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Abstract: -An imperative condition in power system proces® iseet the power demand at least fuel cost using
the most favourable combination of diverse powantd. Unit Commitment is the predicament of defjnihe

list of generating units focus to device and opegatonstraints. The design of unit commitment basn
conversed and the result is got by hybrid graatatl search algorithm (HGSARAn algorithm based on hybrid
gravitational search technique, which is aninhaltétdased global search and optimization proceldasebeen
established to resolve the unit commitment probléhe efficiency of these algorithms has been figday

compare four units and ten units of system.
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1. INTRODUCTION

Electrical power plays a fundamental role in the
contemporary world to convince various needs. It is
therefore very imperative that the electrical power
generated is transmitted and distributed
resourcefully in order to satisfy the power
requirement. Electrical power is generated in
several traditions. The economic scheduling of all
generators in a system to meet considered
necessary demand is important problem in
operation and planning of power system. Unit
commitment (UC) is a nonlinear mixed integer
optimization dilemma to schedule the procedure of
the producing unit's at least working price while
rewarding the demand and other equality and
disparity constrains [1]. The UC problem has to
resolve the on/off state of the producing units at
each hour of the scheduling dated and optimally
transmit the load between the devoted units.
Researchers studied this composite quandary for
eras and many old-style techniques have been
developed.The traditional techniques include
priority list method [1-2], integer programming {IP
[3], dynamic programming (DP) [4-6], branch and
bound [7], Benders’ de-composition [8] and
Lagrangian relaxation (LR) [9—- 11]. Amid these
methods, the priority list method is one of the
initial and humblest methods to discourse the UC
problem. Dynamic programming is one of the
techniques to solve UC problem, but it suffer from
problem of annoyance of dimensionality. Due to
the high involvedness and high nonlinearity of the
UC problem, simulated intellect approaches are
used as asubstituteto conventionaldiagnostic
approaches in topical times. These methods have
the benefit of examining the result space more

painstakingly. Numerous simulated intellect
approaches, such as Tabu search (TS) [12],
simulated annealing (SA) [13-15], evolutionary
programming (EP) [16], genetic algorithm (GA)
[17-19], artificial neural networks (ANN) [20],
particle swarm optimization (PSO) [21], hybrid
PSO (HPSO) [22], and ant colony optimization
(ACO) [23] have been developed and applied
successfully to UC problems.The GSA, one of the
most up-to-date heuristic algorithms inspired by th
Newton laws of gravity and motion, was
established by Rashedi et al. [24].In the year of
2009.This paper suggests a hybrid UC (HUC)
formulation that combines the PSO and GSA
formulations with the aim of achieving a solution
that balances the operating cost and forcefulness.

2. PROBLEM FORMULATION
The objective function of the UC problem is to
minimize the total generation cost while satisfying
the different constraints, when the required lokd o
power system is being supplied. The objective
function to be minimized is given by the following
equation:
Minimize F(Rj= YaPy’+ bPy+ GRs/hr
where i=1to N
The overall fuel cost has to be reduced with the
following constraints:
1) Power balance constraint
The total generation by all the generators must be
equivalent to the total power ultimatum and
system’s real power loss.

ZPihUih:Dhi:L 2...N
2) Generator limit constraint
The real power generation of each generator is to
be controlled inside its particular upper and lower
operating limits.
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B™"< Py P™i=1,2......... ,ng.
3) Lowest up time constraint
On one occasion a unit is started up, it should not
be shut-down before a least up-time period is met
and it scientificallyarticulated fof"igenerating unit
as follows:
-iPN > TiUP
4) Lowest down time constraint
Once a unit is started downcast, it should not be
shut-up before a least down-time period is met and
it accuratelyuttered for ™ generating unit as
follows:
i-?FFZ-I-iDOWN
Where
a b, G : coefficient of fuel cost of generator,
Rs/MW2 h, Rs/IMW h, Rs/h
F (Pg): total fuel cost, Rs/h
n: number of generators.
P,min: Minimum limit of generation for
generator, MW
Pgimax:  Maximum
i"generator.
T,°is the off time period of thé"igenerating unit.
T,°°"W is the least down time of th&generating

limit of generation for

unit.
T,°N is the ON time duration of thd"generating
unit.
T,°F is the minimum up time of thé"generating
unit.

