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Chapter 11 An Optimized Fuzzy Logic Controller for Active Power Factor Corrector Using Genetic Algorithm Henry S.H. Chung*†, Eugene P.W. Tam†, S.Y.R. Hui†, and W. L. Lo# Abstract This chapter presents the design of a fuzzy logic controller (FLC) for boost-type power factor corrector. A systematic off-line design approach using the genetic algorithm to optimize the input and output fuzzy subsets in the FLC is proposed. Apart from avoiding complexities associated with nonlinear mathematical modeling of switching converters, circuit designers do not have to perform time-consuming procedures of fine-tuning the fuzzy rules, which require sophisticated experience and intuitive reasoning as in many classical fuzzy-logic-controlled applications. Optimized by a multi-objective fitness function, the proposed control scheme integrates the FLC into the feedback path and a linear programming rule on controlling the duty time of the switch for shaping the input current waveform, making it unnecessary to sense the rectified input voltage. A 200-W experimental prototype has been built. The steady-state and transient responses of the converter under a large-signal change in the supply voltage and in the output load are investigated.



11.1 Introduction Since the early 1970s, many small-signal modeling, analysis, and control techniques [1]-[4] for pulse-width-modulated (PWM) switching converters have been proposed. Among various approaches, the most common ones are the averaging technique and its variants. Starting from the state-space descriptions of each converter topology and using small-ripple approximation, an averaged linear timeinvariant model is derived to replace the time-varying circuit. The averaged signals are perturbed and then the derived equations are linearized by neglecting the second- and higher-order terms. After separating the ac and dc parts, s-domain transfer functions can be formulated. The methodology is simple and elegant, and *Corresponding author. † The authors are with the Department of Electronic Engineering, City University of Hong Kong, Tat Chee Avenue, Kowloon Tong, Hong Kong. # The author is with the Department of Electrical Engineering, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong.
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allows for the derivation of various closed-form transfer functions. However, the small-signal model becomes inapplicable when the operating point of the converter is shifted, such as a large-signal change in the input voltage and output load. Thus, the validity of these methods is restricted to small-signal analysis, and a major drawback would be the very limited range of fluctuation of system variables around the nominal operating point. In order to retrieve more useful information about the system, it is crucial that the model retains as many of the nonlinear properties of the physical system as possible. Recent research has been directed towards the use of applying nonlinear control principles to the dynamic control of converters. The fuzzy logic controller (FLC) has gained practical success in industrial process control and has become popular among engineers. It deals with problems that have vagueness or uncertainty, and uses membership functions with values between zero and one to solve problems. It can give robust adaptive response of a drive with nonlinearity, parameter variation and load disturbance effect [5]. Many articles [5][8] for motor drives, dc-dc, and dc-ac converters address performance and design issues of using fuzzy logic to perform nonlinear control of the switching action. No exact models of converters are required. The system is controlled by the fuzzy control algorithm, in which a set of linguistic rules is embedded in accordance with the designer’s experience and intuitive reasoning. However, as in many expert systems, the rule base quality is difficult to investigate analytically. Thus, optimization of such an FLC is not easy. Moreover, the development of an FLC for the power factor corrector (PFC) [9] is still in slow pace. This chapter presents an optimized fuzzy logic control scheme for a boost-type PFC. The two key features of the methodology include (1) the integration of a fuzzy logic control technique into the feedback path and (2) the use of linear programming rules on the PWM ramp voltage to control the duty cycle of the switch for shaping the input current waveform. The latter feature makes it unnecessary to sense the input voltage. Apart from avoiding complexities associated with nonlinear mathematical modeling of switching converters, the fuzzy sets used in the FLC are determined by an off-line optimization approach using the genetic algorithm (GA). Circuit designers become unnecessary to perform time-consuming procedures of fine-tuning the fuzzy rules, which require sophisticated experience and intuitive reasoning as in many classical fuzzy-logic-controlled applications. The GA emulates the natural genetic evolution processes, having the advantages that the search is executed at multiple searching points concurrently and statistically, and is free from terminating at local minimum points. In this chapter, the GA is used to optimize the membership functions of the input and output fuzzy subsets in the FLC, in order to ensure satisfactory closed-loop transient responses.
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Recent research developed at City University of Hong Kong shows that the FLC can be optimized for minimal fuzzy memberships and rules by using hierarchical genetic algorithms (HGA) [10]. The HGA is a general approach for optimization of the number of input, output fuzzy subsets, parameters of membership functions and rule table. However, both simulation and practical experience show that reasonable performance can also be achieved with a fixed number of optimized input and output fuzzy subsets. In order to give a compromise between the training time and the quality of the optimization results, the number of the fuzzy memberships is fixed and only the membership functions are optimized in this chapter. It will be shown that satisfactory optimization results can be obtained with this approach. Section 11.2 includes the linear programming rule for the boost rectifier and for the operations of the FLC. Section 11.3 shows the GA optimization procedures of the fuzzy rules. Section 11.4 gives the experimental results of a 200-W PFC prototype. The steady-state and transient responses under a large-signal change in the supply voltage and the output load are investigated. Section 11.5 gives the conclusions. iin
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Figure 11.1 Block diagram of the boost rectifier with APFC and FLC



