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Abstract— The terms smart grid, intelliGrid, and secure smart grid are being used today to describe technologies that 
automatically and rapidly isolate faults, restore power, monitor demand, and maintain and restore stability for more reliable 
generation, transmission, and delivery of electric power. In smart grid, reliable and real-time information and communication 
networks play a very critical role. By integrating the appropriate information and communication technologies (ICT) 
infrastructure, automated control, sensing and metering technologies, and energy management techniques, the smart grid has 
emerged as a solution that empowers utilities and consumers to share the responsibilities of operating and managing the 
power grid more efficiently. This paper presents an Intelligent Feedback Control (IFC) framework in smart grids, which 
optimizes the smart grid power generation by perfectly tracking the load demand fluctuations and by improving energy 
efficiency, reliability, and safety of the power grid to maximizing economic and ecological benefits. 
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I. INTRODUCTION 
 
Development of “Smart grid” present one of global 
priority with numerous of benefits, which has to be 
supported and promote by leading industries and 
governments institutions. The Smart Grid will consist 
of millions of pieces and parts—controls, computers, 
power lines, and new technologies and equipment. It 
will take some time for all the technologies to be 
perfected, equipment installed, and systems tested 
before it comes fully on line. And it won’t happen all 
at once—the Smart Grid is evolving, piece by piece, 
over the next decade or so. Once mature, the Smart 
Grid will likely bring the same kind of transformation 
as that the Internet has already brought to the way we 
live, work, play, and learn. 
 
To improve energy efficiency, reliability, and safety 
of the power grid, the need for smart grid is to cope 
up with the increasing demand for electricity, aging 
grid equipment, the global climate change, energy 
storage problems, the capacity limitations of 
electricity generation, one-way communication, 
advancement of alternative energy resources, etc. The 
smart grid is a collection of information sources and 
the automatic control system that manages the 
delivery of power, understands the changes in 
demand, and reacts to it by managing demand 
response. Different billing strategies for variable time 
and type of use, as well as conservation and use or 
sale of distributed resources, will become part of 
smart solutions. This paper focuses on distribution-
level protection and automation techniques. 

 
 

II. FEATURES OF SMART GRID 
 
The “smart grid” is the product of applying smart 
energy technology to electrical power delivery and 
generation. A smart grid incorporates elements of 
traditional and cutting-edge power engineering, 
sophisticated sensing and monitoring technology, 
information technology, and communications to 
provide better grid performance and to support a wide 
array of additional services to consumers. A smart 
grid is not defined by what technologies it 
incorporates, but rather by what it can do, including 
key attributes such as the following:      
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• The grid will be “self-healing.” Sophisticated 
grid monitors and controls will anticipate and 
instantly respond to system problems in order 
to avoid or mitigate power outages and power 
quality problems.  

• The grid will be more secure from physical 
and cyber threats. Deployment of new 
technology will allow better identification and 
response to manmade or natural disruptions.   

• The grid will support widespread use of 
distributed generation. Standardized power and 
communications interfaces will allow 
customers to interconnect fuel cells, renewable 
generation, and other distributed generation on 
a simple “plug and play” basis.    

• The grid will enable consumers to better 
control the appliances and equipment in their 
homes and businesses. The grid will 
interconnect with energy management systems 
in smart buildings to enable customers to 
manage their energy use and reduce their 
energy costs.   

• The grid will achieve greater throughput, thus 
lowering power costs. Grid upgrades that 
increase the throughput of the transmission 
grid and optimize power flows will reduce 
waste and maximize use of the lowest-cost 
generation resources. Better harmonization of 
the distribution and local load servicing 
functions with interregional energy flows and 
transmission traffic will also improve 
utilization of the existing system assets.   

 
III. BENEFITS OF SMART GRID 
 
The benefits associated with the Smart Grid include: 

• More efficient transmission of electricity 
• Quicker restoration of electricity after power 

disturbances 
• Reduced operations and management costs for 

utilities, and ultimately lower power costs for 
consumers 

• Reduced peak demand, which will also help 
lower electricity rates 

• Increased integration of large-scale renewable 
energy systems 

• Better integration of customer-owner power 
generation systems, including renewable 
energy systems 

• Improved security.  
 
IV. REQUIREMENT OF CONTROL SYSTEM 
IN SMART GRIDS 
 
The Federal Energy Regulatory Commission (FERC), 
augmented by the National Institute of Standard and 
Technology (NIST), identifies six key priority 
functionalities of the Smart Grid: (1) advanced 
metering infrastructure; (2) demand response; (3) 
electric vehicles; (4) wide-area situational awareness; 

(5) distributed energy resources and storage; and, (6) 
distribution grid management, by using feedback 
control technology all of the requirements of above 
prior functional areas are fulfilled. A proper sensing 
and   monitoring system increase the sensitivity, 
reliability, protection and control over blackouts and 
unwanted theft and overloading problems. 
 
V. BASIC ELEMENTS OF CONTROL SYSTEM 
 
Smart Grid technologies offer a new solution to the 
problem of monitoring and controlling the grid's 
transmission System. 
 
