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Introduction. Lessening of real power loss is the foremost aim of this paper.
Year by year various techniques has been sequentially applied to solve the
problem. Sundry types of conventional methods [1-6] and evolutionary algo-
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rithms [7-13] have been applied to solve the problem. In this paper Enhanced
Synthetic Biome Optimization (ESBO) and Green Algae Algorithm (GAA) are
projected to solve the power loss lessening problem. Synthetic Biome
Optimization (SBO) algorithm is inspired by the stream of energy in a biome
on the world. The biome can be expressed as a cluster of prevailing entities
living in a certain section and the biome delineates the connections among
them. Synthetic Biome Optimization algorithm emulates three elite deeds
of prevailing creatures, which encompasses three stages, creation, ingesting, and
putrefaction. In the primary phase creators won’t obtain energy from other
creatures, wherever extreme creators are florae. In the following segment
customers are faunae are indicated as clients, everywhere they cannot engender
their own foodstuff. These faunae attain nutrients from a creator or auxiliary
customers. Concluding stage is putrefaction, which feeds on in the same way
creators (defunct florae) or customers (discarded (waste) from prevailing
creatures). These three stages are correlating with one another which encompass
a nutrients categorization. In creation phase, a fresh entity is capriciously created
between a single arbitrarily originated in the exploration space and the
distinguished entity. The ingestion permits the technique to streamline the
solutions of entities with orientation to either one of the solution presented
by the way out of the capriciously designated entity with established energy
level, the creation procedure or, together. Putrefaction authorizes SBO approach
to streamline the solutions of entities grounded on the distinguished solution
in the population through putrefaction factors H and along with weight
parameters o and p. The putrefaction advances the exploitation of the SBO
technique. In order to enrich the convergence features of the SBO algorithm,
sine-cosine functions has been combined in the method. This enrichment will
stimulate disparate solutions and amends in the direction of the outstanding
potential solution in ESBO. GAA approach imitates growing, reproduction
deeds of green algae in sunlight. Where sufficient sunlight is there green algae
swim in the liquid in the direction of the sunlight for photosynthesis. Green
algae live in the shape of algal colonies which consist of algal cells. In the period
of the exploration for optimal light condition algal colony will find the most
excellent sunlight for the action of photosynthesis which reproduces itself
and it possess the features of biggest size, utmost energy with least amount
of starvation level. Green algal colony which possesses gigantic dimension will
emulate capriciously selected algal cell in the position of vanishing algal cell
of slightest colony and replication of cells be illustrated as evolution. Green
Algae Algorithm possesses “3” vital conceptions: 1) Evolution (progression),
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2) Helical movement (progress), 3) Adaptation (alteration). Proposed ESBO
and GAA appraised in IEEE 57 and 300 bus systems. Lessening of real power
loss is accomplished and proportion of actual power loss lessening is enriched.

Problem formulation. Power loss objective function is defined as (VD
is voltage deviation):

F=P = ¥ gi(VZ+V?-2ViVjcos0;); F=P +w,VD,
keNp,

Npq
VD = > |V;-1.0].
i=1

Parity constraint is defined as follows: P; = Pp + P;. Disparity constraint
is described as

min max .
P gslack <P gslack <P gslack>

min max .
Qgi SQgiSle- > IENg,
‘/imin S‘/igvimax, iENb;

]—%min ST;’ S'Z-;max, ieNr;

QMIN < Qe < QI ieNg.

Enhanced Synthetic Biome Optimization. Synthetic Biome Optimization
algorithm is a nature-inspired optimization algorithm, enthused by the stream
of energy in a biome on the globe. The biome can be articulated as a cluster
of existing entities living in a definite region and the biome defines the
relationships among them. Synthetic Biome Optimization algorithm imitates
three exclusive deeds of existing creatures, which comprises three stages,
creation, ingesting, and putrefaction. In the initial stage creators won’t acquire
energy from other creatures, wherever utmost creators are florae. In the
subsequent segment customers are faunae are signified as clients, everywhere
they cannot create their own foodstuff. These faunae acquire nutrients from
a creator or supplementary customers. Final stage is putrefaction, which feeds
on equally creators (deceased florae) or customers (left-over (waste) from
existing creatures). These three stages are interrelating with one another
comprise a nutrients sequence.

