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 Abstract 
Recently, AC distribution systems have experienced high harmonic pollution due to the fact that electrical power system 
parameters are often mixed with noise. In an ideal situation, AC power system is supposed to have a constant frequency at 
specific voltage but owing to presence of connected nonlinear loads and injection into the grid from non-sinusoidal output active 
sources etc., have immensely contributed to the total distortion of the both current and voltage waveforms. This has increased the 
system loses and consequently affected other connected equipment in the system. Therefore there is a need to mitigate these effects 
if they cannot be eliminated intoto, hence the proposition of Kalman filter. It has been very useful in the aspect of electrical power 
discipline particularly in harmonic estimation. It has also find it way in the application of power system dynamics, optimal 
operation and control of motor, relay operation and protection, and also for accurate prediction of short and medium term 
electrical load forecasting. This paper is to highlight on the significant of Kalman filter methodological approach as adopted in 
electrical power system. 
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1. INTRODUCTION  
The presence of harmonic distortion in electrical power 
system has been linked to nonlinear loads and power 
electronic equipment and therefore, affecting the normal 
operation of the system. In actual power system, the output 
power of renewable energy, the existence of the nonlinear 
loads and other random process are indirectly changing the 
system state parameters. Hence, there is a need to present a 
separation of each vibration signal from random disturbance 
which is mixed with state parameter of the system. 
Conventional separation methods are fast Fourier transform 
(1-6], the minimum mean square error method [7] [8], least-
square method the adaptive notch filter method [9] etc. 
 
In 1960, American scientists, R. E. Kalman, in the system 
state space model proposed two simplifying assumptions for 
mathematical tractability [10]. In making this assumption, 
he derived an optimal estimate of unknown state of system 
which was to perform the computation recursively. Thus, his 
analysis provided accurate analytical solutions for linear 
filtering problem. However, the power system is dynamic 
and is intrinsically nonlinear system, therefore improved 
Kalman filter algorithm such as Extended Kalman Filter 
(EKF), Unscented Kalman Filter (UKF), and Central 
Difference Kalman Filter Particle Filter [11] were adopted 
to solve power system dynamic problems. 
 
As per the persistence development of Kalman filtering 
theory and improvement of its application in electrical 

power system, it is mainly applied in the optimal operation 
and regulation of electrical motor, dynamic state 
quantification, relay operation and protection, prediction of 
wind speed, short and medium term load forecasting etc. 
Therefore, this article seeks to review systematically the 
application of Kalman filtering theory in power system. 
 
2. KALMAN FILTERING INDICES 
The Kalman Filter is applied in a dynamic state estimation 
system. It is a recursive technique and its estimation 
algorithms exhibit high performance. The two prominent 
Kalman filter mathematical models of signal in state space 
form are state variable equation and measurement equation. 
 
2.1. Random Linear Continuous System 

Mathematical Models And Its Discretization 
Consider the following linear continuous system 
௧ାଵݔ  = ௧ݔ௧ାଵ,௧ܣ + ܳ௪,௧ … … … … … … … … . [1] 
 
௧ݕ = ௧ݔ௧ܤ + ܳ௩,௧ … … … … … … … … … … . … [2] 
 
Then, ݔ௧ is state at time t, ݕ௧  is observation at time t, ܣ௧ାଵ,௧ 
is invertible transition matrix from state at time t to state at 
time t+1,ܤ௧  is the measurement matrix at time t, ܳ௪,௧  is 
covariance matrix of dynamic noise ݓ௡  and ܳ௩,௧  is 
covariance matrix of measurement noise ݒ௡. 
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2.2. Kalman Filtering Fundamental Equation of Nonlinear Discrete System 

 Figure 2.2 Signal-flow graph of the Kalman filter, depicting it as a double-loop feedback system.  
In any event, if ݇ > ݇ then the state problem is prediction, if ݐ = ݐ  it implies filtering and if ݇ < ݐ  implies smoothing. 
Typically, a smoother is statistically more accurate than both 
the predictor and filter, as it uses more observables. On the 
other hand, both prediction and filtering can be performed in 
real time, whereas smoothing cannot. 
 
