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Abstract: The Phasor Measurement Unit (PMU) is becoming the most prominent tool for power
system applications like power system operation, control, and protection. In a robust and accurate
wide-area measuring system, the PMU should observe not only the elements in its substation but
also the critical elements and its incident busses. As the PMU cost limits their deployment, they
must be installed optimally considering the substation installation and the critical lines in the
power system. This paper introduces a new Optimal PMU Placement algorithm considering the
optimal substations and the critical elements. This has been done based on the assumption that
there must be a PMU in each constructed substation (optimal substation). This will assure the
observability of all the elements in the substation. The proposed method has been tested on some
standard test systems and then applied to a practical regional Indian grid.

Index Terms: Optimal PMU placement (OPP); Substation coverage; Critical lines; Critical bus;
Binary Cuckoo Search (BCS);

1. Introduction

Optimization has become an important tool for solving many design problems [1-2]. This
paper introduces the application of an optimization technique to the power system designing
problems. The power system can be operated securely and accurately if it is possible to estimate
the system state with a variety of measurements. With the integration of Phasor Measurement
Unit into the measurement system, this has become easy to monitor, control and protect the
power system. Then, engineers started applying optimization problems PMUs for complete
system observability. As the PMU costs considerably, the deployment and its number are needed
to be optimized. In [3], the actual PMU optimum placement problem was introduced. Later, with
the advent of heuristic methods, Genetic Algorithm (GA) in [4], Particle Swarm Optimization
(PSO) in [5] and many more approaches were applied to the optimization problem for PMU
placement.

After, a deterministic strategy like Integer Linear Programming (ILP) is applied in [6].
Thereafter, it is extended to the power systems, with and without conventional measurements in
[7], and considering zero-injection bus (ZIB) effect in [8]. In practical substations, buses exist at
different voltage levels as shown in Fig. 1. Circles in the figure represent substations. One should
not forget that one bus being observed inside the substation should not transfer it to other buses
inside the same substation. The above methods were developed based on the thumb rule that the
PMU installed bus could observe all the buses connected to it including itself. And, as the
practical tap ratios are not known, authors have assumed that the buses with different voltages
were decoupled in-order to observe them in an individual manner which will increase both search
space and bus number. So, it is clear that they have only concentrated on reducing the number
of PMUs rather than reducing substation number.

Wide-area system planning studies say that the major part of the cost of synchrophasor
measurement system deployment is associated with transmission network outages and
maintenance costs but not with PMU devices. So, optimization must be towards reducing
substation number. Moreover, the blackout reports suggest that critical lines which may connect
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zero injection buses must also be observed directly to design a robust security system and so to
avoid major blackouts.

@ — 115kV
A — 230kv
W — 500kV

Figure 1. A sample transmission system

Even though many methods have tried placing PMUs using different strategies and different
optimization algorithms, they haven't considered zero-injection buses, contingency of critical
lines, and the substation coverage. Later, the paper [9] has considered few pre-specified
contingencies based on the system stability studies. But the chances for these contingencies to
occur are very less. Similarly, paper [10] presents a solution to an Optimal PMU placement
(OPP) with single contingency as additional constraint. But no-where it considers the criticality
of lines. In [11], fuzzy-logic based classification for critical elements based on the transient
behaviour is suggested. But, it founds to be complicated with the definition of fuzzy variables.
Later, papers [12, 13] have suggested methods for identifying criticality of network elements,
but are indefensible. So, the modelling policy that considers the role of the system elements in
driving the system to a blackout is highly recommendable. These considerations have been done
in the proposed paper. It has done the optimal coverage of substation by assuming that one PMU
could observe the whole substation provided the tap ratios are known, and then introduces critical
elements identification in the Blackout point of view. Finally, it proposes a new OPP problem
considering the critical elements whose outage lead to system blackout and the optimal
substation coverage.

The remaining work has been presented as follows. In section 2, the objective function is
introduced along with the subjective constraints. The Binary Cuckoo Search algorithm is briefly
discussed in section 3. Section 4 explains the solution methodology with the help of IEEE-14
bus system. It also shows the results obtained for the test systems like IEEE-30, IEEE-57, IEEE-
118 and Indian Grid (IG-75).

2. Problem Formulation
Before the network is being considered for OPP problem, it must be undergone one
modification given below.

