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a b s t r a c t

In this paper, the considered hybrid power system (HPS) is having a wind turbine generator, a diesel
engine generator (DEG) and a storage device (such as capacitive energy storage). This paper presents a
comparative study of frequency and power control for the studied isolated wind–diesel HPS with four
different classical controllers for the pitch control of wind turbines and the speed governor control of
DEG The classical controllers considered are integral, proportional-integral, integral-derivative and
proportional-integral-derivative (PID) controller. A quasi-oppositional harmony search (QOHS) algorithm
is proposed for the tuning of the controller gains. The comparative dynamic simulation response results
indicate that better performance may be achieved with choosing PID controller among the considered
classical controllers, when subjected to different perturbation. Stability and sensitivity analysis, pre-
sented in this paper, reveals that the optimized PID controller gains offered by the proposed QOHS
algorithm are quite robust and need not be reset for wide changes in system perturbations.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Installation and supply of electricity through grid in remote and
sparsely populated areas poses serious logistics for the developing
economics. This is one of the main reason for the large volume of
research works, currently, being carried out in the field of stan-
dalone renewable energy sources (RESs) and hybrid power sys-
tems (HPSs) which combine one or more different types of RESs
(e.g. photovoltaic, micro turbine, wind turbine, full cells etc.) [1]
and low carbon generators (e.g. diesel generators) along with
storage devices. Some other major reasons are the depletion of
fossil fuel reserves (i.e. coal and oil), global warming and enor-
mous growth in global population and, hence, in energy demand
[2]. Solar and wind energy are most abundantly available in nature
from the catalog of RESs. Wind turbine generators (WTGs) have a
cutting edge over photovoltaic module in producing power more
cost effectively and efficiently. Hence, WTG has got much impor-
tance from the researchers’ pool.

The intermittent power output of WTG may cause power
fluctuation and it may also cause a serious problem of frequency
fluctuation of the system [3]. To improve the quality of produced

power and for uninterrupted power supply, WTG based system is
coupled with diesel engine generator (DEG) and with an energy
storage device such as capacitive energy storage (CES), as in this
case. A HPS of this type may be termed as isolated hybrid wind–
diesel power system (IHWDPS). The IHWDPS may supply qu-
ality power to the consumers if the installed controllers are,
optimally, tune.

Despite of lot of progresses in the field of meta-heuristic
approaches for the optimization problem, there are, possibly,
some more avenues to improve on their searching capabilities,
stabilities and convergence characteristics. A new intelligent
optimization technique, called harmony search (HS), is developed
by Geem et al. [4]. This algorithm has found a number of successful
applications in some real world problems [5,6] in the recent years.
HS has been used for static economic load dispatch problems [7–
9]. HS is able to identify the high performance regions in the
solution space but it does not have a good local searching cap-
ability [10] and also requires large number of design parameters
for each specific problem. To overcome this drawback of HS
algorithm, several variants of HS algorithm have been proposed in
the literature to enhance its fine tuning capability and to reduce its
number of design parameters. An adaptive strategy for setting
parameters, namely, improved HS was introduced in [10]. Global
best concept of particle swarm optimization (PSO) combined with
HS was proposed in [11]. Self-adaptive global best HS was pro-
posed in [12] which combines the aforementioned two
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improvements. The exploratory power of HS algorithm was
investigated in [13]. Further, incorporation of the opposition
learning concept in HS was purposed in [9] and termed as oppo-
sition based HS (OHS) algorithm. All these HS variants have shown
their superiority in different applications.

However, in the present paper, a novel yet simple HS algorithm
with a new population initialization concept, namely quasi-
opposition based learning (QOBL) is introduced. QOBL does not
use neither random initialization of its population nor random
number with their opposite number rather it uses random number
population with its quasi-opposite number aiming at to (a)
enhance the performance, (b) overcome the premature con-
vergence, (c) improve the diversity of the solutions and (d)
accelerate the convergence speed of the basic HS algorithm. Thus,
in the current study, quasi-oppositional HS (QOHS) algorithm has
been developed for solving both frequency and power deviation
problems of the studied IHWDPS model.

In view of the above, the main objectives of the present work
are to

(a) develop the model of an IHWDPS for supplying quality power
to the consumer,

(b) employ QOHS algorithm for the sake of optimization of the
controller gains of several classical controllers such as integral
(I), proportional-integral (PI), integral-derivative (ID) and
proportional-integral-derivative (PID) installed in the studied
IHWDPS model, considering one at a time,

(c) compare the dynamic performances offered by the controllers
to find out the best one among these four for this specific
application,

(d) incorporate time delay module and generation rate limiter for
DEG with an aim to deal with a more realistic system
configuration,

(e) analyze the stability of the studied models through Bode plot
and to carry out eigenvalue sensitivity analysis through
eigenvalue plots,

(f) present large signal stability study by considering generation
outage from DEG,

(g) study the comparative convergence profiles of some meta-
heuristics, applied for the present application and

(h) study the robustness of the optimum gains of the best con-
troller obtained for wide changes in system loading
conditions.

The rest of paper is structured as follows. System component
modeling is done in Section 2, followed by controller design meth-
odology in Section 3. Mathematical problem of the present work is
formulated in Section 4. In Section 5, proposed QOHS algorithm is
focused. Simulations results are presented and analyzed in Section 6,
followed by conclusion and scope of future work in Section 7.

2. IHWDPS components modeling

An IHWDPS consisting of a DEG, a WTG and a CES device is
considered for the present study and is shown in Fig. 1. It comprises
of a speed governor in DEG, the blade pitch controller in WTG for
frequency and power control of the model and the CES block is also
added to improve the system dynamic performance. The dynamics of
the wind power generating unit is described by a first order system.
A higher order model may, however, be considered if the slow
dynamics of the mechanical parts are to be integrated [14].

Clean wind power is harnessed by the WTG system and DEG
are integrated with WTG system for compensating the unpre-
dictable fluctuation in wind power and to cater the varying load
demand. For maintaining the desired power and to ensure unin-
terrupted power, CES device is connected to the system at the load
terminals. Moreover, continuous use of DEG is not envisaged as it
is costly and noisy accompanied by harmful emissions [15]. The
operation of the studied HPS may be stated follows:

a. Under normal modes of operation, the WTG will supply power
to the load. Excess energy may be stored in the CES device to
its maximum capacity. Any further excess energy may be fed
into a resistive dump load.

b. Under any abnormal condition (like unavailability of sufficient
energy either from the WTG system and/or from CES device
for supplying to the load demand), the DEG will, automatically,
supply the load directly or by charging the CES device [16].

From Fig. 1, the incremental change in total power may be written
by (1):

ΔPTOTAL ¼ΔPGDþΔPGW �ΔPCES�ΔPL ð1Þ

The components involved in the right side of (1) are described
in the next sub-sections.

2.1. Mathematical modeling of DEG

The RESs have intermittent output characteristics and these are
integrated with conventional power sources to deliver a steady
output power. In the considered IHWDPS, DEG acts as a steadysource
of power. When the power produced by WTG is not enough and the
energy of storage system energy is at the lowest level (CES in this
case), DEG system begins to work. The DEG should have limited time
of operation in order to reduce the wear and tear as the life of DEG is
inversely proportional to the energy supplied by it.

From Fig. 1, the modeling equations of DEG, in s-domain, may
be given by (2)–(4):

ΔPGD ¼ 1
1þsTD4

� �
ΔPGT ð2Þ

Fig. 1. Transfer function block diagram of the studied IHWDPS.
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