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ABSTRACT 

Micro hydropower stations offer advantages like flood mitigation, water supply, 

irrigation etc over the large-scale hydropower stations that suffer from massive financial 

outlays, long gestation periods, environmental factors and rehabilitation of the displaced 

population; hence they have become a viable alternative to the energy requirement. 

Control systems and governors are the key components of small hydro power stations as 

they have to supply stable power while accommodating varying load conditions and 

erratic water flows. This thesis examines the design and functioning of conventional 

control systems for micro hydro power stations and proposes a new, cost effective and 

efficient control scheme using servomotor as the governor. 

Current micro hydro plants are based on 'run off the river' designs wherein no 

flow control is resorted to and the excess water is allowed to spill away without 

contributing to power generation. This thesis proposes a novel technique of power 

generation using flow control. A combination of two as well as three gates is proposed to 

regulate the flow of water so as to generate power in consonance with the load demand. 

Excess water is restricted from being spilled away. Servo motors are used to control the 

gates in the proposed scheme, which has significant advantages over the conventional 

control systems. 

State space techniques employing vector methods are developed to model micro 

hydro power systems using the conventional and the proposed control systems. 

Exhaustive simulations are carried out for the analysis of one gate, two gate and three 

gate schemes employing servo motors along with PI controllers. Varying water heads are 

considered to make the simulations more realistic. As random power impacts occur 

during the normal operation of a power system, the models are subjected to stochastic 

disturbances to ascertain their behaviour in the presence of these impacts. 

PI controllers provide a good control action for micro hydro power plants. 
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However the control action can be further improved using ANN based PI controllers. In 

order to optimize the parameters of a PI controller under a variety of operating 

conditions, an off-line ANN based optimisation technique is proposed. An ANN model 

is trained with the data obtained from simulations. This ANN model can subsequently 

provide the optimised values of proportional and integral constants for the PI controller 

under varying regulation parameter, nominal loading and water starting times. 

Having applied the ANN controller in the off-line mode by determining the PI 

settings, various types of advanced controllers are considered for on-line control of micro 

hydro power plants to evaluate their relative performance. These include various 

combinations of PI and Fuzzy PI, ANN, a-LMS, FTF controllers etc. Here the control 

action is decomposed into linear and nonlinear components. The study of different 

combinations has led to a new controller whose performance is found to be the best in 

terms of the squared error which in turn is reflected in the minimum peak overshoot and 

settling time. Stability analysis of the new controller has also been carried out. 

To foray into the intelligent control, the fuzzy rules are formulated resulting in the 

non-additive fuzzy model. The premise parts of rules consist of error and the difference 

of the errors and the consequent part contains the Choquet integral. The resulting non-

additive fuzzy system requires the use of X —measure to combine the two adjacent input 

sets each time non-additively. A generalized X —measure called a q-measure is proposed 

to reduce the computational burden associated with the solution of X —polynomial. In this 

non-additive fuzzy model, fuzzy measures of the input fuzzy sets are used for combining. 

The aggregated fuzzy measures from the Choquet integral come out as the estimated 
output. 
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