11.2 FLC for the Boost Rectifier Figure 11.1 shows the block diagram of the proposed boost rectifier with PFC. The input and output of the fuzzy logic system implemented in a digital signal processor (DSP). It is only necessary to sense the slow-varying output voltage vout. The fast
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varying input current iin is compared to the product of the FLC output and a standard ramp function. The DSP is not required to generate a fast PWM signal at the switching frequency fS. 11.2.1. Switching Rule for the Switch SW Figure 11.2 shows the behavioral model of the boost converter [11]. vin is the supply voltage of the converter. Don represents the duty cycle of SW. If the waveform of iin varies in accordance with vin, it must make the converter look resistive at the input terminal. When the converter is operating in continuous conduction mode (CCM), v in = (1 − Don ) vout [11],



v in (1 − Don ) v out = Rin = iin iin



(1)



where Rin is the fictitious input resistance. If vin and vout are fixed, iin and the output power can be adjusted by controlling R in. The average switch current is can be related with iin by



i s = Don iin ⇒ iin = i s Don



(2)



If the operation of the rectifier is in CCM and the current ripple of the input current is small, the on-state switch current Is,on can be approximated by



I s ,on = iin



(3)



By substituting Equation (2) into Equation (1),



I s ,on =



v out v 1 (1 − Don ) = out (1 − ton ) Rin Rin Ts



(4)



ton = D on T s is the on-time of SW and T s (= 1 / fs ) is the switching period. Equation (4) gives the required relationship between Is,on and t on, in order to keep the input side resistive. For practical implementation, a current reference function i ref (t ) that gives a similar expression to Equation (4) is used, in order to follow the condition in Equation (4). That is,



v out 1 (5) (1 − t ) = v c (t ) v ramp (t ) Rin Ts The waveform of i ref (t ) is similar to a ramp function in classical a PWM switching converter, but the amplitude is adjustable and is controlled by v c (t ) . Thus, the i ref (t ) =



switch current can compare with i ref (t ) , so that ton will be in accordance with the
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above relationship. As shown in Equation (5), i ref (t ) is derived from the product of the FLC output v c (t ) , which gives the control action of vout / Rin in steady state, and a standard ramp function v ramp (t ) that generates a function of (1 − t / TS ) .



v c (t ) is a slow-varying function. Compared with the classical current mode controller [9], the proposed system eliminates the requirement for sensing the input voltage for input current synchronization. This approach gives a similar effect like the nonlinear carrier control in [12], but presents simpler methodology as in [13] and [14]. iin
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Figure 11.2 Behavioral model of the APFC 11.2.2 Fuzzy Logic Controller (FLC) One of the advantages of FLC is that it does not require an accurate mathematical model of the whole system. The control action in the FLC is determined by a set of fuzzy rules. Figure 11.1 shows the configuration of the FLC. The output voltage of the PFC is sampled. At the nth sampling instant, two quantities are supplying to the FLC, including an output voltage error e and an output voltage error change ce. They are defined as



