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 The overload of the transmission line is a serious problem in the protection of power systems. 

To eliminate this problem, it is necessary to keep the transmission network immune to the 

undesired conditions. This paper offers a special protection plan for power systems based on 

evolutionary algorithms (EAs). Specifically, the differential evolution (DE) algorithm was 

selected to optimize the magnitude of the severity index (SI) related to the rescheduling 

strategy, and thus prevent the transmission line form overloading in contingencies. The 

effectiveness of the proposed DE-based protection plan was compared with those generated 

by the genetic algorithm (GA) in the same power system. Two conditions were created for the 

comparison, namely, the N-1 contingency condition based on the normal case, and the 

perturbation demand condition. The results show that the proposed protection plan 

outperformed that generated by the GA in minimum fuel cost, computing speed and 

convergence. The research results provide a new and effective way to protect power systems 

against possible overload of the transmission line. 
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1. INTRODUCTION 

 

System Protection Scheme denoted by (SPS) is prepared to 

find out abnormal conditions during the operation of a power 

system which is based on contingency condition and trying to 

initiate pre-determined processed actions, not only isolation of 

faulted elements but also alleviation the consequences of the 

undesired system situations as well as providing an acceptable 

performance for a system. These schemes are also defined as 

Remedial Action Schemes (RASs). RAS actions include the 

load shedding schemes or load changing (in the demand side), 

and the generation changing or generation rescheduling (in the 

generation side). In addition to that, changing of the system 

arrangement, to handle acceptable voltage and power flow and 

maintain system stability during the system operation as well 

[1]. Operating system of protection schemes is carried out via 

the incidence of a system disturbance like the voltage 

instability, transient angular instability, frequency instability, 

as well as other instabilities resulting from cascading line 

outing [2].  

The protection of transmission grid from the congestion risk 

during critical contingencies is an important issue which needs 

to be taken into consideration through the designing of SPS 

schemes. The overloading issue of any transmission grid may 

emerge from some disturbances such as load disturbances i.e. 

sudden load increasing or decreasing, transmission line power 

cut and/or transformer failure. Consequently, this happens 

when no communication is found between the generation and 

transmission networks as well [3].   

Thus, the overloading issue appeared in any transmission 

grid could lead to cascading line outage and therefore resulting 

in a system collapse. Consequently, in order to obviate the 

system overloading situation, some specific actions have to be 

taken into consideration. For instance, the generation 

rescheduling, transmission line switching, phase shift 

transformers, and load shedding programs [3]. Demand side 

management (which means that the load is varied according to 

the contingency condition by the load shedding schemes) as 

well as the active power rescheduling (i.e. rescheduling of the 

generation strategy) are the generality utilized SPS responses 

for alleviating the transmission congestion issue where in 

which additional reserves are not needed. 

The studies of the system impact and also the assessment of 

the security are in general deal with N−1contingency term and 

that implies the absence of one of the system components e.g. 

generator, transformer, and transmission line without losing of 

the demand. Line congestion regarding the protection within a 

system could become a significant task in N−1 contingency 

state. Thus, it is specified that the system can operate within 

typical conditions and hence, resists these emergencies 

without any violations or not [4]. Therefore, the study on the 

system requires an evaluation of a contingency condition such 

as the N−1 contingency condition, and in addition to that the 

situation under the post contingency loading which will be 

either violates the emergency level or not in order to evaluate 

the system operating restrictions. Construction of new 

transmission networks for accommodating the N−1 situation 

is generally needed an extra cost beside the time-consuming. 

Hence, applying the generation rescheduling as well as the 

load shedding techniques illustrate the suitable actions for 

protecting the power system against the system collapse 

through a specific critical situation [5]. 

In this research, the artificial intelligence namely, 

Differential Evolution (DE) algorithm, was executed in the 

applied technique special protection scheme on the studied 

system contingencies. and This algorithm has been utilized in 

order to relieve the line congestion risk due to the values of the 

severity index criteria which considered as the objective 

European Journal of Electrical Engineering 
Vol. 21, No. 6, December, 2019, pp. 523-530 

 

Journal homepage: http://iieta.org/journals/ejee 
 

523



 

function to decide the optimal magnitudes related to the 

generation rescheduling process. The validation of the 

executed methods (i.e. DE & GA) was evaluated based on 

some selected contingency cases within the IEEE 30-bus 

system. 