A stochastic equation for nonlinear continuous system 
discretization expression can be obtained by 
ො௞ାଵݔ  ≈ ො௞|௞ݔ௞ାଵ,௞ܣ + ܳ௪,௞ + ௞ߦ … … … . . . . [3] 
௞ݕ ≈ ௞ݔ௞ܤ + ܳ௩,௞ … … … … … … … … . . … . . [4] 
௞ାଵ|௞ܯ = ௞ାଵ,௞்ܣ௞|௞ܯ௞ାଵ,௞ܣ + ܳ௪,௞ … … … [5] 
௞|௞ܯ = ௞|௞ିଵܯ − ௞ܤ௞ܩ ௞ܲ|௞ିଵ … … … … . … . [6] 
 
Thus, the pair of equations (5) and (6) provides the means of 
updating the prediction-error covariance matrix with (6) in 
particular, commonly referred to as discrete form. 
 
Where: 
 
௞ܩ = ௞ܲ|௞ିଵܤ௞் ்ܴି ଵ……………………………. [7] 
 
Again, ݔො௞|௞ is filtered estimate of the state given observation 
,ଵݕ ,ଶݕ … , ;௡ݕ ௞ߦ  is non-random vector, ܩ௞  is Kalman gain,   ܯ௞|௞ିଵ  is prediction error covariance matrix,  ܯ௞|௞  is 
filtering error covariance matrix and ∝௞  is innovation 
process which meet the conditions as well as the 
discretization process [11]. 
 
Therefore, it can be seen that Kalman filter has two 
interactive computing circuits: update status circuit and 
measurement circuit, also is the process of prediction and 
correction. 
 
3. APPLICATION IN ELECTRICAL POWER 

SYSTEM FOR SHORT TERM ELECTRICAL 
LOAD FORECASTING 

Load forecasting is an important part of the normal 
operation of power systems and control. Adoption of 
Kalman filter for short-term load forecasting can effectively 
improve the prediction precision. It discusses about the 
autocorrelation for load forecasting given its theoretical 
basis [12], [13]. 

Short-term load forecasting was established by applying the 
Kalman filtering theory model to improve the precision of 
short-term load forecasting. Literature [14] of linear fitting 
using the least squares method to establish the basic model, 
load data with three times spline interpolation system 
parameters identification of Kalman filter and, finally using 
Kalman filter for historical data preprocessing which 
corrected the error of measurement. On the basis of 
considering load dynamic characteristic such as the load 
system with time-varying coefficient model, the prediction 
equation to predict the load has obtained good results [15]. 
 
Public meteorological forecast affects the power system load 
and may lead to the deviation in the power load forecasting 
error. Therefore, based on the theory of the distribution of 
the random events, literature [16] gives the iteration 
algorithm of Kalman filter and uses Kalman filtering 
estimator technology development of meteorological 
information for power load forecasting. It has the statistical 
meaning of minimum variance under test of meteorological 
data and improves the short-term load forecasting accuracy. 
In view of the weather sensitive load, fuzzy linear model is 
established using Kalman filter combined with fuzzy 
reasoning completed parameter estimation which 
significantly improves the accuracy of the electrical load 
forecasting. Considering daily variation of load regularity, 
Kalman filtering gives detailed process of electric power 
system short term electrical load forecasting [17], [18]. The 
ultra-short term electrical load forecasting comprises of 
multiple node-active and node-reactive load variations. With 
the reference to the use of least squares support vector 
machine (RLS-SVM) technologies and techniques of 
Kalman filter node active distribution factor as well as  
power factor to establish adaptive dynamic prediction model, 
the results show that both algorithms can meet the system 
operation speed, robustness and precise prediction [19]. 
 
4. APPLICATION IN STATE ESTIMATION OF 

ELECTRICAL POWER SYSTEM DYNAMICS 
The operation of electrical power system in aspect of energy 
management system EMS)system such as  monitoring, 
prediction, safety, evaluation and scheduling control is an 
important part of the dynamic state estimation due to its 
closeness to the actual operation of the power systems. It has 
attracted many attentions of the academic circles. Extended 
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Kalman filter, Unscented Kalman Filter etc. are currently 
used in the system state estimation. 
 
In the 1970s, Debs based on extended Kalman filtering 
theory, proposed the simplest system model of the dynamic 
state estimation theory [20]. 
 
Masiello etc. [21] also gives the ideas and methods of 
tracking state estimation. Literature [22] in the phasor 
measurement unit (PMU) analyzed in detail the measured 
electromagnetic generator output power equation of motion 
of the rotor of a generator and an external network on the 
basis of decoupling. The proposition was based on linear 
Kalman filtering method of generator dynamic estimation 
model state variables, and the measurement error and the 
model of dynamic noise. In literature [23] nonlinear Kalman 
filter method is adopted. 
 