e( n ) = v ref − vout ( n ) and ce(n ) = e(n ) − e(n − 1) (6) where vref is the reference voltage. The FLC consists of three major components [15], including fuzzification, decision-making, and defuzzification. They are described as below. 11.2.2.1 Fuzzification Fuzzification is to map e and ce into suitable linguistic values. In this chapter seven fuzzy subsets are defined for e and ce, including negative big (NB), negative medium (NM), negative small (NS), zero (ZE), positive small (PS), positive medium (PM), and positive big (PB). Each input variable (i.e., e and c e) is assigned to a membership value µ corresponding to an individual fuzzy subset. The number of
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fuzzy subsets is not fixed and depends on the input resolution required. In general, the larger the number of fuzzy subsets, the higher is the input resolution. Figure 11.3(a) shows the membership functions that are in triangular shape. Typically, the functions are evenly distributed [5]-[8], [15]. That is, xi,j1 = xi,(j-1)2 , xi,j2 = xi,(j-1)3 , and xi,j3 = x i,(j+1)2 for j = 1,…,6. It must be noted that such an evenly distributed membership approach has no practical justification. In this chapter, the distribution of the membership functions is not limited to such an arrangement, but is optimized by applying the GA. In practice, mapping of e and c e into the fuzzy subsets is achieved by scaling their magnitude linearly. That is,



e′ = β e and ce ′ = γ ce



(7)



where β and γ are constant scaling factors. e′ and ce′ are variables that lie along the input range of the respective fuzzy subset. A method, which is based on the steadystate output of the PFC, is used to decide the values of β and γ. Consider the PFC output circuit in Figure 11.2, is(t) is assumed to be a rectified sinusoidal waveform at the line frequency fL. Thus,



i s (t ) = I m | sin ωL t | , ωL = 2 π f L .



(8)



The output capacitor current iC2(t) can be expressed as



iC 2 ( t ) = i s ( t ) −



Vout RL



(9)



where Vout is the average output voltage. As the average value of iC2(t) equals zero,



ωL π



∫



π / ωL



0



i s (t ) dt =



π Vout Vout ⇒ Im = RL 2 RL



(10)



The output ripple voltage ∆vout can be approximated by



∆vout = t1 =



1 C2



∫



t2



t1



iC 2 (t ) dt =



2 Vout ( π 2 − 4 − π + 2 sin −1 ) , ωL C2 RL π



sin −1 (2 / π) π − ω L t1 . , t2 = ωL ωL



(11)



where t1 and t2 are the times at which iC 2 (t ) = 0 in one half cycle. vout contains a ripple voltage vripple with peak-to-peak value of ∆vout in the steady state. e′ varies between [–∆vout β / 2 , ∆vout β / 2]. In this investigation, the ripple is assigned to vary within one-third of the fuzzy subset input extremes at heavy load condition. Thus,
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β=



1 1 ⋅ (e’max − e’min ) ∆vout 3



(12)



where e’max and e’min are the maximum and minimum values of the e′ fuzzy subset input shown in Figure 11.3. If vripple is assumed to be sinusoidal, the frequency will be at 2 fL



v ripple (t ) ≅



∆vout sin 2 ω L t ⇒ v& ripple (t ) ≅ ∆v out ω L cos 2 ωL t 2



(13)



As v& ripple varies between -∆vout ωL and ∆vout ωL, ce′ will vary between -∆vout ωL / fsamp and ∆vout ω L / fsamp in each sample, where fsamp is the sampling frequency of vout. In this chapter, this variation is mapped to vary between two-thirds of the fuzzy subset input extremes,



γ=



f samp 2 ⋅ (ce’max − ce’min ) 2 ∆v out ω L 3



(14)



where ce’max and ce’min are the maximum and minimum values of the ce′ fuzzy subset input. The selection of the mapping range of e′ and ce′ at steady state in Equations (12) and (14) are based on a compromise between the sensitivity of the FLC and the regulation speed. The effects of using different β and γ on the transient responses will be demonstrated with the practical example in Section 11.4. µe’i
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xi,72