 

 

2. GENERATION RESCHEDULING STRATEGY 

 

In order to keep any power system operates in a normal and 

secure situation, the loading area of a transmission network 

has to be kept within the system certain levels. Overloading 

issue appeared in any transmission network might take place 

according to unexpected growing in the power consumption, 

sudden generator outage due to technical causes and/or line 

outage. In addition to that reasons, the system transmission 

congestion may happen resulting from failure of any of system 

components. Power system collapse and cascade line outage 

could be happened due to the overloading risk of the 

transmission network. Subsequently, mitigation of the system 

abnormal situation is considered as a serious challenge within 

a reliable operation of the power system. The number of pages 

for the manuscript must be no more than ten, including all the 

sections. Please make sure that the whole text ends on an even 

page. Please do not insert page numbers. Please do not use the 

Headers or the Footers because they are reserved for the 

technical editing by editors. 

A convenient corrective measure should be taken into 

consideration at a minimal time without a violation of the 

system restrictions in order to mitigate the line overloads 

throughout the security boundaries. One of the most successful 

and safe approaches that applied to the line overloading 

alleviation is the rescheduling the power of generation units 

within an established power system to handle this problem [6]. 

Alleviation of the line congestion status was executed by 

using different approaches. The generation rescheduling 

strategy has been executed based on the cascade back 

propagation technique within the neural network [7]. The 

implemented algorithm was used in order to predict the line 

overloading magnitude as well as to relieve this overloading 

status due to the N-1 phenomena along with unexpected 

growing in the demand as well. Sharma and Srivastava [8] 

have proposed an approach based on cascading neural network 

in order to specify the network lines which overloaded through 

the used power system. Furthermore, prediction of the amount 

of the line overloading in the identified overloaded lines and 

was tested on IEEE 14-bus system. The utilized approach was 

supported through various loading and generation conditions. 

Optimal generation rescheduling framework via congestion 

management has been suggested by Dutta and Singh [9]. 

These techniques were accomplished by using the Particle 

Swarm Optimization method. The same method has been 

introduced by Deb and Goswami [10], where this method was 

used in order to relieve the transmission congestion issue by 

achieving a strategy based on the generation rescheduling. 

The rescheduling has also been applied via the area of the 

optimal power flow due to the minimizing of the total 

congestion of the considered network. Hagh and Galvani [11] 

have been addressed a new version of non-dominated sorting 

genetic algorithm and this algorithm was addressed as an 

optimization tool. The proposed technique was executed for 

determining the amount and position of the network demand 

to be shed and the amount of the generation rescheduling 

throughout post contingency. Differential Evolution technique 

was used for reactive power rescheduling [12], where this 

algorithm was implemented to enhance a voltage stability. The 

similar algorithm (i.e. DE) has also been applied in the load 

shedding domain within a power system [13]. The authors 

applied DE method for improving the voltage stability 

framework. 

 

 

3. THE RESEARCH METHODOLOGY 

 

3.1 The scheme mathematical formulation 

 

When a power system is subjected to an emergency 

situation, some analyses need to be taken into account. 

Throughout the analysis of the system contingency situation, 

the primary job of the operators is the relieving of line 

overloading risk. Therefore, in this research work, the 

objective function is considered as the minimized magnitude 

related to the severity index. The severity minimization 

challenges as well as the rescheduling strategy for the active 

power generation are subjected to the constraints that 

associated with any power system along its operation. Thus, 

the system should follow up these constraints which assorted 

into two groups and its details as following: 

 

3.1.1 Equality constraints 

Where this section of constraints comprise the load flow 

constraints that showed as: 

 

𝑃𝑖 = 𝑉𝑖 ∑ 𝑉𝑗
𝑁𝐵
𝑗=1 (𝐺𝑖𝑗 cos 𝜃𝑖𝑗 + 𝐵𝑖𝑗 sin 𝜃𝑖𝑗)          (1) 

 

𝑄𝑖 = 𝑉𝑖 ∑ 𝑉𝑗
𝑁𝐵
𝑗=1 (𝐺𝑖𝑗 𝑠𝑖𝑛 𝜃𝑖𝑗 − 𝐵𝑖𝑗 𝑐𝑜𝑠 𝜃𝑖𝑗)         (2) 

 

where, Pi, and Qi express the injected real and reactive power 

to bus i. Gij, and Bij are the self-conductance and susceptance 

of the line between buses i-j. Vi, and Vj represent the voltage 

value at buses i and j respectively. And θij is the voltage angle 

difference between the bus i and j. 

