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State Estimation in Electric Power Grids 

Meeting new challenges presented by the 
requirements of the future grid  

          Dr.M.Ravindra 
Associate Professor, EEE 

 

State Estimation(SE) at the transmission level has a long history, 
further research and development of innovative SE schemes, 
including those for distribution systems, are needed to meet the 
new challenges presented by the requirements of the future grid. 
This article presents some example topics that signal processing 
(SP) research can contribute to help meet those challenges. SE 
has become a key function in supervisory control and planning 
of electric power grids. It serves to monitor the state of the grid 

and enables energy management systems (EMS) to perform various important control and 
planning tasks such as establishing near real-time network models for the grid, optimizing 
power flows, and bad data detection/analysis. Another example of the utility of SE is the SE-
based reliability/security assessment deployed to analyze contingencies and determine 
necessary corrective actions against possible failures in the power systems. In view of the 
ongoing development of a smarter grid, more research on SE is needed to meet the challenges 
that the envisioned smart grid functionalities present. Among others, environmental 
compliance, energy conservation, and improved dependability, reliability, and security will 
impose additional constraints on SE and require improved performance in terms of response 
time and robustness. 

Have you ever heard of a synchrophasor? 

It may sound like a word out of science fiction, but 
these devices are already changing the electrical grid as 
we know it.The grid was born over a century ago, at a 
time when our needs were simpler and our demand 
much lower. More complex needs are putting a heavy 
strain onthe aging infrastructure, which is why we need 
to innovate and update our grid so it’s ready for the 
demands of today.A synchrophasor or PMU (phasor 
Measurement Unit) is a sophisticated monitoring device that can measure the instantaneous 
phasorvoltage, current and frequency at specific locations on the grid which is synchronized 
to Global positioning systems. This gives operators a near-real-time picture of what is 
happening on the system, and allows them to make decisions to prevent power outages. And 
not only will these synchrophasors help prevent outages, but they also save money. By 
providing more accurate and timely data on system limits, synchrophasors make the grid 
more reliable and efficient, thereby reducing planning and operations costs. 
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There are at least three major 
aspects in the future power grid that 
will directly impact SE research. 
First, more advanced measurement 
technologies like phasor 
measurement units (PMUs) have 
offered hope for near real-time 

monitoring of the power grid. Typically, a PMU takes 30 measurements/s, thereby offering 
the possibility of a much more timely view of the power system dynamics than conventional 
measurements. More importantly, all PMU measurements are synchronized, as they are time 
stamped by the global positioning system’s (GPS’s) universal clock. However, PMUs with 
their higher measurement frequency put enormous strain on the communication and data 
processing infrastructure of the grid. This drives the need for resource-efficient, event-
triggered SE solutions that employ on-demand (event-triggered) sensing, estimation, and 
communication. Second, new regulations and market pricing competition may require utility 
companies to share more information and monitor the grid over large geographical areas. 
This calls for distributed control, and hence, distributed SE to facilitate interconnection-wide 
coordinated monitoring. Recent advances made by the SP and automatic control communities 
in the field of distributed estimation would be particularly beneficial in achieving this. 
Finally, to facilitate smart grid features such as demand response (DR) and two-way power 
flow, utility companies will need to have more timely and accurate models for their 
distribution systems. This calls for SE at the distribution level, which places more stringent 
requirements on SE algorithms. So far, utility companies have done little in implementing SE 
in distribution systems, even though SE has been deployed extensively in transmission 
systems for decades. However, as the electric power grid becomes smarter, more distribution 
automation (DA) will be needed and SE at the distribution level will become more important. 
The control mechanism in the distribution system will most likely be distributed and active in 
nature, so will be the corresponding SE functions. This necessitates the development of new 
distributed SE algorithms that avail themselves of the substantially increased number of real-
time measurements. 