11.2.2.2 Decision-Making Decision-making infers fuzzy control action from knowledge of the fuzzy rules and the linguistic variable definition. The control rules that determine the output of the FLC are based on the knowledge of the system behavior being controlled. The fuzzy inference method is illustrated in Figure 11.4. As every e′ and ce′ belong to at most two fuzzy subsets (Figure 11.3), a maximum of four rules have to be considered in every sample. For example, if e′ = a and c e′ = b, a has non-zero membership values for NB and NM and b has non-zero membership values for NM and NS. Four rules including (NB, NM), (NB, NS), (NM, NM), and (NM, NS) have to be considered. Consider the rule (NB, NM); a value m is determined by applying the Mandani’s min fuzzy implication, where



m = min[µ e ’( NB ) ( a ), µ ce ’( NM ) (b)]



(15)



The fuzzy set µu1(u) is derived as shown in Figure 11.4. The same operation is applied for other rules. The union of all the fuzzy sets µ u1(u), µ u2(u), µu3(u), and µu4(u) is formed as shown in Figure 11.4. The actual output of the FLC is then obtained by defuzzification. 11.2.3 Defuzzification Defuzzification is the process to convert the inferred fuzzy control action to a crisp value. The output of the FLC is the change of vc(n) in Equation (5). The actual value is determined by adding vc(n-1) to the calculated change,



v c (n ) = v c (n − 1) + δv c (n )



(16)



During this operation, a crisp value for u = δvc(n) is calculated by using the “center of sum method.” Let Aq be the area of the trapezoidal fuzzy set inferred by the qth control rule and u q be the horizontal distance between the centroid of Aq and the vertical axis. The defuzzified output is calculated by the following formula N



u=



∑u



q



Aq



q =1 N



∑A



(17)



q



q =1



where N is the total number of control rules. Equation (16) gives an integrating effect, which can remove steady-state error. The calculated control voltage is then sent to the output of the FLC and then to multiply the ramp voltage vramp in Equation (5).
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11.3 Optimization of FLC by the Genetic Algorithm 11.3.1 Structure of the Chromosome By applying the GA, the membership functions of the fuzzy subsets in the fuzzification are optimized. It is illustrated with a flowchart in Figure 11.5(a). For a generic chromosome Si in a population U D having Ns members (where i∈[1, N s]), the parameters are arranged as shown in Figure 11.3(b). It consists of 63 integer numbers and can be divided into three components. Each component corresponds to the fuzzy subsets for e′ , ce′ , and u and contains the parameters of the seven membership functions. As shown in Figure 11.3(a), three points including the two ending points and one peak point, define each membership function. Mathematically, (18) Si = [Xi Yi Zi] where Xi = [xi,11 xi,12 xi,13 … xi,71 xi,72 xi,73], Yi = [yi,11 yi,12 yi,13 … yi,71 yi,72 yi,73], Zi = [zi,11 zi,12 zi,13 … zi,71 zi,72 zi,73] 11.3.2 Initialization of Si First, the size of the population (Ns), the maximum number of generations (G max), the probability of crossover (px), and the probability of mutation (pm) are initialized. Second, the chromosome is initialized with a random selection process. As the parameters in µe′i, µ ce′i, and µui are initialized similarly, initialization of µ e′i is illustrated in the following. 11.3.2.1 The peak point Seven random integers that are in the range of [e′min e′max] are generated for the initialization of all peak points (i.e., xi,12 , xi,22…xi,72) of the membership functions µe”i(e′) in Figure 11.3(a). The generated random integers are checked with the condition that



xi ,( j +1) 2 − xi , j 2 ≥



e’max − e’min , j = 1 ... 6 8



(19)