 

3.1.2 Inequality constraints 

These power system constraints express the active and 

reactive power boundaries, bus voltage working space, as well 

as the transmission line flow limits: 

 

𝑃𝐺𝑖
𝑚𝑖𝑛 ≤ 𝑃𝐺𝑖 ≤ 𝑃𝐺𝑖

𝑚𝑎𝑥                          (3) 

 

𝑄𝐺𝑖
𝑚𝑖𝑛 ≤ 𝑄𝐺𝑖 ≤ 𝑄𝐺𝑖

𝑚𝑎𝑥                           (4) 

 

where, i=1,2,..NG 

 

𝑉𝑖
𝑚𝑖𝑛  ≤  𝑉𝑖  ≤  𝑉𝑖

𝑚𝑎𝑥                  𝑖 = 1,2, … 𝑁𝐵      (5) 

 

|𝑆𝑖𝑗  | ≤  𝑆𝑖𝑗
𝑚𝑎𝑥                             𝑖 = 1,2, . . 𝑁𝐿        (6) 

 

where, PGi, QGi denoted to the active and reactive powers 

found in bus i.  Sij represent a line power flow that lies between 

the buses i and j. 

NB is the number of buses included within a power system. 

NL is the total number of the transmission lines, and NG 

represents the total number of the grid generators.
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3.2 The objective function 

 

The proposed DE-based program has a fitness function 

which is implemented in order to evaluate the optimum 

rescheduling of the generation aspect included in a power 

system and hence for minimizing the total required cost of the 

generation package. However, the cost is based on the price 

bids presented by the network companies specialized with the 

generation field. The goal of the cost minimizing was executed 

in line with decreasing of the magnitude of the severity index 

that resulted in alleviating the transmission network 

overloading problem in post emergency situation. 

 

 
 

Figure 1. Schematic diagram for the presented scheme 

 

The principle of minimizing the total fuel cost is illustrated 

by the formula below where the generation cost is subjected to 

the system constraints as follows: 

 

min 𝐹𝐶 = ∑ (𝑎𝑖 + 𝑏𝑖𝑃𝐺𝑖 + 𝑐𝑖𝑃𝐺𝑖
2 )𝑁𝐺

𝑖=1       $/ℎ𝑟          (7) 

 

where, FC assigns to the total system generation cost for the 

normal operation as well as for overloading management. a_i, 

b_i and c_i denoted to the coefficients of the cost and their 

magnitudes mentioned by Devaraj and Yegnanarayana [4], 

and Alsac and Stott [14], P_Gi represents the actual power 

generated by a generator placed in bus i. The entire procedure 

of the DE based algorithm has been illustrated in the Figure 1. 

 

4. SEVERITY INDEX (SI) 

 

The severity index formulation is denoted to the severity of 

a contingency condition to any power system, where this index 

is associated with the line overloading risk due to the stress 

that subjected to a power system within a post contingency 

situation. This index can be shown as: [4, 7]. 

 

𝑆𝐼 = ∑ (
𝑆𝑖𝑗

𝑆𝑖𝑗
𝑚𝑎𝑥)

2𝑚
𝑜𝑣𝑙
𝑘=1                               (8) 

 

where, 𝑆𝑖𝑗  is the line flow and can be obtained from the load 

flow analysis which is subjected to the given equality and 

inequality constraints. 𝑆𝑖𝑗
𝑚𝑎𝑥 expresses the line flow limit, and 

𝑜𝑣𝑙  represents only the set of the overloaded lines that 

associated with a contingency condition. This study is 

considered the magnitude of m has been fixed to 1. In order to 

avoid the masking effects during the implementation of the 

algorithms and for the security assessment, the overloaded 

lines are considered only while computing the severity 

magnitudes [7]. Minimization of this index has been 

undertaken as the objective function to ensure the case that no 

more lines to be overloaded after executing the generation 

rescheduling strategy. In order to illustrate a secure situation, 

the magnitude of the index must be equal to zero and that 

means no overloaded lines within a system. The greater value 

of SI, resulted in more critical contingency would be. 