New technologies called Phasor Measurement Units 
(PMU) sample voltage and current many times per 
second at a given location, providing a snapshot of 
the power System at work.  
Whether monitoring system is used for continuously 
monitor the weather conditions by collecting data 
such as temperature, humidity, wind flow rate, 
atmospheric pressure, direction of wind, etc. by using 
sensors and actuators assembly.  
Distributive storage system is used to provide 
continuous supply during outages and blackouts small 
supply banks distributed over the area these banks are 
charged by renewable energy sources by utilizing 
solar panel, wind mills, etc. many consumers provide 
supply through their home energy bank such as smart 
vehicle bank (when not in use), domestic energy 
generation, etc. this will be beneficial for both 
distributer as well as consumers, as this will share the 
load during peak times and serves as alternative 
income source respectively. 
Sensing and Measurement technologies support 
acquiring data to evaluate the health and integrity of 
the grid and support automatic meter reading, 
elimination of billing estimates, and prevent energy 
theft. Sensors will be a key enabler for the smart grid 
to reach its potential. The idea behind the "smart" 
grid is that the grid will respond to real-time demand; 
in order to do this, it will require sensors to provide 
this "real-time" information. 
Advanced Control Methods are the devices and 
algorithms that will analyze, diagnose, and predict 
grid conditions and autonomously take appropriate 
corrective actions to eliminate, mitigate, and prevent 
outages and power quality disturbances. 
 
VI. BLOCK DIAGRAM REPRESENTATION OF 
SMART GRID AUTOMATION SYSTEM 
 
Automation systems are becoming more and more 
common with smart infrastructures and applications 
appearing in a home network. System integration 
contains three important areas: Distribution 
Management System (DMS) integration with 
SCADA, Advance Metering Infrastructure (AMI) 
integration with the DMS, and the integration of data 
from substation gateway. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-3, Mar.-2016 

Modernization of Automation in Power Grid: Smart Grid 
 

30 

 
 
The increasing amount of substation automation and 
substation gateways supplies growing access to data 
in Intelligent Electronic Devices (IEDs) installed in 
substations and distribution systems. Integrating these 
systems with DMS enable decentralizing local control 
at substation level and provide system optimization 
through the DMS. Integration of SCADA and DMS 
with other systems provides an alternative way to 
integrate control center to manage the Smart Grid.  
Figure shown below describe a process to simulate, 
design and test the adequacy of the communication 
systems and their impact on the wide area control 
systems. It also present a conceptual architecture for 
smart grid communications of control signals. Wide 
area power system control evolving towards 
distributed applications and databases. Latency has 
impact on the performance of wide area controllers. 

 
 
In Power Line Channel (PLC) communication system 
the signals send by sensors and actuators assembly is 
get distorted because of a number of uninvited noises 
take place in a power line channel, due to which 
issues like interference and signal attenuation arise. 
Noises in power line are classified in three types 
which also needed to be considered in block diagram 
representation. 

 

6.1. Permanent Noise 
It is generated by the normal functions of power line 
auxiliary equipment i.e.; permanent partial discharges 
of insulators and apparatus. 
 
6.2. Switching Operation Noise 
This type of noise is produced due to the switching 
operations performed by control room, switching of 
circuit breakers, isolators and various faults in 
transmission line. Switching operation noises are 
critical and can create the malfunctioning of 
equipment or interrupt the communication services. 
 
6.3. External Noise 
The consumers sites are becoming full of equipment 
those employee parallel capacitors as a filter which is 
commonly placed at various consumer sites. These 
capacitors act as a sink or short-circuit to all high 
frequency signals. Increasing penetration of new 
devices both disturbs and filter worsens the case for 
PLC. Noises generated from such kind of problems 
are known as external noises. 
 In case of Smart Distribution System, utilizing the 
PLC technique where PLC is implemented at the low 
voltage (LV) side of distribution transformer for 
automated meter reading of four loads/meters. In the 
given scenario impedance mismatch can cause the 
multipath propagation of the signal in power line. 
 
VII. INTELLIGENT TERMINAL UNIT (ITU) 
FOR SMART DISTRIBUTION GRID 
 
7.1. The Structure of ITU 
The primary functions of ITU are status monitoring, 
fault detection, fault location, fault diagnosis, 
information interaction and switching control. 
Through detecting the loss of voltage, the over 
current and the transient and steady current and 
voltage of feeders, it determines the position of faults 
and operates the corresponding switching, isolates 
faults and restores power supply. The model of ITU is 
shown as figure. 
 
7.2. Characteristics of ITU 
The ITU for smart distribution grid compared with 
the traditional FTU has the following characteristics: 
 
7.3. Realization of complete information interaction 
Through the distributed control network based on 
fiber optic Ethernet and supplemented by microwave 
and power line carrier, one ITU exchanges the 
complete information with other ITUs and control 
master. The information includes not only node 
voltage, current, active power, reactive power, 
apparent power, power factor, frequency, harmonics, 
voltage fluctuation, voltage flicker, switch position 
signal, breaker failure signal , all the more off-limit 
signal, reclosing signal and fault recording signal, but 
also protection and fault isolation output signal, 
network reconfiguration and fault diagnosis decision-
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making signals, etc. Using the extensive interactive 
information, the ITU can improve the protection 
action speed and fault location accuracy, avoid the 
false-operation of protective relays. 
 

