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linear and nonlinear controller in terms of delay

these controllers are their ability to react immediately to
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a transient condition [10]. In this work the comparison

maximum peak over shoot are analyzed. It is

between non-linear controller robustness (in terms of

observed that non- linear controller GPI and SMC

transient and dynamic response) and linear controller is

gives the sturdiness response compared to PID

performed. This paper is organized as follows: In

(linear) controller. Therefore, power electronic

section II, the state space averaging model of the 'buck'

devices nonlinear controller can be used instead of

converter is presented. Section III, IV and V represents

linear controller.
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procedures respectively.

Index

Terms—

Buck

converter,

Proportional

Integral Derivative (PID) control system, sliding
mode control (SMC), Generalized Proportional
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I.

INTRODUCTION
DC power was obtained earlier from the motor

generator set or by converting the AC power using
mercury arc rectifiers or thyratrons [11]. The obtained
DC power is then converted into a variable DC power
by power electronics device known as DC-DC
converter. These are having various applications such

Integral)

and

Section VI represents the

design details of the control systems in MATLAB
SIMULINK. Section VII represents the comparative
analysis of PID, GPI and SMC response which is also
obtained through MATLAB SIMULINK. Conclusion is
given in section VIII.
II. MODELING OF BUCK CONVERTER
The basic circuit of the buck converter with its
switching position is shown in fig 1. By using state
space averaging method [8], applying the boundary
condition u= {1, 0}, equations (1-3) can be obtained.

as traction motor control in electric automobile, trolley
cars, marine hoist, Forklift trucks, and mine haulers [9].
The various topology of DC-DC converter are Buck,
Boost and Buck-Boost. Among this Buck converter
topology is widely used in office equipment, portable

Fig 1(a). Switch Closed at u=1.
By using state space averaging model [6], the following

machines, and computers and for various control

matrix can be obtained

devices [8]. To obtain the desired voltage and current,
power conversion devices (controllers) are being used
[9,11]. Depending upon the requirement the specific
1
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GPI is a nonlinear controller and its response is robust
when compared to PID controller. Its design step is as
follows.

�

𝐶 𝑇 = (0

IV. DESIGN OF GPI CONTROLLER

(2)
•
1)

The Kalman's controllability and Observability
of the matrix is initially checked and is

(3)

represented by the following matrix

uav is represented instead of u. It is the average model of

Qc = [B, AB]

(5)

the buck converter. Depending upon the value of uav,
Q0 = [CT ATCT]

the transient and dynamic response of the system will
give the robust response. It is in the range of 0-1. In this
paper PID, GPI and SMC controller are used and the

•

(6)

If the Qc is nonzero then the system is
completely state controllable and it is possible

comparative study between these controller in terms of

to tranfer the state from any initial state X(t0)

delay time, rise time, peak time, settling time and

to any other desired state X(td) in specified

maximum peak over shoot are performed.

finite time by a control vector U(t) and hence
III. DESIGN OF PID CONTROLLER
In most of the industrial applications PID controllers

differentially flat.
•

Considering this condition, the flat output

are being used. The tuning parameters of this controller

equation of the buck converter is represented

is obtained through the transfer function of the buck

as F=V. The control signal is represented as

converter by using the average model of the matrix (1)-

uav =

(3).The transfer function of the PID controller in terms
of controller parameters are represented as
𝑇. 𝐹𝑃𝐼𝐷 (𝑠)= KP (1 +

1

𝑇𝑖 𝑆

+ 𝑇𝑑 𝑠)

(4)

Where Kp is the proportionality constant, which is
proportional to the current error value, 'Ti' is the integral
time constant and it is proportional to both the
magnitude of the error and the duration of the error and
'Td' is the derivative time constant and it is related to the

LC
E

(F̈ +

1

𝑅𝐶

Ḟ +

1

𝐿𝐶

𝐹)

(7)

The obtained control signal uav is reconstructing in

terms of integral estimator of first time derivative of F,

if the system is completely state observable. Integrating
the equation (19) on both sides we get the variable of �Ḟ
�𝐹̇ = � 𝐸 � ∫𝑡 �𝑢 (𝜏) − 1 𝐹(𝜏)� 𝑑𝜏 −
𝑎𝑣
0
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𝐸

1
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The desired characteristic polynomial of the controller
is chosen as

rate of change of the process error. It is represented in
the below block diagram.