3. THE STANDARD PSO, STANDERD GSA
AND HGSA
In this unit, we discuss the algorithm of standard
PSO, standard GSA and standard HGSA.
A. Standard particle swam optimization:

The PSO algorithm is constructed on collective
performance of bird flocking which is developed
by Kennedy and Eberthart [27]. In this algorithin, i
consists no of particle which fly in search spaze t
find the finest solution. So particle consider two
value which is called pbest and gbest. The PSO are
using following exposed.

V™ =w +¢ xrand x(pbest; —x') +¢, xrand x (ghest, —X) @)
)§t+l - )gt +Vit+1 2)

\/it is velocity of particle f, rand is random

variable (0,1). w is weighting function, cis a
weighting factor.)gt is the position of the particle

i™ . pbestis the best value of particl® and gbest
is the best value of global.

B. Standard gravitational search algorithm:
GSA was announced by Rashedi et al. in 2009 and
is predicted to resolve optimization difficultiehe
population-based heuristic algorithm is based on

the gravity law and mass interactions [24]. The
algorithm is included of assortment of forager
agents that interconnect with each other through th
gravity force. The agents are measured as objects
and their performance is measured by their masses.
The gravity force sources a universal measure
where all objects move near other objects with
heavyweight masses.

The GSA are using following modeled. Consider a
system has N agents and procedure starts with
arbitrarily placing all agent in search space. The
gravitational force which performing on th& i
object due to thd"jobject is given below:

M, (©)-M (1)
=41 =G(t) x| —————7 [x[ 3 () =X
R0 =G ( RO ] (¥o-%) ®
G (t) stand for the gravitational constant which is
adjusted at the initial and it regulate the seaxghi
ability of the objects with decreases the time.

G (t) = Ge™™ (4)
Where G stand for the initial value of gravitational
constant, and It stand for the total number of
iterations.a stand for a constant valuehe total
force performing on thé'iagent is represented by:

Kpest
Fid t)= Zrandj X Fijd ®)

j=1

j# (5)
According to gravitational law, the acceleration of
the " agent at the™titeration in d' direction, is
recognized by:
a'(t) = R(t) / Ma(t) )(6
The updated velocity of an agent is calculated and
this updated velocity is added into its acceleratio
which is given below equation (7). Consequently,
the updated position and the velocity of thagent
at the {' iteration, in §' direction may be expressed
as follows:

vi(t+1) = rangx v(t) + a(t) ©)
x(t+1) = x(t) + v(t+1) 8)
C. Standard hybrid gravitational search

algorithm (HGSA):
In this paper, we combine PSO with GSA. Both are
working in analogous.it is varied because there are
two altered algorithm that are elaborate to yield
ultimate result. The elementary idea of PSOGSA is
to association the exploration skill of PSO with
exploitation search capability of GSA.

v (t+1) =wxy (1) + xrandxag (t) +c, xrand x{ gbest - X, (t))
X (t+1) = X (1) +Vi (t+1)

\/it is velocity of particle , rand is random
variable (0,1). w is weighting function, cis a
weighting factor and gbest is the best value of

global. All the agent are randomly initialize in

©)
(10)
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PSOGSA method and each agent is considered as after all iteration finest answer should be effitie

candidate solution. Using equation (3), (4) and (5) The velocity of agent can be calculated from
gravitational force, gravitational constant and equation (9), using calculated acceleration and
resultant forces among agent respectively are updated best solution. From equation (10) final

calculated, after initialization is done. From position of agent are

equation (6) acceleration of particle START

Define the Fitness functicf(x), x = (x1... xd) T.

!

Set n, pand Max Generations parameters

v

Make a priority list of unit

v

To satisfy uptime ar downtime constrain

defined.

IA
*‘
Calculate the fitnes$-() i.e. Total cost

v

Fromn available nest, now choose a nest randc (F)

A

If Fi >Fj

11%

The new solution replacé¢sDiscard a portiopa of poorer nests and then produc
the same portion of new nests at latest new loeatwa gravity of motion

!

