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Abstract 

Modern power systems have been operated close to their limits for reasons of 

economic viability. Consequently, a small increase in the load may lead to the 

Maximum Loading Point (MLP) of the system resulting in voltage collapse. 

Under such circumstances, the buses for load-shed have been selected based on 

line voltage stability index and its sensitivities at the operating point. This 

avoids voltage collapse and improves the system stability. Computational 

algorithms for minimum load-shed have been developed using the heuristic 

technique, Harmony search (HS) algorithm. The algorithm proposed in the 

present paper is implemented on the standard IEEE 14-bus and 25-bus test 

systems to obtain the optimal load shedding at the selected buses when the 

systems are operated at their MLP. The effectiveness and efficiency of the 

proposed method are established by improvements in the line voltage stability 

index and the bus voltages. 

Keywords: Optimal load-shed, Voltage stability, Line voltage stability index, 

             Optimization, Harmony search algorithm. 

 

1.  Introduction 

Electrical energy is regarded as indispensable to the growth of any country’s 

economy. The main objective of any power generation and distribution utility is 

to satisfy the energy demand of a customer with a high quality product and 

uninterrupted service requirements. The continuous increase in the load demand 

on the power system may lead the system to its voltage collapse point due to 

which there is a possibility of system blackout. Under such circumstances load 

shedding is considered as the last line of defence to regain state of operating 

equilibrium of the power system. Basically there are two strategies of load 

shedding. The first is based on voltage which is called under voltage load  shedding 
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Nomenclatures 
 

A ‘A’ Constant of transmission line 
k, m The buses to which i

th
 line is connected 

Li Line voltage stability index  

LSi Amount of real power load shed at i
th

 bus. 

Lith Threshold value of the line voltage stability index 

NB Total number of buses  

NG Total number of generator buses 

NLS Set of buses selected for load shedding  

Pk Sending end real power    

Pm Receiving end real power  

Sk Sending end complex power    

Sm Receiving end complex power    

Vk, Vm The bus voltage magnitude 
 

Greek Symbols 

 The phase angle of ‘A’ constant 

 k – m  is phase angle across transmission line
 

Abbreviations 

ABC Artificial bee colony  

HS Harmony search 

MLP Maximum loading point 

SFLA Shuffled frog leaping algorithm 

and the other one is based on frequency known as under frequency load shedding. 

The main objective of load shedding is to provide smooth load relief, in situations 

where the power system would otherwise go unstable [1].The buses for load 

shedding are selected based on line voltage stability index and its sensitivities at 

operating point and the computational algorithm for optimal load shedding was 

developed using conventional PSO, coordinated aggregation based PSO [2].The 

under voltage criterion has poor discriminative ability and a proper discrimination 

for load shed is obtained from the voltage stability margin view point [3]. In [4] a 

load shedding strategy based on nonlinear programming has been developed in 

order to maximize the reactive power security. 

A statistical approximation procedure to model the distance from point of 

collapse is introduced in [5] for both preventive and corrective modes. The 

preventive model takes into account multiple contingencies. The corrective model 

is based on linear programming for fast calculation of controls in real-time to 

correct for voltage instability due to specific contingency condition. In [6] a new 

line voltage stability index, which is reliable and computationally efficient, has been 

implemented for predicting the voltage collapse of an integrated power system. The 

index is based on singularity of load flow Jacobian of a transmission line. 

According to [7] the minimum Eigen value of load flow Jacobian can be 

selected as proximity indicator for load shed under emergency conditions to avoid 

risk of voltage instability. The amount of load to be shed is decided so as to 

maintain a threshold value of indicator and all load bus voltages should be within 
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limits. A technique for improving static voltage stability by rescheduling reactive 

power control variables has been described in [8] and the algorithm implemented 

is based on the sensitivities of minimum Eigen value with respect to reactive 

power control variables. During large-scale disturbances, the stability margin 

becomes very low and the last line of defence is load shedding which can be done 

by using an automatic device that processes the local signals, detects the 

decreased margin and activates the load shedding. But the main disadvantage of 

this approach results from the fact that the relations between the voltage level and 

the stability limit depends on the load power factor. This drawback was overcome 

in [9] where a criterion directly based on the definition of voltage stability and 

calculation of the derivative of apparent power against admittance dS/dY has been 

implemented. A catastrophic recovery situation may result due to the application 

of a wrong set of information by an operator. So, the challenge in applying an 

expert system to a power network is to introduce procedures for recognizing the 

impact of system contingencies and develop strategies for restoring the normal 

operation in an interactive manner with the system operator.  

