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Abstract— This paper presents newly developed algorithm 

known as black hole algorithm is used to diminish the active 

power loss. The black hole algorithm which is inspired by 

natural black hole occurrence and the black hole occurrence 

is related to two operations are the star addition and star 

sucking. The black hole in space is formed due to massive 

collapsing of star and gravity force of black hole is too strong. 

The black algorithm worn to minimize the active power loss 

and to recover the voltage stability. Generator bus voltage, 

shunt capacitor bank and transformer tap position are used as 

control variable. The proposed algorithm is trouble-free and 

effortless to implement. The recital of projected black hole 

algorithm has been tested on standard IEEE 30 bus system 

and factual time coding is encoded MATLAB programming. 
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I. INTRODUCTION 

The electric distribution system is the most important part in 

the power system and it is mainly conscientious for power 

losses. Consequently the uses of optimization techniques in 

the aim of subsystem let to diminish the power losses and 

increase the voltage stability. The difficulty is subjected to 

inequality and equality constraint and steady state safety. The 

black hole algorithm is inspired of natural black hole 

occurrence. Black hole optimization algorithm for binary 

search space by practical in sigmoid transformation to 

estimate the gravity and electrical force [1]. The optimal 

power flow considering to diminish voltage variation and to 

improve the voltage stability .BHA is trouble-free to 

implement and used to solve huge scale OPF problem [2]. 

The real power loss reduction which get enhanced the voltage 

profile and reduce the operating cost [3].  

 In this term paper the Black Hole algorithm is used 

to reduce the power loss. The black hole algorithm is inspired 

by natural black hole occurrence. In this current effort black 

hole algorithm is implemented for test standard IEEE30 bus 

system, there are two aim case considered in this paper that 

have to optimize using black hole algorithm like a power 

losses reduction and to improve the voltage stability. The 

black hole algorithm consist of two course of action are star 

enclosure and star sucking. The star absorption is the process 

of absorbing all-stars which move near to the black hole and 

the star sucking is happens during the movement of star 

across the event horizontal of black hole. The fundamental 

design of black hole is formed due to massive collapse of star 

in the space and an area of space that have so much mass 

concerted in it, the gravitational force is too stronger even the 

light cannot run away from the black hole, the star moves 

close to the black hole it will be swallowed by the black hole 

and disappeared everlasting. 

II. PROBLEM FORMULATION 

The objective of this application in power system to find the 

optimal setting of reactive power control variable the shunt of 

VAR compensation device which reducing the power loss 

and recover the voltage profile. 

A. Real Power of System is calculated as Follow 

The total real power of the system can be calculated as follow 

PL=∑ GK
NL
K=1 [Vi

2+Vj
2–2ViVjcos(δi– δj)]             (3) 

 Where NL is the total number of line in the system, 

GK is the conductance of the line”K”, Vi and Vj are the 

magnitudes of the sending end and receiving end voltage of 

the line,δi and δj are the angles of the end voltage. 

B. Constraints 

The minimization problem is focus to the following equality 

and inequality constraints 

1) Equality Constraints 

a) Load flow Constraints 

PGi– PDi– ∑ Vi
NB
j=1 VijVij cos(δij + γj– γi) = 0        (5) 

QGi–QDi–∑ ViVijVij
NB
j=1 sin(δij+γj − γi) = 0         (6)  

 Where PGi, QGi are the active and reactive power of 

generator, PDi, QDithe active and reactive power of the load 

bus. 

2) Inequality Constraints 

a) Generator Constraints 

Generator voltage and reactive power of ith bus line between 

their upper and lower limits are given below: 

Vgi
min ≤ Vgi ≤ Vgi

max i=1,2………NG 

Qgi
min ≤ Qgi ≤ Qgi

max i=1,2………NG 

Where, 

Vgi
min, Vgi

maxare the minimum and maximum voltage of ith 

generating unit 

Qgi
min,Qgi

maxare the minimum and maximum voltage of ith 

generating unit 

3) Load Flow Constraints 

PGi − PD − ∑ ViVijVijcos(δij + γj − γi) = 0

NB

j=1

 

QGi − QDi − ∑ ViVijVijsin(δij + γj − γi) = 0

NB

j=1

 

Where, 

PGi, QGi are the active and reactive power of generator, 

PDi, QDi are the active and reactive power of the load bus. 

 Transmission line constraints: 

SLi ≤ SLi
max i=1,2………..STL 

Where, 
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 SLi is the apparent power flow ofith branch and SLi
max 

is the maximum apparent power flow limit ofith branch. 

 Transformations tap constraints: 

Ti
max ≤ Ti ≤ Ti

max 

Where, 

Ti
min, Ti

maxare the minimization and maximum tap setting 

limits of ith Transformer. 

III. BLACK HOLE ALGORITHM 

The black hole area in space is created due to the massive size 

collapses of stars. The gravitational energy of black hole is 

too stronger even the light cannot travel away from it. The 

sphere shape margin of black hole in space is called as event 

horizon. The radius of the event horizon is assumed to be 

Schwarzschild radius. At this radius the speed of illumination 

is the same as the escape speed, once light move in close 

proximity to the hole and it cannot escape from black hole. 

