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Abstract. The Heffron-Phillips model of the synchronous 

generator is a fourth order linear model including a third order 

synchronous machine and a first order automatic voltage 

regulator (AVR) model. This model is used for small signal 

stability analysis and power system stabilizer (PSS) design. In 

some power grids, the synchronous generators and excitation 

system parameters are not available or valid because of derating, 

while these parameters are essential to analyze the power 

systems, design the controllers, and assess the security of the 

network. In this paper, a genetic algorithm-based method is 

proposed to identify the parameters of the synchronous generator 

and excitation system in the frame of Heffron-Phillips model 

using on-line measurements data. In the proposed method, the 

reference voltage of AVR is considered as the input signal, while 

the terminal voltage and output active power of the machine are 

considered as output signals. The output signals are provided by 

phasor measurement units (PMUs). The proposed method is 

applied to a single machine connected to an infinite bus, to show 

its effectiveness and accuracy. 
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1. Introduction 

To understand and predict the behavior of a power system, 

assess its security, or any other studies, an accurate 

analysis of the power system is essential. The first 

requirement of these analyses is knowledge of parameters 

of different elements of the network. These elements 

include synchronous generators, power transformers, 

transmission lines, loads, etc. Since the synchronous 

generators play the main role in power systems, modeling 

and identification of their parameters have been and are an 

attractive and challenging research topic. 

Generally, the parameter identification of the synchronous 

generator is classified into two approaches: off-line 

identification and on-line identification. In off-line 

identification methods, the machine is not in service. The 

traditional methods of the identification of parameters of 

the synchronous generator have been specified in IEEE 

standard [1]. But it had some drawbacks and in order to 

overcome its shortcomings some other off-line methods 

have been suggested such as using suddenly shorted 

circuit results and applying least squares method [2], 

exciting the stator windings with DC signal, while the 

rotor is in standstill [3], using stand still frequency 

response (SSFR) and an inverter-based voltage source 

[4], and etc. [5-10]. These kinds of tests are usually 

difficult and time consuming. The effect of the 

temperature and load changes has not been considered by 

these methods. The main drawback of these methods is 

that the generator must be off-grid which is not 

economical. To overcome the aforementioned point, on-

line identification methods have been proposed [11-15]. 

The basis of on-line identification methods is the 

application of  a small disturbance to the nominal value 

of the input signal. This signal should be applied to the 

system such that no interference occurs in the normal 

operation of the system. Generally, on-line identification 

methods can be classified into two categories; black-box 

modeling and white-box modeling methods. The black-

box modeling approach [15] deals with input and output 

data sets of the synchronous generator and the only aim is 

to map these sets and also, the structure of the system is 

arbitrary. These methods use wavelet transform, neural 

networks, etc. But, in white-box modeling methods [11-

14], the identification procedure is based on real physical 

structure of the synchronous machine such as third order 

model which is called Heffron-Phillips model. These 

methods use Kalman filter, Prony approach, transfer 

function estimation, etc. Usually, the excitation system is 

not considered in aforementioned methods and 

parameters of the excitation system has been separately 

identified [16-19]. But in this study, the excitation system 

is considered in the identification procedure. 

In this paper, the synchronous generator and AVR 

parameters are simultaneously identified based on 

Heffron-Phillips model and using genetic algorithm and 

on-line measurement data provided by PMUs. One of the 
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most important goals of the smart grids is monitoring. The 

PMUs are primary source of measurements for this aim 

and will be used widely in smart power grids.  In the 

proposed method, the reference voltage of the AVR is 

considered as the input signal while the terminal voltage 

and output active power of the machine are considered as 

output signals. The aim is to identify the parameters of the 

system by means of matching the estimated output signals 

of the simulated system and measured ones of the real 

system using genetic algorithm. The proposed method is 

applied to a single machine connected an infinite bus 

system. 

This paper has been organized as follows: a brief 

description of Heffron-Phillips model is presented in 

Section 2. The identification procedure is explained in 

Section 3. The case study and simulation results are 

described in Section 4 and finally, Section 5 concludes the 

paper. 

2.  Heffron-Phillips Model 

A synchronous machine connected to an infinite bus which 

is considered as the case study in this paper is shown in 

Fig. 1. This system includes a power transformer and two 

parallel transmission lines. 