A new voltage stability index called the equivalent node voltage collapse 

index, based on equivalent system model has been presented in [10]. The 

equivalent node voltage collapse index can identify both the weakest node 

causing system instability and the system voltage collapse point when it is near 

zero. In [11] the power system line outage analysis and contingency ranking was 

done based on maximum loading Point. Maximum loading point has been 

estimated in normal steady state condition and also in different line outage 

condition. Critical line was identified based on the contingency ranking. Four 

different types of static voltage stability indices to study voltage collapse have 

been discussed in [12]. These indices were used to identify weakest bus, line and 

area in the power network and also to obtain reliable information about closeness 

of the power system to voltage collapse.  

In [13] an expert system had been utilized to enhance the performance of the 

system by implementing load shedding as one of alternatives in the restoration of 

a large scale power system. According to [14] when the power system load is 

very high, and/or there exists a large generation-demand imbalance in the power 

system areas, the load margin to the saddle node bifurcation may be too low and 

the power system may come close to voltage collapse point. In such situations the 

load margin had been improved by implementing LP-based optimization load 

shedding algorithm. The system frequency is the other parameter used to sense 

the need for a load shedding during an emergency condition arising due to 

generating power deficiency which will drop the system frequency and can lead 

to system collapse.  

In [15] the optimal load shedding algorithm based on the concept of the static 

voltage stability margin and its sensitivity values at the maximum loading point 

had been implemented over the IEEE 14-bus system and solved using a 

mathematical (GAMS/CONOPT) and two heuristic (Particle Swarm Optimization 

and Genetic Algorithm) methods.  

In [16] an adaptive scheme for load shedding which uses both frequency and 

rate of change of frequency measurements to dynamically set the under 

frequency load shedding relays (ULFS) had been implemented. Also a 
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technique for coordinating UFLS and the activation of spinning reserves 

through localized governor control has been proposed. Urban and Rafael [17] 

analysed the factors that influence the frequency gradient and states that, as 

long as certain factors are ignored or assumed to be constant the frequency 

gradient can give misleading information about the active power deficit even 

though it is useful for actual load shedding procedure. In [18] a mathematical 

model had been developed which would help the system planner and operator to 

work out the load shedding operation efficiently.  

SFLA and ABC algorithms has been implemented in [19] for minimizing the 

total amount of real power to be shed in the buses selected based on the 

sensitivities of the buses with respect to a critical line of the system which is 

identified by the line voltage stability index. In this paper HS algorithm has been 

implemented for optimizing the total amount of load to be shed on the selected 

buses [19]. The proposed method has been tested on IEEE 14- bus and IEEE 25-

bus test system. The test results were compared and analysed.  

 

2.  Line Voltage Stability Index 

Let the line connected between the bus ''k  and ''m  as shown in Fig. 1. 

 

 
Fig. 1. Single line diagram of the                                                                       

transmission line connecting buses k and m. 

 

The receiving end real power is        
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Similarly the receiving end reactive power is  
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Normalizing Eq. (3)  
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The Jacobian matrix of the transmission line is written as 
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At the collapse point the determinant of Jacobian is zero that is 0J
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Partial differentiation of Eqs. (2) and (4) with respect to m and  and 

substitution in Eq. (6) gives 

 
  5.0cos

1cos2









vA
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It is clear that Eq. (7) holds good at the collapse point. 

Now the following relation is defined as the Line voltage stability index of 
thi  

line as 

   cosvALi
                       (8) 

where   A=Transmission line constant 

     For short transmission line   1A  

     For medium transmission line  









2
1

zy
A  

     For long transmission line      jlA  wherecosh  

     The phase angle of A constant 

It has been established that for a system to be stable, the value of iL  for the 

lines in a power network must be greater than 0.5. From no load to voltage 

collapse point, the value of line voltage stability index varies from A cos() (= 

nearly one) to 0.5. The lines can be ranked based on the magnitudes of this line 

voltage stability index. 

This L index depends on 

 A is constant of transmission line 
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 Ratio of receiving end voltages to sending end voltages. 

 Phase angle across the line. 

Therefore the loadability of the long transmission line decreases owing to 

decrease in magnitude of '' A . 

