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Abstract: A smart grid is an electrical grid that uses smart meters and other devices to gather and act on 
information, such as information about the behaviors of suppliers and consumers, in an automated manner to 
improve the efficiency, reliability, economical, and sustainability of the production and distribution of electricity. 
Smart grid is a new emerging technology which is able to intelligently control the power consumption via network. 
Therefore, the efficiency of the information exchanges between the power suppliers (or control centers) and power 
customers are an important issue for smart grid. Moreover, the performance of the smart grid usually depends on the 
customer satisfaction degree which belongs to the field of quality of experience. Now-a-days, power consumption 
by the end users has increased a lot, prices of electricity is increasing day by day but the power production is 
reducing and always there is a scarcity in the required power. To overcome all these problems, smart grid is very 
helpful. In this thesis, we propose to study and analyze various QoE issues of smart grids for efficient use of power. 
We aim at proposing QoE aware power scheduling for effective utilization of power.  
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1. Introduction 

Smart grid delivers the electricity from 
suppliers to consumers using digital technology with 
two way communications to control appliances at 
consumers home to save energy, to reduce cost and 
increase reliability and transparency. Smart grid 
integrates the traditionally used power hardware with 
sensing and monitoring technological issues and 
communications to improve the grid performance to 
the utmost level and gives the better services to the 
consumers. Power grid infrastructure is very critical 
and made with heterogeneous interconnected 
combination of elements like power transformers, 
generators and distribution feeders that are 
geographically spread. 

The increasing complexity gives the huge 
number of geographically spread generators and the 
side effects caused by variable nature and penetration 
of renewable energy systems makes it vulnerable and 
requires specific security mechanism [3].  Perhaps 
the current power system does not give better quality 
of experience and also a centralized system with 
unidirectional power flows from the power plants. So 
the complete handling mechanism was done by 
central stations and some partial sub stations when 
required, here almost the loads are passive. So if 
distributed intelligence is to be provided in local 
electricity generation, there is a two way flow and 
achieve reliable, efficient, flexible, economic, secure 

power supply and usage [4]. 
So the smart grid technology is a choice for 

intelligent control of the power consumption with 
two way communication network. The performance 
of the smart grid is relatively based on the customer 
or consumer satisfaction, it can be variable as Quality 
of Experience. Overall benefits are stated 
sequentially as improving reliability, improves 
quality like stable voltages, more energy efficient, 
allows two way flow of power, provides dynamic 
pricing and demand side control, and very important 
one is greater consumer choice.  
2. Related Back ground work 

Under the Energy Independence and 
Security Act (EISA) of 2007, the National Institute of 
Standards and Technology (NIST) has been 
introduced a conceptual reference model [6]. The 
NIST Conceptual Reference Model is descriptive, 
and is intended to be high-level. The NIST 
conceptual Model can serve as a tool for identifying 
actors and possible communication paths in the Smart 
Grid. The figure 1 below provides a high-level 
grouping of what NIST has deemed as the smart grid 
domain.  

The seven Domains in the Smart Grid 
Conceptual Model include: customers, markets, 
service providers, operations, bulk generation, 
transmission and distribution [5].  Here QoE driven 
power scheduling is most important for smart grid. 
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Figure 1: Interoperable smart grid technology conceptual model 

 
Perhaps all these requirements may 

maintain the clear analysis and good Quality of 
service, along with these the customer satisfaction is 
also important for the control centers otherwise they 
may quit the system and it leads to revenue loss. 
More number of customers are also need to be 
satisfied and should maintain good quality of service 
[1] and here is a question that how to define a 

specific model in the clear context of smart grid. 
Communication also one of the important key factor 
for Smart grid communication technology, generally 
we may find so many wireless technologies with 
different complexity and flexibility levels to the user, 
here is a sample analysis of the wireless 
communication in smart grid shown in table 1 [7] . 

 
 

We should also study on the wireless 

communication systems because of its importance in 

the smart grid power management system. The mainly 

used wireless techniques in to day’s world are GSM, 

GPRS, 3G, WI-Max, PLC and ZigBee. The 

performance analysis of these networks also should 

remind for the most familiar and flexible usage of the 

service. In detail explanation and analysis of these 

communication networks are actually beyond of this 

paper, so pointed out very little important information. 