Based on extended Kalman filtering principle, literature [24] 
in the state transition equation node status introduced 
synthetic prediction model with the intelligence of adaptive 
filtering method to estimate the state of the system, thus, 
literature [25] established the mathematical model of the 
dynamic state estimation .Three approaches of numerical 
method were proposed by Mandal [1995], Lin [2003], Liu 
[2004] and Han [2008] which included nonlinear Kalman 
filtering method [23-26]. 
 
INEKF (Incorporating nonlinearities of measurement 
function), the adaptive prediction of the dynamic state 
estimation AFEKF (the adaptive forecasting method) and 
smooth plane fuzzy control dynamic state estimation 
(Sliding surface - enhanced fuzzy control), were adopted to 
improve the EKF adaptability, robustness of the algorithm 
and accuracy. 
 
EKF is the method of linearization of nonlinear function 
approximation. If the system presents strong nonlinear 
characteristics, then the estimation precision will be 
seriously declined or even give in to divergence 
phenomenon. Therefore, Julier et al. [27-28] according to 
the basic idea of deterministic sampling based on the 
Unscented transformation (UT) remedied the 
aforementioned divergence phenomenon. At the same time, 
Norgaard Ito [29] and [30] based on Stirling polynomial 
interpolation formula respectively proposed a separate 
difference filtering and central difference filtering. Later 
Merwe [31] unified them and called it central difference 
Kalman filter (CDKF), but also called Sigma point Kalman 
filter [32]. 
 
Apropos of state estimation of electrical power system 
dynamic, the established dynamic state estimation 
mathematical model for exploration of the improved 
algorithm gives way to a new school of thought. . Literature 
[33] uses No Trace transformation based on UKF method of 
dynamic power system state estimation which avoided the 
linearization error brought by the EKF method. That saved 
the calculation of Jacobian matrix which has the very good 
convergence and higher than that of EKF method estimation 

precision and stability. In order to make up for defect of 
EKF and UKF, literature [34] proposed hybrid Kalman 
particle filter. The algorithm uses No Trace Kalman filter 
and EKF as proposal distribution, and which was much 
closed to the real distribution of approximate expression. 
Verification of results showed that the power system after a 
disturbance, can be converge to the real value using MKPF 
as compared with EKF and UKF which  has higher accuracy 
and stability. It can be seen that hybrid Kalman filter in 
dynamic state estimation in electrical power system has very 
good application prospects. 
 
5. THE ROLE OF POWER QUALITY 

ANALYSIS 
Power quality includes quality from three aspects namely; 
the quality of voltage, frequency and waveform. With the 
development of modern electric power system, the 
sensitivity of the equipment used and load connected has 
caused wide attention [35], [36]. Some of the methods for 
power quality detection are Fourier transform method [37-
40], Minimum absolute value (also known as further 
absolute value) state estimation [41-43], Genetic algorithm 
using wavelet analysis [44], [45] and Teager energy operator 
(TEO) methods [46]. In view of the above limitations of 
those methods, Kalman filter used in power quality analysis 
has advantages of its own. The three basics which follow 
Kalman filter principle namely; Kalman filter and its 
extension, and no trace of Kalman filter are summarized 
with their application in power quality analysis of the status 
quo [47].  
 
With reference to  problem of voltage sag, literature [48] 
demonstrated method of using the second-order Kalman 
filter for detection of voltage sag with faster response in 
terms of speed ,but it  is not influenced by unbalanced three-
phase of  harmonic voltage. However, its precision is often 
unsatisfactory. Literature [49] is proposed the use of linear 
Kalman filtering error sequence of transient power quality 
time domain method. The time of disturbances can be 
determined in real time which is effective for voltage sags, 
rising amplitude information and improves the accuracy of 
the detection. However the slow dynamic response is its 
drawback. Therefore, the literature [50] with compensation 
amount of time-varying Kalman filter was proposed. 
 
The compensation component of detection of voltage sag 
with reference to time-varying Kalman filter was first 
designed with compensation component of Kalman filter 
model and then residual method was later used to detect 
voltage mutation, control model transformation, time-
varying quantities. Simulation experiments show that the 
method has faster speed response and it can satisfy the real-
time requirement of dynamic voltage restorer. Further, 
literature [51] gives a voltage disturbance detection based on 
Kalman filter. 
 
Algorithm adopted for a new model to calculate the 
effective value of power grid voltage signal can be achieved 
by setting the voltage threshold, voltage sag and voltage 
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bump waveform real-time tracking. This is advantageous for 
the real-time detection grid disturbance. In addition, the 
Kalman filter can effectively monitor and predict the voltage 
flickering as well as the sag [52-55]. 
 
