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Optimal generation scheduling of thermal System
using biologically inspired Grasshopper Algorithm

Neelam Rajput, Vishal Chaudhary , Hari Mohan Dubey, Manjaree Pandit
Department of Electrical Engineering
Madhav Institute of Technology & Science
Gwalior (INDIA)
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Abstract— This paper presents Grasshopper Optimization
Algorithm (GOA) for solution of economic dispatch (ED)
problem related to electrical power systems. GOA is a novel bio
inspired optimization approach that mimics the behavior of
grasshopper insect during optimization. To check the feasibility
and validity of GOA it is employed to solve three different types
of ED problems comprising of small, medium and large scale
power systems having different complexity levels. The
experimental results show that the GOA method is quite
promising for solving a wide range of ED problems very
efficiently. The performance of the GOA is found to be superior
to other recently reported methods available in literature.

Keywords—economic dispatch, valve point loading effect,
transmission loss, Grasshopper Optimization

I. INTRODUCTION

The economic dispatch (ED) is one of the main
optimization issues related to modern power system. The goal
of ED is to find out the optimal output from a number of
committed power generating units, to meet the system load
demand, at the lowest possible cost, subjected to practical
operational constraints [1]. Modern ED problems are difficult
to solve by traditional methods due to practical operational
constraints which makes the objective function highly
nonlinear as well as discontinuous. Over the last two decades
researcher have paid massive attention in solving complex ED
problem using bio-inspired(BI) methods due to the facts that
BI methods are efficient in finding optimum solution by
exploring the search space in effective manner and also it can
able to handle complex operational constraints in effective
manner.

Among BI methods, population based approach are more
common [2,3], which mimics the natural phenomenon during
the optimization process. They mainly work on the principal
of survival of the fittest and broadly classified in three group,
they are evolution based, swarm intelligence based and
ecological based algorithm [4]. Among evolution based
approach evolutionary programming (EP) [S5], genetic
algorithm (GA) [6], differential evolution (DE) [7] ; Among
swarm intelligence based approach partial swarm optimization
(PSO) [8], ant colony optimization (ACO) [9], artificial bee
colony(ABC)[10], firefly algorithm(FFA)[11], Social spider
algorithm(SSA)[12], and most recently bird swarm

algorithm(BSA)[13];the third group having biogeography
based optimization (BBO)[14], Invasive weed
optimization(IWO)[15], stochastic fractal search(SFA)[16]
and root tree optimization (RTO)[17] are applied to solve ED
problem with different dimension and complexity level.

As per No-free lunch (NFL)[18] theorem there is no
optimization approach available that can solve all types of
optimization problem; there is always a chance of
improvement. In this point of view here a novel optimization
approach GOA (S. Mirjalili 2017) inspired by the behavior of
grasshoppers during optimization is applied to solve ED
problem with different dimension and complexity level.

This paper is organised as follows: problem formulation
is presented in section II, concept behind grasshopper
optimization approach is presented in section III. Simulation
analysis of ED problem using GSO is presented in section IV,
finally conclusion is presented in section V.

II. PROBLEM FORMULATION

The ED is an important optimization problem related to
power system. The objective of ED problem is to
minimization of the fuel costs while satisfying associated
inequality and equality constraints.

The objective function corresponding to power generation
cost can be symbolically represented as:

N
Minimize F,** ' = > f,(P)) (1)

i=1

Where the fuel cost function of the generating units is given by
2

fi(F) = a;F; + bl +¢ (2)

Considering VPL effect the cost function is written as:

d;sinle, (AP 3)

2
fi(B)=aiFy +biF +c; +

Where a;, b; c¢; are the fuel cost coefficients, d; and e;
represents the coefficients due to valve point loading
effect(VPL) of i™ unit. P; is the real power output (MW) of i*
generator. N is the number of online power generating units
used for power dispatch.
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The total generation cost is minimized subjected to
following operational constrains:

A) Power Balance Constraints:

Total power generated by thermal unit must be equal to
power demand and transmission losses, and it can be
expressed as below:

N
> P, =PD + P, (4)
i=1

B) Power generator capacity Constraints:

The power output of each generating unit must be lie
within its maximum and minimum operating limit, which is
expressed as:

P™ < P < P™ Wherei=1,2,3,-N (5
The transmission losses occurring in the system can be

expressed using B-loss coefficients as:

N N N
P,=Y > PBP+ Z;P,Bio +B,, (6)

=1 j=I

III. GRASSHOPPER OPTIMIZATION ALGORITHM

The grasshoppers are insects found in nature. They
basically are pests that damage the crops. There are two types
of swarming behaviour found in grasshoppers during their
nymph and adulthood phases. Millions of nymph jumps and
moves like polling cylinder and eat all types of vegetables
which are present in their path. Whenever they become adult,
they form a swarm and migrate over long distance [19].The
lifecycle of grasshopper is shown in Fig. 1(a).

