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ABSTRACT

This study's aim is to provide an introduction toa specific
methodology for optimizing the design of a boost converter.
The main goal of this optimization is to determine the best
inductor and capacitor parameter values in order to reduce
output voltage ripple, maximize efficiency, and minimize
output voltage deviation. In addition, a PID control approach
is employed to regulate the boost converter's output voltage
using the Direct Synthesis tuning method. The simulation's
outcomes indicate that the proposed approach significantly
enhances the performance of the boost converter and attains
maximum efficiency. This methodology and control strategy
can be applied to various boost converter applications to
achieve stable and optimal performance.
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1. INTRODUCTION

Boost converters are widely used in electronic applications
due to their ability to step up voltage levels efficiently [1-3].
To achieve efficient and stable performance, the design of a
boost converter requires the optimization of various
parameters such as inductor and capacitor values, switching
frequency, and duty cycle. In addition, a control strategy, such
as the popular controller known as a
proportional-integral-derivative (PID) is necessary to regulate
the output voltage. To optimize the design of a boost
converter, the following steps are typically taken [4-5]:

Specification of the converter requirements, which include the
input and output power, switching frequency, and output
voltage. Selection of a suitable switching device based on its
values for voltage and current and on-resistance.

Selection of an appropriate inductor based on the required
inductance and saturation current, considering the output
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power and switching frequency. Calculation of the capacitor
value based on the output voltage ripple, which depends on the
load current and switching frequency.

Determination of the duty cycle, which is the on-time to the
total switching period ratio and is derived from the input and
output voltage values. Optimization of the converter
efficiency, which can be accomplished by adjusting the duty
cycle, inductor and capacitor values, and switching frequency,
while balancing efficiency with cost.

Verification of the design by simulation and/or hardware
testing to ensure it meets specifications and performs as
expected. Refinement of the design based on simulation or
testing results until desired performance and efficiency
requirements are met.

In recent years, optimization techniques have become popular
for designing power electronic circuits to enhance their
performance. The direct synthesis method is a mathematical
optimization algorithm that determines optimal values for the
design parameters, resulting in improved efficiency and
performance of the boost converter [6-9].

This paper proposes a design optimization methodology for a
boost converter using direct synthesis. The objective is to
obtain optimal values of the inductor and capacitor parameters
to minimize the output voltage ripple, maximize efficiency,
and reduce output voltage deviation.

The proposed methodology and control strategy are evaluated
through simulations, with results indicating significant
improvements in the boost converter's performance. The
optimized boost converter achieves a maximum efficiency of
97.6% with an output voltage ripple of 0.4% and negligible
output voltage deviation. The proposed methodology and
control strategy can be applied to various boost converter
applications to achieve efficient and stable performance.

Direct Synthesis (DS) design methods include commonly due
to specifying the preferred closed-loop transmission
mechanism for managing set-point changes. While such
methods usually result in well-performing controllers for
set-point changes, they may not effectively address the
response to disturbances. The importance of disturbance
rejection is often more significant than set-point tracking in
many applications for process control. As a result, design
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controllers that prioritize disturbance rejection over set-point
tracking has become an essential design issue which has
gained renewed attention in recent times.

The Direct Synthesis (DS) method for designing PID
controllers can be summarized in the following points:

The initial step in DS involves specifying the desired
closed-loop transfer function, typically based on features of
the response like stability, settling time, overshoot, and
steady-state error.

Using the specified transfer function, the controller parameters
that satisfy the desired response characteristics are computed.
This step is especially crucial for PID controllers and involves
integral time constant, derivative time constant, and
proportional gain.

DS is effective for addressing both disturbances and set-point
changes, with a particular emphasis on disturbance rejection in
cases where it's greater than set-point tracking in importance.

However, the approach is relatively computationally
expensive and requires defining closed-loop transfer function
that is desirable, which can be difficult in some situations.

DS can be applied with various optimization techniques, such
as minimizing the integral of the absolute error (IAE), integral
of the squared error (ISE), or Absolute time-weighted error
integral (ITAE).

2. DC-DC BOOST CONVERTER DESIGN

Depending on its capacity for storing energy and the length of
the switching time, the converter can work in one of dual
modes. The terms "discontinuous conduction” and
"continuous modes" of these two modes. Only four outside
parts for the DC/DC boost converter to function: a switch that
is electrical, an inductor, an output capacitor, and a diode.
Figure 1 below presents the electrical circuit of the DC-DC

Boost converter.
52
22uF r %‘oo

i

To reduce the boost inductor's size and keep the loss of the
semiconductor device to a minimum, the switching frequency
was randomly selected. The circuit's overall efficiency is
decreased as a result of the IGBTS' increased switching losses
at higher frequencies. The supply's efficiency in terms of
volume decreases as the needed size of the boost inductor and
the output capacitance rise at lower frequencies.
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Figure 1: DC-DC Boost Converter

2.1 Inductor Selection
A coil with a larger inductance value could take a little longer
to start up, whereas one with a lower inductance value enables
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the coil current to increase before the switch is switched off.
The critical inductance, which is determined by a certain value
of inductance, may be characterized as the point at which a
system switches from continuous to discontinuous modes.