At MLP the line voltage stability index of one of the lines becomes very low 

as compared to the other lines and this line is considered as critical line. 

Sensitivities of this critical line with respect to real and reactive power injections 

are used for the selection of buses for load shed. 

The sensitivities are defined as 
ir

r
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; where irir ba ,  are 

sensitivity coefficients of line voltage stability index of the 
thi  line (critical line) 

with respect to the real and reactive power injection changes at the 
thr bus 

respectively. irir ba ,  can be obtained by partial differentiation Eq. (8) with respect 

to real and reactive power injections. 
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In Eqs. (9) and (10) the partial derivatives are directly obtained at the end of 

N-R load flow solution as elements of inverted matrix of load flow Jacobian 

[8].Total change in line voltage stability index of critical line may be written 

using sensitivities ira and irb  as 

rirriri QbPaL                (11) 

Assuming constant power factor load Eq. (11) can be written as 

  rirriri PbaL                                             (12) 

where 
r

r
rr

P

Q




  tan  and r  is the power factor angle of the 

thr bus. The 

buses are selected for load-shed according to the sensitivity of line voltage 

stability index of critical line with respect to load-shed at the buses. 

 

3.  Problem Formulation for Optimal Load Shedding 

The objective function is defined as minimization of total real power load to be shed. 





NLSi

iLSJ                                            (13) 

where NLS is set of buses selected for load-shed. 

This function is subject to the following constraints 
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(i) NLSiLSLS ii  max0                                                         (14) 

where LSi is amount of real power load-shed and LSimas maximum permissible 

load-shed at i
th

 bus. 

Actually the permissible load shed is a fraction of total load at each selected 

bus. It may be considered the permissible amount of load shed is 90% of the total 

load at that bus and the remaining 10% of the total load may be required during 

emergency condition. 

(ii) After load shed voltage of all load buses should be within the limit 

                     
BGiii NNiVVV .........1maxmin                                                      (15) 

(iii) Stability constraints: All line voltage stability indices should be 

greater than threshold values. 

                     
Cthii NiLL ,.......2 ,1              (16) 

 

4.  Harmony Search Algorithm 

In recent years for solving complex engineering optimization problems, the 

modern optimization methods, also called non-traditional optimization methods, 

have emerged as a powerful and popular method to obtain better solutions. These 

techniques are versatile in solving multidimensional and complex non-linear 

equations. In fact, a vast majority of non-traditional optimization techniques are 

usually heuristic and/or meta heuristic. The harmony search algorithm is a 

population based meta heuristic optimization algorithm [20]. It is a stochastic 

random search technique that does not require specific initial value settings of the 

decision variables and the derivative information for optimization. 

The effort of musicians to find the harmony in music is analogous to the 

search for a best state (i.e., global optimum) in an optimization process. The HS 

algorithm has several advantages compared to the traditional optimization 

techniques and has been very successful in solving a wide variety of optimization 

problems [21, 22]. This algorithm is inspired by the music improvisation process 

in which the musician seeks for harmony and continues to tune the pitches to 

obtain a better harmony [23].  

In HS algorithm each musician corresponds to a decision variable; pitch range 

of musical instruments corresponds to a range of values for the decision variables: 

aesthetics of an audience corresponds to the objective function; musical harmony 

at a particular time corresponds to a solution vector at certain iteration. Similar to 

the improvement of musical harmony, a solution vector is also improved iteration 

by iteration. Such similarities between two processes can be used to develop a 

new algorithm by learning from each other. Harmony search is just such a 

successful example for transforming the qualitative improvisation process in to 

quantitative optimization process with some idealized rules.  

From the following improvisation process adopted by a skilled musician, the 

working of HS algorithm is better understood. During this process, the musician 

has one of the following choices: 



540       R. Mageshvaran and T. Jayabarathi 

 
 
Journal of Engineering Science and Technology               April 2015, Vol. 10(4) 

 
 

 A playing the famous tune, a familiar melody from his or her memory that 

characterizes the music piece. 

 playing something similar to the known tune from the memorized theme by 

changing or adjusting pitches of the memorized theme.  

 playing random tunes is the another choice of the musician.  

The working of HS approach mimics these choices. The design parameters of 

the HS algorithm are: 

 Harmony is the set of the values of all the variables of the objective function. 

Each harmony is a possible solution vector. 