The main characteristics of grasshopper which is
implemented during optimization is the slow movement and
sudden long distance movement that employees the
exploitation and exploration phase of bio inspired algorithm.
Food sinking is another important swarming behaviour.

The swarming behaviour of grasshoppers can be written as
[19]:

X =18, + 16, + 14,
(7
Where ¥, , Sk and Gi represents the position, social

interaction, gravity force of k" grasshopper; Ay represents the
wind propagation and r;,75,r3 are the random number between
[0,1].

S =38, (d,)d,) ®)
du-|x, — ;] ©)

Here dy represents the distance between k" and [*
grasshopper, Ng, is the number of grasshopper.

The unit vector between k" and /" grasshopper represented
as:
- X, —X

d,. =
kil dk]

The social force between two grasshoppers presented as:

(10)

S,=8&""-e" (11)

Where ¢ is the intensity of attraction and ¢ is the attractive
length scale.

The element G, can be calculated as:

G, =ge, (12)

Where g is the gravitational constant and e, is the unity

vector towards centre of earth.

The part A, can be computed as:
A, =ue, (13)

Where u is the constant flow and e, is the unity vector in

the direction of wind flow.

As there is no wing during the nymph phase of
grasshopper, and hence their movement are highly correlated
with wind direction.

Substituting the value of Sx, Gr and 4y in (7)

X =X

Ny
X = szqxz _xk|)>< J
7 K

Above equation (14) is used to simulate the interaction
between grasshoppers in the swarm. However the above
model cannot be used directly to simulation purpose due to
improper convergence. The modified equation used for
optimization is depicted in (15) as below [19].

—g%-‘:—ue_k (14)

d Ngx ub_lb d d xl _.xk p—
ri=a Y« xSf(‘xl —xk‘)x x T, (15)
j=1 2 dkl
Where « reduction coefficient used for reduction for size

of comfort zone, repulsion zone and attraction zone, ub and /b

are the upper and lower limits, Fdis the main goal (best

solution).
In above equation the submission term represents the
position of grasshopper and it apply interaction phenomenon

of grasshopper in nature. The term 7, imitates the tendency

to move toward food source. This phenomenon is presented in

Fig 1(b).
Comfort zone Xi
'- z- P - ~ S =
\ ] 7 N
ﬂ I AN
« T -
a%*:' TN T
~ -
gy — - \
. -» Attraction force
Fig. 1(a) — Repulsion force

Fig 1(b)



2017 2nd International Conference on Telecommunication and Networks (TEL-NET 2017)

Fig.1: (a) life cycle of Grasshopper (b) corrective patter of
individual Grasshopper in swarm

To balance between exploration and exploitation,
parameter a required to be decreased as iteration progress.
This indicates reduction in comfort zone of grasshoppers and
it can be represented as:
oa=o,, -iter X %“—amm) (16)

ifer _max

Here dmax , omin can be considered as 1 and 0.0001
respectively, iter is the current iteration and ifer max is the
maximum number of iteration.

The pseudo code for GSO as per [19] is given below in Fig
2 and the whole implementation procedure of GSO for
solution of ED problem is presented using flowchart in Fig.3
below.

Initialize the swarm of grasshopper Xi (i=I1,2--
Ngs)
Define Omax, Omin and maximum iteration
Calculate fitness of each search agent
Select T=best search agent
While (iter<max iter)
Update o using (16)
For each searchagent
Normalise the distance between them
Update the current best searchagent
by (15)and
Check for constraint violation
end
update T for better solution
iter=iter+1l
end
Return Best T

Fig 2: pseudo code for GSO
IV. SIMULATION RESULTS AND DISCUSSION

To examine the applicability and effectiveness of the GSO
method, three different test cases of ED problems with
different dimension and complexity level related to power
system is considered here. The code used for study has been
developed and implemented in MATLAB 7 and executed on
2.80GHz dual core processor with 2GB RAM. Main control
parameters used for GSO are search agent size as
40,maximum and minimum reduction coefficient ey , Omin
can be considered as 1 and 0.0001 respectively.To examine
the stability of proposed algorithm 25 independent runs are
made for each case study.