The SBO algorithm exploits these three phases. Preliminary stage is primari-
ly to progress the stability between exploitation and exploration. The subsequent
phase is used to expand the exploration of the SBO procedure. Final phase will
augment the exploitation of the SBO process. In SBO approach, there is only one
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putrefaction entity and one creator. The remaining entities are measured as cus-
tomers.

Creation. In this stage, a new-fangled entity is arbitrarily created between
a single arbitrarily originated in the exploration space ( ¥random ) and the pre-
eminent entity (y, ). The poorest entity (creator) is rationalized by the upper
and low borders of exploration space and the pre-eminent entity (putrefac-
tion). This rationalized entity guides other entities to explore the dissimilar
areas. This deed contributes for balancing the exploration and exploitation.
The mathematical model for this phase can be expressed as follows:

yl(t+1):(1_g)yn(t)+gyrandom(t)a (1)

g:(]— t Jdl,dle[o,l],

maximum iteration
Yrandom =4 (Upper Bound (UB)— Lower Bound (LB)) +LB,de [O, 1] ,

where g is linear weight coefficient; 7 is population number.

Ingesting. The ingestion allows the procedure to modernize the solutions
of entities with reference to either one of the solution presented by the way out
of the arbitrarily selected entity with developed energy level, the creation pro-
cedure or, together. This will improve the exploration of the procedure. Levy
flight [14-16] applied to augment the exploration and imitate the food probing
process of many faunae. Levy flight is defined as below:

1=1 Y, ND(0.1), v,ND(0.1),
2 |V2

where ND(0,1) symbolize the normal distribution.

This ingestion feature will benefit each of the customers to get foodstuff
by means of diverse hunting stratagems. Three categories of customers are: first
is Herbivore which consumes only creators and customers, then Carnivore,
consume the customers which possess high energy and Omnivore which
consumes other customers which has greater energy or creators (both).

Based on an arbitrary selection, the customer can be categorized as one
of the “3” stated types. The scientific models for the customer, when it is
designated as an herbivore kind, Carnivore which consumes the customers
which possess high energy and Omnivore which consumes other customers
which has greater energy or creators (both) are denoted as

yi(t+1)=yi ()+1(yi (t)=p (1)), i€(2,3,....n); 2)
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yi(t+1)=yi (t)+1(yi (£)—p;i (1)), ie(3.4...,n),
then j=random i([2i—1]);

yi(t+1)=yi (t)+I(Ra (yi (t) = (1)) +(1=Re) (yi (t) = »; (1)),

i=3,4,...,n, then j=random i([2i-1]).

(3)

(4)

Putrefaction empowers SBO to modernize the solutions of entities
grounded on the pre-eminent solution in the population through “3”
putrefaction factors, which comprise feature H along with weight parameters o
and p. The putrefaction progresses the exploitation of the SBO procedure.
The location of the i-th entity y; in the population can be rationalised based
on the putrefaction factor y, and using a putrefaction aspect feature H along
with weight parameters o and p as follows:

yi(t+1)=yu (t)+H (oyn (t)=pyi(t)), i=123,....n, (5)
H =3u, uND(0,1), 6)
0=Rsrandom i ([12])-1, (7)
p=2R3—1. (8)
SBO algorithm
Start

Define the parameters

Engender the population of biome system
Current iteration = 1

Compute the fitness value for each solution
Modernize the solution

Formula (1)

Is random < 1/3?

If yes, modernize the solution

Formula (2)

Otherwise, check 1/3 = random = 2/3

If yes, then modernize the solution

ST P® e T

Formula (3)
. Or else update the solution by using the equation (4)
Compute the fitness value for all type of solutions

B B

o. Each entity position is updated by following equations (5)-(8)
p. Assessment of new-fangled solutions, if better than the preceding so-
lution then it will be replaced by new one
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q. Convergence criterion is checked
r. Ifyes end the procedure

s. Or else go to step e

t. End

In order to enhance the convergence characteristics of the SBO algorithm,
sine-cosine functions [14-16] has been integrated in the procedure. This en-
hancement will engender dissimilar solutions and alters in the direction of the
pre-eminent potential solution in ESBO:

2

maximum iteration

J, R €(0,1); 9)

Ry =2 —current iteration (

Rz =21 random (0,1), R3 €(0,1); (10)

JYi (t+1):{yi(t)+R1 sinRgHI(yi (t)—m» (t))R4 >0.50, i €[2,3,...,n]

yi (t)+Rysin RsHI (y; (t)— y1 (t)) Ry <0.50, ie[2,3,...,n]}.

