5 5 

6 6 6 6 5.2 

7 7 7 6.2 5.4 

8 8 8 6.34 5.5 

9 9 8.1 6.5 5.6 

10 9.3 8.4 6.7 5.6 

11 9.5 8.72 6.7 5.6 

12 9.69 8.72 6.7 5.6 

 

Two algorithms are produced in the heuristic solution. algorithm 1 can acquire the 

maximal throughput, however it doesn't consider fairness. At the point when the 

overall best-effort traffic demand is 12 Mb/s, the statistical individual satisfied traffic 

of every node taking into account with Algorithm 1 is shown in Figure 5.7. Under 

these circumstances, nodes 3 and 6 endure starvation, in spite of the fact that the 

average satisfied rate accomplishes up to 80%. 
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Figure-5.7: Satisfied effort throughput for Max flow 

 

Table-5.3: Result of Satifsfied Effort Throughput for Max Flow 

Terminal Device Number Satisfaction Rate 

1 1 

2 1 

3 0 

4 0.8 

5 1 

6 0 

7 1 

8 1 

9 1 

10 1 
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Figure-5.8: Satisfied best-effort throughput for fair flow 

 

Table-5.4: Result of Satifsfied Effort Throughput for Fair Flow 

Terminal Device Number Satisfaction Rate 

1 0.79 

2 0.775 

3 0.79 

4 0.776 

5 0.776 

6 0.776 

7 0.776 

8 0.776 

9 0.776 

10 0.776 
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Algorithm 2 considers max–min fairness while boosting the throughput. It makes 

nodes exchange a specific proportion of traffic to the CC in a round-robin way. In the 

experiment, the propotin is set to 1%. With the same input, the aftereffects of 

Algorithm 2 are appeared in Figure 5.8. From the histogram, it can be realized that 

no node endures starvation. Moreover, the gap between the maximal and the minimal 

satisfaction rate is just 1%. The general average satisfaction rate is 78.2%, which is 

lower than the aftereffect of Algorithm 1 just a bit. 
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Figure-5.9: Best-effort throughput comparison between Max Flow and Fair Flow 

 

The throughputs acquired by the two algorithmss with different traffic demands are 

looked at in Figure 5.9. The gap between the consequences of the two algorithms is 

just around 2%. Algorithm 2 enhances fairness drastically at the expense of a little 

throughput diminish. This element shows that Algorithm 2 is substantially more 

practical. The flow chart of how these algorithms are applied to the system is shown 

in Figure 4.1 and Figure 4.2.. 
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Table-5.5: Result of Best-Effort Throughput Comparison between Max Flow and 

Fair Flow 

Total Data Demand 

(Mbps) 

Throughput (Mbps) 

Max Flow Fair Flow 

7 7 7 

8 8 8 

9 9 9 

10 9.2 9.1 

11 9.5 9.3 

12 9.7 9.5 

13 9.7 9.5 

14 9.7 9.5 

 

 

After applying the data compressing algorithm to the input the maximal throughput 

we are getting for the same total data demand in the case of Max Flow and Min Flow 

is as shown in Figure 5.10. The flow chart of how this algorithm is applied to the 

system is shown in Figure 4.3. 
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Figure-5.10: Best-effort throughput comparison between Max Flow and Fair Flow 

with Data Compression 

 

We have adopted the data sparcifiacation technique in this study and simulated the 

same examples without data compression as reported in [24]. From the technique 

adopted, it is seen that we can get the better results with the data compression than 

that of [24]. The results for the best-effort throughput comparison between max flow 

and fair flow with and without the data compression are tabled in Table 5.5 and 

Table 5.6 respectively. 
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Table-5.6: Result of Best-Effort Throughput Comparison between Max Flow and 

Fair Flow with Data Compression 

 

It is evident here that the best-effort throughput is more in the case of data 

compression. This is because the data we are giving as the input is compressed. The 

complexity of the system is reduced with the reduced data at the input, hence, 

increasing the throughput at the end. The proposed work is concluded in the next 

chapter. 

 

 

 

 

 

 

 

 

 

 

Total Data Demand 

(Mbps) 

Throughput (Mbps) 

Max Flow Fair Flow 

7 7.5 7.5 

8 8.3 8.3 

9 9.1 9.1 

10 9.3 9.2 

11 9.6 9.5 

12 9.9 9.7 

13 9.9 9.7 

14 9.9 9.7 
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Chapter-6 

Conclusion 

This research work discusses the Network Virtualization technology with two 

networks, i.e. WMN and PLC. With a specific end goal to meet different necessities 

of diverse information systems in smart grid, we have outlined a NV-based system.  

In the structure, real-time services are bolstered by VNs that were mapped to both 

WMN and PLC system, while best-effort traffic is upheld by WMN. OFDMA-based 

nodes are intended for NV in the WMN. The VNs are isolated smoothly under 

suitable subcarrier assignment, and they can work without mutual interference.  

The transmission diversity is upgraded through simultaneous transmission in 

heterogeneous systems and various subcarriers. Reliability prerequisites of real-time 

services can be ensured in our proposed system. The throughput of best-effort traffic 

is augmented, while the fairness is considered in the meantime. Subsequent to our 

multi-objective optimization issue is NP hard; a heuristic three-stage solution is 

created.  

A new algorithm of data compressing is applied to the system, which increased the 

throughput of the system. The input is converted into the blocks of 8×1 blocks. The 

Discrete Ratio Transform is applied on each block of the input. The data sparsing is 

carried out by forcing all seven elements in the block other than the CPI to the value 

0. The new spectrum will be of 1/8th length of the original spectrum. As the spectrum 

length will be reduced, the complexity of the system will be reduced as there will be 

less data to be processed through the system and lesser the data less will be the 

complexity. Simulation results showed the viability of the proposed approach. 
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