 

 

5. SPECIAL PROTECTION AND CONTROL SCHEME 

BASED ON DIFFERENTIAL EVOLUTION 

STRATEGY 

 

Differential evolution algorithm is an evolutionary 

algorithm that considered as a population based stochatic 

search technique with a high performance optimization that is 

easy to execute and understand. Storn and Price introduced DE 

algorithm in 1997 [15]. This algorithm suggests a solution to 

a problem by enhancing the offered solutions iteratively 

according to a predefined criteria. DE uses real number 

representation and its optimization procedure is the same as of 

the GA strategy but unlike simple GA that generally dependent 

on the crossover operator. At first, DE algorithm initializes a 

population, then executes the mutation also called differential, 

crossover, and finally the selection operation to achieve the 

required process by suggest possible solutions toward a 

specific issue. 

DE initially works on the initializing of a population set that 

called (P) which includes a candidate solution to a predefined 

issue. Like other evolutionary techniques, where these 

solutions called individuals are initially randomly generated 

then improved iteratively along with mutation, crossover, as 

well as the selection operators respectively. This process is 

continue repeating over a number of iterations chosen by a 

designer until the stopping criteria is reached. This criteria is 

prespecified as a max number of generations denoted as (Gmax) 

or required fitness function. The population set which denoted 

by (P) involves multiple NP-D dimentional real valued 

individual vectors (Xi,G) shown by [16]: 

 

𝑃𝑋,𝐺 = 𝑋𝑖,𝐺                                      (9) 

𝑖 = 1, … . . 𝑁𝑃,        𝐺 = 1,2 … . . 𝐺𝑚𝑎𝑥 
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𝑋𝑖,𝐺 = 𝑋𝑗,𝑖,𝐺                                 (10) 

𝑗 = 1, … . . 𝐷 

 

where, each of the individual vector involves an index that is 

expressed by the letter i with the range from 1 to NP which 

considered as the population size. G represents the number of 

current iterations. The parameter belongs to a vector indexed 

by the letter j with its range between 1 and D. In general, D is 

considered as the number of control variables included within 

a specific problem to be solved. In this research, D is equal to 

the number of generation units located in a power system. 

Following are the basic steps included through the DE 

algorithm as follows: 

 

5.1 Initialization 

 

The optimization process of the differential evolution 

algorithm begins with the initialization stage, means at t=o. In 

this stage, an initial population is constructed that includes NP 

D-dimentional real valued individual vectors denoted by 

Xi,G=[X1,i,G, X2,i,G,....,Xj,i,G....XD,i,G], where these vectors are 

generated and each of them considers a candidate solution to a 

specific optimization problem.  

The parameters related to the optimization process contain 

lower limits expressed by XL = X1,L, X2,L,...., XD,L  as well as 

the upper limits denoted by XH  = X1,H, X2,H,.....,XD,H . These 

lower and upper limits involve the search region belongs to the 

DE algorithm. The initial jth components of the ith individual 

vector included through the population set can be initialized 

by a strategy shown as: 

 

𝑋𝑗,𝑖(𝑡 = 0) = 𝑋𝑗,𝐿 + 𝑟𝑎𝑛𝑑 (𝑋𝑗,𝐻 − 𝑋𝑗,𝐿)        (11) 

 

where, Xj,i is the individual vector. Xj,L expresses the lower 

limit and Xj,H is the upper limit for each vector. rand is a 

random number distributed within 0 and 1. 