(11)
yi (t)+Rysin RsHI (y; (t)—yj(t))Rs <0.50, i €[3,4,...,n]
yi(t+1)=1yi (t)+Rlst3HI(y,(t yj(t))Rs>0.50, i €[3,4,....,n] 5
]—randomz([Zz 1])
(12)

yi (£)+Rysin RsHI (y; (1)—y; (t))+
+(1=Ry)(yi (t)—y;(t))Ra <0.50, i €[3,4,...,n]
yi(t+1)= yi (£)+Rysin RsHI (y; (t)—y; (1))
) [3

+(1-Ro)(yi(t)—yj(t))Ra>050, i e
j=random i([2i-1])

+
4.1 ]

ESBO
Start
Define the parameters
Engender the population of biome system
Current iteration = 1
Compute the fitness value for each solution
Modernize the solution
Formula (1)
Is random < 1/3?

Sw me a0 o
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i. Ifyes, modernize the solution (9)-(11)

j.  Otherwise, check 1/3 = random = 2/3

k. Ifyes, then modernize the solution (9), (10), (12)

l.  Or else update the solution by using the following equation (9), (10), (12)

m. Compute the fitness value for all type of solutions

n. Each entity position is updated by equations (5)-(8)

0. Assessment of new-fangled solutions, if better than the preceding solu-
tion then it will be replaced by new one

p. Convergence criterion is checked

q. Ifyesend the procedure

r. Orelse gotostepe

s. End

Green Algae Algorithm. Green Algae Algorithm imitates growing, repro-
duction deeds of green algae in sunlight. Where sufficient sunlight is there
green algae swim in the liquid in the direction of the sunlight for photosynthe-
sis. Green algae live in the shape of algal colonies which consist of algal cells.
In the period of the exploration for optimal light condition algal colony will
find the most excellent sunlight for the action of photosynthesis which repro-
duces itself and it possess the features of biggest size, utmost energy with least
amount of starvation level. When green algae in least amount of sunlight
it will be small size, energy and particularly starvation level will be high,
but it will try to adapt itself in the environment with an adaptation probability
when it is flourishing then that colony will be most excellent colony otherwise
it will die. Green algal colony which possesses the big size will imitate the arbi-
trarily selected algal cell. Green Algae Algorithm possesses three basic concep-
tions: 1) Evolution (progression), 2) Helical movement (progress), 3) Adapta-

tion (alteration). Let ( ymax ymin ) indicates algal cells explore range
( yij ,i=1,2,3,...,N, j=12,3,...,N +1) in artificial search space and calculate
the objective function (F] (yij), j=1 2,...,N+1) :
Dj=Dj+},lij,j=1,2,...,N+l, (13)
where p i» j=12,...,N+1, is Monod function for algal growth. It is given by

ZGJ'

—j=12,...,N+1. (14)
D]' +2Gj J

Hj=

Here Gj, j=12,...,N+1, is the fitness function,
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Fj — Fiin

F F , Max;
Gj= “;X_ “11;“ (15)
2 J | Min,
Fnax — Fiin
E; of each algal colony is computed by
Ej=—l—" j=12,...,N+], (16)

Bmax_Bmin
Bj=D%, j=12,....,N+L

In helical pattern algal colonies spin in liquid. In the period of helical
movement when algal colony discover a superior solution than the starvation
then that colony leftover as unaffected or else hunger level of colony is aug-
mented by one:

yﬁ}z=y¥h+(y%1—y%1)(A—rj)p; (17)
=i+ (i =3l) (A=) cos o (18)
¥ =yl +(vi=yl)(a=7))sinB, (19)

o, Be[0,2n]; pe[-L,1]; (m, k, 1) is three dissimilar arbitrarily selected j-th

algal colony;
3D; ) .
Tj=2n| J— |, j=L2,...,N+1.
4

In adaptation segment (probability) A, progress towards most excellent posi-
tion is given by

yP = yP +(y? - yP )random(0,1), i=1,2,...,N.

