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Abstract  

Improving power systems security that use single line contingencies based on a new approach is the main point 

of this paper. The method entails finding optimal Unified Power Flow Controller (UPFC) setting by utilizing 

Differential Evolution (DE) technique. The performance indexes is analyzed to determine the lines with the 

most bus voltage limit violations and overloads, and are designated as the most severe line contingencies.  With 

the contingency simulations determined, the best setting for UPFC location and parameter is found by applying 

DE technique. Our approach is tested by running simulations on IEEE 30 bus and IEEE 14 bus systems. The 

results indicate the bus voltage limitations and overload lines are significantly reduced, enhancing power system 

securities when UPFC is installed in a location optimized by DE.  
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INTRODUCTION 

Today systems are enormous, complicated and heavy 

on load, and thus the security of power systems are of 

critical importance. Nowadays power systems 

security are based on N – 1 criterion, meaning that 

transmission lines bus voltage and thermal limits 

must be met at all times and during all contingencies.  

A costly and conservative system is required to 

satisfy N -1 criterion. Hingorani [1] has proposed an 

alternative system that utilizes Flexible AC 

Transmission System (FACTS). 

 

Improving the stability of power networks can be 

done by FACTS, by reducing the heavy line flows 

and keeping the bus voltage at desired levels, while 

improving the security of power systems at the same 

time. A FACTS's device is called Unified Power 

Flow Controller (UPFC), which has the ability to 

control the bus voltage, active or reactive power 

simultaneously or independently [2]. Yet to achieve 

this, optimal setting and location of the device in the 

power system must be identified. The efficiency of 

UPFC varies according to position, and thus the 

question of optimal place arises. Several criteria are 

set and must be fulfilled when determining the 

position like power black-out capacity, transmission 

capacity and stability. Therefore conventional 

algorithms for power flow should be incorporated 

and edited according to UPFC and above criteria. In 

this paper however only blackout prevention is 

considered, i.e. using UPFC in the appropriate 

location with optimal setting to enhance security 

when only a single line contingency is used. 

 

Recently many algorithms have been created that 

utilize UPFC, designed for optimal placement and 

optimal flow of power. Some examples: The ones 

designed to find the best position for UPFC area 

sensitivity based [4], unified power flow controller 

systems that are evolutionary program based 

algorithms [5], another algorithm for finding optimal 

locations called Genetic Algorithm (GA)[6] and an 

algorithm for FACTS devices named particle Swarm 

Optimization (PSO) [7]. 

 

The analysis of contingencies is also the attention of 

researchers. [8-10] show many methods of 

contingency selection. [11] suggests a scheme to 

enhance FACTS devices operation regarding line 

contingency  security level steadily. [12] presents a 

method to use GA to find optimal FACTS devices 

position to improve security and contingency 

selection. 

 

Differential evolution (DE) is recently developed 

evolutionary technique that is fast, quick to 

implement and reliable [13-17], and in power system 

field, there is great expectation for it [18-27]. The use 

of DE in UPFC or FACTS devices in general hasn't 

been studied thoroughly in the public literature. 

 

DE is one of the novelist EA techniques and is 

discussed in this paper. In order to eliminate bus 

voltage limit violations, overloaded lines, and 

enhancing security system at the same time, DE is 

used to allocate the optimal place for UPFC device. 

Comparison is done between Particle Swarm 

Optimization (PSO) with our subject DE, regarding 

parameter initializations. 
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Problem Formulation 
2.1. Model of UPFC power flow 

The circuit model of UPFC power flow is shown in 

fig. 1, two sources of synchronous voltage is 

coordinated and is a proper representation of UPFC 

for steady state analysis [28]. The sources are: 

EvR ¼ VvR  ً cos dvR  j sin dvRق   ً  ق1

EcR ¼ VcR  ً cos dcR  j sin dcRق   ً  ق2

 

The AC network through the shunt converter 

provides the series converter the active power it 

needs, and it is supplied from the DC link through 

bus m. The series voltage source (series converter) 

gives an output voltage that is combined with the 

nodal voltage, demarcated as bus K, leading to 

boosting the voltage in bus m. Voltage regulation is 

provided by the output voltage magnitude, while the 

power flow control mode is designated by the phase 

angle dcR. The shunt voltage can absorb or create 

reactive power at the point of its AC system 

connection to allow regulation of independent voltage 

magnitude, in addition of its supporting role between 

the AC system and the series converter, where power 

exchange actively occurs. 

 

Contingency Analysis Procedures 

The outage of a transmission line, transformer or a 

generator is known as a contingency, during this time 

the system may become insecure and unstable. In 

order to perform proper corrective and/or preventive 

measures in case of a contingency, contingency 

analysis is of paramount importance. The outage 

contingencies in single line are the only target of our 

paper. Whenever an outage contingency happens in 

the line, there will be ranking of each bus voltage 

limit violations and overloaded lines according to 

severity, considering the number of voltage and 

thermal limit violations. The function of DE is find 

the optimal parameter and location for UPFC device, 

once the analysis is complete. Minimization or 

perhaps elimination of voltage limit violations or 

overloaded lines is done once UPFC is applied with 

proper settings and location. This is calculated 

according to an objective function that is discussed 

below. 