         Conventional SCADA measurements are obtained too infrequently to fully capture the 
dynamics of the power system. Practically, when faults occur, there is usually little time for 
the controller to respond, and this presents a serious challenge to operators. Integration of 
renewable energy sources in distributed generation (DG) may also increase the chance of 
sudden unpredictable changes in the system. Consequently, it is necessary to track these 
changes in a timely manner to ensure the dependability and reliability of the power system. 
Thus, SE schemes that are capable of capturing and tracking the near real-time dynamics of 
the power system are needed. Recently, synchronized phasor measurement units (PMUs) 
have been increasingly deployed in power systems. These devices can directly measure bus 
voltage magnitudes and phase angles, because they are synchronized by the GPS universal 
clock. The PMUs also sample at a much higher frequency (roughly two orders of 
magnitudefaster) compared to the traditional sensors in the SCADA system. In essence, 
PMUs provide more accurate and more timely measurements with many more samples. The 
main challenges faced by engineers today include 1) combining those PMU measurements 
with conventional measurements to obtain an optimal state estimate, and 2) dealing with the 
large number of data rendered by PMUs. 
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Hi,  Each  and  every  one  of  you  have  
an  unique dream, some want to get 
placed in a core company, some in an IT 
industry. Some of you want to pursue
higher studies,some want to become an 
entrepreneur. Some want to do family 
business. The desire of each person’s 
life may vary. Those who want to start 
their carrier as an employee in an 
industry  this  article  will  definitely
help  you  to attain your goal. Generally, 
the companies are categorized in two 
ways,
1. Product or service based Company.
2. Core Company.
To get into Core Company:
Getting offer in a core company is  simple
 than getting  in  an IT  industry.  Need to 
have a complete knowledge about our 
core subjects what we have learn so far. 
Simple mantra  is  “Stop  Studying  the  
subjects  and start Learning”. Current 
world is a competitive world, we all have 
to equip ourselves so that we can sustain
 in that. There is no mercy and no frees, 
one who can adopt to the new 
technologies can able to get and survive 
in this corporate world. So start to equip 
you all now itself.

 round, main thing to clear these rounds 
is to have more faith and confidence 
upon yourself. Communicating language
 is secondary, have to deliver the 
content which you are coming to say 
clearly and boldly though you are not 
sure about that.To get into IT industry:
Have to learn many things apart from 
your curriculum, this shows how much 
interest you are having in learning new
things. As an EEE student if you are 
well versed in programing equal to 
CSE student, preference will always 
been given to us.
Rounds in an IT industry:
1. General and Technical Aptitudes
2.Programming round
3. Group Discussion
4. General and Technical HR

The rounds in the core company:
• Aptitude plus technical MCQ’s
• Face to Face interview (Technical and 
General HR rounds)For first round, go 
through RS Aggarwal book, India Bix, 
2braces, Exam Veda websites 
and know some basic concepts in all 
subjects to clear this round. For second

HOW TO GET PLACED IN 
A COMPANY
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ALL THE VERY BEST to all and 
wish you all to have a wonderful life and 
future..................

First Round: As I said above go through 
all the sites which is enough to clear this
 round.
Second Round: Have to write a 
program for the given scenario more 
effectively. I will tell you all secret or 
mantra which I always use to solve a 
particular program. First go through the 
given scenario and see the sample test 
cases. If you can able to understand 
the sample input and output then it is 
easy to solve the code. See, The 
Computer is a senseless machine, we 
need to tell everything clearly so that it 
can do. Just back track your mind, 
while you read the input and output 
samples how your mind have 
understood that. If you found that way, 
that is nothing but an algorithm. Once 
algorithm is framed writing program is 
so simple. So for all the problems, you 
will definitely have the solution in your 
mind, the only thing you need to do is 
search for it without getting panic.
Third Round: To clear this round, 
a simple quality you should have 
that is having a faith and confidence 
upon you and you should 
possess a sound listening skill. You 
need to believe that you can do!!