A. Network reconsideration

This section identifies the optimal substations. In this step, based on the assumption that the
tap settings are known, the buses connected through the transformers will be modelled as single
equivalent bus called optimal substation with equivalent generation and load. The identification
of optimal substations is purely based on the connectivity of existing network. And, all the
remaining buses without any interfacing transformers will be renamed as substations. The
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estimation of tap settings is explained in section 2.2.1. Now, all these substations will be
considered virtually as single buses to place PMU on it. The optimal substation locations for
different test systems are listed in Table 1.

Table 1. Optimal substations of different test systems

System optimal substations

[EEE-14  (5,6),(4,7,8,9).

IEEE-30 (4, 12, 13),(6, 9, 10, 11),(27, 28).

IEEE-57 (10, 51),(15, 45),(14, 46),(13, 49),(7, 29),(20, 21),(24, 46),(39, 57),(40, 56), (32, 34),
(4, 18),(9, 55),(11, 41, 43).

IEEE-118 (8, 5), (17, 30),(63, 59),(66, 65),(80, 81), (25, 26),(37, 38),(61, 64),( 68, 69).

1G-75 (1,2, 16, 17),(12, 41),(23, 24),(5, 31), (7, 33),(13, 42),(6, 32),(3, 18),(26, 27).

A.l. Estimation of transformer taps settings

The accuracy of a state estimator lies in the modelling of tap setting which could degrade the
estimator performance if it is not modelled properly. Sometimes the tap settings may not be
communicated to load dispatch centre while taking local preventive or controlling actions. So, it
is to be estimated accurately in order to take local protection schemes. If the tap ratios are
unknown, it is not possible to calculate the parametrs on another end of the transformer using
the parameters on one end. So, the transformer branches can be ignored from the point of
observability, which may consider the transformer as a open circuit. However, the parameters
should not be modelled as an open circuit since this modelling may rule out the chances of
estimating the tap ratios. An OPP method was introduced in [14] for observability and estimation
of transformer tap settings, but they tried in reducing buses which is not desired. So, this paper
proposes a new policy for tap settings estimation. As shown in Fig. 2, let us consider v;, i;, and
vy, iz are the voltages and currents on sending end and receiving ends respectively. The
observability will be possible if and only if there exists at most one unknown variable among the
variables (vj, is, v2, and i2). Let E is the e.m.f induced in the primary coil which can be determined
as

E=vi-i(n+jx) (1)
= k(v2 + i2(r2 + sz)) )

Then, the procedure for estimating the unknown variable is given below:

Ifiyis unknown: After calculating E from equation (2), it will be used for calculating & from
Equation (3). After calculating E and £, i; can easily obtained using the equation (1).

(1= E)(r1+ jx1)= (iz/k)+Ex(i+;J 3)

re ]xm
If v; is unknown: Calculation of E from equation (2) in terms of & and then substituting it in
equation (4), we can obtain k value as well as v; value.

1 1

n=Ex|—+—r0 +(i2/k) 4)
re Jxm

If i is unknown: From the equations (1) and (5), the variable k£ can be obtained. Then, using

equation (2) and k value obtained, i> will be calculated easily.

1 1

i1—Ex[—+—j = (=) (€2 (2 + jvy)) (5)
re Xm

Ifv2is unknown: On solving equations (1) and (4), the tap ratio k£ and unknown v; will be known.
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Figure 2. Two winding transformer equivalent circuit

B. Objective function

The PMU installed on one bus observes not only the bus to which it is connected but also the
incident buses connected to it. The objective of the proposed OPP problem is to find the least
number of PMUs for system complete observability. The optimization problem is formulated as
below.
Minimize

S xg ©)
qeN

Here, the Binary decision variable (x,) is equal to 0 if ¢ is not a PMU installed bus and
lotherwise. It is to be noted here that the bus actually refers the substation to which it belongs
but not the actual bus. This will reduce the PMU number considerably. This objective function
will be then subjected to two constraints mentioned below.