A) Case 1:6unit problem with loss

The system has six thermal generation units with convex
fuel cost characteristics with transmission loss [20].The load
demand for analysis considered asl000MW. The optimum
solution obtained by GSO is depicted in Table I and statistical
comparison of results with recent reported methods are
presented in Table II.

The optimum cost obtained by GSO is 52361.2659 $/hr
which is found to be comparable with A-iteration [20], Particle
swarm optimization (PSO) [20] and most recently reported
gray wolf optimizer (GWO)[20]. The convergence

characteristic obtained by GSO for this test case is presented

in Fig 4.

Define cost function, constraints and parameters

agent, Omin, Olmax and iter max

associated with grasshopper as nnumber of search J

L !

Initialize the population of grasshopper
X,. — P;l‘ﬂlﬂ +rand X(Rmax _P;ml'ﬂ)

J

L]

¢ Calculate the fitness of each search agent
using(1) subjected to constraint (4)-(6)

Check for constraint violations and repair solutionJ

i

® Update the position of current search agent by (15)
® Check for constraint violations and repair solution

® Evaluate fitness and find current best feasible

|

Normalize the distance

between grasshoppers

i

Stop

iter < iter_max

Fig 3: Flowchart for GSO method for solution of ED problem

TABLE 1. BEST OUTPUT FOR TEST CASE I

O/P(MW) | A-iter[20] | PSO[20] | **GWO[20] GSO
Pai 40.3969 41.1657 41.1915 41.1640
Pa2 28.1002 27.7786 27.88 27.7975
Pas 187 186.5604 186.4387 186.4601
Pga 171.2136 | 170.5795 170.5973 170.5517
Pas 310.721 310.8297 310.6946 310.8914
Pgs 303.1006 302.568 302.6778 302.6202

Cost($/hr) | 52362.07 | 52361.65 | 52355.7728 | 52361.2659
>Pg 1040.5323 | 1039.4819 | 1039.4799 1039.4849
Pioss 40.5323 39.4821 39.4798 39.4850
PD 1000 1000 1000 1000
CPU NA NA 6.960886 5.2928

time(sec)

** Actual cost :

52361.27268




2017 2nd International Conference on Telecommunication and Networks (TEL-NET 2017)

= 1000MW

o
N
3
3
|
|
|
|
|
|
I
|
|

o
8
|
|
|
-
|
|
|
|
|
|
"
|
|
4
|
|
|

o
b
|
|
|
-
|
|
=
|
|
|

Total Operating Cost ($/hr)
4 <
&

|
|
|
T
|
|
+
|
|
|

o
)
R
&

524 e it Rl [ |

|

I
0 50 100 150 200 250 300 350 400 450 500
Iteration

Fig: 3 Convergence Characteristics of Test Case 1
(6 unit problem with loss)
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B)Case 2:13unit problem with valve point loading

This test system consists of 13 generating units with valve
point loading as mentioned in [5]. For analysis purpose load
demands for this system are considered as 1800 MW.
Transmission loss is not considered here. This test case is
complex non convex system and has various local minima.
For this complex test case global optima is not reported so far.
The simulation results in terms of optimum dispatch obtained
by GSO depicted in Table II and statistical comparison of
results with other reported methods are presented in Table III.

The comparison of results are made with PSO with time
varying acceleration coefficients (PSO-TVAC)[21],social
spider optimization(SSO)[12] and most recently reported
method root tree optimization(RTO)[17]. Here it is seen that
the result obtained by GSO as $/hr 17963.8292, is found to be
better then recent reported RTO ($/hr 17969.8024) and almost
comparable to SSA ($/hr 17,963.766) in terms of optimum
generation cost.

For a complex test case stable convergence obtained by
GSO is presented in Fig.4.