1

GAA

a. Initialize the parameters

b. Population of algal colonies are initiated

c. Preliminary size of the colony is D i=1j=12,...,N+1
d. Preliminary hunger level is H; =1, j=1,2,..., N +1

e. t=0

f. t=t+1
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g. Computation of objective function

h. Consign, dimension and power of every algal colony is computed
by (13)-(16), (20) and reduce the energy by E; = E;—€/2

i j=0

INNASES

k. When E; >0 helical movement done by (17)-(20)

l. When there is no enhancement then augment the hungry level
by H j= H j +1

m. When j <N +1, then go to step j or else go to next step

n. Size of the algal colony is modernized by (13)-(15)

o. When random (0, 1) > Ay, then adaptation is done by (21)

p. When t < M, then go to step f or else stop the process

Simulation study. Performance validation of SBO, ESBO and GAA
corroborated in IEEE 57 and 300 bus systems [17]. Table 1 and 2 show the
restrictions of variables, table 3 shows the appraisal results. Figure shows the
assessment of actual power loss and diminution in proportion value of loss.
Table 4 shows the convergence characteristics of SBO, ESBO and GAA.
Performance of the proposed algorithms compared with Modified Particle
Swarm Optimization (MPSO) [18], Particle Swarm Optimization (PSO) [19],
Canonical Genetic Algorithm (CGA) [20], Adaptive Genetic Algorithm (AGA)
[20], Enhanced Genetic Algorithm (EGA) [22], Enhanced Faster Evolutionary
Algorithm (EEA) [22] and Cuckoo Search optimization Algorithm (CSA) [21].
Power loss has been abridged effectively by SBO, ESBO and GAA.

Table 1
Variable limits (IEEE 57 bus system)
Value, PU
Item -
min max
VG 0.9500000 | 1.10000
TT 0.9000000 | 1.10000
VAR 0.0000000 | 0.20000
Table 2
Constrains limits (IEEE 57 bus system)
Bus 1 2 3 6 8 9 12

Qmin / Qmax, PU | —140/200 | -17/50 | -10/60 | -8/25 | -140/200 | -3/9 | —150/155

36 ISSN 1812-3368. Bectaux MI'TY um. H.9. baymana. Cep. EcrecTBennbie Haykn. 2022. Ne 3



SI0°'1 910’1 810°'I 0096°0 00060 00660 0020°T 08560 I-LL
7060 7060 7060 00S0°T 0006°0 0¥86°0 0546°0 05680 99-1.L
o'l 770’1 70’1 00560 0060°1 0L66°0 0ST10°T 00€6°0 S9-LL
Ge6°0 9¢6°0 L€6°0 00¥6°0 00€0°T 00660 0€86°0 0006°0 6S-LL
0260 60 7760 0080°T 00S6°0 02660 06460 05560 8¢-LL
L76°0 8¢6°0 6¢6°0 0010°T 00¥6°0 09860 08860 05560 ¥S-1.L
8101 6101 610°T 0086°0 000T°T 0810°L 0€1I0°T 05260 9%-LL
6060 6060 6060 000T'T 0016°0 0£00°T 0¥66°0 0£96°0 I¥-LL
0T0°T 0T0°T 010°'T 00660 00060 0600°T 0200°T 0€v0°'1 Le-LL
VI0'T VI0'T VI0°'T xIN KN 05860 0200°T 0000°1T 9¢-LL
100°T 100°T 100°T *dIN *IN 0€00°T 0520°T 0000°T ge-LL
160 Y160 €160 0090°T 00460 01860 05260 0€¥0°1 Ie-1L
9060 S06°0 ¥06°0 0020°T 00260 0€86°0 07860 08260 0¢-LL
6060 6060 6060 00€0°T 00260 04860 05260 00460 61-LL
6C0°1 6C0°'1 6C0°1 0450°T 0¥00°T 09%0°1 0¥S0'T 0STO0'T CI-DA
0201 €e0'1 Sa0'1 01<0°L 01660 08701 0v<s0'1 00860 60-DA
S0l 9701 8701 0TSO'I 0¢20'1 06S0°'T 0990°1 0S00°T 80-DA
€101 SI0°T 9101 0T00'T 0486°0 09¢0°T 08¢€0°I 00860 90-DA
0201 (440! 20’1 0€€0’T 09<0°'T 0SS0°'T 09<0°T 05860 €0-DA
LI0'T 8101 610°T OTIO0'T 06¥0°T 0TL0°1T 0980°T 0010°T C0-DA
710'T SI0°T 910°IT 0420°1 0896°0 0€80°T 0€60°T 00¥0°T 10-DA
[81] ased aseq jo
VVD odsa odsS [0Z] VOV [0Z] VOO [61] OSd [81] OSdIN anpe W

