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Abstract: A model identification method of hydropower unit (HU) based on Auto-Regressive and 
Moving Average (ARMA) has been proposed. The ARMA model coefficients were obtained by 
least square method. Using the proposed method, the parameters ey, e, and eqh of hydro turbine can 
be calculated. Experiment results show that the model identification simulations were consistent 
with the measured data of field tests. 

Introduction 

Many hydropower plants have been built in China, which is the main power supply of the whole 
power system. The mathematical model accuracy of HU directly affects the correct response to the 
power system [1,2]. Some scholars have studied the mathematical modeling of HU which includes 
ideal hydraulic turbine model, linear hydraulic turbine model based on transfer coefficient, the 
IEEE simplified nonlinear hydraulic turbine model, nonlinear hydraulic turbine model based on 
model synthetic characteristic curve, and the internal characteristics hydraulic turbine model [3, 4, 
5]. The model parameters identification of HU is still one of the urgent problems to be solved [6, 7]. 
The main existing problems are as follows: (1) There are various types of hydraulic turbine and the 
characteristics are very different. (2) Because of the strong nonlinearity and wide operating range of 
the turbine, there is lack of effective method for model identification [8-9]. Literature [10-11] 
summarizes the modeling of prime mover and its regulation system, which is an important reference 
for the power system modeling and parameter testing. 

In the field of parameter identification, the traditional identification methods are the least 
squares method and its improved form, as well as the maximum likelihood parameter identification 
and its improved form. But the above two methods are sensitive to the input signal types and noise, 
and the identification of nonlinear systems is limited. In recent years, with the development of 
genetic algorithms, evolutionary algorithms, ant colony optimization, particle swarm optimization 
and other biological heuristic algorithms, they have been applied to parameter identification [8]. 
The parameters setting of these algorithms are based on experience and the whole system modeling 
is complex. These methods are more active in the field of research, but have little application in 
engineering. The classical identification methods are still mainly used in engineering application 
[12-19]. 

In this paper, a model identification method based on ARMA and least square method is 
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proposed to identify the model of the hydraulic turbine. The engineering application example is 
given at the end of this paper. 

Linear Mathematical Model of HU 

There are two typical models of the hydro turbine: the linear model and nonlinear model. The linear 
model is obtained in stable condition. As the model structure is simple and is easy to calculate, it is 
widely used in China. In the Power System Analysis Software Package (PSASP) and Power 
Administration Bonneville (BPA) simulation software, its mathematical model is easy to construct 
for simulation calculation. 

The linear hydraulic turbine model can be described as 
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Where Gh(s) , Mt(s) and Y(s) are transfer function of diversion system, turbine torque and the 
turbine guide vane opening, respectively. 

e can be written as e=eqy*eh/ey-eqh, the four constants of hydro turbine ey, eh, eqy, eqh are the 
partial derivatives of the torque and flow with respect to gate opening and head, respectively. 

The rigid water hammer model that is employed in the paper can be described as 

w( ) ThG s s= −                                   (2) 

Where Tw denotes water flow inertia time constant. 
Then the transfer function of the turbine and conduit system is 
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Setting parameters ey=1.0，eh=1.5，eqy=1.0 and eqh=0.5, respectively, the equation (3) can be 
written as 
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Equation (4) is the ideal model of hydro turbine for the current parameter identification. The 
unit operating conditions can be reflected by Tw. In engineering, if all calculation parameters are 
calculated based on the design conditions, Tw can be described as 
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Obviously, Tw is a constant value and ey>1.  
In this paper, the ARMA model of hydro generator unit is set up based on equation (3) and the 

operation conditions are reflected by means of ey, e, and eqh. 
By equation (3), the difference equation of hydro turbine can be written as 

qh w y w y w
t t
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e T e (Dt -eT ) e eT
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Equation (6) can be rewritten as 
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t tm  (k)= -am  (k - 1)+by(k)+cy(k - 1)
                     

(7) 

Where Δt is the sampling time step. 

Relevant parameters in equation (7) are obtained by the following formulas: 
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Obviously, equation (7) has the same expression as ARMA regression model. When y=0, it is 
actually an auto regressive (AR) model. For the standard ARMA model, the input y(k) is a white 
noise sequence of zero mean and the variance is Sigma. According to the above discussion, the 
ARMA model of hydraulic turbine is established. 

Model identification based on ARMA 

There are many methods for ARMA model parameter estimation. If the input sequence {y(k)} and 
the output sequence {mt(k)} both can be measured, the ARMA parameters can be estimated with 
sufficient accuracy by the least square method. Based on equation (7), a linear equation group can 
be obtained by a series of values, which can be rewritten as follows 
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Where v(k)
 
and l denote the noise signal and data length, respectively. 
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[ ]X a Tb c= , [ ]V v(1) (2) (3) ( 1) Tv v v l= −L  , then equation (9) can be rewritten as follows 

Z H X V= +                             (10) 
Define minimum error criterion function as 
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When X=X*, the first order partial derivative of the minimum error criterion function is    
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X* can be written as follows 
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Based on equation (7), the parameters a, b and c can be described as 
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Based on equations (13), (14) and (15), a, b and c can be obtained, respectively. Then the 
parameters ey, e, and eqh can be calculated according to equations(8) when Tw is known. 

Results and discussion 
In order to make the parameter identification of the hydraulic turbine model, the TPI software is 
developed according to the above method. The parameters of the hydraulic turbine regulating 
system can be easily identified by the software.  

As shown in Figure 1, black line is guide vane opening curve, and red line is power curve of 
the generator from field test. Identified parameters by using the field test data are shown as follows 

1 .4 9 4 8 4 7ye = , 0 .0 3 4 5 3 8e = , 0 .4 9 1 0 2 9q he = , 1 .8 8 6 0 0 0wT =  

The yellow curve is that the unit output power has been calculated according to the field test 
guide vane opening and identified model. And the results are in good agreement with the field test 
data as shown of the red curve. The correctness of the model identification results is described. 

 
Figure 1 Model deification results of case one 

Conclusions 

ARMA regression model based on linear hydraulic turbine model is presented in this paper. The 
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parameters relationship between ARMA and hydraulic turbine model is unique. Tw is calculated 
under design conditions. The operating conditions of the unit are reflected by the changes of ey, e 
and eqh. The ARMA parameters are obtained by using the least square method according to the 
measured data. The results show that the hydraulic turbine model parameters can be obtained by 
using the presented method. Based on the identification results, the calculated output power can be 
in good agreement with the testing results. The validity and practicability of the method have been 
proved finally. 
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