 
Fig. 1. Single machine infinite bus system 

Generally, The Heffron-Phillips model of the synchronous 

generator is a fourth order linear model including a third 

order synchronous machine and a first order AVR. This 

model is suitable for small signal analysis, where linear 

approximation is useful. Therefore, all the input and output 

signals of this model have variations with a small domain 

around the nominal value which are shown by delta (Δ). 

The nonlinear equations of the machine and details of 

linearization procedure have been discussed in [20]. The 

block diagram of the linear model is shown in Fig. 2. 

 

Fig. 2. Block diagram of Heffron-Phillips model 

In this figure, ω is the rotor angular speed, δ is the rotor 

angle, 
qe and EFD are the transient and steady state 

internal voltage of the armature, respectively.  Input 

signals include UE and TM, which are the reference 

voltage of the AVR and input torque, respectively. The 

mechanical parameters are D and M, which indicate the 

damping factor and rotor inertia, respectively. 
doT   is the 

direct axis open circuit time constant. KA and TA indicate 

the DC gain and time constant of the AVR. 

As shown in Fig. 2, this model contains six coefficients 

K1-K6 called Heffron-Phillips model coefficients. The 

value of these coefficients is a function of the operating 

point and the reactances of the synchronous generator. 

These reactances include the steady state and transient 

reactance of the direct and quadratic axis (i.e., Xd, Xq, and 

X’d). The operating point includes the terminal voltage 

(Vt0), and active and reactive power of the machine (i.e., 

Pe0, and Qe0). The calculation method of these 

coefficients is completely explained in [20]. 

The state-space variables and equations of this model are 

as follows: 
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The output signals which are used practically, are the 

terminal voltage Vt and output active power Pe. All the 

values and parameters of this model are in per-unit 

except
doT  , M and TA which are in second, and KA has no 

dimensión. 

3. Identification Method 

In this study, the aim is the identification of the third 

order synchronous generator parameters including 

reactances, direct axis open circuit time constant, 

mechanical parameters and AVR DC gain and time 

constant. The identification procedure is explained 

below: 

Step 1) An operating point is considered. The terminal 

voltage, active power, and reactive power of the 

synchronous generator are measured. 
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Step  2) According to the nominal value of the reference 

voltage of the AVR for this particular operating 

condition, a pseudo random binary sequence 

(PRBS) is applied to the AVR. The domain of this 

disturbance should be small in order to have a 

good linear approximation. 2% of the nominal 

value is chosen. 

Step 3) The oscillation of the terminal voltage and active 

output power is measured. 

Step 4) The Heffron-Phillips model with eight unknown 

desired parameters (i.e., Xd, Xq, dX  , 
doT  , M, D, 

KA, and TA) is simulated. The genetic algorithm 

optimization procedure is used to minimize the 

error among measured outputs of the system and 

estimated outputs of the simulated system using 

following objective function: 

   
2 2

ti ti ei ei

i i

ˆ ˆO.F. V V P P      (4) 

where, Vt and Pe are sampled vectors of measured 

outputs and tV̂  and 
eP̂ are sampled vectors of 

estimated outputs. 

Two points in the last step are important to note: 

Point I. Although the reactances are not used in the 

Heffron-Phillips block diagram directly, but the 

coefficients depend on them as explained in [20] 

and given as follows: 
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Point II. According to the standards and related literature, 

all of the eight desired parameters have specific 

ranges, which are presented in the next section. 

Therefore, the genetic algorithm searches in these 

ranges. 

4.  Case Study and Simulation Results 

The case study is a single machine infinite bus system as 

shown in Fig. 1. All simulations have been carried out in 

MATLAB environment. The specifications of the 

synchronous machine, its operating point, power 

transformer and transmission line are given in Table I and 

II. 

In this study, ΔUE is considered as the only input signal 

and ΔTM is assumed to be zero. The PRBS signal (as ΔUE) 

is added to the nominal value of the reference voltage of 

the AVR. Then, it is applied to the reference point of the 

system as input signal and oscillations of output signals 

around their nominal values (ΔVt and ΔPe) are measured. 

White noise is added to the measured signals to make the 

measurements more practical and real. These signals are 

shown in Figs 3-5. 

 

Table I. – Synchronous generator data 

PARAMETER VALUE PARAMETER VALUE 

Nominal Power 50 (MVA) D 0.01 (p.u.) 