11

The new solution replacg¢sDiscard a portiopa of poorer nests and then produc
the same portion of new nests at latest new loecgtva gravity of motion

v

Update thes, best andworst of the population.

!

CalculateM anda for each agent

v

Update velocity and position

v

The most excellent solutionsor nests bearing exced solutions are kept. Find
the best current solutionby sorting the solutions

Is stopping criterion

satisfied?
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y

Display the best solutn and resuli

END

Figure 1 Flow chart of GSA
4. HGSA APPROACH TO UC

The innovative description of PSO [21] operates on
real values. First “hybrid particle swarm
optimization” was developed in [22}yhereby the
term hybrid meant the amalgamation of PSO and
GA. On the other hand, in this paper, hybrid is
intended to emphasize the perception of
permutation real valued PSO with GSA running
autonomously and concurrently. The HGSA is
made promising with a straightforwardadaptation
to the particle swarm algorithm. This HGSA solves
binary strugglecomparable to those conventionally

optimized by GSA. In our grades to resolve the
UC, The results of HGSA compare with result of
GSA.We proved that the results of HGSA better
than GSAIn the feasible environment.

5. RESULTS & DISCUSSIONS

HGSA has been used to resolve the UC problems
in two different test cases for exploring its
optimization potential, where the objective funatio
was imperfect inside power ranges of the producing
units.

51 Test system I: The input data for four
generators is derivative from reference [09] and is
given in table 1 and table 2.The unit commitment
(UC) for 4 generators is solved with HGSA and
results are compared with GSA.

Table 1: Data of the 4 unit system [09]

Parameters Unit 1 Unit 2 Unit 3 Unit 4

Pmax (MW) 300 250 80 60

Pmin (MW) 75 60 25 20

a ($/hr) 684.74 585.62 213.00 252.00

b($/MWhr) 16.83 16.95 20.74 23.60

¢ ($/MW2hr) 0.0021 0.0042 0.0018 0.0034

Min up time (hr) 5 5 4 1

Min down time(hr) 4 3 2 1

Hot start-up cost ($) 500 170 150 0

Cold start-up cost ($) 1100 400 350 0.02

Cold start-up hrs(hr) 5 5 4 0

Initial status (hr) 8 8 -5 -6
Table 2: Load pattern of the 4 unit system

Hour(h) 1 2 3 4 5 6 7 8

Load(MW) | 450 530 600 540 400 280 290 500

5.2 GSA Algorithm Results: The outcomes acquired for the test system using @®gramming are given

below in Table 3.

Table 3: GSA Result of 4 unit system

S.No L oad Unit Mixture Selected | Load delivered Between The | Total Production Cost
Units (MW) (R9)
1 450 1111 151 131 91 78 1206.049
2 530 1110 257 225 47 0 2339.495
3 600 1111 171 183 132 114 2010.307
4 540 1110 223 243 73 0 2267.110
5 400 1101 223 141 0 35 1452.380
6 280 1100 141 139 0 0 840.5792
7 290 1111 122 115 26 28 667.6147
8 500 1111 226 146 71 57 1672.091
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Total Operating Cost 12455.6259

5.3 Hybrid GSA Algorithm Results: The results obtained for the test system using A@®gramming are
summarized below in Table 4.
Table 4: HGSA Result of 4 unit system

S.No Load Unit Mixture Selected | Load delivered Between The | Total Production Cost
Units (MW) (Rs)
1 450 1111 136 198 69 47 1363.799
2 530 1111 236 106 114 74 1793.879
3 600 1111 278 163 76 84 2361.210
4 540 1111 172 164 135 70 1708.314
5 400 1111 207 100 53 40 1209.030
6 280 1111 122 107 16 35 637.8953
7 290 1111 163 64 28 36 728.2475
8 500 1111 175 185 56 84 1589.050
Total Operating Cost 11391.4248

Table 5 Comparison of result of two methodsfor 4 units

M ethod Total Operating Cost (Rs)
GSA 12455.6259
Hybrid GSA 11391.4248

The comparison of the proposed method is revediedenin the table which displays that the totalrapeg
cost of hybrid GSA is less with Gravitational sématgorithm (GSA) method for unit commitment.

