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Abstract

DC/DC switching converters are widely used in numerous appliances in modern existence. In this
paper, the dynamic and transient response of phase shift series resonant DC/DC converter are
improved using hybrid particle swarm optimization tuned fuzzy sliding mode controller under
starting and load step change conditions. The aim of the control is to regulate the output voltage
beneath the load change. The model of the hybrid particle swarm optimization tuned fuzzy sliding
mode controller is implemented using Sim Power Systems toolbox of MATLAB SIMULINK. Perfor-
mance of the proposed dynamic novel control under step load change condition is investigated.
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1. Introduction

There has been a growing demand for small power converters in portable applications. For example, the elec-
tronic cell systems such as laptops and PDAs require multiple control voltages to the various internal functional
blocks and multiple converters specialized power to each functional block is frequently enforced [1]. With
supply voltages in free fall, the current sucked by IC will be much higher due to the increased power require-
ments. Owing to these grounds such as the efficiency of the supply, regulation, ripple, response time, size and
weight, prize, power bus architecture, etc., the probability of facing difficulties may be high for designers.
Among this one of the difficult challenges is suppressing ripple in output voltage. Jifeng Han and Annette von
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Jouanne introduced interleaved discharging (ID) approach to suppress this ripple and dual series resonant con-
verter using an active clamp mechanism was introduced by them. But the cost and size was seemed to be large
due to inductors [2]. Proceeding with them PWM based SM voltage controller for all basic DC to DC converters
was introduced. Equations for controlling and implementation of the PWM-based Sliding mode voltage control-
lers were derived in simple manner [3]. But the voltage deviation in dynamic load was high. To reduce the out-
put ripple, some of topologies were developed to control the dc to dc converters [4]. But they were not in inter-
est with dynamic response. To obtain a good dynamic response, many current mode controllers were developed
like, feedback loop using hysteresis and proportional Integral algorithm [5], current mode PID controller [6],
current mode controller in boost converter [7], average current mode controller [8], but they all had tedious ma-
thematical equations to solve.

Ahmad Saudi Samosir and Abdul Halim Mohd Yatim were developed a new control technique to regulate the
output voltage for synchronous buck DC-DC converter [9]. In order to obtain a good voltage recovery time a
noise shaped synchronous buck DC-DC converters was introduced. They had reduced a voltage recovery time a lot
but transient time at starting was high [10]. In order to reduce the ripple voltage at output an adaptive terminal
sliding mode control strategy was given by Hasan Komurcugil. But the voltage recovery time was too high [11].
To improve the dynamic response, neural adaptive dynamic surface control based on finite time identifier was
introduced. But they developed two different modes for input and load variation [12]. Then the full bridge dc/dc
converter was controlled by model predictive control [13] and DC-DC buck converter was controlled by sliding
mode controller [14] to get a good response. But the voltage recovery time was high. Doo-Yong Jung et al were
introduced a circuit which performed soft switching at both buck and boost operation shown in Figure 1 [15].

In this paper, bidirectional DC to DC converter which was introduced in [15], is controlled by using Hybrid
Particle Swarm Optimization (HPSO) tuned Fuzzy Sliding Mode Controller. Due to the proposed control scheme
dc to dc converter produces low ripple. It is possible to produce constant voltage at change in load. In this paper
Section 2 gives the sliding mode controller theory and Section 3 and Section 4 describes the significance of fuzzy
logic controller and hybrid particle swarm optimization used in proposed topology. In Section 5 simulation and
experimental results are discussed. Finally Section 6 concludes.

(b)
Figure 1. Bidirectional DC to DC converter (a) Boost converter (b) Buck converter.
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2. Sliding Mode Controller

Variable structure theory is considered as the base of sliding mode control. Sliding mode controller gives an
admissible dynamic response and strength to the output response when sudden or huge variations of input and
load variations. The system is enforced to be in the sliding surface custody, before that sliding mode controller is
define the sliding surface including equilibrium point [14]. Switching is the prominent action for series resonant
converters consequently sliding mode controller is a significant tool to control the chattering or ripple problem,
seeing as control actions need continuously [16]. So as to identify the control tactic, first one has to launch the
control objective; one of the vital control objectives is to maintain the voltage regulation under dynamic load
conditions. One of the reservations is the load resistance “R” of the series resonant converter model which is
shown in Figure 1, which may be cause to experience step variation. To survive with such a model uncertainty,
the controller will be given an added flexible and adaptive potential. The control objective is to impose the out-
put voltage to track a particular constant reference signal vd in spite of the system constraint reservations [17].
Owing to the robustness against the dynamics and parametric evaluation potential in the sliding mode controller
is used in this paper. Three imperative steps involved in the design of sliding mode control and all are correlated,
they are the picking of surface, the establishment of the invariance situations and resolve of the control law [18].
According to [18] and [19],

x=A(v,t)+B(v,t)u+d (1)

where,
A, B are nonlinear functions of the state vector and the time, d represent variations and u is the control input.
Usually, we prefer a non-linear surface. The nonlinear structure is a function of the error on the controlled va-
riable (x), the sliding surface for second order systems is specified by,

i-1
S(x):(iJr/lxj e(x) @
dt
where, e(x) is the error which is the difference between controlled variable and desired invariable
e(Xx)=%—x (3)

Ay IS @ positive invariable

i is the iteration number to obtain the controlled surface.