So in the next section we clearly defined a relevant 

system model with smart meters and related equipment 

for clear customer satisfaction and good quality of 

experience. 

3. System Design 

The system design is specifically defined in 

six interrelated elements or domains, and all the 

domains are connected using two way communication 

system, which is more crucial for the smart grid power 

system. The domains of the system model can be 

defined as Power Management, Demand Response 

analysis, Energy providers, Power distribution, Smart 

Meters and Consumer devices; the model design was 

described in figure 2. 

 
Figure 2. System Design 
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Figure 2a: Smart grid home energy handling with smart meter and wireless technologies 

 
Power Distribution: The Power 

Distribution domain takes the crucial role and it 
distributes the electricity to and from the end 
customers in the smart grid. The distribution network 
connects the pecifically designed smart meters and all 
intelligent field devices, managing and controlling 
them through a two-way wireless communications 
network. It may also connect to energy storage 
facilities and alternative distributed energy resources 
at the distribution level. 

Smart meter: the role of smart meter is to 
grab the power consumption request from the 
consumers. Two way communications is possible 
with interval measurements and storage of 
consumption data. Smart grid technology is actually 
works in wireless communication so connections 
should be operate remotely, so smart meters supports 
remote connection and disconnection. And it supports 
the variable energy tariffs; it would be very friendly 
and provides flexibility as well as good satisfaction to 
the consumers of the smart grid. 

The above figure shows the simple outer 

look of smart grid management with smart meter 

connected with the gateway using two way 

communications, used to exchange price, energy, 

time, support and various types of messages. Smart 

Meters measure and record at 30 minute intervals that 

how much electricity a household or business is 

using. There are different Smart Meter models, but 

the basic functions are the same. Smart Meters 

communicate meter readings directly to electricity 

distributors, eliminating the need for someone to 

come out and read your meter – whether that is for 

each quarterly bill, to change your electricity retailer 

or to reconnect power when you move house. Not 

only does this reduce fees, but electricity bills will 

also be more accurate – virtually eliminating 

estimated bills. Smart meters will also provide 

consumers with more accurate information and bring 

an end to estimated billing. 

Demand Response Analysis: Demand 

Response Analysis (DRA) entails the control of 

energy demands and loads during the peak level to 

achieve the balance between energy supply and the 

demand, so good utilization of the available energy at 

peak times enables the good Quality of experience. 

Customer can participate in the energy market 

competition by changing their energy consumption 

approach instead of being passively exposed to fixed 

prices, so will get profits for both end users and 

company [6]. 

Energy Providers: Energy providers are the 

organizations who provide energy services to the 

consumers or electrical users and utilities. This is the 

main domain to concentrate more on QoE. The 

energy providers should maintain a good quality of 

service as well. 

Consumer Devices: Consumer devices are 

the devices which can effectively utilize the power in 

the sense of consumption and saving. These devices 

contained by the customers or consumers of 

electricity, may also store, generate and manage the 

use of electricity. Traditionally three types of 

customers are discussed, each with its own domain: 

Residential, Commercial, and Industrial. The 

consumer devices may be vary based on the specified 

customer type and their usage strategy. 

Power Management:  Power management 

has the central control of all other domains.  This is 

very crucial for the smart grid to effectively 

communicate in both the directions. The transmission 

of electricity over the bulk distances in bulk quantity, 

and also required   to manage the storing and 

generation of electricity. The SPAM can adjust the 

transmitting power for DATA/ACK packets as well 

as   signal RTS/CTS packets according to the current 

network condition in order to reduce the energy 

consumption whereas the performance of the whole 

network should not be much sacrificed; hence quality 
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of service will be increased.   

4. QoE analysis on SPAM  

The Smart Power Adjustment Method 

(SPAM) is developed based on the information and 

its corresponding communication in smart grids. It is 

very important for smart grids to achieve efficient 

data communications between various components of 

smart grids such as energy providers, power 

distributors, smart meters and consumer devises. 