Fourth Round: As I said previously, 
you have to speak clearly and boldly and
 instead of speaking unnecessarily have 
to strict to the point.Mostly all the 
companies will have the same interview 
process like I mentioned above. Don't 
get worried if you don't know anything till 
now…”Never it is too late to start a thing”
 so start working towards your dream by 
today itself…Because no one knows 
what tomorrow will bring. Whatever the 
situation may be never let you to
hate yourself. If everyone demotivates 
you, never let your heart 
to accept that. Those who all are 
achieved big, loved themselves 
more than anyone. If you had 
a faith upon you, though you 
don't know how to solve a particular 
problem in your life your 
mind and heart will surf it for you. 
“World is full of Opportunities” for 
those who searched for it. Always 
keep in this in your mind, “Whenever 
there is a problem there will 
be a solution for that particular 
problem”. For every problem the 
solution will always be simple. The 
only thing we need to do is surf
for it. This is applicable to life 
as well as for the program… 
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Design Your Own Electric Vehicle Battery 

Charging Solutions 
The popularity of electric vehicles (EVs) is increasing rapidly in India. According to a 
survey, the EV market in India is estimated to increase from 3 million units in 2019 to 29 
million units by 2027 with a CAGR of 21.1 per cent. As a result, demand for AC/DC 
chargers, the smart chargers for EVs, will also increase. 

At present, three EV charger designs suitable for Indian market—with specifications of 
48V/4A, 48V/12A and 48V/15A—are available for rapid development of the product. This 
semiconductor-based smart charging system can support both lithium-ion as well as lead-acid 
battery types. 

Block diagram  

Here, battery charger ASSP flash MCU HT45F5Q-X is the heart of EV charger circuitry, 
with in-built operational amplifiers (OPAs) and digital-to-analogue converters (DACs) that 
are necessary for battery charging function. 

 

This EV charger design utilises HT45F5Q-2 MCU for implementing battery charging control 
function. 

Working of EV charger 

Input power to the EV charger is an AC voltage in the range of 170V to 300V. The EV 
charger uses a half-bridge LLC resonant converter design, because of its high-power and 
high-efficiency characteristics, to obtain DC power for charging the battery. 

The design utilises a rectifier circuit for converting input AC voltage to high-voltage DC 
output, and it also has an electromagnetic interference (EMI) filter to eliminate high-

PROJECT IDEA 
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frequency noise from input power source. A pulse-width modulation (PWM) controller IC, 
like UC3525, can be used for driving the MOSFETs of half-bridge LLC converter. 

The battery charging process is supervised by the MCU HT45F5Q-2. It monitors the battery 
voltage and charging current levels and gives feedback to the PWM controller IC. Based on 
the feedback, the PWM controller varies the duty cycle of its PWM signal and drives the 
MOSFET circuit to obtain variable output voltage and current for charging the battery. 

The voltage, current and temperature control process in this EV charger are explained below. 

(a) Voltage control 

The charging voltage is decided based on the initial voltage of battery when it is connected 
for charging. As the charging progresses, charging voltage changes accordingly and, finally, 
when battery is fully charged, the final voltage is set. The charging-voltage decision levels for 
48V/12A battery charger are explained below. 

 If Battery Voltage <36V, TC(0.6A) Charging, Voltage Setting FV(56V) 

 If Battery Voltage <40V, TC(0.6A) Charging, Voltage Setting CV(58V) 

 If Battery Voltage >40V, CC(12.0A) Charging, Voltage Setting CV(58V) 

 When fully charged, voltage is set to FV(56V). If battery voltage is lower than FV, 
the charging current will be reset to CC (12.0A). 

(b) Current control 

Charging current is set depending on the battery voltage. Initially, if the battery voltage is too 
less, trickle-charge current would be set for charging the battery. Once battery voltage 
reaches certain level, constant current is supplied for charging, until battery is charged fully. 
The charging-current decision levels for 48V/12A battery charger are listed below. 

 Recharging Current <1.2A, determine the end of charging 

 Recharging Current >0.2A, determine the start of charging 

(c) Over-temperature protection 

The EV charger has a negative temperature coefficient (NTC) thermistor to monitor the 
temperature and a fan to regulate the heat. When temperature increases, the fan is 
automatically switched on to dissipate the heat; it gets switched off when the temperature is 
reduced to the lower set threshold. Also, the fan turns on when charging current is high and 
turns off when charging current is low. 
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When NTC temperature >110°C, the charging current will be reduced to 50 per cent of 
charging current and will be monitored periodically 

(d) LED indications for charging status 

These are listed below. 