This is to ensure sufficient separation between the peak points of the initial fuzzy subsets. If the above conditions cannot be satisfied, another set of random integers will be generated.
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Figure 11.4 Inference method
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11.3.2.2 The Two End Points The two end points of each membership function are governed by the following constraints. Apart from xi,11 and xi,73, xi,j1 and xi,j3 are randomly chosen so that xi,j1 ε [xi,(j-1)2 x i,(j-1)3 ] and xi,j3 ε [ x i,j2 x i,(j+1)2] for the jth membership function. For example, xi,13 is selected randomly within the interval of [xi,12 xi,22] a n d xi,21 is selected randomly within the interval of [xi,12 xi,13]. This is to ensure the existence of an overlapping region between the adjacent fuzzy subsets. The above membership function initialization procedure is repeated for the other input and output membership functions µce′i(e′) and µui(u). 11.3.3 Formulation of Multi-objective Fitness Function After the initializations, the GA goes into the evaluation procedures. Fitness values that measure the degree of attainment of the optimization objectives of all Si in the current population are calculated. The multi-objective fitness function F[Si(k)] in the kth generation is defined in terms of the time-domain performance index, including the maximum overshoot, undershoot, and settling time in a performance test. The procedure is illustrated with the flowchart in Figure 11.5(b). The test involves a step change of the set point at start up, a load change at Tmax/5 and at 2T max /5, a supply voltage change at 3Tmax/5 and at 4T m a x /5, where Tmax is the maximum time of the performance test. A typical output response is shown in Figure 11.6. The output response of the boost rectifier with the FLC using the parameters in Si is studied by a performance test, which is simulated with the method in [16]. F[Si(k)] is defined as



F [ Si (k )] = {O[ Si (k )] + P[ Si (k )]}−1



(20)



O[Si(k)] and P[Si(k)] are defined as 5



O[ S i ( k )] = ∑ [a i M pi + bi M vi + ci Tsi ]



(21)



i =1



P[ Si ( k )] =



Tmax / 5 5 {∫ | e(t ) | dt + ∆V Tmax Tmax / 10
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∫



4 Tmax /5
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2 Tmax /5
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| e(t ) | dt +



| e(t ) | dt +
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Tmax



9 Tmax / 10
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3 Tmax / 5



Tmax / 2



| e(t ) | dt (22)



| e(t ) | dt}



where ai, bi, and ci are constant weighting factors, Mpi, Mvi and Tsi are the maximum overshoot, undershoot and settling time of the filtered output response within a tolerance band of ±2% (The cutoff frequency of the filter is at fL / 3.); and e(t) is the error between the simulated output voltage (i.e., vout) and the reference voltage (vref). O[Si(k)] measures the sum of maximum overshoot, undershoot, and settling time for the transient response in different sections of the performance test. P[Si(k)]
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considers the steady-state ripple as a penalty factor in the overall fitness function. It calculates the steady-state integral absolute error (IAE) in different sections of the performance test. All the IAE values are normalized with the area within the ±∆V tolerance band of (2 ∆V Tmax / 10). 11.3.4 Selection of Chromosomes According to the roulette wheel rule, chromosomes with larger fitness value will have higher probability to survive. The selection process starts with the calculation of the fitness value F[Si(k)], the relative fitness value Fr[Si(k)] and the cumulative fitness value Fc[Si(k)] for all Si in the current generation. Fr[Si(k)] and F c[Si(k)] are defined as NS



Fr [ S i ( k )] = F [ S i (k )] / ∑ F [ S v (k )] and Fc [ S i (k )] = v =1



i



∑ F [S r



v



( k )]



(23)



