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ABSTRACT: This research paper aims to
solve Single Area Unit Commitment
problem (UCP) of 14 bus system, 30 bus
system and 56 bus system, which is a mixed
integer and combinatorial problem of
modern power system using recently
developed modern technique Sine Cosine
Algorithm (SCA) and PSO. The objective
function of unit commitment problem
contains startup cost, shut down cost and
fuel cost. Thus, it is very important for
researchers to determine the most
economical and optimum schedule of
various generating units, which are running
with different fuels. The efficiency of these
algorithms has been finding by compare five
, six and seven units of system.

units that reduce the operating cost for a
given time horizon. The unit which is
decided to be connected to the power system
network, when needed, that unit is
committed unit. Generators cannot be at
once turned on to satisfy the load demand.
Therefore it is necessary that the planning of
unit commitment (UC) should be so done to
meet the load demand along with sufficient
reserve generation to avoid malfunctions
and failures under difficult conditions. UC
provide the unit generation schedule in a
power system for reducing fuel cost and
operating cost and fulfill most common or
frequent constraints like system reserve and
load demand requirements under a set of
time periods.

KEYWORDS: Unit Commitment, particle
swarm optimization (PSO), SCA (sine
cosine algorithm), Hybrid PSO-SCA
INTRODUCTION
In the present power system, different types
of generating resources as nuclear ,thermal ,
hydro etc are available and also demand is
variable throughout the day and achieves
different peak values. So that it is necessary
to choose that which generating unit should
turn on and at what time it is essential in the
power system network. And also the
sequence at which unit is shut down keeping
in mind the cost effectiveness of turning on
and shutting down of respective units. The
whole process of calculating and producing
these decision is recognized as unit
commitment. Unit commitment (UC) in
power system network refers to the problem
of finding the on off states of generating

The unit commitment problem (UCP) is
mainly about determining the most
appropriate schedule to turn- on, turn-off
the generating units to complete the load
demand and at the same time maintain the
cost of generation as it can be minimum.
UCP is a large scale, mixed integer, nonlinear constrained optimization problem [1]
and belongs to combinatorial optimization
problems. It is quite a difficult and
monotonous task to compute the optimal
solution to UCP as there are different types
of constraints involved in UCP. The major
purpose of UC is to satisfy the constraints
imposed on the system like spinning reserve,
power generation-load balance, operating
constraints, minimum up/down time etc &
to reduce the total production cost over the
study period. To solve UCP various
conventional methods are available and a
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perfect mathematical model is required for
all these models of the system & may be
there is a possibility of getting stuck at the
local optimum. The generation scheduling
problem is to reducing the total generation
cost over the scheduling period while
meeting the load demands and fulfilling all
unit constraints. The generation scheduling
problem comprises two different problems,
i.e.
the Economic Load Dispatch
Problem(ELD) and the Unit Commitment
Problem(UCP). Economic Load Dispatch
(ELD) seeks the best generation schedule for
the generating plants to supply the required
demand plus transmission loss with the
minimum generation cost..[1-3] To meet a
load demand, the UCP is to find out a
minimum turn-on, minimum turn-off cost
schedule of a set of electrical power
generating units ,while fulfilling a set of
operational constraints. To find out the
optimal
commitment
approach
for
generating
units
,Single-Area
Unit
Commitment Problem(SAUCP) is used
which is located in single area, while MultiArea Unit Commitment Problem (MAUCP)
is to search out the optimal commitment
approach for generating units located in
multiple areas that are interconnected via
tie–lines. A multi-area unit commitment
(MAUC) means two or more than two
interconnected regions of a power system
and
numerous generation areas are
interconnected by tie lines. [4,5]. The
exchange of energy between two utilities
having huge difference in their marginal
operating costs. The utility with the higher
operating cost get power from the utility
with low operating cost. This arrangement
usually on an hour to hour basis and is
performed by the two system operators. In
these days, customer demand for high
service reliability and lower electricity
prices. Hence, it is an important to exploit
own profit with high reliability and reduce
overall operating cost.
The difference