Minimum Cost Rs/hr
12600
12400
12200
12000
11800
11600
11400
11200
11000

10800
HGSA GSA

m HGSA mGSA

Figure 2 Comparison results of Hybrid GSA and GSA for 4-unit system

5.4 Test system |1: The input data for ten generators is derived frefarence [09] and is given in table 6 and
table 7.The unit commitment (UC) forl0 generatersdlved with HGSA and results are compared withGS
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Parameters Unit 1 Unit 2 Unit 3 Unit 4 Unit 5

Pmax (MW) 455 455 130 130 162

Pmin (MW) 150 150 20 20 25

a ($/hr) 1000 970 700 680 450

b($/MWhr) 16.19 17.26 16.60 16.50 19.70

¢ ($/MW2hr) 0.00048 0.00031 20 0.00211 0.00398

Min up time (hr) 8 8 5 5 6

Min down time(hr) 8 8 5 5 6

Hot start-up cost ($) 4500 5000 550 560 900

Cold start-up cost ($) 9000 10000 1100 1120 1800

Cold start-up hrs(hr) 5 5 4 4 4

Initial status (hr) 8 8 -5 -5 -5

Parameters Unit 6 Unit 7 Unit 8 Unit 9 Unit 10

Pmax (MW) 80 85 55 55 55

Pmin (MW) 20 25 10 10 10

a ($/hr) 370 480 660 665 670

b($/MWhr) 22.26 27.74 25.92 27.27 27.79

¢ ($/MW2hr) 0.00712 0.00079 0.00413 0.00222 0.00173

Min up time (hr) 3 3 1 1 1

Min down time(hr) 3 3 1 1 1

Hot start-up cost ($) 170 260 30 30 30

Cold start-up cost ($) 340 520 60 60 60

Cold start-up hrs(hr) 2 2 0 0 0

Initial status (hr) -3 -3 -1 -1 -1
Table 7: Load pattern of the 10 unit

Hour (h) Load(MW) Hour (h) Load(MW) Hour (h) Load(MW)

1 700 9 1300 17 1000

2 750 10 1400 18 1100

3 850 11 1450 19 1200

4 950 12 1500 20 1400

5 1000 13 1400 21 1300

6 1100 14 1300 22 1100

7 1150 15 1200 23 900

8 1200 16 1050 24 800

5.5 GSA Algorithm Results: The outcomes acquired for the test system usingy &8 shown in Table 8.

Table 8: GSA result of 10 unit system

S.No | Load Unit Mixture Selected Load deliveredv@stn The Units (MW) Total Productio
Cost (R)

1 700 1101100110 254 170 O 118 96 d ( 411 poO 2606.441

2 750 1101100001 330 264 O 60 54 0 Q ( D 3 #43811.724

3 850 1101100000 266 374 0 98 m1 d ( D DO 4712.660

4 950 1101110001 278 368 O 90 108 174 0 D D36 4863.662

5 1000 1101110000 284 416 O 5p 150 38 D DO 0 6598.039
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6 1100 1111110110 345 392 25 oL 134 76 D 3 124 | O 6150.900
7 1150 1111111000 286 471 76 44 127 102 40 0 0 6826.617
8 1200 1111111100 340 354 163 90 11 39 536 0 0 6005.782
9 1300 1011111110 500 O 156 153 190 105 bHZ3 71 0 7107.698
10 1400 1011111000 62f O 231 12 63 1634 1D 0 0 10026.460
11 1450 1001111001 578 0 0 243 218 176 1% 0 85 9820.579
12 1500 1001111101 538 0 0 187 210 165 1443 | 0 140 | 9277.287
13 1400 1001011011 61p O 0 322 0 231 111 p78 | 44 10629.750
14 1300 1001011110 686 O 0 157 0 203 17® P51 0 10883.140
15 1200 1001011000 746 0 0 158 0 109 187 poO 0 11638.590
16 1050 1001010001 786 O 0 85 0 75 @ ( D 04 1 11479.900
17 1000 0101010100 0 522 0 157 0 184 L37 0 7127.732
18 1100 0101010001 0 798 O 103 0 170 D 068 11793.850
19 1200 0101010010 0 668 O 410 O 69 ( D ik 11740.420
20 1400 0101010001 0 702 0 387 O 200 D D111 | 13296.780
21 1300 0101010101 0 547 0 438 O 73 ( 1@8 140 | 10275.280
22 1100 0101011100 0 3711 0 26 0 173 1690 [LO 0 6179.663
23 900 0101011101 0 410 O 91 0 119 94 47 D79 5428.016
24 800 0101011010 0 349 0 184 0 70 122 0 4 [0 3937.940