 TC charge, red light flashes slowly (0.3 sec on, 0.3 sec off) 

 CC, CV charge, red light flashes quickly (0.1 sec on, 0.1 sec off) 

 When not charging, green light is on 

 When charging time exceeds eight hours, red and green lights are bright 

(e) Charging duration 

When charging duration is exceeded (duration depends on battery capacity), the voltage 
drops to FV, the current is reduced to TC, and charger repeatedly monitors the battery 
voltage. 

For better protection, HT45F5Q-2 is isolated from rest of the circuit (i.e., high-voltage 
components) using a photo-coupler. Battery-level LED indicators are provided for knowing 
the charging status. 

Schematic assembly 

The schematic of Holtek EV charger design for 48V/12A type is shown in Fig. 5 

 

Fig. 5: EV charger schematic for 48V/12A 
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CURRENT ISSUE 

MAKING PEACE WITH OUR PLANET 

Pandemic and poverty aside, we are facing a broader ecological crisis as ecosystems are 
collapsing, biodiversity is disappearing, and oceans are acidifying. Even though the 
slowdown in economic activity due to the pandemic 
created a brief drop in global carbon emissions, we 
cannot escape the cumulative effect of generations of 
unchecked human activity or ever afford to return to 
our pre-pandemic emission trajectory. This past year 
was on track to be one of the three warmest years on 
record globally, with record-breaking wildfires, 
hurricanes, floods, and droughts around the world. 
2021 will be a decisive year for determining the 
health of our planet for centuries to come.  

There will be a steady drumbeat of calls to action throughout the next year, culminating with 
landmark UN climate and biodiversity summits at the end of the year in Glasgow, Scotland, 
and Kunming, China. 2021 will be the time to press the world’s major emitters, 
responsible for the vast majority of greenhouse gas pollution, to submit enhanced 2030 
climate targets. A flurry of climate activity and commitments in 2020 — including net-zero 
commitments from the world’s largest emitter, China, and aggressive medium-term targets 
from the likes of the European Union and the U.K. — will be a foundation to build on in the 
year ahead. 

 

In fact, more than 110 countries have now committed to carbon neutrality by 2050 and China 
by 2060. Countries representing more than 65% of global carbon dioxide emissions and more 
than 70% of the world economy will have made ambitious commitments to carbon neutrality. 
Indeed, a recent Climate Action Tracker update finds that global warming by 2100 could be 
as low as a 2.1°C increase over preindustrial levels if all the net-zero pledges announced as of 
November are achieved. And there is hope for renewed, vigorous action from the U.S., where 
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the new administration has pledged to join the ranks of these 110-plus countries with its own 
carbon neutrality target. 

If we did this, banks and investors would stop financing fossil fuels. Governments would 
shift trillions of dollars in subsidies to nature-positive farming and clean energy and water. 
People everywhere would prioritize health and well-being over consumption and shrink their 
environmental footprint. 

There are signs of progress, but the problems are escalating faster than our responses. We all 
need to not step up, but leap up, in 2021. 

The number of countries promising to work towards net-zero emissions stands at 126. The 
ask is for all countries to deliver stretched nationally determined contributions ahead of the 
climate COP and immediately kickstart the transitions to net-zero. At the climate COP, 
governments must also finally agree 
on the rules for a global carbon 
trading market. As we also seek to 
agree an ambitious post-2020 
biodiversity framework that ends 
fragmentation of our ecosystems, 
the ask is for us is to feed the world 
without destroying nature, felling 
forests and emptying our oceans. 

We can create an amazing economy 
by moving to circular economic 
systems that resuse resources, 
reduce emissions and weed out the 
chemicals and toxins that are 
causing millions of premature deaths – all while creating jobs. 