between the multi-Area formulation and the
Single-Area formulation lies mainly in the
description of Energy feasibility and
Capacity feasibility. In an interconnected
Multi-Area system, Capacity and Energy are
shared by all area via transmission
interconnections. So that, the transmission
interconnection constraints must be reflected
in the feasibility inequalities.[6,7]
Unit Commitment Problem
The Unit Commitment Problem (UCP) is
mostly about finding the most appropriate
schedule to turn- on or turn- off the
generating units to meet the load demand
and at the same time keep the cost of
generation as much minimum as possible.
UCP is a non- linear, large scale, mixed
integer constrained optimization problem [2]
and happens to belong to combinatorial
optimization problems. There are many
constraints involved in UCP and hence it is
fairly a complex and difficult task to
compute or find the optimal solution to unit
commitment problem. An optimal unit
schedule must be able to accomplish the
forecasted load demand, spinning reserve
requirements, and the other constraints
during a given time period.
The unit commitment problem
(UCP) in power system is defined as
determining the start-up and shut-down
schedules of units to meet the forecast load
demand and spinning reserve over a
scheduling period so that the total
production cost is minimized while
satisfying various system and unit
constraints [1]. There are various concerns
in the unit commitment problem like the fuel
requirement for operation of generating
units, high dimensionality of search space,
and minimum up time and down time
constraints
and
spinning
reserve
requirements constraint, crew constraints,
emission constraints, and etc. Constraints
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have a remarkable effect on the unit
commitment problem as well as on the
solution of the problem. The constraints tend
to introduce problems and enhance
complicacy of unit commitment problem.
For instance, in accomplishing the spinning
reserve requirements the cost rises and thus
solving the problem of minimizing the cost
of generation becomes much more
complicated. Thus unit commitment
problem becomes complex, non linear and
gigantic in nature which needs to be solved
by using effective, robust and fast
techniques.

The fuel cost for each thermal generating
unit in the system is usually determined by a
second order function of the active power
generation. The drawing effect occurs
during opening of all admission value in a
steam turbine. This rippling effect is a
modeled as sinusoidal function of the active
power generation. Consequently, the fuel
cost function is written as a non-convex and
non-linear function [5] as below:

MATHEMATICAL
SAUCP

FCi ( Pih )   [ i Pih2  i Pih   i   i sin{ i ( Pihmin  Pih )} ]

FORMULATION

OF

NG

FCi ( Pih )   [ i Pih2  i Pih   i   i sin{ i ( Pihmin  Pih )}]

(2)

i 1

H

NG

h 1 i 1

The purpose of classical UC is to located
the optimal schedule for operating the
obtainable generating units in order to
reduce the whole operating cost of the
power generation. The total operating cost
consists start up cost, shut down cost and
fuel cost[8,9]. The fuel costs are evaluated
using the data of fuel price & unit heat rate
information which is normally a quadratic
equation of power output of each generator
at each hour determined by (ELD) as per
equation (1):

(3)
where, i =$/MW , i =$/MWh,  i =$/h,  i
2

=$/h,  i =rad/MW are constants unique for
all generating units, Pih is the power output
of the ith thermal unit, H is the duration of
the time interval in hours and Pihmin is the
minimum power output of the ith thermal
unit.
The Total Cost[4] for Unit commitment
problem including start-up cost and fuel
cost over the time period „H‟ is given by

NG

FCi ( Pih )    i Pih2  i Pih   i
i 1

H

(1)

Where,  i ($/MW2h),  i ($/MWh) and  i
($/h) are fuel consumption coefficients of ith
unit.
Eqn (1) presents the fuel cost for different
units without valve point effects. To take the
effects of valve points, a sinusoidal function
is added to the convex cost function and can
be represented as:

NG

Cost NH   [ FCi ( Pih )  STCih ]
h 1 i 1

(4)

H NG

CostNH   [ FCi ( Pih )*U ih  STCih *(1  U i ( h 1) )*U ih ]
h 1 i 1

(5)

where, U ih is the status of ith unit at hth hour.
Start up cost is the cost involved in bringing
the thermal unit online. Start up cost is
expressed as a function of the number of
hours the units has been shut down
(exponential when cooling and linear when
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banking). Shut down costs are defined as a
fixed amount for each unit/shutdown. A
simplified start up cost model is used as
follows:

 HSCi , if MDTi  DTi   MDTi  CSH i ) 
STCih  

CSCi , if DTi   MDTi  CSH i )
 (6)
where, MDTi is Minimum down time , DTi
is shut down duration, CSCi is Cold start up
cost , HSCi is Hot start up cost, and CSHi is
Cold start hour of ith unit.
X kiter  X kmin  rand (0,1)( X kmax  X kmin )

(7)

AN EXTENSIVE LITERATURE REVIEW
OF UCP
From the year 1980 onwards, substantial
research is made in the area of unit commitment
problem(UCP). The unit commitment problem
(UCP) is mainly about determining the most .
appropriate schedule to turn- on/off the
generating units to complete the load demand
and at the same time maintain the generation
cost as it can be minimum as possible. The brief
summary of some important research papers
according to different methodologies is listed as
following
Ant Colony Search Algorithm
Chusanapiputt S. et al. [11] projected a new
methodology termed (HASP) hybrid ant
system/priority list method for solving the unit
commitment problem with operating constraints
for a test system 100 generating units. Yu D. et
al. [12] described a HACO ,hybrid algorithm for
ant colony optimization (ACO) algorithm and
Lambda-iteration . HACO is effective for
finding solution to unit commitment problem in
the range of 10 to 60 generating units. Chitra N.
et al. [13] innovated for power quality
improvement by considering harmonic analysis
and voltage frequency (Vf) regulation as the
main parameters in independent microgrid.
Differential Evaluation Algorithm

For economic dispatch (ED) and generator
maintenance scheduling (GMS) ,Yare Y. et al.
[14] focused on the differential evolution (DE)
approach, to optimize the cost of operation of 19
units ,of the Indonesian power system . For
solving thermal UC problem integrated ,
Chakraborty S. et al. [15] offered a fuzzy
modified differential evolution approach, which
is integrated with wind power system. To
solving the economic dispatch (ED) problem
,Sharma R. et al. [16] proposed a new method
identified
as
Self-Realized
Differential
Evolution(SRDE) which was tested for 10,40
unit system. Hardiansyah et al. [17] investigated
the features of differential evolution (DE)
algorithm , artificial bee colony algorithm
(ABC), and particle swarm optimization (PSO)
for 3 and 6-unit systems and found that
differential evolution algorithm converges faster
than artificial bee colony algorithm and particle
swarm optimization. To solve optimal power
flow (OPF) problem , Ravi C.N.et. al. [18]
described
differential
evolution
(DE)
optimization algorithm, considering IEEE 30
bus standard power system. Dilip Datta et.
al.[19] proposed a binary-real-coded DE as a
complete solution technique of the UCP apply
to a set of six power systems up to 100 units for
a 24-h time horizon. Vikram Kumar Kamboj et.
al. [20] presented a novel and hybrid version of
DE algorithm to expand the exploitation ability
and global performance of DE algorithm and it
is tested with IEEE benchmark systems which is
containing 4, 10, 20 and 40 generating units.
Same author in [21] presented the similar
algorithm to solve multi area and multi objective
UCP of electric power system and tested a two
area system of IEEE-30 bus system.
Genetic Algorithm
Babu A.S. et al. [22] portrayed a Hybrid Genetic
Algorithm (HGA)
for constructing a
departmental class timetable. Kushwaha N. et al.
[23] futured bacterial foraging (BF) algorithm
for optimization of a function which is on GA
based. To explain the multi mode resource
constrained MMRC project scheduling problem
, Bilolikar V.S. et al. [24] offered a hybridized
approach using genetic algorithm (GA) and
simulated annealing (SA). To overcome the
inadequacy in handling large-size instances of
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the UCP, reference Dilip Datta et. al.[25]
presents the GA for scheduling units with and
without taking into account the ramp rate
constraint for six power systems up to 100 units.
Harmony Search Algorithm
Vikram Kumar Kamboj [26] innovated
global optimal solution of a novel and hybrid
version of harmony search to develop the
exploitation ability of HS algorithm combined
with random search algorithm and tested for
standard IEEE systems consisting of 4, 10, 20
and 40 generating units. For improve the
established harmony search algorithm, Coelho
L.S.et. al. [27] used exponential distribution for
a 13- unit system. For solving the ELD problem
for a 10- unit system Coelho L.S. et al. [28]
innovated a customized harmony search
algorithm with differential evolution (DE) and
chaotic sequences, CHSDE algorithm. Shukla
S.et. al. [29] described harmony search
technique for the multi-objective optimization of
a styrene reactor. To solve economic load
dispatch problem with transmission losses with
the varying patterns of consumer load, Arul R. et
al. [30] applied harmony search algorithm for
standard 6-bus system, standard IEEE-14 – 30
bus system. S. Najafi et.al. described [31] an
innovative and effective solution based on
modification of the Harmony Search (HS)
Algorithm to solve the strategic planning of
Generators and is easy compared to
Evolutionary Methods (EM).