 

5.2 Mutation 

 

After achieving the initialization process based on the 

generation of initial vectors, the algorithm produces a new 

version of vectors based on each initialized individual vector 

within the population set for each iteration. The new version 

of the individual vector is called a mutant (or donor) vector 

Vi,G generated based on a strategy designed by adding the 

difference (which is weighted by a factor named as a mutation 

factor) between any two randomly chosen vectors to a third 

one and all the chosen vectors are under the current iteration 

that shown by the formula below: 

 

𝑉𝑖,𝐺 = 𝑋𝑟1,𝐺 + 𝐹(𝑋𝑟2,𝐺 − 𝑋𝑟3,𝐺)                (12) 

 

The selected vectors have to be distinct from the main target 

vectors Xj,i,G, for which the three randomly selected vectors 

among the population set denoted by (Xr1,G, Xr2,G, Xr3,G) are 

placed within the range from 1 to NP. r1≠r2≠r3∈[1,....NP] refer 

to randomly generated integers by using a random number 

generation function. F is considered as the mutation factor that 

selected to be in the range between 0 and 1. 

 

5.3 Crossover 

 

After obtaining the mutant vector Vi,G, the crossover 

operation introduces in order to rise the diversity for the 

population set. In this point, the donor (also called mutant) 

vector Vi,G as well as the target vector Xj,i,G, are both utilized 

for creating a new vector called a trial vector indicated by Uj,i,G 

by the following strategy: 

 

𝑈𝑗,𝑖,𝐺 = {
𝑉𝑗,𝑖,𝐺             𝑖𝑓(𝑟𝑎𝑛𝑑 ≤ 𝐶𝑅 𝑜𝑟 𝑗 = 𝑗𝑟𝑎𝑛𝑑)

𝑋𝑗,𝑖,𝐺            𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                 
     (13) 

 

where, 𝑉𝑗,𝑖,𝐺  and 𝑋𝑗,𝑖,𝐺  are aforementioned donor and target 

vesctors respectivily. CR symbolizes to a parameter named as 

the crossover factor for DE algorithm and its value is chosen 

between 0 and 1. CR controls diversity of the population in 

addition to support the algorithm in order to away from the 

local optimum. jrand∈[1,….D], expresses a randomly chosen 

index to ensure that the trial vector gets at least one element 

from the donor vector in order to improve its candidate 

solution. 

When the crossover process is accomplished, a penalty 

function planning is used, where this function is taken into 

consideration in order to ensure that the final vector 

magnitudes are through the boundaries after applying both 

operators, the mutation and crossover respectively based on 

the following criteria: 

 

𝑈𝑗,𝑖,𝐺 =  𝑋𝑗,𝑖,𝐿 + 𝑟𝑎𝑛𝑑 (𝑋𝑗,𝑖,𝐻 − 𝑋𝑗,𝑖,𝐿)               (14) 

 

5.4 Selection 

 

It is the final process within the DE algorithm and it is 

undertaken for keeping the population size as a constant form. 

A selection stage is executed in order to find out either the trial 

vector Ui,G or the target vector Xi,G will survive to the next 

iteration (i.e. G=G+1) through the algorithm. Therefore, this 

operation can be described by the following criteria: 

 

𝑋𝑖,𝐺+1 = {
𝑈𝑖,𝐺           𝑖𝑓     𝐽(𝑈𝑖,𝐺)  < 𝐽(𝑋𝑖,𝐺)

𝑋𝑖,𝐺                    𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒            
           (15) 

 

where, 𝑋𝑖,𝐺+1 represents the vector that will be withdrawed to 

the following generation. In general, J(X) demonstrates the 

fitness function magnitude for the implemented approach 

which requires to be minimized as possible as to achieve the 

target from implementing the proposed algorithm. Thus, if the 

fitness magnitude related to the trial vector is lower than the 

fitness that related to the target vector, then it exchanges the 

corresponding target vector fitness with the trial vector fitness 

and transferred to the next generation, else the target 

magnitude is survived. Hence, after performing this strategy, 

the population set will be better or stays fixed especially for 

the fitness patterns. 