TABLE 1. BEST OUTPUT FOR TEST CASE II

O/P(MW) GSO RTO[17] SSA[12]  [PSO_TVAC
[21]

Pai 6283185 | 6283072 | 6283178 | 628.319
Po: 2227492 | 2243420 | 149.5731 | 149.597
P 149.5996 | 297.7060 | 2243883 | 222.749
P 109.8665 | 60 109.8665 | 109.867
Pas 109.8665 | 109.8529 | 109.8665 | 109.867
P 109.8665 | 60 109.8659 | 109.867
o 109.8665 | 60 109.8643 | 109.867
Pos 109.8665 | 109.7956 | 109.8664 | 109.867
P 60 60.000 60.000 60.000
PGio 40 40.000 40.000 40.000
Paii 40 40.000 40.000 40.000
Poi 55 55.000 55.000 55.000
Pois 55 55.000 55.000 55.000
Min cost ($/hr) | 17963.8292 | 17969.8024 | 17,963.766 | 17963.879

TABLE III. COMPARISION OF SIMULATION RESULTS FOR TEST

CASE 11
Methods Generation Cost($/hr) S.D
Min. Ave. Max.
IFEP[5] 17,994.07 18,127.06 | = === | emeeee
PSO _TVAC|[21] 17963.879 18154.562 18358.310 | ------
GWO[20] 18051.11 NA NA NA
C-GRASP- 17963.829 17973.636 17978.137 2.962
DE[22]
RTO[17] 17969.8024 18056.9358 18204.6303 NA
GSO 17963.8292 17968.4584 17982.4093 3.6257
x10
1.88 T 1 \ T T \
| | | | | |
! ! ! ! ! ! — PD=1800 MW
L R o
; | | | | | | | | |
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Fig: 4 Convergence Characteristics of Test Case 2
(13unit problem with valve point loading)

C)Case 3: 38 unit problem

It is a comparatively larger test case with 38 power
generating units. The fuel cost characteristics for this test case
is quadratic in nature and transmission loss is not considered
here. The input data is adopted from [23]. The power demand
for this test case is set at 6000MW. The outcomes in terms of
optimum generator scheduling obtained by GSO approach are
presented in Table IV. Comparison of results in terms of
optimum generation cost are made with is made with hybrid
differential evolution with biogeography based optimization
(DE/BBO)[24] PSO_TVAC [21] and moth flame optimization
(MFO)[20]. The result obtained by GSO $/hr
9417235.78617885 in terms of optimum generation cost is
found to be significantly better than MFO [20] $/hr
9419270.188, PSO_TVAC [21]$/hr 9,500,448.307 and almost
comparable to DE/BBO [24]$/hr 9417235.786391673. Its
Convergence characteristic obtained by GWO is presented in
Fig 5.
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Fig: 5 Convergence Characteristics of Test Case 2(38unit problem)

TABLE IV. BEST OUTPUT FOR TEST CASE III

D) Selection of Control Parameters

GSO belong to the bio inspired approach and it need
appropriate selection control parameter to solve constrained
optimization as the optimal selection of parameter helps to
find better solution in less computational time. Test casel,
having 6 generation unit system with transmission line loss is
used here to analyze to get best tuning parameters of GSO.
Total load demand of the system set at 1000MW. As GSO has
Three main control parameter as search agent number (NP),
maximum reduction coefficient (0tmax)and minimum reduction
coefficient (Omin).

The search agent number (NP) is set at 20 and keeping
Omax @S 1, Omin 1S varied from 0.00001 to 0.01. Keeping
maximum number of iteration 500, simulation analysis has
been carried out over 25 number of repeated trail. The
statistical performance of GSO with different population size
is tabulated in Table V. Here it is observed that with search
agent size 40 and omin as 0.0001, the best results are obatined
in terms of minimum cost $/hr 52361.2716 and average cost
$/hr 52361.3017, and it is consiered here for futher simulation
analysis.