xi (t  1)  xi (t )  vi (t  1)

(9)
Sine Cosine Algorithm
SCA is population based optimization
technique, found the optimization process
with a set of random solution. These random
solutions are repeatedly calculated over the
course of iterations by an objective function.
The probability of finding global optima is
increased ,with the sufficient number of
random solutions.
Xt+1i= Xti+r1×sin(r2)× r3Pti−Xti
(10)
Xt+1i= Xti+r1×cos(r2)× r3Pti−Xtii
(11)
t
Where X i is the position of current solution
in i-th dimension at t-th iteration, r1/r2/r3
are the random numbers, Pi is position of the
destination point in the i-th dimension.
Xti+r1×sin(r2)× r3Pti−Xti
r4 < 0.5
Xt+1i =
Xti+r1×cos(r2)× r3Pti−Xtii
r4 > 0.5
.
(12)
Where r4 is a random number in [0,1]

Hybrid PSO–SCA algorithm for singlearea unit commitment problem
Particle swarm optimizer
The PSO algorithm is constructed on
collective performance of bird flocking
which is developed by Kennedy and
Eberthart . In this algorithm, it consists no of
particle which fly in search space to find the
finest solution. So particle consider two
value which is called local best and global
best. The PSO are using following exposed.
vi (t )  vi (t  1)  c1rand1 (localbest (t )  xi (t 1))  c2rand2 ( globalbest (t )  xi (t 1))

.

(8)

Fig.1
Effect of sine cosine in eqn. (10) and (11)
In the above equations there are four main
parameters r1, r2, r3 and r4. The parameters
r1 states that the next position region
between solution and destination or outside
it. Parameter r2 tells how far the movement
should be towards or outwards the
destination. The parameter r3 brings the
random weight for destination in order to
stochastically force (r3 > 1) or deemahasize
the effect of destination in defining the
distance.
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vi(t) is velocity of particle rand1rand2
random variables. xi(t) is position of
destination in defining the distance. And
parameter r4 equally switches between sine
and cosine component in eqn. (12)
Fig. 1 shows that in the search space how
the proposed equations define space
between the two solutions. The cyclic
pattern of sine and cosine function describes
the position of solution around another
solution. Also this can give guarantee
exploitation of the space between two
solutions. We can explore the search space
by changing the range of sine and cosine
function.
To make balance between exploration and
exploitation, the range of sine and cosine in
eqn. (10) to (12) is changed adaptively using
the below equation:
r1= a – t a/T
where t is current iteration, T is maximum
number of iterations and a is constant.
Hybrid PSO-SCA Algorithm
In this paper, we combine PSO with SCA
PSO converge prematurely and also its
convergence rate is slow. Under such
conditions the Hybrid PSO-SCA comes into
view which is required to overcome such
drawbacks in the original PSO algorithm
and its other variants.
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Graphs for SCA Algorithm