 

 

6. GENERAL 

 

The implementation of the presented research algorithm was 

validated on the IEEE 30-bus system. This validation was for 

showing the effectiveness associated with the executed DE 

based SPCS scheme. In addition to that, the findings of DE 

approach are compared with Genetic Algorithm results in 

terms of the fuel generation cost as well as the speed of fitness 

convergence. The both executed algorithms have been 

established within the Matlab environment. The system data 

corresponding to this work which are undertaken adopted from 
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the references [14, 17] regarding the parameters related to the 

grid transmission line as well as the generation operating limits 

and constraints. The data regarding to the executed system for 

the total active and reactive powers related to the demand are 

283.4 MW and 126.2 MVAR respectively. The load flow 

analysis was carried out, particularly the Newton – Raphson 

method for evaluating the parameters data corresponding to 

each bus within the given power system that includes some 

rating, specifically: voltage magnitude via its phase angle, in 

addition to the active and reactive power flows. Moreover, the 

parameters concerning to the grid lines: line losses and active 

and reactive power as well. Throughout a power system 

operation, the line overloads may occur according to several 

causes containing the case of the single line outage. Hence, the 

N-1 contingency analyses have been implemented under the 

base case in addition to the increased load situations in order 

to characterize the prospective contingencies throughout the 

running of the power system. 

 

6.1 Analysis of system contingency conditions 

 

When the system designers attempt to plan the protection 

schemes related to power systems, the system contingency 

analysis should be taken into consideration. Therefore, this 

pattern is performed under the base as well as the increased 

load demand conditions in this field of study. Where the 

analysis is done in order to evaluate the most harmful 

disturbances in specific conditions assigned by the designer 

through a power system. The load flow calculations have been 

used, where the Newton-Raphson method is executed in this 

work on the IEEE 30 bus system. This method is implemented 

in pre and post contingency conditions for obtaining the line 

flows. The resulted line flow is compared with the standard 

line limit in order to characterize which transmission line gets 

overloaded due to the identified scenario of the accomplished 

single line outage based on the severity index. Thus, N-1 

contingency situations are implemented under the base and 

increased demand by 10% situations. In this study, the limits 

related to each line flow are considered through the both 

utilized algorithms and undertaken from [14]. The line outages 

number as 1-2, 1-3, 3-4, and 2-5, where the first number is the 

sending bus and the second is the receiving bus, have resulted 

in overloading some of the other running network transmission 

lines within the given system under the normal load condition 

since these affected lines have already exceeded their 

allowable limits. Thus, the line outage details of the simulated 

cases before implementing the undertaken generation 

rescheduling strategy along with its related overloaded lines 

are shown in Table 1. This table also includes the magnitudes 

of the SI related to every case study based on the 

aforementioned severity index criteria. In the increased load 

situations, the overall active and reactive power consumed 

within the system have increased from 283.4 MW to 311.74 

MW and from 126.2 MVar to 138.82 MVar respectively. The 

line outage details before the generation rescheduling scheme 

are also showed in the Table 2 for the increased demand cases. 

 

Table 1. Executed line outages under base load before 

generation rescheduling strategy 

 

Line 

outage 

lines 

overloaded 

Line 

flow 

(MVA) 

Flow limit 

(MVA) 
SI 

1-2 
1-3 

2-4 

307.803 

65.592 

130 

65 
16.265 

 3-4 279.121 130  

 
4-6 

6-8 

174.058 

36.362 

90 

32 
 

1-3 1-2 273.019 130 9.279 

 2-4 86.154 65  

 
2-6 

6-8 

92.759 

33.188 

65 

32 
 

3-4 1-2 270.07 130 9.076 

 2-4 84.916 65  

 
2-6 

6-8 

91.805 

32.928 

65 

32 
 

2-5 1-2 164.467 130 10.885 

 2-4 74.604 65  

 2-6 102.858 65  

 

4-6 

5-7 

6-8 

124.097   

110.189 

33.317 

90 

70 

32 

 

 

Table 2. Executed line outages under increased load before 

generation rescheduling strategy 

 
Line outage lines 

overloaded  

Line 

flow 

(MVA) 

Flow 

limit 

(MVA) 

SI 

1-2 with load 

increased by 

10% at all 

buses 

1-3 

2-4 

369.586 

77.239 

130 

65 

22.580 

3-4 321.795 130  

4-6 

6-8 

201.235 

44.791 

90 

32 

 

3-4 with load 

increased by 

10% at all 

buses 

1-2 305.287 130 11.518 

2-4 93.888 65  

2-6 

6-8 

101.556 

38.874 

65 

32 

 