B.1.  Network complete observability constraint

This makes each substation observable by providing at least one PMU on the same substation
or the substations that are being connected to it directly. In this way, it achieves complete
observability for the whole network. This constraint can be written as below.

sp(X)21, VpeN (7
Where
Sp: Z Cpqg Xq > VPEN (8)
geN

From equation (8), the Binary decision variable (x,) is equal to 0 if ¢ is not a PMU installed
bus and lotherwise, S, is the p™ bus observability function and its value should be greater than
or equal to 1 for all the buses incident to p™ bus to be observable. Here, N represents set of buses,
Cpq 18 binary connectivity parameter and is described as,

Lifp=gq
¢pg = 41,1f buses p, q are connected

(€))

0, otherwise

B.2. observability of optimal substations

Let B; is the critical bus at node i, and Ljx is the critical line connecting j* and 4" nodes. If the
nodes i and j are covered under single substation, the PMU placement on a particular bus in a
substation should be according to the rules given below:

i. If the optimal substation doesn't have a critical bus and/or a bus connected to a critical line,
then, the bus (7) with high connectivity should accommodate with a PMU.

x(i)>1 (10)
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Where, i is the bus with high connectivity.
ii. If the optimal substation has a critical bus, then, the critical bus must hold the PMU.

x(i)>1 (11)
Where, i is the critical bus.

iii. If the optimal substation has a bus connected to a critical line, then that particular bus should
be equipped with a PMU.

x(j)=1 (12)
Where, j is the bus in the optimal substation connected to critical line.
iv. If the optimal substation has both of them, then a PMU should be allocated to a critical bus,
provided the other end of the critical line is installed with PMU.

x(i)>1 (13)

Where, i is the critical bus.

B.3. Observability of critical elements

In every system, there will be few elements (either buses or lines, maybe both) which are
needed to be given high priority. They are most important for the system to be healthy. This
may be because of their relevance to the system stability. The critical lines will be made
observable directly by using the following constraints.

x(j)+ x(k) 21, L jk € critical lines (14)

x(i) = 1,i ecritical buses (15)
Where, j and k are the sending and receiving end buses of line L. This is because of the fact

that for monitoring a line directly, at least one substation on either side of the line must have a
PMU. Similarly, the critical bus must have a PMU on it.

B.4. Identification of critical elements

Generally, these are the elements with high connectivity, or with control devices like Flexible
AC Transmission System (FACTS) and High voltage DC (HVDC) links, etc... In this paper, the
concept of Blackout has been introduced to identify the critical elements. So, here, the critical
element can also be defined as the system element whose outage will drive the complete system
into a halted state in terms of power availability. This identification is done using Newton
Raphson's method [15]. The workflow for identifying the critical elements is depicted in Fig. 3.
The procedure for identification of critical elements is given below.
Step 1: Read the system data.
Step 2: Identify load buses and voltage controlled buses.

Step 3: calculate A P/fj and A Qllg using the following equations.

k — tual _ pk
App=PEHE—Pp (16)
k _ pactual _ Hk
Step 4: Calculate the elements (J1,J2, J3,J4) of Jacobian matrix using the following
equations,
ForJp,
op ,
2= 2|y pfrdvpglsin(opg - 54+ 5,0 Va2 p (18)
05q  qzp
or n
P _ .
== 2 | o7 pofsinlopg =54+ 5 ) (19)
q*p
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ForJo,
OPp
5‘E | = |Eq| pgl €050 pg+5p =54} Vg # p (20)
q
0
a‘IEJ ‘ = Y E4|¥ pel cos6pp + Z |Eq]7 c0s{fpg + 5, = 5,) @1
qip
ForJ3,
o
FyY AEp|Eq]l pd cos(o g+ P~ 54b ¥4 % p (22)
9q
( )
85 ‘EpHEqHqu‘ cos Hpq+5p Sq (23)
Piq
ForJ4,
00,
‘EpHqu‘ Sin(0pq + 55— 50) Vg # p (24)
ey
00,
G‘E ‘ Z‘EpHqu‘ sin @ pp + qZ ‘EqHqu‘ sm(epq +6, - éq) (25)
q#p
With,
n
Pp= qz=1 ¥ pallv ol 4 c0s(0pg 54+ 5) (26)
n .
Op= qzl ‘quHVqHVp‘ Sm(é’pq —dgto p) (27)
Step 5: Calculate new voltages and phase angles using
AP _ J1 J2 AS -
40 - J3 J4 A|V| (28)
And,
opl=oh+ s} (29)
= b+ Ak 30

Step 6: Simulate the contingency

Step 7: Run the load flow i.e. repeat the steps 3 to 5.

Step 8: Identify the number of voltage violations and check whether load flows converge or not.
Step 9: Repeat the steps 6-8 for all the remaining contingencies (i.e. both line and bus
contingencies).