5- Unit Test System

6 – Unit Test System

7 – Unit Test System

Committed status of 5-unit, 6unit and 7
unit test system:
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Generation scheduling of committed status of
5 unit, 6 unit and 7 unit system
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Graphs for PSO-SCA

Commitment status of 5 unit 6 unit 7 unit
system of PSO-SCA
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Generation scheduling of 5 unit 6 unit 7 unit
system of PSO-SCA

Conclusion
In this paper it has been concluded that many
modern as well as classical techniques has been
applied to solve unit commitment problem. A
newly developed Sine Cosine algorithm is
applied to solve IEEE 14 Bus, IEEE 30 Bus and
IEEE 56 Bus system and compare with the
recently published techniques. Comparison
shows better results of SCA with other
techniques in optimizing the fuel cost, startup
cost
and
overall
generation
cost.

109
All Rights Reserved © 2017 IJSETR

ISSN: 2278 – 7798
International Journal of Science, Engineering and Technology Research (IJSETR)
Volume 6, Issue 1, January 2017

REFERENCES
[1] Vikram Kumar Kamboj, S.K. Bath, Book
Chapter entitled “Scope of Biogeography Based
Optimization for Economic Load Dispatch and
Multi-Objective Unit Commitment Problem” in
“Sustaining Power Resources Through Energy
Optimization and Engineering”, IGI Global
Publications, USA.

[2] Vikram Kumar Kamboj, S. K. Bath, J. S.
Dhillon, “Solution of non-convex economic load
dispatch problem using Grey Wolf Optimizer”,
Neural Computing and Applications (ISSN:
1433-3058), Vol.25, No. 5, July 2015. DOI:
10.1007/s00521-015- 1934-8.
[3] Vikram Kumar Kamboj, S.K. Bath, J. S.
Dhillon, “Hybrid HS-Random Search Algorithm
Considering Ensemble and Pitch Violation for
Unit Commitment Problem”, Neural Computing
and Applications (ISSN: 1433-3058), Vol.26,
No.8,
November
2015.
DOI:
DOI
10.1007/s00521-015-2114-6.
[4] Kamboj,Vikram Kumar and Bath,S.K., “ A
solution to energy and environmental problems
of electric power system using hybrid harmony
search-random search optimization algorithm”,
Cogent
Engineering,
2016,
doi:10.1080/23311916.2016.1175059.
[5] Vikram Kumar Kamboj, G.K. Joshi,
“Reliability Assessment of Generation System
using Mathematical Approach & Artificial
Neural Network Approach”, All India Seminar
at IET, Alwar proceeding of Emerging trends in
Electrical Energy Generation under the aegis of
Electrical Engineering Div. Board, The
Institution of Engineers(India) p.p. 11-12 held
on 13th -14th March, 2010.
[6] Vikram Kumar Kamboj, Ashutosh Bhadoria,
S.K. Bath, “Solution of Non-Convex Economic

