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Abstract-In recent year various control strategies have been applied to power converters. DC-DC converter such 
as Buck type, Boost type, Buck-Boost type have been widely used in traditional industrial application, e.g., 
uninterruptible power supply (U.P.S),power system, dc motor drive, telecommunication equipment, etc. In the 
conventional method, Fuzzy control scheme is designed for the voltage tracking of a DC-DC Boost converter. The 
main draw back of only used Fuzzy logic control switching frequency will not constant on during load condition. 
AFNNC could be introduced. However, the computation cost is much higher than conventional system. In the 
proposed method presents an Adaptive neuron – Fuzzy Inference System (ANFIS) control scheme is designed for 
the voltage tracking control, Harmonic reduction & current control. Then, the Total Sliding Mode Control 
(TSMC) strategies are introduced to developed for enhancing system robustness during the transient period .The 
output of the AFNNC scheme can be easily supply to the duty cycle of the power switch in the boost converter 
without strict constrains on control parameters selection in conventional control strategies. 
 
Keywords —Boost converter, fuzzy neural network (FNN), 
Lyapunov stability theorem, total sliding-mode control (TSMC), voltage tracking control. 
 

I. INTRODUCTION 
 

Nowadays, clean energies without pollution, such as fuel cell, wind energy, photovoltaic, etc., have 
been rapidly promoted in order to protect the environment. Due to the electric characteristics of clean 
energies, the generated power is critically affected by the climate, and the output voltage is easily influenced 
by load variations. 
Thus, it is essential to have a DC–DC converter as the output stage of the clean energy to provide a stable 
output voltage. The boost converter, also known as the step-up converter, is the basic dc–dc converter 
configuration with an output voltage higher than its input voltage, and it is also often used as the first stage of 
the clean energy power system to generate a higher regulated dc voltage for the later inverter utilization. 
From the control point of view, the fundamental control frame for a boost converter is challenging because it 
is a bilinear system and also a non minimum phase system with respect to the output to be controlled. The 
bilinear system means the model of the boost converter with a bilinear term, which is the product of the duty 
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cycle and the state. For the control design in the state space, the system stability can only be guaranteed 
against small perturbations from the equilibrium points of both state and input variables of the original 
system. 

The presence of the right-hand-plane zero complicates the control design and, concurrently, limits 
the available bandwidth for stable operation of the converter. In recent years, various control strategies have 
been applied to power converters. In utilized a specific linearized technique around the equilibrium point to 
approximate the whole nonlinear system and used a simple analog circuit to implement this controller. 

 
II. BLOCK DIAGRAM 

 
The following Figure shows the overall block diagram 

 
 
 

 DC-DC CONVERTERS 
 

A DC to DC converter is a device that accepts a DC input voltage and produces a Dc output voltage. 
Typically the output produced is at a different voltage level than the input. In addition, DC to DC converters 
are used to provide noise isolation power bus regulation; etc. DC-DC converters are mainly classified into 
four topologies. They are 
Buck converter 
Boost converter 
Buck boost converter 
Cuk converter 
 
 BUCK BOOST CONVERTER 
 

Two different topologies are called buck–boost converter. Both of them can produce an output 
voltage much larger (in absolute magnitude) than the input voltage. Both of them can produce a wide range 
of output voltage from that maximum output voltage to almost zero. The inverting topology – The output 
voltage is of the opposite polarity as the input buck (step-down) converter followed by a boost (step-up) 
converter – The output voltage is of the same polarity as the input, and can be lower or higher than the input. 
Such a non-inverting buck-boost converter may use a single inductor that is used as both the buck inductor 
and the boost inductor. 
 