TABLE V. STATISTICAL PERFORMACE OF GSO WITH
DIFFERENT TUNING PARAMETER FOR TEST CASE I

NP Olmin Min C Ave C Max C SD
0.00001 52361.2799 52361.3461 52361.5123 0.0385
0.0001 52361.2723 52361.3109 52361.3666 0.0154

20 0.001 52361.2763 52361.3054 52361.3468 0.0110
0.01 52361.2824 52361.3199 52361.3984 0.0184
0.00001 52361.2699 52361.3911 52361.5260 0.0393
0.0001 52361.2716 52361.3017 52361.3580 0.0143

40 | 0.001 52361.2737 52361.3289 52361.3759 0.0146
0.01 52361.2735 52363.1076 52365.8549 0.99106

60 | 0.00001 52361.4752 52365.6037 52367.4819 0.9917
0.0001 52361.2819 52363.2507 52367.4800 1.0155
0.001 52361.2694 52363.4278 52367.4902 1.1957
0.01 52361.2765 52362.1902 52365.7885 0.8046

O/P(MW) | GSO DE/BBO[24] | BBO[24] PSO_TVAC
(21]
Pai 426.60605 426.606060 422.230586 443.659
Paz 426.6060611 | 426.606054 422.117933 342.956
Pas 429.6631713 | 429.663164 435.779411 433.117
P4 429.6631885 | 429.663181 445.481950 500.00
Pgs 429.6631859 | 429.663193 428.475752 410.539
Pas 429.66318 429.663164 428.649254 | 482.864
Par 429.6631796 | 429.663185 428.119288 409.483
Pgs 429.663163 | 429.663168 429.900663 446.079
Pgo 114 114.000000 115.904947 119.566
Paio 114 114.000000 114.115368 137.274
Pani 119.7680343 | 119.768032 115.418662 138.933
Psiz 127.0728161 | 127.072817 127.511404 155.401
Pagi3 110 110.000000 110.000948 121.719
PGis 90 90.00000 90.0217671 90.924
Pais 82 82.00000 82.0000000 97.941
Paie 120 120.00000 120.038496 128.106
Pgi7 159.5980342 | 159.598036 160.303835 189.108
Pais 65 65.00000 65.0001141 65.00
Paio 65 65.00000 65.0001370 65.00
P 272 272.00000 271.999591 267.422
P 272 272.00000 271.872680 221.383
Pan 260 260.00000 259.732054 130.804
Pz 130.6486261 | 130.648618 125.993076 124.269
Pgos 10 10.000000 10.4134771 11.535
Paos 113.3050311 | 113.305034 109.417723 77.103
Paas 88.0669157 | 88.0669159 89.3772664 55.018
Paar 37.5050999 | 37.5051018 36.4110655 75.000
Paos 20 20.000000 20.0098880 21.682
Paao 20 20.000000 20.0089554 29.829
Paso 20 20.000000 20.0000000 20.326
P31 20 20.000000 20.0000000 20.000
Pgs 20 20.000000 20.0033959 21.840
Pas3 25 25.000000 25.0066586 25.620
P4 18 18.000000 18.0222107 24.261
Pass 8 8.0000000 8.00004260 9.667
Pase 25 25.000000 25.0060660 25.000
P37 21.7820858 | 21.7820891 22.0005641 31.642
Pass 21.0621772 | 21.0621792 20.6076309 29.935
Min Cost | 9417235.786 | 9417235.786 | 9417633.637 | 9,500,448.307
(8/hr) 17885 391673 6443729

NP: Search agents number, SD: standard deviation

E) Computational efficiency and robustness

For each test case twenty-five independent trails has been
carried to authenticate the computational efficiency and
robustness of GSO. It is evident from Table I, Table III and
Table V that GSO is efficient in terms of obtaining optimum
operational cost of thermal generation unit analysed in all
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three cases. Statistical result presented in Table III and Table
V justifies the robustness of GSO too.

The average CPU taken by GSO is plotted in Fig 6 below,
which is seems to be obvious considering complexity and
dimension of test cases under simulation analysis.

60,
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Fig: 6 Average CPU time for different test cases

V. CONCLUSION

In this paper, grasshopper optimization, a novel bio-
inspired optimization approach is implemented to solve ED
problems with different dimensions and complexity. To
investigate the potential of the algorithm various realistic
nonlinear complex constrained problems with and without
transmission loss are considered here. The GSO algorithm is
comparatively simple, and also easy to implement. The
algorithm is tested on three standard test cases and
comparison of result is made with other method available in
various literatures in terms of optimum operating cost,
standard deviation and required simulation time. The solutions
obtained by GSO were found to be better for the large
dimension test case and almost comparable with other
methods for other two small and medium scale test cases with
good convergence characteristics. Considering overall
simulation analysis and obtained results, we can say that GSO
is a robust optimization approach and capable to solve
complex constrained real world optimization problems.
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