v =1



A random probability variable p ∈ [0,1] is generated and is used to decide the selection of Si. If F c[Si-1(k)] < p < Fc[Si(k)], Si will be chosen to be a member of the new population. This selection process is repeated until N s members have been selected into the new population. vout Mp1
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Figure 11.6 Typical output response of the boost rectifier 11.3.5 Crossover and Mutation Operations A random selection test considers each chromosome in the current population sequentially. Crossover will be carried out whenever two chromosomes are selected. A probability of crossover px ∈ [0,1] is predefined. In order to decide whether Si will perform crossover, a random number p ∈ [0,1] is generated for Si. If p < px, Si is selected for crossover. Otherwise, the next member is considered. In
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this chapter, a single point crossover is used. The operation is illustrated in Figure 11.7. Consider the crossover operation for two chromosomes S1 = [X1 Y1 Z1] and S2 = [X2 Y2 Z2], the crossover point is first selected randomly of equal probability for X1 and X2. The genes after the selected crossover point will be exchanged between the two parents X1 and X 2, forming two children. Similar operations will be performed for Y1 and Y2 and Z1 and Z2. The mutation operation is carried out by random selection of S i with a predefined probability pm. Each membership function in X i : (xi,j1, xi,j2, xi,j3) for j = 1 to 7 is selected for mutation when a generated random number p ∈ [0,1] is smaller than pm. Any one of the following operations will be performed with equal probability. 1) Operation 1: xi,j1 is replaced by a random number with the constraint that it is in the interval of [xi,(j-1)1, xi,(j-1)3]. 2) Operation 2: xi,j2 is replaced by a random number with the constraint that it is in the interval of [xi,j1, xi,j3]. 3) Operation 3: xi,j3 is replaced by a random number with the constraint that it is in the interval of [xi,(j+1)1, xi,(j+1)3]. The above steps are repeated for Yi and Zi until the whole string of Si is considered. x1,11 x1,12 x1,13
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(b) Mutation Figure 11.7 Crossover and mutation operations 11.3.6 Validation of SI: Recovery of Valid Fuzzy Subsets The new population of Si will go through a validation procedure, in order to ensure that no undefined region exists. The validation procedure checks with the existence of xi,j3 < xi,(j+1)1 for j = 1...7. If a particular j appears, there is an undefined region in the interval of [ xi,j3 xi,(j+1)1]. A corrective procedure for the continuity of fuzzy subset is required. Consider the example in Figure 11.8, it can be seen that no membership function is defined for the interval of [xi,33 x i,41]. The correction method is to interchange the entries xi,33 and xi,41, so that the fuzzy subsets become overlap in the undefined region. After the above processes, the best member SB(k) in the current population with the highest fitness value will be compared with the best one in the last generation of SB(k–1). If the fitness value F[SB(k)] is larger than F[SB(k–1)], next GA training cycle will be performed. Otherwise, the worst member Sw(k) (i.e., F[Sw(k)] = min{F[Si(k)]} for i = 1... NS) in the current population will be replaced by SB(k-1). Next GA training will be continued. The GA training will be terminated when the number of generation exceeds Gmax. The best member S* of the latest generation is assigned as the optimal solution to the FLC design problem and the entry of S* = [X* Y* Z*] becomes the optimal membership function for the input and output fuzzy subsets for the FLC.
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Figure 11.8 Validation of Si



11.4 Illustrative Example Static and dynamic behaviors of a practical boost rectifier are investigated. The specifications of the rectifier are as follows: 1) Input ac voltage, 110 V ± 20 V, 50 Hz 2) 3)



Regulated output dc voltage, 220 V Output load resistance range, 110 Ω - 220 Ω



The values of β and γ are chosen to be 3 and 60, respectively, which are based on the selection criteria in Sec. 11.2.2.1. In the performance test using GA training, the following simulations have been performed: 1) 2) 3)



Step change in the set point of 220 V at start-up Load resistance change from 110 Ω to 220 Ω at 300 ms Load resistance change from 220 Ω to 110 Ω at 600 ms



4)



Supply voltage change from 110 V to 90 V at 900 ms
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5)



Supply voltage change from 90 V to 110 V at 1.2 s



The fitness function F[Si(k)] in Equation (20) with ai = bi = ci = 1 is used. After 50 generations of GA optimization, the results of the optimal input, output fuzzy subsets and the fuzzy rule table are shown in Figure 11.9. It takes 2 hours in the optimization process in Section 11.3 on a 300-MHz 586-based PC. The GA-trained FLC is then applied to the prototype. The steady-state and the large-signal transient responses are investigated. Figure 11.10 shows the steady-state waveforms for R L = 110 Ω. It can be seen that the input current is in phase with the input voltage, showing unity power factor. It can be also observed that the output voltage varies at a frequency of 100 Hz and the peak-to-peak ripple voltage of 16 V. These are consistent with the assumption made in Section 11.2.2.1. When the system has been entered into steady state, there is a step change in the load resistance from 110 Ω to 220 Ω with constant input voltage of 110 V. The transient waveforms are shown in Figure 11.11. The output has an overshoot of 10% and the settling time is less than 20 ms (about one line-frequency cycle) within the 5% band. Afterwards, the load resistance is switched back into 110 Ω. The transients are shown in Figure 11.12. The output has an undershoot of less than 10% and the settling time is also less than 20 ms.
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Figure 11.9 GA-trained membership functions
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(a) Input voltage and input current waveforms. [Ch 1: Input voltage (100V/div), Ch3: Input current (4A/div), Timebase: 10ms/div]