Kalman filter especially extended Kalman filter and no trace 
Kalman filter have been widely applied in the field of 
frequency tracking [56-59]. Literature [60] introduced 
robust extended Kalman filter algorithm which gives the 
precise tracking of fundamental wave frequency. Because 
the algorithm has a fast response speed and high accuracy, 
therefore it can effectively suppress the noise power grid as 
the result of frequency tracking to meet the requirements of 
power system real-time application. In accordance with 
literature [58], the plural type of extended Kalman filter 
(ECKF) algorithm on the basis of literature [61] uses a novel 
complex type Sigma points based on no trace transform 
Kalman filter (CSPKF) algorithm for dynamic tracking of 
instantaneous frequency of power system. This algorithm 
has the ability to improve greatly the convergent speed. 
 
On the issue of the power system harmonic, Kalman filter 
had been suggested in the 1990s in application of harmonic 
measurement [62]. Literature [63], {64] use Robust 
expansion exhibition Kalman filtering (REKF) technology 
for dynamic harmonic state estimation. Also, literature [64] 
use the artificial neural network combined with improved 
EKF, as well as, the REKF for dynamic harmonic estimation. 
Document [65] Proposed that the programming variant of 
the extended Kalman filtering (PEKF) method to measure 
harmonics in power system has better performance and 
efficiency. Literature [66] proposed a three-phase dynamic 
harmonic state estimation based on Kalman algorithm 
technology through the decomposition of harmonic current 
taken the appropriate state variables to effectively judge the 
branch containing harmonic source. Document [67] uses 
adaptive Kalman filtering algorithm for harmonic state 
estimation to select zero matrix as a unit and basic matrix. 
The adaptive Kalman filter can be between the two basic 
types of Q matrix model transformation which is a stable 
state to switch to the transient situation which cannot be 
quickly bifurcated by problem of the tracking system 
changes. 
 
6. APPLICATION IN ELECTRIC POWER 

SYSTEM RELAY OPERATION AND 
PROTECTION 

 Relay protection in power system make it safe, reliable, 
stable and guarantees the optimal economic operation of 
electrical power systems. It improves the reliability for the 
whole system hence its great significance. Kalman filter in 
the application of relay operation and protection is mainly 
embodied in the sensor fault detection and diagnosis as well 
as the fault signal processing etc. [68]. 
 
In Kalman filtering technology and on the basis of 
hypothesis testing theory, this paper proposes a fault 
detection method and calculation which indicates that the 

result of this method is rapid, reliable and highly sensitive. 
Document [69] highlighted on fault detection (fault current 
and voltage estimation), fault classification and fault 
location into five parts. Kalman filter algorithm is 
introduced in the implementation of microcomputer distance 
protection. In order to improve the calculation precision of 
fundamental component in the microcomputer protection 
and response speed, literature [70] of Kalman filter and the 
whole Zhou Fu's algorithm is analyzed and compared. The 
results verified the advantages of Kalman filtering. 
Document [71] is based on fault detection and diagnosis 
system of federal Kalman filter in combination with 
intelligent fault-tolerant controllers which effectively detect 
the shortcoming of microcomputer relay protection and 
improve the reliability of microcomputer protection system.  
 
During system failure, the signal often contains a lot of 
periodic component and harmonic component which might 
have delayed the convergence rate of the Kalman filter. 
Therefore, literature [72] proposed a technique which 
involved the combination of Kalman filter and wavelet 
transform for fault detection and extraction of fundamental 
component. The paper used Kalman filter model to estimate 
fundamental component characteristics and combining the 
system wavelet transform modulus maxima of high 
frequency component tracking time using the update of the 
gain from coefficient and error covariance matrix. Thus, it 
reduces the response time of the Kalman filtering model 
thereby guaranteeing the fast response of the microcomputer 
protection against failure. To sum up, Kalman filter has 
features of fast response and good filtering effect by meeting 
the relay operation and protection requirements there by 
tripping rapidly and accurately. 
 
7. APPLICATION OF WIND SPEED 

FORECASTING 
Wind speed prediction of wind farm and the operation of the 
power system are of great significance. Wind farm 
volatility-output power is mainly caused by wind speed 
change, so accurate wind speed prediction can effectively 
reduce the negative impact of the wind farm to power 
system [73]. Wind speed forecasting is commonly analyzed 
using artificial neural network [74], [75], time series method 
[73], [76], [77] and Kalman filtering method [78-82] etc. 
Considering the accuracy requirements, the combination of 
several methods for wind speed forecasting has become a 
trend. 
 