 

6.2 The performed algorithms 

 

The power flow within any transmission grid must not 

exceed the permissible levels for both the normal and 

abnormal situations in order to achieve a secure and optimal 

power system operation to make the customer being delivered 

by continuous electricity. Therefore, an appropriate corrective 

action might be taken into consideration for alleviation the 

transmission network overloads. The objective idea behind 

this work is the alleviation of the line overloading risk by 

selection the optimal power generated using the generation 

rescheduling strategy through the contingency analysis. This 

strategy has been utilized by determining the optimal 

magnitudes of the generation based on the differential 

evolution algorithm. 

Generated powers from the generation units positioned 

inside the selected power system are chosen as the control 

variables of the carried out methods (i.e. DE and GA), where 

the outcomes resulted from the DE algorithm are compared 

with those results from the application of the GA for the 

similar case studies. The number of the generation units in the 

selected test system are six placed on the buses numbered as 

1,2,5,8,11, and 13. Initially (i.e. the initialization stage), set of 

values assigned by the individual vectors are randomly build 

by efficient DE mechanism within the specified limits (i.e. 

equality and inequality limits that mentioned earlier), such that 

the equation (3) is satisfied through the min and max limits. 

After this step, the DE executes these suggested PG sets inside 

the fitness function algorithm for getting the resulted severity 

index values. Subsequently, DE algorithm applies its next 

strategies such as the mutation as well as the crossover to gain 

a less and better fitness values for each individual vector. The 
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parameters related to DE and GA algorithms need to be 

regulated. The parameter settings of DE based scheme are as 

follows: the crossover factor (CR) and the mutation factor (F) 

are chosen 0.5 and 0.8 respectively. However, the crossover 

probability is selected as 0.8 and the mutation probability is 

0.3 for GA approach since these values present good results 

according to several trials. The load flow analysis has been 

applied in order to acquire the running line flows and as a 

consequence determining the severity index. The objective 

function of the proposed research work is considered as the 

minimized severity magnitudes. The suggested rescheduling 

values for the generation units within the system by the DE 

algorithm, can guide us to acquire the minimized costs of the 

generation based on the minimized severity values. The 

suggested active powers for each generator within the selected 

power system for both algorithms are shown in Table 3 along 

with the particular line contingencies under the given normal 

demand. The generation costs related to each case study are 

also shown in Table 3, where this table appears that the DE 

based method offers less generation cost than the cost 

presented by GA technique. The overall losses associated with 

each simulated case are also shown. 

 

Table 3. Control variables setting under base load 

 
Approach line out of service Generated Power (MW) 

P1 P2 P5 P8 P11 P13 System Losses (mw) Cost ($/hr) 

DE 

1-2 124.87 46.12 41.53 30.97 20.19 32.97 12.82 880.96 

1-3 128.65 42.75 39.81 31.18 20.41 29.18 8.30 854.93 

3-4 129.07 42.62 35.31 30.81 21.02 32.61 7.92 846.79 

2-5 149.59 40.37 32.69 24.46 21.13 28.97 13.32 848.67 

GA 

1-2 126.77 43.51 42.27 27.50 22.48 33.81 12.94 882.74 

1-3 127.65 42.97 39.31 28.64 21.59 31.60 8.28 855.91 

3-4 129.99 42.16 34.74 29.34 21.98 33.40 8.11 847.04 

2-5 144.10 38.35 30.47 28.79 22.83 32.40 13.39 852.85 

 

Table 4. Control variables setting under increased load 

 
Approach line out of service Generated Power (MW) 

P1 P2 P5 P8 P11 P13 System Losses (mw) Cost ($/hr) 

DE 
1-2 126.78 65.17 46.70 31.71 21.97 33.50 14.06 1003.17 

3-4 133.14 55.34 45.62 32.25 20.77 36.46 11.83 988.08 

GA 
1-2 130.03 60.15 47.18 31.25 24.01 33.92 14.75 1004.99 

3-4 136.13 47.51 47.77 32.34 22.85 36.22 11.09 991.67 

 

