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Abstract

DC-DC switching converters are well known for their versatility with wide range of applications. Such demanding applications are
always required fixed voltage for of any changes on input or load side. Here, three different control topologies such as Classical PID
controller, Sliding Mode Controller (SMC) and Internal Model Controller (IMC) have been implemented for achieving better performance
and voltage regulation for Boost converter. In this work, the converter performances with PID controller is compared with IMC and SMC.
The closed-loop performances of converter with these different control algorithms are compared in load and reference voltage
disturbances. IMC behaves like a superior controller compare to other control algorithms for its better steady-state and transient
responses. Here, computational results are reported for the verification purpose but the practical implementation is going on and that may
be future scope of this presented work.
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[.  INTRODUCTION
DC-DC switching converters have played significant roles in almost every domain of engineering application. Some most
common applications of switching converters like as personal computers, active filters, inter connection of solar & fuel cells to grid,
switched-mode power supplies (SMPS), efficient lighting and heating, high voltage DC power transmission (HVDC), traction motor

control in electric vehicles, adjustable speed motor drives, telecommunication equipment, and many others [1].

Generally, the DC-DC switching converters have been controlled by pulse width modulated (PWM) current or voltage mode
control with classical controllers like proportional (P), proportional-integral (PI), proportional-integral-derivative (PID) controller
etc. These classical controllers can provide good closed-loop performance at the designed operating point. The design of classical
controllers is required scrupulous trial and error method and that may be time consuming. However, such controller is applicable
only for linearized plant model in majority cases, and that may restrict the zone of operation [3-4]. Most of the real-time applications
are afflicted by different nonidealities such as switching nonlinearity, load disturbances, and parametric uncertainty. That’s why
sometimes the classical controllers may fail to maintain the regulations at desired levels of those switching converters. The DC-DC
SMPCs are time-variant and highly nonlinear and for the effective implementation switching converters do not impart themselves
with classical control strategies. Therefore, advance controllers are required for controlling DC-DC switching converters. In case of
wide variation of system parameters, uncertainty & un-modeled dynamics of plant, nonlinearity etc. the controllers based on
advanced control techniques are best suited [5]. The main advantage of these controllers is that the controllers have the ability to
react with sudden changing in transient condition. There are different types of advance controllers like as hysteresis controller,
sliding mode controller, internal model controller etc. [6-24]. The variable structure systems are the physical structured system that
can be changed during time with respect to the structure control law. Due to the presence of switching action, the DC-DC SMPCs are
inherently variable structure systems. So, these advance control techniques are well suited to control the DC-DC switching

converters. These controllers are robust in nature over the converter’s large parametric variation, load and line disturbances [15].

The main objective of this paper is to study & implement different advance control methods like sliding mode control (SMC),
and internal model control (IMC) in DC-DC switching Boost converter. A comparative study between the performances of classical
and advance control techniques is reported for DC-DC SMPCs under reference and load variations. From this study, it can be
observed that the advance controllers provide better dynamic & steady-state performance, and robustness against system uncertainty,

disturbances over the classical controller. The SMPCs which are controlled by the advance controllers show excellent transient



performance with the disturbances. In advance control approach, a compensation network is not required for closed-loop like
classical controller. Hence, the circuit is considered as lesser component count and small size in implementation with the fastest
control performance. The motivation of this presented work is to design a better controller so that the performance of Boost

converter can be enhanced even under disturbances.

II. BOOST CONVERTER
Boost converter is the most widely used DC-DC converter topology in battery chargers, hybrid renewable systems and other
applications. Boost converter steps up DC input voltage to higher level DC output voltage. Different linear and nonlinear control
approaches [12-24] are already executed in Boost converters. The schematic diagram of closed-loop Boost converter is shown in Fig.

1. The parameters of the proposed converter are ordered in Table I.
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Fig. 1. Block diagram of Boost converter in closed-loop operation.

TABLE |. PARAMETERS OF BOOST CONVERTER

Circuit Components Values

Input Voltage Vi 5V
Output Voltage V, 12V
Inductance L 250 pH
Output Capacitance C 1056 pF
Load Resistance R 25Q
Switching Frequency, fsy 20 kHz

A. Transfer Function of Boost Converter
The small signal modeling approach [1-4] is implemented for getting the transfer function of DC-DC switched-mode Boost

converter. The output voltage to duty cycle averaged transfer function of converter is written in Equ.1.
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From the Eqn.1, it has been observed that a right-half plane zero presents in the transfer function of Boost converter. So, the effect
of non-minimum phase problem has occurred in converter dynamics.
[1l. RESULTS AND DISCUSSIONS
The closed-loop responses these different controllers like PID, IMC and SMC are examined by using MATLAB/ Simulink
platform. The converter’s closed-loop performances are performed under load and reference disturbances. The transfer function of

the Boost converter is given in Equ.2. The parameters of the Boost converter are given in Table I.
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The PID controller is designed in MATLAB SISOTOOL and finally obtained transfer function of PID controller
1.915(s+1418.7)(s +417.11)
s(s+1.149x10°)

isTe piD (s)= . The IMC and SMC are designed by using details mathematical calculations (Due to

the page limitations the details steps are not included in presented work. But the details calculations will be included after
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acceptance of this manuscript.). The transfer function of IMC is T, yc ()= .
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A. Output Voltage with Reference Disturbance
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Fig. 2 (a) & (b) The closed-loop performances of Boost converter with + 50% reference voltage disturbances.

The Fig.2(a) & Fig.2(b) are showing the tracking performances of load voltage in Boost converter by applying + 50% additional
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reference voltage (V) disturbances. The Boost converter with IMC is shown the best tracking performance than the SMC or PID

controller based Boost converter. The load voltage of IMC based converter has perfectly tracked the reference voltage and settles

down quickly maintaining zero steady-state error. So, it may be concluded from simulation results that IMC with Boost converter

provides satisfactory tracking performance and exhibits good load regulation in closed-loop.

B. Output Voltage with Load Disturbance

Fig. 3(a) & (b) The closed-loop performances of Boost converter with + 50% load voltage disturbances.
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The proposed converter’s load regulations are checked by adding + 50% an additional load voltage and closed-loop performances



are observed in Fig.3(a) & Fig.3(b) respectively. The Boost converter with the proposed advanced and classical controllers has
maintained the load regulation and tries to maintain a fixed load voltage of 12 V. The initial oscillations are observed for immediate
changing of load voltages. But finally, it can be observed that the output voltages are maintaining fixed value of 12 V at steady-state.
Here the load regulations are welly maintained by all the controllers. But IMC with Boost converter has performed the best closed-

loop response (i.e. least settling time & zero overshoot) compare to the other controllers like SMC and PID.

IV. CONCLUSION

In this presented work, the performance study of DC-DC SMPCs with some advanced controllers like SMC and IMC has been
carried out. Initially the basic theory of SMC and IMC has been presented and mathematical formulations of the converters with the
controllers have been developed. The widespread simulation has been performed to compare the performance between classical PID,
SMC and IMC controller. The performance analysis of these three controllers with converter are shown that PID controller works
satisfactorily in load regulation. Though there is a major parameter tuning issue for PID controller. Even for suitably tuned
parameters of PID, converter dynamics are not satisfactory. These limitations may be overcome by IMC and SMC. IMC may appear
as a suitable control option for Boost converter and that offers transient response with good steady-state performance. The simulation
results are reported here but the practical implementation is going on and that may be future scope of the presented work.
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