The radius R is calculated by 

R= 2GM

C2  

 Where G is the gravitational invariable, M is mass 

of hole and C is the speed of illumination. If the star moves 

in close proximity to the event horizon it will be fascinated 

by the black hole and everlastingly vanish, the existence of 

black hole can be discerned by its effect over the objective 

surrounding. The hole is called black because the hole 

fascinated all thing and illumination that hit the event 

horizon, reflecting nothing and just like a perfect black body 

in thermodynamics. The black hole independent physical 

properties are black hole mass (M), charge (Q) and angular 

momentum (J).  

 In black hole algorithm the superlative candidate is 

choose exacting among all the candidate and the candidate 

are moved toward the black hole based on their location and 

random number. The black hole algorithm start with a 

primary population of candidate to resolve the optimization 

problem and the objective function is calculated. At each 

iteration of black hole and the rest from the ordinary star and 

after the iteration process the black hole starts pulling star 

approximately it due to gravitational energy. If the star gets 

move nearer to the black hole it will be swallowed and a new 

star is arbitrarily generated and located in the search space 

and starts a new search. Two operation is projected in black 

hole algorithm are used to estimate the population are star 

absorption and star sucking. 

A. Star Absorption 

 In this operation the stars moving toward the black hole due 

to the absorbing force. The star absorbing can be formulated 

as:  

Xi(t+1)=xi(t)+rand∗(xBH-xi(t))                   (1)  

Where xi(t+1) and xi(t) are the position of ith black hole at 

iteration t+1 and t and xBH is the spot of black hole, rand is the 

random quantity of interval. 

B. Star Sucking 

The star moving in the direction of the black hole there is the 

probability of crossing the event horizon which is the point of 

no return. If the star across the event horizon it is sucked by 

black hole and new candidate will be generated in order to 

keep the constant number of candidate. The radius of event 

horizon in the black hole algorithm considered as follows: 

 R=
fBH

∑ fi
N
i=1

                                         (2) 

Where fBHthe fitness value of black hole is, fi is the fitness 

value of the ith star and N is the number of star. 

Implementation of black hole algorithm: 

The different steps of black hole algorithm and the followings 

1) Step 1:Initialization a population of star with subjective 

spot in the search space loop 

2) Step 2: For each ithstar compute the objective function 

3) Step 3: Select the most admirable star that has the most 

admirable fitness value as the black hole 

4) Step 4: Alter the spot of each star according to eq(1) 

5) Step 5: If a star attains the spot with lower cost than the 

black hole, exchange their spot. 

6) Step 6: If a star across the event horizon of the black hole. 

Calculate the event horizon radius R. 

7) Step 7: When the distance between a candidate solution 

and the black hole is lesser that R that the candidate is 

collapsed and a new candidate is formed and spread 

randomly in the search space 

8) Step 8: Replaced with a new star in a random spot in the 

search space 

9) Step 9: If an end condition is met, exit the loop 

End loop. 

C.  Flow Chart 

 
Fig. 1: Flow Chart for Black Hole Algorithm 

IV. NUMERICAL RESULTS & DISCUSSIONS 

The performance of the proposed black hole algorithm for 

enhancements of voltage stability by minimizing real power 

losses is tested on IEEE 30 bus system.  
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Fig. 2: Single Line Diagram of the IEEE 30 Bus System 

SI.NO Parameters Quantity 

1 Buses 30 

2 Transmission line 41 

3 Generators 6 

4 Static VAR Compensators 2 

5 Tap –Changing transformer 4 

Table 1: System Parameters 

 For Active power loss minimization, the control 

variables are used to that the objective function value is 

reduced. The real power loss is minimized and improves the 

voltage stability .The control parameter for this case is 

tabulated below as table 1. 

SI. NO. Variable Quantity 

1 Generator bus voltage 0.9-1.1p.u 

2 Transformer tap position 0.9-1.1p.u 

3 Static VAR compensators 0-10 MVAR 

Table 2: Range of Control Variables 

A. Minimization of Real Power Loss 

The real power loss minimization is the major section in the 

power system and increase the voltage stability. In this 

process the real power loss reduction as the main objective 

purpose. The Black hole algorithm better optimize both the 

real power loss and voltage deviation. 

SI. 

No. 

Real power loss before 

compensation 

Real power loss after 

compensation 

1 0.0976 MW 0.0720 MW 

Table 3: Real Power Loss in IEEE 30 Bus Test System 

 
Fig. 3: Voltage Profile Improvement 

V. CONCLUSION 

This Black hole algorithm has high accuracy and high 

efficiency the results are relatively less number of iterative. 

The black hole algorithm has been offered to diminish the 

power loss in the power system, improve the voltage stability 

and compensate active power loss. The recital of the 

projected algorithm has been skilled on the standard IEEE 30 

bus in power system. 
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