Document [78] uses Kalman filter techniques and least 
squares support vector machine (SVM) on the amount of 
wind power and wind power allocation factor adaptive 
dynamic prediction based on association rule are 
implemented directly as a super short term power output of 
wind farms. The results showed that the proposed prediction 
method has certain accuracy. Literature [79] based on time 
series and the Kalman filtering methods, presented two 
improved algorithm for short-term forecast wind speed.  The 
verification results showed that both algorithms could 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 
 

_______________________________________________________________________________________ 
Volume: 05 Issue: 03 | Mar-2016, Available @ http://www.ijret.org                                                                               371 

effectively improve the accuracy of the measured wind 
speed sequence short-term forecasting of wind farms. 
Document [80] proposed a short-term correction based on 
Kalman filtering wind farm power prediction model. It used 
Kalman filtering algorithm of numerical weather forecast 
output of wind speed data for dynamic correction, contrast 
analysis which showed that Kalman filtering correction of 
wind speed data is able to track the change tendency of the 
actual wind speed data and also, improve the prediction 
accuracy. In order to make up for the disadvantage of each 
method, the literature [81] proposed a combination of time 
series analysis and Kalman filter hybrid algorithm  
reflecting the sequence established based on time series 
signal change law of low order model. This directly deduced 
the Kalman filter state and measurement equations by using 
Kalman forecast iterative equation to solve the higher order 
of time sequence model and difficult problems. Document 
[82] highlight the use of Bayesian - Kerry gold - Kalman 
model on the basis of multiple wind speed rolling 
optimization and prediction of algorithm. This approach 
helped to comprehensively utilize the power in terms of 
wind speed data for more accurate prediction. 
 
8. APPLICATION IN MOTOR STATE AND 

PARAMETER ESTIMATION 
Motor is an electromechanical device which plays an 
irreplaceable role in power system. Therefore identifying its 
state and parameter estimation is very important for its 
efficient operation. Literature [83], from the perspective of 
the principle of extended Kalman filter algorithm using the 
stator current and voltagemeasured to deduce the 
synchronous motor speed to quantify the rotational speed of 
motor and the stator magnetic flux-linkage.  This method 
can achieve high performance of motor control. In recent 
years, the Kalman filtering has been used to analyze 
synchronous motor especially permanent magnet 
synchronous motor. According to documents [84], [85], 
extended Kalman filtering (EKF) has been applied in the 
sensorless control of permanent magnet synchronous motor 
and good results have been achieved. Literature [86] 
proposes that using Kalman filter as observer for all-digital 
fuzzy Direct Torque Control (DTC) system has been carried 
on the accurate parameter estimation. Thus, all-digital fuzzy 
speed sensorless control is realized. 0n the detection of 
stator voltage and current, the application of EKF observer 
is very accurate in calculation of stator magnetic flux-
linkage of motor, rotor state, speed of the motor and indirect 
estimation of motor torque. In document [87], the extended 
Kalman filtering theory and sliding mode structure of the 
permanent magnet synchronous motor speed observer, has 
been used accurately to observe the full working condition 
of the speed and position. The document [88] has extended 
Kalman filter real-time and multi-scale wavelet transform 
carried out based on the motor terminal voltage and stator 
current information on its online estimate. It was discover 
that diagnosing permanent magnetic field with the algorithm 
has a better accuracy. Document [89] by a state augmented 
extended Kalman filtering (AEKF) method for the motor 
speed, the magnetic pole position and resistance were 

estimated. The sensorless control system provides good 
dynamic response characteristics. In document [90], no trace 
Kalman filter (UKF) was applied to a motor of nonlinear 
state estimation in the sensorless drive system. It effectively 
avoided the linearization error and calculation Jacobian 
matrix. [91-93]. 
 
9. CONCLUSION 
Although the Kalman filter theory proposed has been over 
half a century but its application in power system cannot be 
over emphasized. Further, it has been widely applied in 
telecommunication for satellite position; robotic engineering 
for estimation of position etc. Its application is numerous so 
far as engineering is concern. In this paper, according to the 
characteristics of the Kalman filter and its extension form in 
the aspects of electric power systems are reviewed and in 
the field of application. It must be pointed out that Kalman 
filter has its drawbacks and shortcomings but combining 
with other intelligent algorithms has become the 
development trend of the future. 
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