The buck–boost converter is a type of DC-to-DC converter that has an output voltage magnitude that 
is either greater than or less than the input voltage magnitude. It is a switched-mode power supply with a 
similar circuit topology to the boost converter and the buck converter. The output voltage is adjustable based 
on the duty cycle of the switching transistor. One possible drawback of this converter is that the switch does 
not have a terminal at ground; this complicates the driving circuitry. 
Also, the polarity of the output voltage is opposite the input voltage. Neither drawback is of any consequence 
if the power supply is isolated from the load circuit (if, for example, the supply is a battery) as the supply and 
diode polarity can simply be reversed. The switch can be on either the ground side or the supply. 
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General circuit diagram 

 
Principle of operation 
 

The two operating states of a buck–boost converter: When the switch is turned-on, the input voltage 
source supplies current to the inductor, and the capacitor supplies current to the resistor (output load). When 
the switch is opened, the inductor 
Supplies current to the load via the diode D. The basic principle of the buck–boost converter is fairly simple 
while in the On-state, the input voltage source is directly connected to the inductor (L). This results in 
accumulating energy in L. In this stage, the capacitor supplies energy to the output load. 
While in the Off-state, the inductor is connected to the output load and capacitor, so energy is transferred 
from L to C and R. 
Compared to the buck and boost converters, the characteristics of the buck– boost converter are mainly, 
Polarity of the output voltage is opposite to that of the input. 
The output voltage can vary continuously (for an ideal converter). The output voltage ranges for a buck and 
a boost converter are respectively 0 to inf. 
If the current through the inductor L never falls to zero during a commutation cycle, the converter is said to 
operate in continuous mode. From t=0 to t=DT, the converter is in On-State, so the switch S is closed. The 
rate of change in the inductor current (IL) is therefore given by, During the Off-state, the switch S is open, so 
the inductor current flows through the load. If we assume zero voltage drop in the diode, and a capacitor large 
enough for its voltage to remain constant, the evolution of IL is: As we consider that the converter operates in 
steady-state conditions, the amount of energy stored in each of its components has to be the same at the 
beginning and at the end of a commutation cycle. This in return yields that From the above expression it can 
be seen that the polarity of the output voltage is always negative (as the duty cycle goes from 0 to 1), and that 
its absolute value increases with D, theoretically up to minus infinity as D approaches 1. Apart from the 
polarity, this converter is either step-up (as a boost converter) or step-down (as a buck converter). This is why 
it is referred to as a buck–boost converter. 
 

 
Operation of buck boost converter in continuous mode. 

 
 
Discontinuous Mode 
 

In some cases, the amount of energy required by the load is small enough to be transferred in a time 
smaller than the whole commutation period. In this case, the current through the inductor falls to zero during 
part of the period. The only difference in the principle described above is that the inductor is completely 
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discharged at the end of the commutation cycle. Although slight, the difference has a strong effect on the 
output voltage equation. It can be calculated as follows During the off-period, IL falls to zero after δ.T Using 
the previous equation, δ is Therefore, the output voltage gain can be written as: Compared to the expression 
of the output voltage gain for the continuous mode, this expression is much more complicated. Furthermore, 
in discontinuous operation, the output voltage not only depends on the duty cycle, but also on the inductor 
value, the input voltage and the output current. 
 

III. FUZZY LOGIC CONTROLLER 
 

A fuzzy control system is a control system based on fuzzy logic—a mathematical system that 
analyzes analog input values in terms of logical variables that take on continuous values between 0 and 1, in 
contrast to classical or digital logic, which operates on discrete values of either 1 or 0 (true or false 
respectively). Fuzzy logic has the advantage that the solution to the problem can be cast in terms that human 
operators can understand, so that their experience can be used in the design of the controller. This makes it 
easier to mechanize tasks that are already successfully performed by humans. 

 
THE ROLE OF FUZZY SYSTEMS IN CONTROL 
 

Regarding a fuzzy system as either an approximate reasoned or functional approximate, it can be 
utilized in various ways in control systems. The block diagram of FLC is shown in Figure. Instead of directly 
issuing the control signals, the function of fuzzy system lies in monitoring a low level direct controller by 
outputting appropriate parameters to be used by the direct controller. The decision taken by the supervisor 
can be based on the current control performance or the operating conditions depending on the control 
strategies employed in the system. By treating fuzzy system as a representative model of the controller plant, 
third usage of the fuzzy system can be found, which is to place it into the various model based control 
structures found in traditional model. 
 