Step 10: Define the most critical contingencies which make system blackout as critical elements.
This identification is carried out exclusively with the help of Power World Simulator 12.0. The
details of the critical lines and buses are been listed the Table 2.
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Table 2. Critical elements of different test systems

System Critical lines Critical buses

IEEE-14 1-2 2

IEEE-30 1-2 2,6

IEEE-57 1-15, 3-15, 41-43,49-50, 50-51 8,12

IEEE-118 68-65, 38-65 10, 26, 65, 66

1G-75 41-42, 55-63, 54-63, 74-73 13, 15,41
start

Read the system
data

Run the load flow as pre
contingency case

simulate the contingency of
i? elemenet

Run the load flow fro this
contingecy

calculated p% andA Qll‘7

calculate new voltages and
phase angles

i=i+l

Whether
Load flow
Converges

yes
| Restore the network |

A

Identify the contingent element as
critical element

| List out the critical elements |

Figure 3. Workflow for identifying the critical elements
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3. Proposed Binary Cuckoo Search (BCS)

As it is well known that the cuckoo cannot hatch its eggs, it simply lay them down in any
nest of other bird [16, 17]. The strategies, then the cuckoo will follow to let its egg hatched safely,
have been modeled as the constraints for its optimization problem of finding the best nest. In this
algorithm, cuckoos are said to have followed a levy flight search that characterizes a pre-defined
steps to find a new nest [18]. Towards finding optimal nest, it certainly generates new solution
(31) using the levy distribution (32) as follows:

t+1 t
X =x; +a @ levy(4) (31)
levy wu =1 (32)

It means, to calculate the new solution (x;/*/) from present solution (x/), it uses levy flight for
the fixed length of a, which are continuous. Since the optimal placement of PMU is discrete
optimization problem, a Binary Solution Representation (BSR) is used to convert continuous
search space to discrete. For this, BSR uses a sigmoid (33) to determine flipping chances, o(x;),
to convert the solution of real-valued (x;) to the solution of binary value (xy) (34) [19].

1
o(xr)= o) (33)

The transformation will be completed only after comparing o(x,) with a y €[0,1], a randomly
generated number (34).

{L ify <o(x,)
Xp =

34
0, otherwise G4

Problem

)

Read the objective function(S),
initialize the population

Conver-
gence

Obtain a cuckoo 7 usingLevy
flights

Obtain BSR for
cuckoo i and nest j

o

Best Solution

Figure 4. Flowchart of the proposed Binary Cuckoo Search
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Then, after conversion, the selection operation will be performed to find the optimal solution for
the given objective function.

3.1. Algorithm

Step1: Read the abandon factor, P, and the objective function from the equation (6).
Step2: Read the objective function and initialize the population

Step3: If the convergence satisfied, perform steps 4 to 9. Else, go to stop.

Step4: Apply Levy flights to calculate the cuckoo (Nest;), randomly.

Step5: Determine its binary equivalent, and then evaluate fitness, S;.

Step6: For the nest (Nest;) chosen arbitrarily, evaluate the fitness S;.

Step7: Check whether Si>S; to update the solution, and then, to continue.

Step8: Evaluate the fitness for all the remaining nests.

Step9: Using the Abandon factor (P,), remove the worst solutions. And, replace them with the
new solutions calculated using Levy flights. Then go to step 3.

Step10: Stop

4. Results and discussions

The methodology of the proposed technique is described using Fig. 5, in the form of a
flowchart is given below. Consider an IEEE-14 bus system with 14 as shown in Fig. 6. On
applying the network reconsideration, it can be modelled as a 14-bus with 2 optimal substations
and 8 substations as shown in Fig. 7. Then, the critical elements are found to be L1-2and bus 2,
as listed in Table 2. Now, on applying the proposed PMU placement algorithm considering all
the critical elements, the optimal locations of PMUs are found to be 2, 4 and 5. From Fig. 7, it is
cleared that the PMUs at substations 4 and 5 not only could observe the system completely but
also covers the substations. And, the remaining PMU at substation 2 will observe the line L1-2
and bus 2 directly. Also, the PMU locations considering only substation coverage are given in
Table 3.