 
 
7.4. Realization of distributed control 
The ITU performs the orders of protection tripping, 
fault location, restoration of power and fault 
diagnosis decision. The remote control and remote 
modulation order of the control master only plays a 
supporting role. This not only improves the control of 
real-time, but also improves the distribution network 
reliability to avoid the control failure of the whole 
network as a result of the control master fault. 
 
7.5. Self-healing function 
The ITU’s diagnosis functions not only conclude the 
ITU’s self-healing function, but also conclude the 
self-healing function of the distributed control 
network. When a failure ITU is diagnosed, the ITU is 
out of the network and its works are taken over by 
nearby ITU. When the distribution network is failure, 
the ITU can automatically isolate faults and restore 
power supply of the non-fault region to achieve the 
self-healing function of the distribution network. 
Meanwhile, the ITU can diagnose the devices of the 
local node. According to the real-time information of 
the feeder and the devices, the ITU predicts the weak 
links or the possible fault links to warn in time and 
take appropriate defensive measure for the link [5]. 
 
VIII. VARIOUS IMPLEMENTATION OF 
CONTROL SYSTEM 
 
8.1. Demand response: smart meters 
The expansion of smart interactive electric meters has 
great potential for both monitoring and voluntarily 
controlling demand by consumers. Smart meters 
provide consumers and power plant operators with 
information about energy consumption, often in real-
time. Specifically, they enable “customers to make 
smart decisions using real-‐time information with the 
aim to shift their consumption to low-‐load and low-
‐rate times, or even to turn off applications.”27 The 
consumer’s ability to adjust demand based on real-
time pricing information will reduce the need for 
increased generation and increased grid 
infrastructure. 

8.2. Theft protection 
When power consumed becomes more than 
sanctioned limit, then use is increased. The 
distribution system cannot identify reason behind 
increase in consumption, that whether it is due to 
increase in consumption or power is being theft. If 
power theft is online on pole create problems to 
distribution line and at last distribution station.  
The power theft monitoring is an important research 
in electric power system and electricity stealing 
prevention became a big problem to the electricity. 
Electricity stealing is a long term problem; however 
each power supply department has huge investments 
of manpower and material, the phenomenon of 
defending stealing electricity has increased and not 
abated and the method of electricity stealing is 
continuously improved. The behavior of electricity 
stealing not only makes the power industry suffering 
huge financial losses but also threatens the main 
power supply security and reliability. Proposed 
system designed considering two conditions as 
follows: 
Condition I- When actual load is more than 
sanctioned load distribution system recognize that 
power is theft or overload exists. 
Condition II- When actual load is less and at that 
time if power is theft then it is difficult to distribution 
system to recognize power theft. 
Hence a system is implemented which find out power 
theft in under load and overload condition. 
 
8.3. Power Flow Control 
Flow control requires techniques that are applied at 
transmission and distribution levels to influence the 
path that power (real & reactive) travels. This 
functionality is enabled by tools such as Flexible AC 
Transmission Systems (FACTS), Phase Angle 
Regulating transformers (PARs), series capacitors, 
and very low impedance superconductors. 
 
8.4. Giving Consumers Control 
The Smart Grid is not just about utilities and 
technologies; it is about giving consumers the 
information and tools they need to make choices 
about their energy use. If they already manage 
activities such as personal banking from your home 
computer, imagine managing their electricity in a 
similar way. A smarter grid will enable an 
unprecedented level of consumer participation. For 
example, they will no longer have to wait for their 
monthly statement to know how much electricity they 
use. With a smarter grid, they can have a clear and 
timely picture of it. "Smart meters," and other 
mechanisms, will allow them to see how much 
electricity you use, when you use it, and its cost. 
Combined with real-time pricing, this will allow you 
to save money by using less power when electricity is 
most expensive. While the potential benefits of the 
Smart Grid are usually discussed in terms of 
economics, national security, and renewable energy 
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goals, the Smart Grid has the potential to help them 
save money by helping them to manage their 
electricity use and choose the best times to purchase 
electricity. And they can save even more by 
generating their own power. 

 
CONCLUSIONS 
 
This paper describes the smart grid evolution from 
conceptual model to implementation. This article 
provides a general but complete view of automation 
technology implemented in smart grid. The 
development of automation technologies spurs the 
Smart Grid to become a more efficient, more robust 
and more reliable power system and plays an 
important role to support the control system within 
Smart Grid. The smart grid has been conceived as an 
evolution of electric power systems due to the 
increasing diffusion of distributed generation by 

renewable sources, but with the additional aim to 
enhance efficiency, reliability and safety of the 
existing power grid. 
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