The intention of the control is to keep up the error is zero. This is obtained by selecting a suitable choice of
parameter A, with respect to the meeting state. To obtain we have to provide to the surface a dynamic congre-
gating to zero. This can be specified by

S(x)-S(x)<0 4)

The positive scalar function is to make sure the pull the variable to be controlled to its orientation is known as
Lyapunov function. We can define a Lyapunov function as,

V(x)=%82(x) 5)
For a second order system,
S(x)=7e(x)+é(x) (6)
S(x)=46(x)+8(x) )
The graceful form that can get the discrete control is as follows
U =k, (S)-sign(S(x,t)) (8)

3. Fuzzy in Sliding Mode Control

Fuzzy controller can be replacing sliding mode controller with boundary layer. This estimates the control signal
that depends on the space of the state vector from the sliding surface [19]. In case of (8) ks(S) is varied by fuzzy
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controller. When we use a Pulse Width Modulation there is a chance to occur a chattering. Here pulse width is
changed by using a fuzzy sliding mode controller. The duty cycle is tuned along with the change of boundary
layer due the rule base. In order to decrease the chattering the boundary layer should be varied. While we adjust
the boundary layer, the parameters settling time and transient time will be affected. In order to satisfy all these
constraints the sliding mode fuzzy controller is tuned [20]. Consequently, the membership function which is
shown in Figure 2 and Equation (9) gives the entire rule base of this sort of fuzzy sliding mode controller.

If (s is PB) then (U is NB).

If (s is PM) then (U is NB).

If (s is PS) then (U is NM).

If (s is Z) then (U is NM).

If (s is NS) then (U is PM).

If (s is NM) then (U is PB).

If (s is NB) then (U is PB).

4. Hybrid Particle Swarm Optimization

In this paper the essential key factors for fuzzy sliding controller design are optimized by hybrid particle swarm
optimization. In (6) the gain is optimized by hybrid particle swarm optimization (HPSO). Eberhart developed
the optimization technique named as Particle Swarm Optimization (PSO). It is used to find its progress to the
budding motion of a flock of birds seeking for food [21]. The subsequent points are the special features of par-
ticle swarm optimization technique. i) The technique is anchored in research on groups such as fish schooling
and bird flocking. ii) Finding the particle velocity and revising its position are the only two steps of this tech-
nique. So computation time is very short [22].

In order to improve the computation time hybrid particle swarm optimization introduced in [23]. Every PSO
iterations, velocity v;; and position vector particle j of particle i adjusted itself through each dimension j by refer-
ring to, with random multipliers, the personal best vector (pbest;) and the swarm’s best vector (gbest;, if the
global version is adopted) [23] using Equations (10) and (11),

Vi new = WV + G rand, ( pbest; —d, - particle; ) +c,rand, ( gbest; —d, - particle; ) ©9)

ij,new

particle; .., = particle; +v; (10)

ij,new ij,new

where,
C1, C,—cognitive coefficients
rand;, rand,—random real numbers drawn from U(0,1).
vjj = velocity
particle;; = position vector
pbest;; = personal best vector
gbest;; = swarm’s best vector
The following steps of the HPSO algorithm as [23] are used to optimize the gains of the Fuzzy SMC:

PB PM PS V4 NS NM NB

0 01 02 03 04 05 06 07 08 09 1

Figure 2. Membership functions.



R. Anand, P. M. Mary

1. Initialize K particles at random positions and velocities vij, 1 <i<Kand 1 <j <r, is randomly drawn from
[0.0, 1.0].

For every particle, evaluate the desired optimization fitness function.

Compare optimized fitness evaluation with pbest, which is the particle with best local fitness value.

Find the best vector gbest visited as far as this by the entire swarm.

By the use of Equation (9) renew velocities v;; with in the utmost threshold Vs

By the use of Equation (10) renew particles, vectors and improve the excellence of every particle.

Repeat step 2 until a solution is met.

Nooak~wd

5. Simulation and Experimental Result Analysis

The SIMULINK toolbox in the MATLAB software in order to model and test the dynamic response of DC to
DC Converter using HPSO tuned Fuzzy Sliding Mode Controller. Simulation parameters are listed in table.

The Simulation block diagram of the DC to DC Converter using Hybrid PSO tuned Fuzzy Sliding Mode Con-
troller is shown in Figure 3. The pulses given to the switches were controlled by the sliding mode controller.
The formula was used for pulse generator input is,

U =K 0, S (%) -, - [e(x)| (11)

fuzzy 0

where, U, is the initial value and |e(x)| is the absolute value for error. With rule base (9) the simulation of

fuzzy sliding mode controller based series resonant converter was carried out in MATLAB. The parameters of
the DC to DC series converter are chosen to simulate according to Table 1. Hybrid particle swarm optimization
was used to optimize the control gains which were used in the simulation of DC to DC Converter using HPSO
tuned Fuzzy Sliding Mode Controller.