Total Operating Cost 192218.91

5.6 Hybrid GSA Algorithm Results: The results obtained for the test system using N&® summarized
below in Table 9.

Table 9: HGSA result of 10 unit system

S.No | Load Unit Combination Selected DistributionLoid Among The Units (MW) Total Productig
Cost (R)

1 700 1111101110 122 208 9( 98 14 ¢ 23 128 0 2142.324
2 750 1111101011 300 167 97 25 57 ¢ 42 D21 42 2915.314
3 850 1111101011 292 210 19 104 109 ( 53 D44 20 3400.332
4 950 1111111111 326 194 2% 106 109 54 P23 41 49 3768.642
5 1000 1111111000 344 323 70 78 58 80 47 DO 0 5007.424
6 1100 1110111010 449 279 82 0 154 35 85 016 0 6333.123
7 1150 1110100111 404 274 110 O 195 D 5Bl 50 6091.034
8 1200 1110100101 315 299 246 O 240 D 20 80 6430.366
9 1300 1010100110 619 O 139 0 309 (@ ( 1294 | 0 10141.900
10 1400 1010111010 532 O 309 0 215 133 140 71 0 9162.777
11 1450 1011111011 55/ O 156 2p9 173 144 [0 41 46 8914.889
12 1500 1011111001 630 O 292 188 95 1158 [ID 0 52 10716.580
13 1400 1011101011 67/ O 112 28 152 0 ) 59 57 10783.900
14 1300 1011101111 40 O 175 6B 125 PBF 105 | 140| 6625.939
15 1200 1011101010 7260 99 151 123 ( 32 020 0 10550.260
16 1050 1001100110 690 O 0 99 110 @ ( 810 bHO 9488.837
17 1000 0101100111 0 481 0 182 245 ( ) PB6 77 6452.379
18 1100 0101100001 0 588 0 268 149 ( ( D D125 | 8305.919
19 1200 0101010101 0 639 0 300 Q0 150 54 47 10155.060
20 1400 0101010111 0 628 0 285 0 186 0 D413 | 94 10812.980
21 1300 0101010000 0 664 O 389 0 247 0 DO 0 12465.380
22 1100 0101001000 0 797 0 205 0 0 138 0 DO 12053.380
23 900 0101001111 0 605 O 112 0 0 44 538 B48 7531.952
24 800 0101001111 0 305 0 182 0 0 150 6H42 61 3625.772

Total Operating Cost 183876.463
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Table 10 Comparison of result of two methodsfor 10 units

M ethod Total Operating Cost (R9)
GSA 192218.91
Hybrid GSA 183876.463

The comparison of the proposed method is shown
above in the table which shows that the total
operating cost of hybrid GSA is less with

Gravitational search algorithm (GSA) method for

unit commitment.

6. CONCLUSION
In this paper unit commitment problem (UC) has
been solved by using HGSA. The results of HGSA

are compared for four and ten generating unit
systems with GSA. The algorithm is programmed
in MATLAB (R2010b) software package. The

results show effectiveness of HGSA for solving
unit commitment problem (UC) the problem. The
advantage of HGSA algorithm is its simplicity,

reliability and efficiency for practical applicatis.

Minimum cost Rs/hr

194000
192000
190000
188000
186000
184000
182000

180000

HGSA

178000
GSA

m HGSA

GSA

Figure 3 Comparison results of Hybrid GSA and GSA for 10-unit system
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