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ABSTRACT 

The work presented in this thesis is a result of research and development work in 

the area of Power Factor Corrected (PFC) converters. This dissertation addresses 

the problem of poor voltage regulation in the output voltage while at the same time 

explores the possibility of reducing the number of sensors. 

PFC converters are increasingly becoming essential due to enforcement of 

standards such as IEC 61000-3-2 and other similar guidelines and specifications that 

demand high input power quality. Current research has ensured unity input power 

factor operation with current distortions less than 3% even in commercial units. 

However, in ensuring high input power quality, the converter system requires 

sensing of output voltage as well as input voltage and current. The output voltage 

regulation of the converter is also compromised which leads to large fluctuations in 

the output voltage under transitory conditions. This indeed is a matter of concern 

because of stringent output voltage regulation desired by most applications. 

Moreover, large number of sensors complicates the PCB layout and increases /the 

cost of the system. 

The results, relating to fast voltage control and sensor reduction, used throughout 

the dissertation are systematically derived from mathematical modeling and 

simulation. Based on modeling and simulation it is established that the study carried 

out in this dissertation can be readily extended to other converters of the boost 

family. 

A discrete control scheme is introduced for eliminating output voltage sensor. In 

this scheme, the output voltage is estimated at every half-cycle of input voltage, 

which therefore allows a better voltage regulation bandwidth, compared to what is 
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obtainable with conventional designs using low pass filtering. Additionally, a ripple 

cancellation technique with minimal dependence on the converter model is 

introduced based on conceptually similar discrete method. The technique provides 

excellent output voltage regulation since the ripple is cancelled and not filtered 

The main objective of discrete ripple-cancellation algorithm is to reduce 

dependence on the converter model. This significantly simplifies the design and 

implementation of fast controller as compared to the prior art in the area. While this 

ripple estimation technique reduces the dependence on the model, it also requires 

unity template of the ripple shape. Consequently, this problem is eliminated using 

11 LMS algorithm based estimators. Adaptive nature of the algorithm allows greater 

tolerances to variations in the magnitude of ripple template. Furthermore, a simple 

circuit is proposed for synthesis of ripple template using staggered band-pass filters. 

In addition to ripple-cancellation techniques, nonlinear control schemes such as 

regulation band controller and Sliding Mode Controller (SMC) have the potential to 

improve output voltage regulation apart from providing large-signal stability. These 

techniques have been extended to the PFC converters. The improved regulation 

band controller uses hysteresis to select controllers for smooth transition and 

Proportional-Integral (PI) controller to eliminate steady state error. On the other 

hand, smooth control of voltage as well as current is achieved by using SMC. While 

the voltage dynamics cannot be improved significantly without distorting the input 

current, the controller provides stable operation over wide variation in line and load 

conditions. 

Finally, the sensor reduction approach is reexamined to bring about some 

important modifications. Here, the inductor-voltage is measured directly by adding 
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additional winding on the inductor. Several issues pertaining to signal fidelity are 

explicitly analyzed and a possible solution is presented. 

The dissertation focuses on two issues arising from achieving unity input power 

factor operation of boost converter. In reducing the number of sensors, the research 

is expected to make the converters compare more favorably with the diode bridge 

rectifiers in terms of cost and PCB layout. Secondly, by improving the dynamics of 

the output voltage the research will give the converter a technological edge similar to 

switchless universal line operation and controlled output voltage. It is felt that this 

work, along with similar efforts worldwide, will further enhance the application base 

of the PFC converters making them more attractive for commercialization. 
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