 Harmony memory (HM) is the location where harmonies are stored. 

 Harmony memory size (HMS) is the number of solution vectors in the 

harmony memory. 

 Harmony memory considering rate (HMCR) is the probability of selecting a 

component from the HM members 

 Pitch adjusting rate (PAR) determines the probability of selecting a candidate 

from the HM. 

The HS algorithm consists of the following steps 

 

Step 1: Initialization of the optimization problem and algorithm parameters 

The problem to be optimized is formulated in the structure of optimization 

problem, having an objective function and constraints as 

NiXxtosubject

xfMaximiseorMinimise

ii .....3,2,1,

)()(



                      (17)

 

where )(xf  is the objective function with x  as the solution vector composed of 

decision variables ix , and Xi is the set of feasible range of values for each 

decision variable ix  iUiiL xXx  , where iL x  and iU x  are the respective 

lower and upper limits for each decision variable. N  is the number of decision 

variables of the problem. The values of the various parameters of HS algorithm 

like HMS, HMCR, PAR and the maximum number of iterations are also specified 

in this step. 

 

Step 2: Initialization of the Harmony Memory (HM) 

The harmony memory is initialized by randomly generating HMS number of 

solution vectors for the formulated optimization problem. Each component of the 

solution vector in HM is initialized using the uniformly distributed random 

number between the lower and upper bounds of the corresponding decision 

variable  iUiL xx , , where Ni 1 . The thi  component of the 
thj  solution vector 

is as follows 

   1,0.randxxxx iLiUiL

j

i           (18) 
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where HMSj ,......,3,2,1  and  1,0rand is a uniformly generated random 

number between 0 and 1.  

The HM  matrix with HMS number of solution vectors is expressed as  
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Step 3: Improvisation of new harmony from the HM 

HM is improved by generating a new harmony vector 

 ''
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Nxxxxx 


. 

Each component of the this vector is generated using  
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where  iHM is the thi  column of the HM . As the HMCR is already defined as 

the probability of selecting a component from the HM members then 

)1( HMCR is the probability of randomly generating a component within the 

range of values.  

After the generation of 
'

ix  from the HM it is further mutated (i.e., pitch 

adjustment) according to PAR which determines whether the generated component 

is to be adjusted or not. The pitch adjustment for a generated '

ix is given as 
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x
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where bw  is the pitch bandwidth. 

 

Step 4: Updating the HM 

For updating the HM, the value of the objective function is calculated using the 

newly generated harmony vector 



ix . If this new value is better than the worst 

harmony in the HM , judged in terms of the objective function value, then the 

HM is updated by replacing the worst harmony by the new harmony . 

The steps 3 and 4 are repeated until the maximum number of iterations is 

reached. Finally, the best solution is chosen from the final HM and it is 

considered as the optimal solution for the formulated optimization problem. The 

flow chart of the HS algorithm is shown in Fig. 2 [23]. 
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Fig. 2. Flow chart of HS algorithm. 

5.  Simulation Results and Analysis 

The proposed methodology for optimal load shedding has been implemented 

for the IEEE 14-bus and 25-bus standard test systems. The optimization 

problem is solved using a music inspired meta heuristic algorithm HS 

algorithm. The threshold value of all the line voltage stability indices is 

selected as 0.6. The limits on the load bus voltage are fixed between 0.87 and 

1.05 pu. In this paper, the permissible amount of load-shed in each of the 

selected buses is assumed to be 90% of the total load. The per unit va lues of 

bus voltages, line voltage stability index and the static voltage stability 

margin before and after load shedding are obtained using the proposed 

algorithms for the test systems considered. 

 

5.1. Case A: IEEE 14-bus test system 

This system consists of five synchronous machines, including one synchronous 

compensator used only for reactive power support and four generators located 

at buses 1, 2, 6, and 8. In the system, there are 20 branches and 14 buses with 

11 loads. The complete data of this test system is taken from [24]. The 

maximum loading point for this test system is obtained by the continuation 

power flow (CPF) technique. The base load of the test system is 2.59 pu and 

0.735 pu real and reactive powers respectively. The load at the maximum 

loading point, as obtained by the CPF technique, is 9.4349 pu and 2.6775 pu 

real and reactive powers respectively. The voltage stability margin before load 

shedding, in terms of the real and reactive power distance, is 0.11956 up and 

0.033935 pu respectively. This margin is inadequate. The line voltage stability 

index for all the lines is determined at this maximum loading point using Eq. 

