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Abstract— The review on power system state estimation is 

presented in this paper. State estimation process is based on 

the system state variables. The two methodology used for 

state estimation least square & weighted least square. The 

treatment of bad data gives the error-free estimate of input 

data. Bad data detection, identification & suppression is also 

discussed in this paper.  
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I. INTRODUCTION 

Selective monitoring of the generation and transmission 

system has provided the data required for economic dispatch 

and load frequency control. However, interconnected power 

system network become more complicated and the process 

of securely operating the system has become more difficult 

[3]. The transmission system is under stress, because 

generation & load are constantly increase but capacity of 

transmission lines has not increased proportionally. 

Therefore the transmission system must operate with ever 

decreasing margin from its maximum capacity [4]. 

Before any security assessment can be made or 

control actions taken, a reliable estimate of the existing state 

of the system must be determined. The input to the 

conventional power-flow program are confined to the P,Q 

injections at load buses and P, |V| values at voltage 

controlled buses. If one of these inputs is not   available, the 

conventional power-flow solution cannot be determined. In 

practice, other conveniently measured quantities such as P, 

Q line flows are present, but they cannot be used in 

conventional power-flow calculations. These drawbacks can 

be removed by state estimation [3]. 

The state estimators came in industry of   power 

engineering   in 1960s. Since then, state estimators have 

been installed on a regular basis in a new energy control 

centers and have proved quite useful. State estimator may be 

both static & dynamic. Both types of estimators have been 

developed for power systems [2]. 

II. STATE ESTIMATION  

State estimation is the process of assigning the value to an 

unknown system state variable based on the measurement 

from that system according to some criteria. The process 

involves imperfect or noisy measurements that are 

redundant and the process of estimating the system states is 

based on a statistical criterion that estimates the true value 

of the state variables to minimize or maximize the chosen 

criterion [3].  

In the Power System, The State Variables are the 

voltage Magnitudes and Relative Phase Angles at the 

System buses.. The inputs to an estimator are imperfect or 

noisy   power system   measurements of voltage magnitude 

and power, VAR. The Estimator is designed to generate the 

“best estimate” of the system voltage and phase angles, 

remembering   that there are errors in the measured 

quantities and these measurements are redundant 

measurements [3]. 

We require to produce the best estimate for the 

state given, the noisy measurement are present. This leads to 

the problem how to formulate the best estimate of the 

unknown parameters   given the available measurement 

 Most commonly used traditional methods for 

obtaining best estimate of system state variable are 

A. Maximum likelihood criterion (least square 

estimation method ) 

B. Weighted   least square estimation criterion [3]. 

 The non-traditional methods are evolutionary 

optimization techniques like genetic algorithms, differential 

evolution algorithms etc [4]. 

III. METHODS OF STATE ESTIMATION. 

There are two methods or criterion for the obtaining best 

estimate of system state variable. 

A. Least Square(Maximum Likelihood) Estimation Method: 

The objective of least square estimation (maximum 

likelihood criterion) method is to maximize the probability 

that the estimate of state variable   x , is the true value of the 

state vector x, (i.e. maximize P (x ) = x) [1]. Also, minimize 

the sum of absolute value of difference between measured & 

calculated values. The objective function „g‟ to be 

minimized is given by 

g =  ∑    |  ( )     |                                                    ( ) 
    

Subject to constraint zi = hi(x) + ei 

Where, m = number of measurements.                                                                 

w = weighting factor of the measurement                 

(reciprocal of variance of measurement) [4] 

 

Error ei = zi – hi(x),     i = 1,2,3.....m.                                 (2)                    

Where,  h(x) = measurement function 

              x = state variables and  

              z = measured value [5] 

 If Zmeas be the value of a measurement as received 

from a measurement device & Ztrue be the true value of the 

quantity being measured. Finally, let   be the random 

measurement error. Then, mathematically it is expressed as 

             Zmeas = Z true + η                                                (3) 

The random number η serves the inaccuracy in the 

measurement [1]. 

 If the measurement error is not partial, the 

probability density function of η is given by 

             PDF (η) = 
 

    
    

( 
  

   )
                                      (4) 

      Where σ is called the standard deviation and if σ is 

large, the measurement is relatively inaccurate (i.e. , a poor 

quality measurement equipment). A small value of σ 

denotes a small error spread (i.e., a good quality 

measurement device) [1]. 
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Fig. 1: Simple dc circuit with ammeter. 

Fig.1 shows the simple DC circuit with current 

measurement. Here random error is given by, 

 η = Zmeas – Ztrue = Zmeas - 
 

 
                                     (5) 

Where, r is the resistance in the circuit [1].  

By definition of maximum likelihood (least square) 

criterion Probability of Zmeas is given by 

  Prob (Zmeas)=∫    (     )       
            

     
 

                     =PDF(Zmeas)*dZmeas                              (6) 

Now, take maximum of prob (Zmeas) which is the function 

of x,  

    Max prob (Zmeas) = max PDF(Zmeas)*dZmeas.          (7) 

Now, take natural logarithm of PDF(Zmeas) and 

maximize we get 

     Max Ln PDF (Zmeas)]                                                  (8) 

After simplification we get final result of estimated 

value of x [1]. 