£919v.1

(urays4s snq £6 FTAT) SWyILIoZ[e 19710 YIIm sanfea jo [esrexrddy




‘payrodarjou — N

anfeA

976'0C 801°1¢ 611°1¢C 09S¢ 0¥T'sT 098°€T 015°€T 08°LT MIN SSOT IaMO(
% “SUTUHISSI|
wye L0¥T €0¥C 09'T1 0T'6 0TF1 0¥'s1 0 sso 1omod jo
uoniodoig
vIreLe L1'TLT 81°7LT 0%%0¢ 01°60¢ 085'94T 0LTTLT 080°12¢ (IVAW) OO
60'CLT1 | T1'TLT1 | ¥PITLTL 0'6LTl 0'9LT1 08%.T1 07 FLT1 09'84T1 M Dd
001°0 001°0 001°0 08€0°0 0£50°0 0291°0 0T¥1°0 0£90°0 €5-00
0€T°0 1€1°0 €ero 0S10°0 0800°0 0F¥1°0 0941°0 0650°0 s¢-00
621°0 621°0 6C1°0 0910°0 0¥80°0 01€T°0 06L1°0 0001°0 81-00
010°T (40! VIOl 00001 0000'T 0L10'T 0200°'T 00%6°0 08-LL
1260 £€26°0 ¥26°0 00%6°0 0096°0 0086°0 0646°0 0086°0 9L-LL
€10'T PI0'T SI0°T 00101 00001 0886°0 01001 0856°0 €L-LL
[81] ased aseq jo
VvV 0gsd 04gs [zl vov | [0T] vOO [61] OSd [81] OSdAN wo)

€ 21qv ], a3 fo pug




Factual Power Loss Lessening by Enhanced Synthetic Biome Optimization...

Assessment of loss (IEEE 300 bus system)

EGA [22] EEA [22] CSA [21]

Factual power

loss, MW ...

30

25

20

15
10

30

25 -

20
15

10

660

650
640
630 -
620 -

610

600
590

Power loss, MW
a

Proportion of power loss lessening

b

Factual power loss, MW
c

SBO ESBO GAA

Value of Base case
MPSO

= PSO

“ CGA

= AGA

= SBO

“ ESBO

“ GAA

= Value of Base case
= MPSO

= PSO

= CGA

= AGA

= SBO

= ESBO

= EGA
= EEA
= CSA
= SBO
= ESBO
= GAA

Power loss appraisal (a), actual power loss lessening in percentage (b),
assessment of factual power loss (c)

646.299800 650.602700 635.89420 611.3714 611.1978 610.9929
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Table 4
Convergence characteristics of ESBO and GAA
Algo- | Factual power Time. s Number | Factual power Time. s Number
rithm loss, MW "7 | of iterations loss, MW 7 | of iterations
IEEE 57 bus system IEEE 300 bus system

SBO 21.119 16.99 24 611.3714 49 69
ESBO 21.108 14.76 20 611.1978 47 64
GAA 20.926 14.01 18 610.9929 40 59

Conclusion. Proposed ESBO and GAA efficaciously abridged the factual
power loss. Synthetic Biome Optimization algorithm imitates three exclusive
deeds of existing creatures, which comprises three stages, creation, ingesting,
and putrefaction. Preliminary stage is primarily to progress the stability between
exploitation and exploration. The subsequent phase is used to expand the
exploration of the SBO procedure. Final phase will augment the exploitation
of the SBO process. In SBO approach, there is only one putrefaction entity and
one creator. The remaining entities are measured as customers. The scientific
model for the customer, when it is designated as an Herbivore kind, Carnivore
which consumes the customers has high energy and Omnivore which consumes
other customers which has greater energy or creators. Putrefaction empowers
SBO to modernize the solutions of entities grounded on the pre-eminent
solution in the population through putrefaction factors, which comprise feature
H along with weight parameters o and p. The putrefaction progresses the
exploitation of the SBO procedure. In order to enrich the convergence features
of the SBO algorithm, sine-cosine functions has been combined in the method.
This enrichment will stimulate disparate solutions and amends in the direction
of the outstanding potential solution in ESBO. In GAA green algal colony which
possesses the big size will replicate the capriciously picked algal cell. In the
period of the exploration for optimal light condition algae colony will find
the most excellent sunlight for the action of photosynthesis which reproduces
itself and it possess the features of biggest size, utmost energy with least amount
of starvation level. Proposed ESBO and GAA have been authenticated
in IEEE 57 and 300 bus systems. Factual power loss lessening achieved
competently. Proportion of reduction of actual power loss is augmented.
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