Table 3. PMU locations considering substation coverage

No. of substa-

tions for PMU No. of substa-tions

System placement for PMU placement Buses with PMU locations
after network
before network . .
. . reconsideration
reconsideration
IEEE-14 14 10 4,5
IEEE-30 30 24 2,4,6,15,20,25,27
IEEE-57 57 43 1,4,9,10,11,13,14,15,20,24,25,29,32
,37,39,53,56
IEEE-118 118 109 2,59,12,15,17,21,24,25,29,36,37,40
,43,46,50,51,53,59,61,66,69,71,75,7
7,80,85,87,91,94,101,105,110,114
1G-75 75 64 4,8,9,13,15,17,18,20,24,25,27,29,30
,31,32,33,37,40,41,43,48,51,63,70,7
3
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network
onstraint

Formulate the
constraints for

critical elements constraints

Solve the OPP problem
considering system and

using BCS

Figure 5. The flow chart of the proposed Method
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Figure 6. IEEE-14 bus system
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Figure 7. Reconsidered IEEE-14 bus system

considering substation coverage

Table 4. PMU locations for direct measurement of critical elements

System

PMU locations considering

Critical lines

Critical buses

Both

IEEE-14
IEEE-30
IEEE-57

IEEE-118

1G-75

14,5
2,6,12,18,23,25,27
1,4,9,10,11,13,14,15,2
0,24,25,29,32,39,43,5
0,54,56
1,5,10,12,15,17,21,23,
25,29,36,37,40,44,46,
50,51,53,59,61,6,5,66,
69,71,75,77,80,85,87,
91,92,96,102,105,110,
114
4,9,13,17,18,20,24,27,
29,30,31,32,33,34,37,
40,41,43,44,48,52,60,
63,70,74

2,45
2,6,12,15,19,26,27
3,4,8,9,10,11,12,13,14,15,2
0,24,25,29,32,39,52,56

2,5,10,12,13,17,19,22,24,25
26,29,31,36,37,40,43,46,51
,52,57,59,61,65,66,69,73,75
,77,80,85,86,90,94,102,105,
110,115

8,11,13,15,17,18,20,24,27,2
8,29,30,31,32,33,35,41,43,4
8,52,55,60,69,70,73

2,45
2,6,12,15,19.26,27
3,4,8,9,10,11,12,13,14,15,20,2
4,29,30,32,39,41,50,54,56

3,5,10,11,12,17,21,23,23,26,29
,34,37,40,45,46,49,53,56,59,61
,65,66,69,71,74,78,80,85,86,89
,92,96,100,107,108,110,115,11
8

4,13,15,17,18,20,24,27,29,30,3
1,32,33,34,35,40,41,43,49,52,6
0,63,69,70,73
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Table 5. Comparing the PMU number with literature

No. of PMUs required for Complete observability considering
Onl high-voltage ngh._ . Transient stabilit
system observagility Proposed gbuses, & connectivity of buses, Y
method [12] buses, [11]
[12]
1IEEE-14 4 3 - - -
1IEEE-30 10 7 - - -
1IEEE-57 17 20 - - 20
1IEEE- 32 38 39 41 37
118
1G-75 25 25 - - -

Similarly, the optimal locations of PMUs for different standard test systems i.e. IEEE-14, 30,
57, 118 and NRIG-75bus systems [20] with respective critical elements are listed in the Table 4.
In Table 5, the resultant PMU number is compared with the PMU number required for only
system observability. It also clearly witnesses the performance of the proposed algorithm when
compared with the earlier techniques. This shows that, just by installing 15 percent of additional
PMUs of total PMU installation cost, one can avoid major power blackouts that incur huge losses
which may be many times the total PMU installation cost.

5. Conclusion

However, since the substation installation costs much high than the cost of the substation
equipment, it is required to minimize the number of substations that install PMUs. And, the
traditional PMU placement schemes were failed in reducing the substation installation cost as
their aim is to reduce only the bus number. However, the proposed method reduces the number
of substations and ensures system complete observability. It also provides the direct
measurement of critical elements to avoid the most dangerous power interruptions like power
system blackouts. Results obtained from the standard test systems witness the effectiveness and
economics of the suggested method.

6. References

[1]. Abdelkhalak El Hami,Seifedine Kadry: Global Optimization Method for Design Problems,
Engineering Review, Vol. 36, Issue 2, 149-155, 2016.

[2]. Mohamed Zellagui, Heba Ahmed Hassan, Almoataz Youssef Abdelaziz: Non-dominated
sorting gravitational search algorithm for multi-objective optimization of power
transformer design, Engineering Review, Vol. 37, Issue 1, 27-37, 2017.

[3]. Baldwin, T.L., Mili, L., Boisen, M.B., Adapa, R.: Power system observability with minimal
phasor measurement placement", IEEE Trans. Power Syst., 1993, 8, (2), pp. 707-715.