Load Dispatch Problem for Small Scale Power
Systems Using Ant Lion Optimizer”, Neural
Computing and Applications, Vol.26, No.1,
January 2016, DOI 10.1007/s00521-015-2148-9.
[7] Amit Bharadwaj, Vikram Kumar Kamboj,
Navpreet Singh Tung, “Unit Commitment in
Electrical Power System-A Literature Review”,
2012 IEEE International Power Engineering and
Optimization
Conference
(PEOCO2012),
Melaka, Malaysia, 6-7 June 2012, pp. 275-280
[8] Kamboj, V. K., & Bath, S.K. (2014), “Scope
of Biogeography Based Optimization for
Economic Load Dispatch and Multi-Objective
Unit Commitment Problem”, International
Journal of Energy Optimization and Engineering
(IJEOE),
3(4),
34-54.
doi:10.4018/ijeoe.2014100103.
[9] Vikram Kumar Kamboj, S.K. Bath,
"Mathematical Formulation of Multi-Area Unit
Commitment Problem", International Journal of
Power System Operation and Energy
Management ISSN (PRINT): 2231 – 4407,
Volume-3, Issue-2, pp.43-53, 2013.
[10] Vikram Kumar Kamboj, S.K. Bath, Book
Chapter entitled “Scope of Biogeography Based
Optimization for Economic Load Dispatch and
Multi-Objective Unit Commitment Problem” in
“Sustaining Power Resources Through Energy
Optimization and Engineering”, IGI Global
Publications,
[11] Chusanapiputt S., Nualhong D., Jantarang
S. and Phoomvuthisarn S., “A Solution to Unit
Commitment Problem Using Hybrid Ant
System/Priority List Method”, Proc. 2nd IEEE
International Conference on Power and Energy
(PECon 08), Johor Baharu, Malaysia, 1- 3 Dec.
2008, pp. 1183-1188.
[12] Yu D., Wang Y. and Guo R., “A hybrid ant
colony optimization algorithm based Lambdaiteration method for unit commitment problem”,
Proc. 2nd WRI Global Congress on Intelligent

110
All Rights Reserved © 2017 IJSETR

ISSN: 2278 – 7798
International Journal of Science, Engineering and Technology Research (IJSETR)
Volume 6, Issue 1, January 2017

Systems, Wuhan, China, 16- 17 Dec. 2010, pp.
19-22.
[13] Chitra N., Prabaakaran K., Kumar A.S. and
Munda J., “Ant Colony Optimization Adopting
Control Strategies for Power Quality
Enhancement in Autonomous Microgrid”,
International Journal of Computer Applications
(0975 – 8887), Vol. 63, No. 13, Feb. 2013, pp.
34-38.
[14] Zakaryia Mohammed J. Talaq, “ Unit
Commitment By Biogeography Based
Optimization Method” IEEE 2012978-1-46730784-0/12/2012

[15]
Simon
D.,
“Biogeography-Based
Optimization”,
IEEE
Transactions
on
Evolutionary Computation, Vol. 12, No. 6, Dec.
2008, pp. 702- 713.
[16] Du D., “Biogeography-Based Optimization:
Synergies
with
Evolutionary
Strategies,
Immigration Refusal, and Kalman Filters”, M.
S. Thesis, Department Electrical and Computer
Engineering, Cleveland State University,
Cleveland, US, Aug. 2009.
[17] Kundra H., Kaur S., Verma A. and Dr. Bedi
R. P. S., “PBBO: A New Approach for
Underground Water Analysis”, International
Journal of Computer Applications (0975 –
8887), Vol. 30, No. 3, Sep. 2011, pp. 37- 40.
[18] Khokhar B., Parmar K.P.S. and Dahiya S.,
“Application
of
Biogeography-based
Optimization
for
Economic
Dispatch
Problems”, International Journal of Computer
Applications (0975 – 888), Vol. 47, No.13, June
2012, pp. 25- 30.
[19] Scheidegger C., Shah A., and Simon D.,
“Distributed
Learning
with
Biogeography‐Based Optimization: Markov
Modeling and Robot Control”, Proc. 24th
International
Conference
on
Industrial
Engineering and Other Applications of Applied
Intelligent Systems Conference on Modern

Approaches in Applied Intelligence (IEA/
AIE‟11), Vol. part 2, 2011, pp. 203- 215.