.................................................................
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Figure 3. Simulation block diagram of the DC to DC converter using hybrid PSO tuned fuzzy sliding mode controller.

Table 1. Simulation parameters of DC to DC series converter.

Parameter Value
Source Inductor (Ls) 0.007 ph
Snubber Capacitor (Cs) 33 nf
Resonant Inductor (Lr) 489 ph
Resonant Capacitor (Cr) 2 uf
Output Capacitor (Co) 52 mf
Switching Frequency 5 KHz
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By considering bidirectional dc to dc converter as a boost converter, input voltage has given as 200 V. The
boost converter has been given 400 V output using fuzzy sliding mode controller gains which are tuned by using
hybrid particle swarm optimization. The load has been changed from 50 Q to 33 Q at 0.1 Sec. the current has
been changed but the voltage is maintained as constant are shown in Figure 4.

While we consider bidirectional dc to dc converter as a buck converter, input voltage has given as 400 V. The
buck converter has been controlled by using fuzzy sliding mode controller. The gains in the controller are tuned
by using hybrid particle swarm optimization. The load has been changed from 100 Q to 50 Q at 0.1 Sec. Here
the output voltage has maintained as constant by using controller at dynamic load condition which is shown in
Figure 5. Table 2 and Table 3 provide the Comparison of recovery time, transient time and Ripple Voltage
between proposed controller and other controllers.

Figure 6 gives the evaluation of performance of proposed controller and GA fuzzy PID controller. The simu-
lation of GA Fuzzy PID DC to DC converter has carried out by using MATLAB simulink. Genetic algorithm is
used to optimize the gains of Fuzzy PID controller. Genetic algorithm used in this paper has the following pa-
rameters: initial population of 150, number of generations 100, stochastic uniform selection, and reproduction
with 8 elite individuals, Gaussian mutation with shrinking and scattered crossover.

To verify the strength of the proposed controller topology, a laboratory prototype rated to 0.25 kw capacities
is implemented. The components are selected to permit the dc to dc converter in the 0.25 kw output range. Fig-
ure 7 shows the output voltages of the dc to dc converter when load changes 50 to 100 ohms. Output voltage
ripple is controlled by hybrid PSO tuned fuzzy sliding mode controller. When load voltage changes from one
value to another value, proposed controller reacts quickly and maintains the voltage as constant.

Boost Converter Output Voltage

Voltage in Volts
N W
wn
S
I

0 002 004 006 008 01 0.12 0.14 0.16 0.18 02
Time in Seconds

Boost Converter Current

—_— =
S N A
T T

Current in Amps

N A N
T T

0 002 004 006 008 01 012 014 016 018 02
Time in Seconds

Figure 4. Output voltage and current waveform of boost converter at load change of 50 Q to 33 Q.

Table 2. Comparison of recovery time and transient time between proposed controller and other controllers.

Controller Type Recovery Time Transient Time
Discretized sliding mode (DSM) control [24] 3 msec
ATSMC [11] 1.66 m sec 40 m sec
SMC [11] 38 m sec 60 m Sec
GA Fuzzy PID 1.2 m sec Buck converter = 17 m sec

Boost Converter = 62 m sec
Buck converter = 16 m sec

PSO tuned Fuzzy Sliding Mode Controller 0.4 m sec Boost Converter = 0.6 m sec
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(b)
Figure 5. Output voltage and current waveform of buck converter at load change of 100 Q to 50 Q.
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Figure 6. Comparison of output voltage of GA fuzzy PID DC to DC converter between Hybrid PSO
fuzzy SMCDC to DC converter (a) Boost converter; (b) Buck converter.
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Figure 7. Results showing (a) Dynamic output voltage response of hybrid pso tuned fuzzy smc con-
trolled boost dc to dc converter while input is 24 V; (b) Dynamic output voltage response of hybrid pso
tuned fuzzy smc controlled buck dc to dc converter while input is 24 V.

Table 3. Comparison of ripple voltage between proposed controller and other controllers.

Controller Type

Voltage Ripple

PWM-based SMVC boost converter. [3]

Interleaved Discharging Method [2]

GA Fuzzy PID

PSO tuned Fuzzy Sliding Mode Controller

840 mV

24 mvV

Buck converter =9 V
Boost Converter =35 m V

Buck converter =7 m V
Boost Converter = 7 mV

6. Conclusion

In this paper, a new configuration named DC to DC Converter using hybrid PSO tuned Fuzzy Sliding Mode
Controller. The proposed topology has low ripple voltage at output. The new configuration is compared to ex-
isting DC to DC Converter topologies. The proposed topology is competent of fully protecting the DC to DC
converter when load changing condition against ripple voltage. Comparison of recovery time, transient time and
Ripple Voltage between proposed controller and other controllers are carried out. Because of the hybrid particle
swarm optimization tuning the over shoot and ripple has been eliminated. The MATLAB/Simulink based simu-
lation and experimental results confirms that the ripple voltage, recovery time while load changing and transient

time has been absolutely improved.
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