(8). The line number 4 is identified as a critical line whose line voltage stability 

index is 0.3807 (which is the least). 
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The sensitivities of the line voltage stability index of the critical line with 

respect to the load-shed at all the buses are evaluated using Eqs. (9) and (10). 

Load buses 9, 10, 13 and 14 are found to have the highest sensitivities and these 

buses are selected for load shedding. Out of these selected buses bus 14 is the one 

having highest sensitivity and therefore can be considered as the weakest bus for 

voltage collapse. In [10] a new node voltage stability index based on local voltage 

phasors was used to identify the weakest buses. Bus 14 was identified as the 

weakest bus causing system voltage instability by this method. In [11], bus 14 

was identified as weakest bus using continuation power flow. Buses 10, 12, 14 

were identified as weakest buses based on four different line stability indices 

presented in [12]. The comparison shows that bus 14 was identified as the 

weakest bus in this paper and in [10-12].  

The proposed HS algorithm is implemented to optimize the total amount of 

load to be shed in the selected buses. Table 1 shows the optimal load shedding 

obtained at the selected buses and the magnitude of the total load shed obtained 

by the proposed method and by the other methods presented in [19]. The 

amount of load-shed obtained by the proposed HS algorithm is 1.6118 pu 

whereas the total amount of load shed using shuffled frog leaping algorithm 

(SFLA) and artificial bee colony algorithm (ABC) presented in [19] are 1.9687 

pu and 1.8754 pu respectively. This result shows that the HS algorithm has 

better search capabilities to find the optimal or near optimal solutions. Figure 3 

shows the convergence characteristics of the HS algorithm for IEEE 14-bus 

system at maximum loading point. The maximum iterations to converge for the 

proposed approach are 150 iterations. 

Table 1. Optimal load shed at selected buses for IEEE 14 - bus system. 

Method Amount of load-shed (pu) at selected bus 

 Bus 9 Bus 10 Bus 13 Bus 14 
Total load 

shed (pu) 

SFLA [19] 0.8660 0.2951 0.3558 0.4519 1.9687 

ABC [19] 0.7654 0.2951 0.3264 0.4885 1.8754 

HSA 0.6102 0.2951 0.3590 0.3475 1.6118 

The magnitudes of the voltages of the selected buses obtained before and after 

load shedding using the proposed method and presented by the methods in [19] is 

shown in Table 2. From this table it is observed that, before load shedding, the 

bus voltages of the selected buses are very low at the maximum loading point.  

Table 2. Voltage before and after loads at selected buses for IEEE 14-bus system. 

Condition 

Bus voltage (pu) 

at selected bus 

Bus 9 Bus 10 Bus 13 Bus 14 

Before load 

 Shedding 

0.7077 0.7239 0.8898 0.6814 

Afterload shedding 

using SFLA [19] 

0.8739 0.8772 0.9561 0.8700 

After load shedding 

 using ABC [19] 

0.8706 0.7844 0.9549 0.8708 

After load shedding 

using HSA 

0.8822 

 

0.8889 0.9612 

 

0.8749 
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Fig. 3. Convergence characteristics of HS algorithm for IEEE 14 bus system. 

The voltage magnitude of the weakest bus (Bus 14) is 0.6814 pu. Whereas in 

[11] the voltage magnitude of the identified weakest bus (Bus 14) at maximum 

loading point is 0.6859 pu. It can also be observed that the improvement in all the 

selected bus voltages after load shedding by the proposed algorithm is better than 

that of the other methods reported in [19]. This improvement can also be observed 

in Fig. 4, which shows the bus voltages of all the buses at the maximum loading 

point obtained by the proposed HS and other algorithms in [19] before and after 

load shedding. 