Table 5. Line details after generation rescheduling scheme for base load cases 

 
Line out of service System lines Flow of line (MVA) (DE) Flow of line (MVA) (GA) Line limit (MVA) SI 

1-2 
1-3 

2-4 

123.144 

24.384 

125.732 

25.41 

130 

65 
0 

 3-4 116.283 118.754 130  

 
4-6 

6-8 

73.506 

13.152 

75.477 

13.304 

90 

32 
 

1-3 1-2 128.068 127.244 130 0 

 2-4 44.752 44.245 65  

 
2-6 

6-8 

47.477 

7.040 

47.251 

7.850 

65 

32 
 

3-4 1-2 126.559 127.384 130 0 

 2-4 42.758 42.677 65  

 
2-6 

6-8 

46.112 

8.085 

46.163 

8.422 

65 

32 
 

2-5 1-2 85.544 83.127 130 0 

 2-4 43.368 40.128 65  

 2-6 59.528 55.383 65  

 

4-6 

5-7 

6-8 

71.591 

69.689 

12.509 

67.608 

68.666 

12.777 

90 

70 

32 

 

The performed algorithms (i.e. DE & GA) are executed for 

50 iterations, and simulated at least 10 individual runs. 

Consequently, the generation magnitudes are considered as the 

average for the overall individual runs. Table 4 illustrates the 

control variables under the load perturbation situation with the 

detailed generated values in addition to the generation 

magnitudes. The overloaded line details after applying the 

undertaken schemes are shown in Table 5 for the base load 

cases, where in this table, the presented power is completely 

mitigated the associated overloaded grid lines due to the new 

severity levels that has been totally reached to zero. This is 

indicated that no more lines get overloaded after applying the 

research strategy (i.e. the generation rescheduling) scheme. 

The line details after the rescheduling scheme are illustrated in 

Table 6 for the increased load conditions. Figure 2 shows the 

DE performance regarding the optimal magnitudes of the 

severity index for 50 generations which considered as the 

objective function for the utilized protection scheme to handle 
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the considered line outage scenarios such as 1-2, 1-3, 3-4, and 

2-5. For these resulted values of the severity index, the 

algorithm will decide the magnitudes of the generation 

rescheduling It can be seen from the figure that the DE 

algorithm has fast fitness convergence within the first ten 

iterations for all applied case studies. 

 

Table 6. Line details after generation rescheduling scheme 

for increased load cases 

 

Line out 

of service 

System 

lines 

Flow of 

line  

(MVA) 

(DE) 

Flow of 

line  

(MVA) 

(GA) 

Line 

limit 

(MVA) 

SI 

1-2 
1-3 

2-4 

124.888 

21.141 

127.852 

22.733 

130 

65 
0 

 3-4 117.563 120.385 130  

 
4-6 

6-8 

76.224 

9.732 

77.336 

9.919 

90 

32 
 

3-4 1-2 127.499 128.977 130 0 

 2-4 47.139 45.643 65  

 
2-6 

6-8 

50.865 

5.228 

49.087 

5.470 

65 

32 
 

 

 
 

Figure 2. Fitness convergence of DE algorithm 

 

 

7. CONCLUSIONS 

 

The important matter of this paper is designing an SPCS 

scheme based on the DE algorithm for solving the 

transmission line overloads problem. The undertaken 

implemented strategy is fully relieved and solved the grid line 

overloads risk on the form of a Special Protection Scheme that 

including the generation rescheduling strategy throughout the 

minimization of the severity index that considered as a 

preventive control scheme. The line overloading risk 

represented by an unexpected outage of a network line called 

N-1 contingency condition that means the line is out of service 

resulted from an external effect under the base and the 

increased load situations is considered in the area of this study. 

IEEE 30-bus system has been utilized to prove the worthiness 

of the executed schemes. In order to validate the study findings, 

DE results have been investigated with those results from GA 

simulation. Based on the outcomes, the algorithm of the DE 

based scheme gives computationally minimum generation cost 

than GA as well as its performance was closer to the 

minimized severity index magnitudes that means faster in 

terms of the speed of convergence. This implies the robustness 

in case of the minimized generation cost and fast decision 

making associated with DE approach from its implementation 

on the identified system contingency conditions. 
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