(b) Output and control voltages. [Ch 1: Output voltage (100V/div), Ch2: Control voltage (2V/div), Timebase: 2ms/div] Figure 11.10 Steady-state experimental waveforms when RL = 110 Ω.
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(a) Input voltage and input current waveforms. [Ch 1: Input voltage (100V/div), Ch3: Input current (4A/div), Timebase: 50ms/div]



(b) Output and control voltages. [Ch 1: Output voltage (100V/div), Ch2: Control voltage (2V/div), Timebase: 20ms/div] Figure 11.11 Transient responses when RL is changed from 110 Ω to 220 Ω.
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(a) Input voltage and input current waveforms. [Ch 1: Input voltage (100V/div), Ch3: Input current (4A/div), Timebase: 50ms/div]



(b) Output and control voltages. [Ch 1: Output voltage (100V/div), Ch2: Control voltage (2V/div), Timebase: 20ms/div] Figure 11.12 Transient responses when RL is changed from 220 Ω to 110 Ω.
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(a) Input voltage and input current waveforms. [Ch 1: Input voltage (100V/div), Ch3: Input current (4A/div), Timebase: 50ms/div]



(b) Output and control voltages. [Ch 1: Output voltage (100V/div), Ch2: Control voltage (2V/div), Timebase: 20ms/div] Figure 11.13 Transient responses when vin is changed from 110 V to 90 V
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Another test on large-signal change in vin has been performed. vin is changed from 110 V to 90 V with the load resistance unchanged. The transient responses are shown in Figure 11.13. The output voltage is almost unchanged within the 5% band. Moreover, the input current waveform is still sinusoidal during the transient period. When the system becomes stable, vin is switched into 130 V, which is outside the designed operating range. The transient waveforms are shown in Figure 11.14. There is an overshoot of about 10% in the output voltage and the settling time is less than 20 ms again. It can be seen from the above that the system is stable during the large-signal change in the input voltage and the output load.



(a) Input voltage and input current waveforms. [Ch 1: Input voltage (100V/div), Ch3: Input current (4A/div), Timebase: 50ms/div]
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(b) Output and control voltages. [Ch 1: Output voltage (100V/div), Ch2: Control voltage (2V/div), Timebase: 20ms/div] Figure 11.14 Transient responses when vin is changed from 90 V to 130 V Finally, the effects of using different values of β and γ on the transient responses are studied. Figure 11.15a shows the transient control and output voltages when the input voltage is changed from 90 V to 130 V with β = 1 and γ = 20, which are smaller than the previously assigned values. It can be observed that the control voltage is less sensitive to the output ripple voltage and the settling time is longer than the original one in Figure 11.14b. Figure 11.15b shows the transient responses when the scaling factors are increased into β = 6 and γ = 120, which are larger than the previously assigned values. The control voltage becomes more sensitive to the output ripple voltage. In addition, the transient control voltage is relatively more oscillatory than the original one and also exhibits a momentarily zero control action.
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(a) β = 1 and γ = 20



(a) β = 6 and γ = 120 Figure 11.15 Transient output and control voltages when vin is changed from 90 V to 130 V (Ch 1: output voltage (100 V/div); Ch2: control voltage (2 V/div); Timebase: 20 ms/div)
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11.5 Conclusions A GA-optimized FLC for ac-dc boost rectifier with PFC is described. It integrates a fuzzy logic control technique into the feedback path and a linear programming rule into the control of the magnitude of the ramp voltage, in order to adjust the duty cycle of the switch for the input current shaping. The proposed approach avoids complexities associated with nonlinear mathematical modeling of switching converters and circuit designers become unnecessary to perform time-consuming procedures of fine-tuning the fuzzy rules, which require sophisticated experience and intuitive reasoning as in many classical fuzzy-logic-controlled applications. Instead of generating a fast-changing PWM signal, the digital signal processor is required to generate a slow-varying dc signal only for determining the PWM ramp function. The FLC is optimized by a multi-objective fitness function. Moreover, it is unnecessary to sense the supply voltage for shaping the input current. Experimental measurements have confirmed that the system, under large-signal variation in the supply voltage and the output load, is still stable.
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