[4]. Marm, F.J., Garcia-Lagos, F., Joya, G., Sandoval, F.: Genetic algorithms for optimal
placement of phasor measurement units in electric networks, Electronic Letters, 2003, 39,
(19), pp. 1403-1405.

[5]. Hajian, M., Ranjbar, A.M., Amraee, T., Shirani, A.R.: Optimal placement of phasor
measurement units: particle swarm optimization approach, Proc. Int. Conf. Intelligent
Systems Application Power Systems, November 2007, pp. 1-0.

[6]. Xu, B., Abur, A.: Observability analysis and measurement placement for system with
PMUs. Proc. IEEE Power Systems Conf. Exposition, October 2004, vol 2, pp. 943-946.

[7]. Gou, B.: Optimal placement of PMUs by integer linear programming, /EEE Trans. Power
Syst., 2008, 23, (3), pp. 1525-1526.

[8]. Gou, B.: Generalized integer linear programming formulation for optimal PMU placement,
IEEE Trans. Power Syst., 2008, 23, (3), pp. 1099-1104.

429



Critical Elements Based Optimal PMU Placement

[9]. Sodhi, R., Srivastava, S.C., Singh, S.N.: Optimal PMU placement to ensure system
observability under contingencies. Proc. Power and Energy Society General Meeting, July
2009, pp. 1-6.

[10]. C. Rakpenthai, S. Premrudeepreechacharn, S. Uatrongjit, and N. R. Watson.: An optimal
PMU placement method against measurement loss and branch outage, I[EEE Trans. Power
Del., vol. 22, no. 1, pp.101-107, Jan. 2007.

[11]. Rokkam, V., Bhimasingu, R.: An approach for optimal placement of Phasor Measurement
Units considering fuzzy logic based critical buses. In Smart Energy Grid Engineering
(SEGE), 2013 [EEE International Conference on (pp. 1-6).

[12]. Pal, A., Sanchez-Ayala, G. A., Centeno, V. A., Thorp, J. S. A PMU placement scheme
ensuring real-time monitoring of critical buses of the network. IEEE Transactions on
Power Delivery, 2014, 29(2), 510-517.

[13]. Chetan Mishra, Kevin D. Jones, Anamitra Pal, Virgilio A. Centeno.: Binary particle swarm
optimization-based optimal substation overage algorithm for phasor measurement unit
installations in practical systems, IET Generation, Transmission & Distribution, doi:
10.1049/iet-gtd.2015.1077.

[14]. M. Shiroie and S. H. Hosseini.: Observability and estimation of transformer tap setting with
minimal PMU placement, Power and Energy Society General Meeting - Conversion and
Delivery of Electrical Energy in the 21st Century, 2008 IEEE, 2008, pp. 1-4.

[15]. Glenn. W. Stagg, Ahmed. H. El-Abiad, Computer methods in power system analysis,
international student edition.

[16]. Xin-SheYang, Nature-Inspired Optimization Algorithms.

[17]. XinShe_Yang_(auth.), XinShe Yang (eds.) Cuckoo.

[18]. Yang, X-S. and Deb, S.: Engineering optimisation by cuckoo search, Int. J. Mathematical
Modelling and Numerical Optimization, Vol. 1, No. 4, 2010, pp.330-34.

[19]. Aziz Ouaarab, Belai"d Ahiod, Xin-She Yang: Discrete cuckoo search algorithm for the
travelling salesman problem, Neural Computing & Applications (2014) 24:1659-1669.

[20]. Power Grid Corporation of India, www.powergridindia.com.

N. V. Phanendra Babu has obtained his PhD from National Institute of
Technology Warangal. Currently, he is working as Assistant Professor in the
department of Electrical and Electronics Engineering, Chaitanya Bharathi
Institute of Technology, Hyderabad, India. His areas of interest are Wide-Area
Measurement System Design and Protection.

P. Suresh Babu is currently working as Assistant Professor in the Department
of Electrical Engineering, National Institute of Technology Warangal, India.
He has good academic and research experience. His research areas of interest
are Adaptive Protection Schemes, Digital Filtering Algorithms, PMU
placement and Wide-area protection. Germany.

D. V. S. S. Siva Sarma is currently working as Professor in the Department of
Electrical Engineering, National Institute of Technology Warangal, India. His
areas of interest are Power Systems Engineering, Power Quality, Power
System Protection and Condition Monitoring and Fault Diagnosis.

430


http://www.powergridindia.com/