Addressing our planetary emergency is a whole-of-society effort. But governments must take 
the lead, starting with a smart and sustainable recovery from the COVID-19 pandemic that 
invests in the right places. They must create opportunities for future industries that generate 
prosperity. They must ensure that transitions are fair and equitable, creating jobs for those 
who lose out.  

We can do it. The pandemic has shown humanity’s incredible ability to innovate and respond 
to threats, guided by science. In the three planetary crises of climate change, nature loss and 
pollution, we face an even greater threat than COVID-19. This year, we must make peace 
with nature and, in every subsequent year, we must make sure that this peace lasts. 

  

 

 

 

WE ALL NEED TO LIVE 
HERE. 

CLEAN UP YOUR MESS 
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FROM BOOKS TO CANVAS 
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WONDERFUL CLICKS 
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1. The growth of prefabrication 

Within the construction industry as a whole, prefabricated and modular methods constructed 
away from the job site are a growing trend. The electrical industry is no exception. Using 
standardised processes to assemble 
offsite can significantly reduce costs 
and lead times. 

Prefabrication can produce cost 
savings in terms of materials, labour 
and estimating. It can mean less 
running around transporting materials 
from place to place on a job site and 
more efficient use of labour. Another 
advantage of prefabrication is that 
electrical companies can develop set 
procedures around it - there is the 
potential to become more and more efficient as people get used to the procedure. 

It is expected that electrical will join other construction trades more with preparing 
prefabricated components. For example, prefabricated electrical components such as panel 
builds and lighting packages are being integrated into modular data centre skids, built by 
construction firms. 

2. Increased use of sustainable materials 

It is expected that the trend toward sustainable materials and building methods will continue 
to grow. Data indicates that the construction industry accounts for 40% of worldwide energy 
usage and 40% of CO2 emissions. There is demand not only for “greener” construction 
practices but for greener materials. 

In the electrical industry, that means more demand for energy-saving features and 
sustainably-made components. Recycled and reclaimed materials form part of this strategy 
and can also help to reduce costs. 

3. Use of augmented reality 

Augmented reality (AR) and virtual reality (VR) are two areas which have been undergoing 
further development, creating new possibilities for electrical contractors. AR and VR can 
prove useful for different stages of electrical projects. At the planning stage, contractors 
might use AR to plan how to wire a building, or how to take the best approach to lighting. 
During the work phase, AR can be used to “show” someone who is not there what the person 
is seeing, allowing them to be guided through a task.AR and VR can show real-time 
interactive and 3D pictures of wiring, as demonstrated by engineers wiring Boeing aircraft. 
There are also programs to help electrical contractors determine if an area they are looking at 
is live or not, helping to improve safety. 

Notable Electrical Trends in 2022 
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4. Smart home trends 

Technology growth, including the wider spread of 5G, is expected to impact smart home and 
IoT (Internet of Things) trends. Smart technology is becoming more prolific, cheaper and 
accessible to more people. 

For electrical contractors, 
this means demand for 
“smart” installations, both 
for private residences and 
commercial buildings. For 
example: 

 Inclusion of smart 
appliances. This 
could be almost 
anything. IoT has 
created a network of 
devices for every 
room in the house. 

 “Decor gadgets” 
such as touch-
reactive countertops. The installation of these gadgets will require rewiring in most 
cases. 

 Voice control integrations for more areas of the home or business. Things like doors 
(including garages) will need to be wired for this. 

 Smart lighting and controls for everything from the shower to the heating and cooling. 
 Artificial intelligence evolving for smart technology. For example, what used to be 

hands-free and voice activated may now be hands-free and voice-free, operated by AI 
and based on personal preferences. 

5. Cloud-based tools  

Software that helps electrical contractors to manage their work is getting increasingly more 
advanced. For example, there are cloud-based project management tools and of course, 
cloud-based take-off software like Count fire. 

Increasingly, electrical contractors are able to use these tools on the job site, meaning that 
updates can be made quickly and there is less need to go back and forth between the job and 
the office. 

The spread of 5G data capabilities is expected to help encourage more usage of these cloud-
based tools, as companies integrate them into their daily workflows for better efficiencies. 
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