With the deployment of SPAM in smart grid, we are 

in a position to achieve not only power saving data 

transfer mechanism but also we could develop an 

efficient power management system due to the fact 

that SPAM ensures that timely communication 

amongst various components of smart grids, it would 

broadly effects on the QoE factor and gets the good 

quality of service as well.  

When we are discussing about QoE on 

smart grid, we should consider some open issues like 

hybrid Architecture, and security issues [1] yet to be 

developed. The proposed system is simulated using 

NS-2. The simulation parameters are shown in Table 

2.  

Table 2: Simulation Parameters 

Parameter Value 

Number of nodes 10 

Simulation time 1000s 

Underlying MAC protocol 802.11DCF 

Channel type Wireless Channel 

PHY Type Phy WirelessPhy 

Max. transmit power 300 mW 

Radio range of Max power 250 m 

antType Antenna/OminiAntenn

a 

              Let us see the performance metrics of the 

SPAM which effects broadly on the Quality of user 

experience that the delivery ratio and throughput. 

4.1 Performance Metrics: 

 Delivery ratio: it is ratio of the number of 

data packets correctly delivered out of the total 

number of data packets sent. The deliver ratio can 

broadly impact on the quality of experience and 

improves the reliability of usage. Quality of 

experience is assumed as Qe, All the data packets 

sent assumed as Ts, total data packets received 

assumed as Tr and total deliver ratio can be as 

Dr=Tr / Ts 

The increment value of Dr highly effects on 

the Qe value, if Qr value is higher then automatically 

the Qe value will also be higher. Which is the Qr 

value is directly proportional to the Dr value.   

Throughput: throughput is the net bit rate 
of the successful data transfer through a 
communication channel, expressed in bits or bytes 
per second. It also implies the performance of 
network capacity and QoE. The throughput of a 
communication system is limited by many effects; 
some of the effects are signal to noise ratio and 
bandwidth of the received signal. Bandwidth is equal 
to the communication link maximum throughput. It 
can be closely estimated by right tools, right 
protocols and by careful analysis of test data and 
should consider delays. 
4.2 Simulation Results: 

For measuring the clear QoE, this method 
has been compared with IEEE 802.11 and BPCMP 
using NS-2 for delivery ratio, throughput. For 
measuring the performance of the system we should 
focus on some wireless networking related issues, 
which are significantly effects on the performance of 
the system with heterogeneous power capabilities 
[8][9]. These results indicate that the proposed 
method of communication improves the smart grids 
performance. 
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Figure 3. Delivery ratio comparisons 

The simulations were carried out for IEEE 
802.11 MAC protocol, BPCMP, and for the proposed 
method, respectively. Figure 3, 4 shows the 
simulation results of the comparative study of 
respective protocols. As we said earlier the Qe will 
be increased with respect to the value of Dr, that is 
the Qe value is directly proportional to the Dr value.  
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Figure 4. Throughput comparison 
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The energy saving for the described 
method is significant when compared to other 
methods. The SPAM comparatively consumes less 
energy and help in efficient management of power in 
smart grids. So the QoE will be successfully achieved 
when the performance, reliability of the system is 
more. 
6. Conclusion 

The main focus of this paper is on Quality 
of Experience based power scheduling on 
communication system so that we discussed some 
communication issues which improves the quality of 
service along with quality of experience. Proposed an 
analysis on a specific System design which illustrates 
broad view of domains in relate with the QoE, each 
and every domain described in this scheme has 
significant effect on the QoE. For obtaining the QoE 
requirement, the analyses was performed on the 
SPAM and on its related methods with specialized 
metrics are as Delivery ratio and through put were 
analyzed. And found this method give the better 
results and higher rate of QoE. To measure the 
performance of the system we need to consider so 
many parameters that are existed in wireless two way 
communications existed in smart grid. So in future 
scope we can do performance estimation and 
effective QoE based on many other user related real 
time factors which are broadly effects on the user 
under smart grid power scheduling. 
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