 
 

Block Diagram of Fuzzy Logic Controller 
 
 DESIGN FACTORS OF FUZZY CONTROLLER 
 

The design of a fuzzy logic controller needs the selection of control elements and parameters as 
scaling factors for input/output signals, a set of rule base, fuzzification and defuzzification methods and 
operation for the fuzzy reasoning, which include an implication operation, a compositional operation and 
aggregation operations of antecedents and consequents. The performance of the FLC heavily relies on the 
configuration of these factors as shown in Figure  
 
 FUZZIFICATION 
 

In a fuzzy control system, the measurement of the input signal is interpreted as a fuzzy singleton. 
According to the type of fuzzy reasoning, the linguistic variables can be fuzzified in two ways. In the 
madman-type fuzzy inference system, both the input and output linguistic variables will take fuzzy variables 
as values. In surgeon-type generally zero order fuzzy inference system, the input linguistic variables are 
fuzzified as fuzzy variables, while the output linguistic variables take fuzzy singletons as values. Fuzzy 
variables are defined by membership functions (MF) and characterized by shapes, position and width or 
whole overlap. 
The number of the fuzzy variables that a linguistic variable can take is known as fuzzy partition and 
determines the control granularity obtainable from a FLC. A trial and error based on operators experience and 
engineering knowledge is extensively employed in the choice of MFs. Despite ad hoc approaches for MFs 
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selection, some guidelines exist. In general, for the sake of computational efficiency, efficient use of the 
computer memory and performance analysis, the MFs are required to have uniform shapes, parameters and 
function definition. Likewise, the number of the MFs determined by fuzzy partitions is a trade-off between 
adequate approximation and available memory space. J.V.D. Oliveira suggested that the number of fuzzy 
variables that a linguistic variable can take should be between 5 and 9. The fuzzification should cover the 
entire universe of discourse, and there exists a fuzzy number to represent the fuzzy variable “around zero”. 
As for a certain shape of a membership function, narrower membership functions, despite superiority in faster 
response and lower steady state error, may incur larger oscillation, and thus the system will be unstable 
especially in noisy environment. Since the two MF shape match humans intuition and posses’ computation 
simplicity, they will be kept on in this work. Within the universe of discourse U= [-1, 1]. 
 
 SCALING FACTOR 
 

The scaling factors (SF) determined by the plant and actuator are used to normalize different range 
of input/output signals into the universe of discourse [-1, 1] and thus can generalize and facilitate the design 
and configuration of the fuzzy 
Controller. However, unsuitable SFs for the input/output signals can worsen transient and steady-state 
responses, while the scopes of input/output signals, as the scaling factors, are safe but conservative. 
 
 
DEFUZZIFICATION 
 

Defuzzification is for the aggregation of the D from all rules using center of area, Based on the 
engineering and stand operation knowledge presented in the forthcoming simulation will be conducted based 
on a set of intuitively chosen fuzzy variables. Four fuzzy variables are set for output, i.e. Small, Median, 
Large and Very Large. Based on the fuzzy variables selected the observation of the behavior of human 
operators and trial and error, the fuzzy rule base that can ensure the stability and steady state precision. 

 
FUZZY MEMBERSHIP FUNCTIONS 
 
 

 
 

Membership Function for (a) Voltage (b) Current (c) Output 
 

 
  ADAPTIVE NEURO FUZZY INTERFACE SYSTEMS (ANFIS) 
 

As we have already seen, fuzzy systems present particular problems to a Developer Rules. The if-
then rules have to be determined somehow. This is usually done by ‘knowledge acquisition’ from an expert. 
It is a time consuming process that is fraught with problems. Membership functions. A fuzzy set is fully 
determined by its membership function. This has to be determined. If it’s Gaussian then what are the 
parameters? The ANFIS approach learns the rules and membership functions from data. 
ANFIS is an adaptive network. An adaptive network is network of nodes and directional links. Associated 
with the network is a learning rule for example back propagation. It’s called adaptive because some, or all, of 
the nodes have parameters which affect the output of the node. These networks are learning a relationship 
between inputs and outputs. Adaptive networks covers a number of different approaches but for our purposes 
we will investigate in some detail the method proposed by Jang known as ANFIS. The ANFIS architecture is 
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shown below. The circular nodes represent nodes that are fixed whereas the square nodes are nodes that have 
parameters to be learnt. 
  