[20] Yare Y., Venayagamoorthy G. K., and
Saber A. Y., “Economic Dispatch of a
Differential Evolution Based Generator
Maintenance Scheduling of a Power System”, in
Power & Energy Society General Meeting,
2009( PES '09) IEEE, Calgary, Alberta, 26-30
July 2009, pp. 1-8.
[21] Chakraborty S., Senjyu T., Yona A., Saber
A. Y. and Funabashi T., “Generation
Scheduling of Thermal Units Integrated with
Wind-Battery System Using a Fuzzy Modified
Differential Evolution Approach”, Intelligent
System Applications to Power Systems, 2009
(ISAP '09), 15th International Conference,
Curitiba, Brazil, 8-12 Nov. 2009, pp. 1-6.
[22] Sharma R., Panigrahi B. K., Rout P. K. and
Krishnanand K.R., “A Solution to Economic
Load Dispatch Problem with Non- smooth Cost
Function using Self-Realized Differential
Evolution Optimization Algorithm”, Energy,
Automation, and Signal (ICEAS), 2011
International Conf., 28- 30 Dec. 2011, pp. 1-6.
[23] Hardiansyah, Junaidi and Yohannes MS,
“Application of Soft Computing Methods for
Economic
Load
Dispatch
Problems”,
International Journal of Computer Applications
(0975 – 8887), Vol. 58, No. 13, Nov. 2012, pp.
32-37.
[24] Ravi C.N. and Rajan C. C. A., “Emission
Constraint Optimal Power Flow using
Differential Evolution”, International Journal of
Computer Applications (0975 – 8887), Vol. 61,
No.13, Jan. 2013, pp. 12- 15.
[25] Dilip Datta , Saptarshi Dutta, “ A binaryreal-coded differential evolution for unit
commitment problem” Electrical Power and
Energy Systems 42 (2012) 517–524
[26] Dilip Dattaa, Jose Rui Figueira, “A real–
integer–discrete-coded differential evolution”
Applied Soft Computing 13 (2013) 3884–3893

111
All Rights Reserved © 2017 IJSETR

ISSN: 2278 – 7798
International Journal of Science, Engineering and Technology Research (IJSETR)
Volume 6, Issue 1, January 2017

[27] Vikram Kumar Kamboj, S.K. Bath, J. S.
Dhillon, “A Novel Hybrid DE-Random Search
approach for Unit Commitment Problem”,
Neural Computing and Applications (ISSN:
1433-3058),
Neural
Computing
and
Applications (ISSN: 1433-3058), Vol.26, No. 8,
November 2015. DOI:10.1007/s00521-0152124-4.

[28] Babu A.S., Chockalingam R. and Kavitha
S., “A Hybrid Genetic Algorithm Approach to a
Departmental Class Timetabling Problem Using
Efficient Data Structures”, International Journal
of Computer Applications (0975 - 8887), Vol. 1,
No. 17, 2010, pp. 99- 103.
[29] Kushwaha N., Bisht V.S. and Shah G.,
“Genetic Algorithm based Bacterial Foraging
Approach
for
Optimization”,
National
Conference on Future Aspects of Artificial
intelligence
in
Industrial
Automation
(NCFAAIIA 2012), Proceedings published by
International Journal of Computer Applications,
2012, pp. 11- 14.
[30] Bilolikar V.S., Jain K. and Sharma M. R.,
“An Annealed Genetic Algorithm for Multi Mode
Resource Constrained Project Scheduling
Problem”, International Journal of Computer
Applications (0975 – 8887), Vol. 60, No.1, Dec.
2012, pp. 36-42.
[31] Dilip Datta, “Unit commitment problem
with ramp rate constraint using a binary-realcoded genetic algorithm” Applied Soft
Computing 13 (2013) 3873–3883

112
All Rights Reserved © 2017 IJSETR