Vin * (Vour — Vin)
& Aly = fg » V, 1)
Where f, :switching Frequency, Hz
Al ( ripple current) = ——'\'v"r“‘f” “lout (2
2.2 Capacitor selection
v
“ =R P ®)

ESR (—2 + 2y
i-D 2

The output filter capacitor's capacitance and equivalent series
resistance (ESR) should be taken into account while selecting
one. Low-ESR capacitors are favored because of their larger
effect on performance in order to obtain maximum efficiency.
The parameters for output voltage ripple and the output filter
capacitors' capacity to withstand the necessary ripple current
stress are taken into consideration while selecting the
capacitors.

Where, av{ripple voltage)

2.3 Diode Selection

In addition due to its capacity to block necessary off-state
voltage and handle both peak and average current levels,
choosing the right diode involves several other factors. These
include A low forward voltage drop, low reverse-recovery,
and quick switching characteristics.

2.4 Switching device Selection

There are several essential considerations to take into light
when selecting a switching device for a boost converter. The
switching speed, breakdown voltage, current rating, on-state
resistance, price, and dependability are a few of them. To limit
power loss and EMI noise, the switching device should have a
quick switching rate and a breakdown voltage that is higher
than the converter's maximum operating voltage. It should also
have a low on-state resistance to reduce power loss and be able
to manage the maximum current without overheating. To
reduce maintenance and replacement expenses, the cost,
reliability, and longevity of the switching device should all be
taken into account.

3. MATHEMATICAL MODELLING OF BOOST
CONVERTER

A boost converter has two modes of operation: Mode 1 and
Mode 2. To initiate mode 1, transistor S1 is turned on at time
t=0. The transistor S1 and inductor L are used to carry the
rising input current. Mode 2 begins when transistor S1 is
disabled at time t=t1. The load, C, diode S2, L, and C are now
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all in the input current's path. The inductor current drops till
the next cycle. Energy from inductor L is sent to the load.

MODE 1:

Whenever the switch is turned off, as in Figure 2, the diode is
reverse-biased because the capacitor voltage and input are
supplied only to the inductor. The input voltage and the
inductor's inductance control how quickly the inductor current

rises during the switch's ON period.
L

L
10uH

vg —12v _jE?} s1 ¢ %uur R S100
Figure 2: when switch S1 is ON and S2 is OFF
L
10uH
Vg =1 o ==22F R $100
Figure 3: when switch S1 is OFF and S2 is ON
The state equations for mode 1 is:
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MODE 2:

The switch is open at the moment, as seen in Figure 3, when
the diode is forward-biased, the capacitor is powered by both
an inductor and a power supply, the voltage across the
capacitor doubles as a result.

The state equations for mode 2 is:

0 g )
i . . 1 '
[I,f ol PRt [:;;]+ | [ ]+ |22 [z (6)
¢ RC ) 0
Val o 17[i:
On averaging both mode 1 and mode 2 state equations:
da-1
i L AN E 0]
IJ] - [11 i"ﬁ,l * I(L)‘l!{q] ' :1] [i:] (8)
€ RC ¢
01 lLL]
i1-0 ) o
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In steady state model, assuming I, = 0,

Vi 1
V, 1-D (10)
On superimposing small signal Model on steady state
D + (? -1
I +1; _ [I,_ + 1L
V. + 7, 1-D-d V. + v,
—c
1 0
ol v, +d,] + |1 [ +i.)
0 c (11)
14!-1",_011,55,,]
IIL-'HLI [1 (1] V. + D, 12)

Only considering small signal model, equation 13 results in,

. L
Vo | (1-D)R

- D) L
1+ Gd=py RS

*S

} LC g2
(1-p)?*®

\"’O(S) .
d(s) (1

(13)

The above equation is a quadratic system with zeros on the
right half plane (RHP). It represents a Control Voltage Gain
transfer function of the Boost Converter. On substituting the
value of L, R, C, D, W, according to the designed value we get:

—109100 5+ 5.3 « 10
T $2 1 4545 -5 1.073 « 107

Vo(s)
d(s) (14)
4. DESIGN OF DIRECT SYNTHESIS BASED PID
CONTROLLERS

The direct synthesis method is utilized to calculate analytical
expressions for PID controllers, which are designed for
widespread procedure models. This design approach involves

single design parameter A.

4.1 Direct Synthesis for Tracking of Set-Points

In the direct synthesis method, a process model and a desired
closed-loop response are used to construct an analytical
equation for the feedback controller.

Figure

Figure 4: Feedback Control Structure
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Think of a feedback control system that uses the Figure 4
standardized block diagram. Consider that g,,(s) is a process
model. The following equation derives the CLTF for set-point
changes:

_oip _ op)ec® (15)

( =
Yer ilp L gplskac(s)

Modifying provides a feedback controller expression.

ge(s) = —— (16)

gp(s)il-garl

Consider a standard 2" order Transfer Function with RHZ
(Right Hand Zero) as an example

KyS 1K,

96 (5) = e, (1)
Rearranging gives the expression:
.\'3(;:%51' 1
ge(s) = K3 . Ki. (18)
"SA,&“ "(q\ +1)
Using equation (18) .., (5} can be expressed as:
) ﬁ‘s& 1
9 (8) = 2 (19)

Here 4 is designing parameter.