Table 3 shows the increase in voltage stability margin from the current 

operating point, after load shedding obtained by the proposed method and by 

the other methods presented in [19]. The line voltage stability indices for all the 

lines before and after load-shed obtained by the proposed method and the other 

methods are shown in Fig. 5. From this figure, it is clear that the line voltage 

stability indices of all the lines after the load shedding obtained by the proposed 

method are above the threshold values. The line voltage stability index of the 

critical line (line 4) after load shedding by the proposed method is 0.9515, 

which is greater than the threshold value of 0.6 considered. Whereas the line 

voltage stability index of the critical line obtained after load shedding by SFLA 

and ABC methods in [19] is 0.9919 and 0.9889 respectively which is slightly 

greater than that obtained by the proposed method. This is due to the fact that 

the total amount of load shed by the methods in [19] is greater than that 

obtained by the proposed HS method. From these analyses of the results 

obtained by the proposed HS approach for this test system, it is observed that 

HS algorithm enhances the voltage magnitude of all the selected buses at 

minimum amount of load shed as compared to that obtained by the other 

approaches in [19]. It also improves the voltage stability margin of the selected 

0 50 100 150 200 250 300 350 400 450 500
1.6

1.62

1.64

1.66

1.68

1.7

1.72

1.74

1.76

1.78

Number of iterations

T
o

ta
l 

lo
a
d

 s
h

e
d



Optimal Load Shedding Based on Line Voltage Stability Index Using . . . .  545 

 
 
Journal of Engineering Science and Technology               April 2015, Vol. 10(4) 

 
 

weak buses after load shedding. These performances of the HS algorithm shows 

that it is having a good exploitation and exploration characteristics as compared 

to the other approaches used in [19]. 

 

Fig. 4. Bus voltages before and after load shedding using SFLA [19],                  

ABC [19] and HS algorithms for IEEE 14- bus system. 

 

 

Fig. 5. Line voltage stability index (L-value)before and after load shedding   

using SFLA [19], ABC [19] and HS algorithms for IEEE 14 bus system. 

 

5.2. Case B: the IEEE 25-bus test system 

This system has in all 5 generators, 25 buses and 35 lines. The maximum loading 

point for this test system is obtained by the CPF technique. The complete data for 
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this test system is taken from [8]. The base load of the test system is 7.30 pu and 

2.28 pu real and reactive powers respectively. The load at maximum loading 

point, as obtained by the CPF technique, is 16.3155 pu & 5.0958 pu real and 

reactive powers respectively. The voltage stability margin before load shedding, 

in terms of real and reactive power distance, is 0.2774 pu and 0.0866 pu 

respectively. The margin is inadequate. The line voltage stability index for all the 

lines is determined at this maximum loading point using Eq. (8). The least value 

of the line voltage stability index is obtained for line number 6. Therefore the line 

number 6 is identified as critical line. The line voltage stability index of this 

critical line is 0.5418. This is same as the critical line identified in [7] with line 

voltage stability index of 0.5054. 

Table 3. Voltage stability margin before and                                                  

after load shed for IEEE 14 - bus system. 

Condition Real (pu) Reactive 

(pu) 

 
Before load shedding 0.11956 0.03394 

After load shedding using SFLA [19] 2.7609 0.99016 

After load shedding using ABC [19] 2.6814 0.94974 

 

The sensitivities of the line voltage stability index of the critical line with 

respect to load-shed at all buses are evaluated using Eqs. (9) and (10). For this 

system load buses 18, 19, 21, 22, 24 and 25 are found to have the highest 

sensitivities and these buses are selected for load shedding. The proposed HS 

algorithm is implemented to optimize the total amount of load to be shed in 

the selected buses. Table 4 shows the optimal load-shed obtained at these 

selected buses and the magnitude of total load shed obtained by the proposed 

method and by the other methods presented in [19]. The amount of load-shed 

obtained by the proposed method is 1.4107 whereas the amount of load-shed 

reported in [19] using ABC and SFLA algorithms is 1.775 pu and 1.5597 pu 

respectively. This result shows that the HS algorithm has better search 

capabilities to find the optimal or near optimal solutions. Figure 6 shows the 

convergence characteristics of HS algorithm for the IEEE 25-bus system at 

the maximum loading point. The maximum iterations to converge for the 

proposed approach are 90 iterations. 

 

Table 4. Optimal load shed at selected buses for IEEE 25 - bus system. 

Method 

Amount of load-shed (pu) at selected bus 

Bus 18 Bus 19 Bus 21 Bus 22 Bus 24 Bus 25 
Total load 

Shed (pu) 

SFLA [19] 0.2776 0.2617 0.3228 0.2781 0.2801 0.3572 1.7775 

ABC [19] 0.2585 0.2731 0.2650 0.2467 0.2333 0.2831 1.5597 

HSA 0.2885 0.1870 0.2011 0.2741 0.2305 0.2295 1.4107 
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Fig. 6. Convergence characteristics of HS algorithm for IEEE 25- bus system. 