𝑃(𝑠) = (𝑠 2 + 2𝜁𝜔𝑛 𝑠 + 𝜔2 𝑛 )2

(9)

By comparing the control signal and condition F=V we
𝐾3 = 4ζωn
⎫
K 2 = 4ζ2 ωn 2 + 2ωn 2
get,
3
K1 = 4ζωn
⎬
K 0 = ωn 4
⎭
Fig.2 Design of PID controller

(10)

The gain of the GPI controller is positive and roots of
this polynomial equation is placed in the left half of the
s-plane. Therefore high degree of stability is obtained.
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The tuning of stabilization error is very accurate when
compared to PID controller.

GPI: L = 12 μ H; C = 100 μ F; R = 2.5 Ω; E = 12 V; f
= 400 kHz; K1 = 9.437x1014;

V. DESIGN OF SMC CONTROLLER

K2 = 2.52x1010; K3 = 79956.8;
Fdesired=15.

K0 = 1.393x1020;

The main advantage of a system with SM control has

SMC: f = 400 kHz; L = 12 μ H; C = 100 μ F; R = 2.5

guaranteed stability and robustness against parameter

Ω; E = 12 V;

uncertainties. Moreover, being a control method that
has a high degree of flexibility in its design choices, the
SM control method is relatively easy to implement as

For this specifications corresponding response is
obtained as given below:

compared to other nonlinear control methods. In this
paper, voltage

mode

under CCM

operation is

considered; therefore voltage error and voltage error
dynamic are taken and is represented as
𝑉𝑟𝑒𝑓 − 𝑉0
𝑥1
�
𝑥 = �𝑥 � = � 𝑑
2
(𝑉𝑟𝑒𝑓 − 𝑉𝑜 )
𝑑𝑡

�

(11)
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From that assumption, we get the system modeling in
the form of 𝑥̇ = 𝐴𝑥 + 𝐵𝑢 + 𝐷 .where u is the control
signal for SMC system.
In matrix form
0
𝐴 = �−1
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0
1
0
−𝑉
1
𝐸
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VII. COMPARATIVE ANALYSIS OF LINEAR
AND NON-LINEAR CONTROLLER

𝐿𝐶

Like GPI controller SMC is also applicable for large

Table 1. Comparison between PID, GPI and SMC
controller

Transient
response
Specification

PID
controller

GPI
controller

SMC
controller

Delay time (td)

0.005s

0.002

0.003

Rise time (tr)

0.008s

0.04

0.05

Peak time (tp)

0.01

0.0035

0.006

Maximum over
shoot (Mp)

2.12%

0%

0.51%

0.01

0.006

0.008

signal transients. Chattering is the main problem in
SMC control when compared to GPI control. Now days
these controllers are used for advanced power
Settling time(ts)

electronic equipment.
VI. SIMULATION

OF

DESIGN

OF

CONTROLLERS:

VIII.

CONCLUSION

A. Comparative Simulation result for linear and Nonlinear controller

It is observed that the dynamic response of the buck

Specifications of controllers:

controller and SMC controller gives the best response

PID: L = 12 μ H; C = 100 μ F; R = 2.5 Ω; E = 12 V; f =
400 kHz; K p = .2; Ti = 4.097x10-6 ;

in terms of maximum overshoot, delay time, settling

Td = 2.068 x 10-5.

controller like PID controller. Further, it is concluded

converter using non- linear controller like GPI

time and steady state error compared to linear

that the GPI controller has a better transient response
3
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than a PID control action. Hence GPI controller can be
used for advanced power electronics applications like

[7]

Robotics, velocity control for DC motor etc., SMC
controller has many future scope in power electronic

[8]

applications when compared to linear controller. Hence
it is concluded that the non linear controllers GPI and

[9]

SMC can be used for industrial application provided it
has to be available in chip format as a future

[10]

enhancement. And also it can be concluded that there is

[11]

a lot of scope available in development of chip

[12]

formation for non-linear controllers.
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