Nominal Freq. 50 (Hz) KA 290 

Nominal Vol. 10.5 (KV) TA 0.001 (s) 

Xd 2.642 (p.u) Vt0 1.00147 (p.u) 

Xq 2.346 (p.u.) Pe0 0.95 (p.u) 

dX  0.337 (p.u) Qe0 0.01 (p.u) 


doT  6.5 (s) Vref =Ue0 1.0015 (p.u) 

M 10 (s) - - 

Table II. – Transformer and transmission lines data 

PARAMETER VALUE PARAMETER VALUE 

Zt 0.12 (p.u.) XL1=XL2 
0.453 

(Ω/Km) 

RL1=RL2 

0.075 

(Ω/Km) 
Line length 101 Km 
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Fig. 3. PRBS signal as reference voltage small disturbance 

(ΔUE) 
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Fig. 4. Measured signal of terminal voltage (ΔVt) 
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Fig. 5. Measured signal of output active power (ΔPe) 

After that, the genetic algorithm is used to minimize the 

objective function, which is described by (4). The initial 

population is set to 20 for each parameters. The search 

range of each parameter discussed in Section 3, is 

presented in Table III. After 100 generations, the genetic 

algorithm is converged with the objective function value of 

0.8964. The estimated parameters are compared with real 

parameters in Table IV. 

Table III. – The search range of parameters 

PARAMETER RANGE PARAMETER RANGE 

Xd [1.5~3] M [5~10] 

Xq [1.5~3] D [0.001~0.1] 

dX  [0.1~0.6] KA [30~300] 


doT  [5.5~8] TA [0.0005~0.5] 

Table IV. – Real and estimated values of parameters 

PARAMETER REAL VALUE ESTIMATED VALUE 

Xd 2.6420 (p.u) 2.7302 (p.u) 

Xq 2.3460 (p.u.) 2.3552 (p.u.) 

dX  0.3370 (p.u) 0.3374 (p.u) 


doT  6.5000 (s) 6.7163 (s) 

M 10 (s) 10 (s) 

D 0.0100 (p.u.) 0.0661 (p.u.) 

KA 290.00 299.89 

TA 0.0010 (s) 0.0012 (s) 

The result of the genetic algorithm shows the acccuracy of 

the estimation. There is neglectable error in the estimation 

of the KA, which considering the wide search range of this 

parameter, it is acceptible. 

To show the effectiveness and percisoin of this 

identification procedure, the simulated output signlas 

using estimated parameters are compared with measured 

ones. The results are shown in Fig. 6 and Fig. 7. 
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Fig. 6. Comparison of estimated and measured terminal voltage 
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Fig. 7. Comparison of estimated and measured output active 

power 

For validation purpose, another test has been studied. A 

small step of 0.05 per-unit is applied to the input 

mechanical torque of the synchronous generator (ΔTM). It 

would change the operating point. During this test,  ΔUE 

is set to zero. This means that the reference voltage of the 

AVR has no variation and is set to the nominal value. 

The oscillations of  the terminal voltage and output active 

power are measured due to this input. Also, this test is 

applied on the system with estimated parameters. The 

comparison of the measured signals and estimated ones 

are shown in Fig. 8 and Fig. 9. This validation test shows 

that the estimated parameters are valid for other operating 

points too. 
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Fig. 8. Comparison of estimated and measured terminal voltage 

due to input torque step 
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Fig. 9. Comparison of estimated and measured output active 

power due to input torque step 

5.  Conclusion 

In this paper, the identification of parameters of the 

synchronous generator and excitation system in the frame 

of Heffron-Phillips model has been proposed using on-line 

measurements data and genetic algorithm. Since the smart 

grid concept is based on monitoring and communication 

infrastructures, PMUs will be used widely in these grids 

providing on-line measurements. These parameters are 

essential to analyze the power systems, design the 

controllers such as PSS and assess the security of the 

network. In the proposed method, the reference voltage of 

the AVR has been considered as the input signal while the 

terminal voltage and output active power of the machine 

have been considered as output signals. The proposed 

method has been applied to a single machine infinite bus 

system. The simulation results show the accuracy of the 

identification procedure and the validation test confirmed 

the validation of the estimated parameters for the various 

operating points. 
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