Table 5 shows the magnitudes of the voltages of the selected buses obtained 

before and after load shed by the proposed method is compared with that of the 

other methods reported in [19]. From the table it is observed that, before load 

shedding, the bus voltages of the selected buses are very low at the maximum 

loading point. It can also be observed that there is improvement in the bus 

voltages of all the selected buses after load shedding by the proposed method. 

This improvement can also be observed in Fig. 7, which shows the bus voltages 

of all the buses at the maximum loading point obtained by the proposed HS and 

other algorithms presented in [19] before and after load shedding.  

Table 6 shows the increase in voltage stability margin from the current 

operating point, after load shedding using HS method and the other methods 

reported in [19]. Figure 8 shows the line voltage stability indices for all the lines 

of this system before and after load shedding. 

Table 5. Voltage before and after load shed at                                                 

selected buses for IEEE 25-bus system. 

 Condition Bus voltage (pu) at selected bus 

 
Bus 18 

Bus 

19 
Bus 21 Bus 22 Bus 24 Bus 25 

Before load 

shedding 

0.8183 0.8732 0.7449 0.6661 0.6314 0.6636 

After load 

shedding using 

SFLA [19] 

0.9434 0.9697 0.9100 0.8929 0.9016 0.9166 

After load 

shedding using 

ABC [19] 

0.9446 0.9695 0.9110 0.8940 0.9034 0.9174 

After load 

shedding using 

HSA 

0.9490 0.9833 0.9362 0.9213 0.9325 0.9407 
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Table 6. Voltage stability margin before                                                                     

and after load shed for IEEE 25 - bus system. 

Voltage stability margin in terms of real and reactive power 

distance (pu) 

Condition Real (pu) Reactive (pu) 

Before load shedding 0.2774 0.0866 

After load shedding using 

SFLA [19] 

4.0570 1.4250 

After load shedding using 

ABC [19] 

3.7287 1.2882 

After load shedding using 

HSA 

3.0741 1.1030 

 

Fig. 7. Bus voltages before and after load shedding                                         

using HS algorithm for IEEE 25- bus system. 

 

From Fig. 8 it is clear that the line voltage stability indices of all the lines, 

after load shedding by proposed method is improved above the threshold values. 

The line voltage stability index of the critical line (line 6) after load shedding by 

the proposed method is 1.0093 which is greater than the threshold value of 0.6 

considered. Whereas the line voltage stability index of the critical line (line 6) 

after load shedding by the SFLA and ABC methods in [19] was 1.053 pu and 

1.0522 pu respectively, which is greater than that obtained by the proposed 

method. This due to the fact that the total amount of load shed in [19] is greater 

than that obtained by the proposed HS method.  

The result analysis for this test system shows that the proposed HS approach 

works well in terms of improving the voltage magnitude and voltage stability 

margin at all the buses including selected buses after shedding the minimum 

amount of load obtained.  
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Fig. 8. Line voltage stability index (L-value) before and after load shedding 

using SFLA [19], ABC [19] and HS algorithms for IEEE 25 bus system. 

6.  Conclusion 

In this paper, the HS algorithm have been implemented for optimal load shedding 

scheme to obtain adequate voltage stability margin and improvement in the 

voltage profile of all the load buses. Sensitivities of the line voltage stability index 

with respect to the load-shed at buses have been used to identify the buses for 

load shedding. Results have been obtained by implementing the proposed HS 

algorithm on IEEE 14-bus and IEEE 25-bus test systems. The voltage stability 

margin which is a measure of the stability of the system has been improved in 

both the test systems after load shedding. The tabulated results and graphical 

analysis shows that for the considered optimization problem the proposed HS 

approach has better performance in terms of convergence and ability to search for 

a near optimal solution as compared to other approaches presented in [19].  

In addition with randomization, pitch adjustment rate (PAR) of the 

proposed algorithm controls the diversification characteristics of the 

algorithm which is an important factor for the high efficiency of this 

algorithm. Intensification characteristics of the proposed algorithm are 

controlled by the harmony memory consideration rate (HMCR). The 

randomization and harmony memory considering rate explores the global 

search space effectively. Similarly the intensification is enhanced by the 

controlled pitch adjustment. Such interaction between various components of 

the algorithm is another important factor for the better performance and 

success of the HS algorithm over other algorithms. 
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