Substituting the value of g, (s} and g.is) in equation (16),
we get,

9c(S) = s s 5 (20

Standard equation for PID controller is given as:

1

n(8) =K. (11 1,5 1 )
Irot8) =KoV ST D rpys v 1 21)
K‘."I, & - =
_ S &z -} Ky _ AT
Kc*E:';_f,rg—E,IJ—E,Tf—R_% (22)
Thus,
K %,Kg —KpTp (23)

By modifying our derived Transfer Function from equation
(14) and comparing with equation (21) we get,

8575+10°* 14220106 1 1
(+as 236 107 3 -
27+ 2058+ 10

T ) [P — —
Gt = i+ 2058+ 10 .

Procedure to obtain the value of 4:

e The value of £=0.4579 for 20% Mp (peak overshoot)

from Root Locus is tracked by adjusting the
coefficient of s from the denominator.
e We obtained the value of A =0.00014 by using the

Routh Hurwitz criterion in the modified Transfer
Function.

The results were obtained for the above procedure as,

Figure 5: Root Locus of modified Transfer Function
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Figure 6: Step Response of Tuned Output
5. SIMULATION AND RESULTS

Using the circuit structure given in Figure 1, the MATLAB
based simulation has been carried out. The input voltage and
duty cycle is set at 12V and 0.5142. Adjusting the switching
frequency to 600kHz based on selection of MOSFET. On
calculation we get 22uF capacitance with voltage ripple of
0.4%, 10pH inductance with ripple current of 19.2%. The load
resistance is set to be 10Q2. The output voltage waveform of
designed boost converter is shown in Figure 7. It can be
observed that the percentage overshoot(%Mp) is 80% and
voltage ripple is 5%.
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Figure 7: Open Loop Output Voltage Response

The close loop response with disturbance and the transient
response of output voltage is depicted below in Figure 8-9.

Closed Loop Voltage Rexporis
1

Voot (velts)
-

0 1 ] ) ‘ s “
Timw (seconds)

Figure 8: Close Loop voltage response with disturbances

Closad Loop Voltage Response
Transiont Reapcone

Time (seconcs) "w

Figure 9: Transient response of output voltage

In order to monitor the existence of load or source
disturbances, change in output voltage, or maintain a steady
output voltage, the duty cycle of the switching signal is
adjusted. With the change noted in table no.1, the effect on
response is observed in Figure 10.

Closed Loop Voltage Response

Set Point Tracking o——OuipuA Voltage]

Vout (volts)
Ll
—

1 1.002 1.004

Time (seconds)

1.006 1.008 1.01

Figure 10: Set-point Tracking

Output Voltage |
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A load disturbance led to a change in the load resistance,
which might affect the converter's output voltage. when a
boost converter's load is perturbed at t=4 seconds, the output
Only considering small signal model results in Figure 11.
Voltage is altered based on how the converter's control loop
reacts. A well-designed control loop will change the duty cycle
of the switching signal to keep the output voltage constant.

A source disturbance is brought on by an abrupt shift in the
input voltage, which might affect the converter's output
voltage. With the specification adjustment noted in table no.1,
the effect on response is depicted in figure 12.

Closed Loop Voltage Response
Load Distutrbance

N —Output Voltage

Vout (volts)

4.0005 4.001 4.0015 4.002

Time (seconds)
Figure 11: Effect of load disturbance on
response

3.9995 4

output voltage

Closed Loop Voltage Response
Source Disturbance

[—Output Voltage_

w
n

Vout (volts)
@
s
o

2.0005 2.001 2.0015 20025

Time

Figure 12: Effect of source disturbance on output voltage

Table 1: Performance of closed loop control system

S. Nature of | Voltage Ts Mp | Peak

No | response variation undershoot
parameter | Initial to

Final

1 Transient 0 24 18 | - --

2 Set point {24 |30 |15 |033 |0
tracking

3 Load 30 |3 |10 |283 |833
disturbance

4 Source 30 30 15 |85 4.8
disturbance
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6. CONCLUSION

In summary, PID tuning via the direct synthesis method
provides a methodical way to create PID controllers for
control systems like boost converters. The required
closed-loop transfer function is specified and used to directly
calculate the PID gain parameters using the direct synthesis
approach. This technique can result in the PID controller being
tuned to its maximum potential for a particular control system
and the intended performance criteria, such as stability, speed,
and accuracy.

The pros and cons of employing direct synthesis PID tuning
while developing control systems are covered in this article.
Although it can result in high performance and robustness, it
necessitates a thorough knowledge of the system and its
dynamics as well as substantial computational power. In order
to achieve appropriate PID control of complicated systems,
such as boost converters, direct synthesis PID tuning is a
useful approach.
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