      = r. Zmeas                                                           (9)                                                         

The estimation index J is given by 

  J = z ‟ . z                                                                           (10) 

For minimizing J = f(x ) , we must satisfy the 

following condition,   grad (x ) J = 0 

The normal equation is given by  

  ‟. .x  -  ‟z = 0                                                               (11) 

 The LSE of the vector x  as [2] 

             x  = ( ‟. ) 1.  ‟.z                                                (12) 

B. Weighted Least Square Estimation Method: 

The objective of weighted least square estimation is to 

minimize the weighted sum of squares of the difference 

between measured & calculated values. In weighted least 

square method, the objective function „f‟ to be minimized is 

given by 

 ∑
 

   
 
                                                                          (13) 

The problem of state estimation is to determine the 

estimate that best fits the measurement model. The state 

estimation problem can be formulated as a minimization of 

the weighted least-squares (WLS) function problem. 

Min J(x) = ∑
(     ( ))

 

   
 
                                                    (14) 

 This represents the summation of the squares of the 

measurement residuals weighted by their respective 

measurement error covariance. Where z is the measurement 

vector, h(x) is measurement matrix, m is number of 

measurements & x is vector of unknown variables to be 

estimated.  

 In this method nonlinear vector function is 

linearized using Taylor series expansion  

h(x+∆x)   h(x) +H(x).∆x                                                (15) 

 

Where, the jacobian matrix H(x) is defined as:  

 H(x) = [
  ( )

  
]                                                                    (16) 

Then the linearized least-squares objective function 

is given by  

J(∆x) = 
 

 
 (z – h(x) –H(x)∆x)T.   .(z – h(x) –H(x).∆x)   (17) 

Where, R is a weighting matrix whose diagonal       elements 

are often chosen as measurement error variance,i.e.,  

 R = (
     
   
     

)   

 J(∆x) = 
 

 
 (e(x)  – H(x)∆x)T.   .(e(x)  – H(x).∆x)          (18) 

   Where e = z – h(x) is the residual vector. 

At the minimum, first order optimally conditions 

will have to be satisfied. This can be expressed in compact 

form as follows:  

 
  (  )

   
 = -  .    .(e – H.∆x) = 0                        

   .   .H..∆x =   .   .e 

 G.∆x =   .   .e                                                             (19) 

Where G =   .   .H is called gain matrix. It is 

sparse, positive definite and symmetric provided that the 

system is fully observable [3]. 

IV. TREATMENT OF BAD DATA 

One of the essential functions of  a   state estimator  is to 

detect  measurement  errors , and  to identify and eliminate     

them   if  possible. Measurements  may  contain  errors due 

to Random errors usually exist in measurements due to the 

finite accuracy of the   meters  &  Telecommunication  

medium. 

 Bad data may appear in several different ways 

depending upon the type , location and  number  of  

measurements that are in error. They can be broadly 

classified as 

 Single bad data: Only one of the measurements in 

the   entire system will have a large error. 

 Multiple bad data: More than one measurement 

will be in error.  

The treatment of bad data have two  levels as : 

A. Bad Data Detection: 

Detection refers to the determination of whether or not the 

measurement set contains any bad data. Bad data can be 

detected if removal of the corresponding measurement does 

not render the system unobservable.  One of method used 

for detecting bad data is the chi-square test. Once bad data 

are detected, they need to be identified and eliminated or 

corrected.  

 Consider the set of N independent random 

variables X1, X2, X3.....XN. 

 Where is X is distributed according to the standard 

normal distribution. Then, a new random variable Y defined 

by       Y = ∑    
   

 
 

It will have the chi – square distribution  of  Y      
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Fig. 2: Chi – square probability density function 

The chi – square distribution table is given by 

 

Fig. 3: Chi –square distribution table 

Step to detect the bad data are:  

 Use the raw measurements zi from the system to 

determine the weighted least-squares estimates x i 

of the system states. Substitute the estimates  x i in 

the equation    =  x  to calculate the estimated 

values   i of the measurements and hence the 

estimated errors   i = zj -  i 

 Evaluate the weighted sum of squares  

              f  = ∑
   

   
 
                                                            (20)                                                            

 If the value of f   is less than critical value 

corresponding to   with k degrees of freedom then 

the measured raw data and the state estimates are 

accepted as being accurate.  

B. Bad Data Identification: 

For a non critical (redundant) measurement zi, the        

normalized residual    can be defined as the ratio of the 

residual estimate,  i = zj -  i , to the standard deviation of  

the residual , Rii. The vector of normalized residuals is 

given by 

(zi -  i)           , Rii‟ = (I - H         )                       (21) 

Steps to identify the bad data are :  

Solve the WLS estimation and obtain the elements 

of the measurement residual vector     ei = zi – hi(x). 

Compute the normalized residuals 

    = 
|  |

     
  , i = 1, 2 ...m                                                    (22) 

Find p-th measurement such that       is the 

largest among    . 

If    > c, then the p-th measurement will 

suspected as bad data. Else, stop, no bad data will be 

suspected. Here, c is a chosen identification threshold, for 

instance 3.0. 

Eliminate the p-th measurement from the measurement set 

and go to step-1. 

After  identification  of  bad data  in measurement 

input data they could be removed before it is proceed.   

V. CONCLUSION 

This paper presents the very basic concept of state 

estimation & their conventional topics like maximum 

likelihood (least square) criterion. And further advanced 

topics like bad data processing (detection & identification). 

The state estimation plays very important (key) role in 

monitoring & control of modern power systems.  The least 

square & weighted least square techniques are important for 

estimating the system state variables like voltage magnitude, 

phase angles, power flow & VAR. The bad data detection & 

identification is responsible for elimination of presence of 

errors (bad measurement)  in measurement data. The bad 

data detection is based on the chi – square test. After 

detection & identification of bad data they can be removed 

from measurement data before it is proceed. It is called as 

suppression of bad data.   
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