SIMULATION RESULT- WAVE FORM 
 
 

 
 

 
MOTOR OUTPUT 

 
OUTPUTVOLTAGE 
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OUTPUTCURRENT 

 
IV. CONCLUSION 

 
The overall performance of the system is improved using an ANFIS controller (TSMC Technique). 

The proposed system using ANFIS controller can provide maximum power generation due to system, better 
harmonic reduction (THD),Better voltage control and current control.This system tracks out the maximum 
power in order to meet the power demand. ANFIS controller along with Total Sliding Mode Control 
technique (TSMC) technique provides a better tracking of power 

 
REFERENCES 

 
[1] Amirhosein Akbari, Javadebrahimi, Yousefreza Jafarian And Alireza Bakhshai “A Multilevel Inverter Topology With An 

Improved Reliability And A Reduced Number Of Components” IEEE Journal Of Emerging And Selected Topics In Power 
Electronics, VOL. 10, No. 1, February 2022 

[2] Paneti Anjaneya Vara Prasad And C.Dhanamjayulu “An Overview On Multi-level Inverter Topologies For Grid-tied PV 
System” published On An Overview On Multi-level Inverter Topologies For Grid-tied PV System 8 May 2023. 

[3] A. Poorfakhraei, M. Narimani, and A. Emadi, “A review of modulation and control techniques for multilevel inverters in 
traction applications,” IEEE Access, vol. 9, pp. 24187 24204, 2021.   

[4] S. Shuvo, E. Hossain, T. Islam, A. Akib, S. Padmanaban, and M. Z. R. Khan, “Design and hardware implementation 
considerations of modified multilevel cascaded H-bridge inverter for photovoltaic system,” IEEE Access, vol. 7, pp. 16504–
16524, 2019. 

[5] Marif Daula Siddique, Saad Mekhilef, Noraisyah Mohamed Shah And Mudasir Ahmed Memon ”Optimal Design Of A New 
Cascaded Multilevel Inverter Topology With Reduced Switch Count” IEEE Access ,vol 7 24502 ,2019. 

[6] Noraisyah Mohamed Shah, Adil Sarwar, Atif Iqbal and Mudasir Ahmed Memon “A New Multilevel Inverter Topology With 
Reduced Switch Count ” IEEE Access vol 6 23568,2017. 

[7] Maryam Sarebanzadeh, Mohammad ali hosseinzadeh, Cristian Garcia, Ebrahim Babaei, Syed Islam And Jose Rodriguez” 
Reduced Switch Multilevel Inverter Topologies for Renewable Energy Sources” IEEE Access vol 9 120582,2021. 

[8]  C.Nagarajan and M.Madheswaran - ‘Experimental verification and stability state space analysis of CLL-T Series Parallel 
Resonant Converter’ - Journal of ELECTRICAL ENGINEERING, Vol.63 (6), pp.365-372, Dec.2012.  

[9] C.Nagarajan and M.Madheswaran - ‘Performance Analysis of LCL-T Resonant Converter with Fuzzy/PID Using State Space 
Analysis’- Springer, Electrical Engineering, Vol.93 (3), pp.167-178, September 2011. 

[10] C.Nagarajan and M.Madheswaran - ‘Stability Analysis of Series Parallel Resonant Converter with Fuzzy Logic Controller 
Using State Space Techniques’- Taylor & Francis, Electric Power Components and Systems, Vol.39 (8), pp.780-793, May 
2011. 

[11] C.Nagarajan and M.Madheswaran - ‘Experimental Study and steady state stability analysis of CLL-T Series Parallel Resonant 
Converter with Fuzzy controller using State Space Analysis’- Iranian Journal of Electrical & Electronic Engineering, Vol.8 
(3), pp.259-267, September 2012. 

[12] Nagarajan C., Neelakrishnan G., Akila P., Fathima U., Sneha S. “Performance Analysis and Implementation of 89C51 
Controller Based Solar Tracking System with Boost Converter” Journal of VLSI Design Tools & Technology. 2022; 12(2): 
34–41p. 

[13] C. Nagarajan, G.Neelakrishnan, R. Janani, S.Maithili, G. Ramya “Investigation on Fault Analysis for Power Transformers 
Using Adaptive Differential Relay” Asian Journal of Electrical Science, Vol.11 No.1, pp: 1-8, 2022. 

[14] G.Neelakrishnan, K.Anandhakumar, A.Prathap, S.Prakash “Performance Estimation of cascaded h-bridge MLI for HEV using 
SVPWM” Suraj Punj Journal for Multidisciplinary Research, 2021, Volume 11, Issue 4, pp:750-756 

[15] G.Neelakrishnan, S.N.Pruthika, P.T.Shalini, S.Soniya, “Perfromance Investigation of T-Source Inverter fed with Solar Cell” 
Suraj Punj Journal for Multidisciplinary Research, 2021, Volume 11, Issue 4, pp:744-749 

[16] C.Nagarajan and M.Madheswaran, “Analysis and Simulation of LCL Series Resonant Full Bridge Converter Using PWM 
Technique with Load Independent Operation” has been presented in ICTES’08, a IEEE / IET International Conference 
organized by M.G.R.University, Chennai.Vol.no.1, pp.190-195, Dec.2007 

[17] M Suganthi, N Ramesh, “Treatment of water using natural zeolite as membrane filter”, Journal of Environmental Protection 
and Ecology, Volume 23, Issue 2, pp: 520-530,2022 

[18] M Suganthi, N Ramesh, CT Sivakumar, K Vidhya, “Physiochemical Analysis of Ground Water used for Domestic needs in 
the Area of Perundurai in Erode District”, International Research Journal of Multidisciplinary Technovation, pp: 630-635, 
2019 

[19] S. Umashankar, T. S. Sreedevi, V. G. Nithya, and D. Vijayakumar “ANew7-Level Symmetric Multilevel Inverter with 
Minimum Number of Switches” Hindawi Publishing Corporation9 July 2013. 

[20] P. L. Kamani and M. A. Mulla: Middle-Level SHE Pulse-Amplitude Modulation for Cascaded Multilevel Inverters, IEEE 
Transactions on Industrial Electronics, Vol. 65, No. 3, pp. 2828-2833, 2018 

[21] Thiyagarajan Venkatraman, Somasundaram Periasamy “Multilevel Inverter Topology with Modified Pulse Width   
Modulation and Reduced Switch Count” published on Acta Poly technica Hungarica vol 15 no.2,2018.  

[22] M. Rawa, M. D. Siddique, S. Mekhilef, N. M. Shah, H. Bassi, M. Seyedmahmoudian, B. Horan, and A. Stojcevski, ‘‘Dual 
input switched-capacitor-based single-phase hybrid boost multilevel inverter topology with reduced number of components,’’ 
IET Power Electron., vol. 13, no. 4, pp. 881–891, Mar. 2020. 

[23]  M. D. Siddique, S. Mekhilef, N. M. Shah, and M. A. Memon, ‘‘Optimal design of a new cascaded multilevel inverter 
topology with reduced switch count,’’ IEEE Access, vol. 7, pp. 24498–24510, 2019. 



International Journal of New Innovations in Engineering and Technology 
 

Volume 24 Issue 1 March 2024      2163                                                         ISSN: 2319-6319l 

[24]  M. D. Siddique, S. Mekhilef, N. M. Shah, A. Sarwar, A. Iqbal, and M. A. Memon, ‘‘A new multilevel inverter topology with 
reduce switch count,’’ IEEE Access, vol. 7, pp. 58584–58594, 2019. 

[25] M. D. Siddique, S. Mekhilef, N. M. Shah, J. S. M. Ali, and F. Blaabjerg, ‘‘A new switched capacitor 7L inverter with triple 
voltage gain and low voltage stress,’’ IEEE Trans. Circuits Syst. II, Exp. Briefs, vol. 67, no. 7, pp. 1294–1298, Jul. 2020. 

[26]  M. D. Siddique, S. Mekhilef, N. M. Shah, A. Sarwar, A. Iqbal, M. Tayyab, and M. K. Ansari, ‘‘Low switching frequency 
based asymmetrical multi- level inverter topology with reduced switch count,’’ IEEE Access, vol. 7,pp. 86374–86383, 20 

 
 