 

Objective Function 

Improving the security level of the system by finding 

the optimal location and parameter setting for UPFC 

is the main purpose of this work. In order to do this 

improvement, minimizing or eliminating voltage 

limit violations and overloaded is necessary, even in 

worst case scenarios for single contingencies. Thus, 

the technical objective function shown below is 

considered [29]:-------------equation 

The optimization is subject to: 

(a) Equality constraints: 

The equations of power flow represent the equality 

constraints in this optimization, generally as follows 

Regarding bus K: 

--------- equation 

Regarding bus m: 

-------------- equation 

[28] shows the method for  Pk, Qk, Pm, and Qm 

calculation on the line where the UPFC is installed, 

while traditional equations of power flow can be used 

for their calculation on other lines. 

 (b) Inequality constraints: 

------------ equations;; (8), (9), ---- (13) 

Variables mentioned below, are the variables that are 

considered for optimization in this paper: 

(a) Except the lines where the transformers 

exist, all the other lines are a potential 

candidate for UPFC and are considered the 

primary variable in this paper. 

(b) The working range for the UPFC series 

voltage source is considered as the second 

variable and it is between [0.001 to 0.2]. 

(c) The working range for the UPFC shunt 

voltage source is regarded as the third 

variable and it is between [0.9 to 1.1]. 

To improve the security, these variables are 

optimized at the same time during a contingency 

occurring on a single line. The objective function's 

main variables (bus voltage and line loading) are 

significantly altered by any change in the 

aforementioned variables leading to different power 

flow levels, especially the parameter setting and 

location of UPFC. 

 

Optimal parameter setting and location of UPFC 

based on Differential Evolution 

3.1 DE overview 

Storm and price in 1995 proposed a direct search 

method known as DE. DE is a method that is 

population based and heuristic, like other EAs 

techniques. Over a continuous search space, DE 

searches for a global minimum by utilizing a 

population of points. By combining the weighted 

difference between two population vectors with a 

third population, DE can generate a new vector. If the 

value of the objective function of the newly generated 

individual is smaller than the set population 

individual, it will replace it. On the other hand if it is 

larger, then the old one is preserved.  DE has a 

number of variants [12,24]. DE variant's general 

notation can be shown as follows: 

DE /x/y/z 

 

The mutated factor is represented by x, the difference 

vector's number is shown, whereas the cross over 

scheme is represented by z. 

 

The summarization of DE advantages is as follows 

[17, 25]: 

 

The few controls of DE with little tuning can make it 

robust, simple, fast, effective and inherently parallel. 
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DE can work with time dependent, multi-

dimensional, flat and noisy objective functions, in 

addition to the minimization of non-linear, non-

continuous and non-differentiable space function. 

Also it can be used for penalty functions with 

constraint optimization. 

Because of these advantages, for the problem 

discussed in this paper, DE was our technique of 

choice. 

 

DE-based UPFC optimal parameter setting and 

location 

The application of DE algorithm is described in a 

step by step manner below: 

Step I: Parameters related to DE like the variables to 

be optimized (D), F, and CR, (Gmax) representing 

the maximum number of generation, and the 

population size (NP), in addition to power flow data 

are initialized. 

Step II: within the feasible space, initial population of 

NP individuals is generated randomly, by: 

-------- equation (15) 

 

All the initial solutions randomly chosen are feasible, 

since they are generated within the feasible range; 

however the goal is find to optimal solution with best 

result, thus except for the lines where the 

transformers exist, the location of UPFC can be on 

any line. 

 

Step III: In accordance to the objective function 

discussed in (3), the individuals within the population 

are evaluated for fitness. 

Step IV: New population creation by: 

------ diagram (fig 2) 

(1)  

(2) A trial vector is generated by randomly 

choosing 3 vectors from the established 

population, using following equation: 

------- equation 

(3) Crossover:  for each Xi,G to get new vector 

ui,G.use 

----------- equation 

(4) Select vectors for next generation, G = G +  

1, for each Xi,G and corresponding ui,G 

----------- equation (18) 

 

Step V: continue the process until the stop criteria has 

been met, and print the best individual, (i.e. UPFC's 

optimal parameter setting and location), otherwise 

step IV must be repeated. Fig 2 shows DE algorithm 

implementation flowchart  

 

Simulation Tools and Power Systems 

The simulation part of this process is coded by 

Matlab programming. The codes allow for UPFC to 

be included and incorporated in PSO, DE and 

modified power flow algorithm. 

Two test systems are used to validate the used DE 

technique: an IEEE 30-bus system and an IEEE 14-

bus system. [31,30] give the data for these two 

systems respectively. Computer specs are 512 MB 

Ram AND a processor with 2.66 GHz speed. 

 

Simulation Results 

The optimal values for the changeable variables are 

obtained by utilizing DE and PSO. shows the initial 

parameters of DE and PSO, and they are obtained 

from open literature from different reports [13-27] 

and [32-34]. 

 

There are no standard values for DE and PSO 

techniques, as they are search technique that are 

stochastic and probabilistic, and the values chosen 

often showed best result as reported by others in 

literature. This requires a statistical analysis of the 

results of the simulations. 100 trials were performed 

for evaluation of performance in this paper, and the 

result is as follows: 

 

IEEE 14- bus test system 

20 transmission lines, 14 buses, 5 generators and 11 

loads compose this system. 20 single line 

contingencies are possible in this system, 

contingency analysis then ranking is performed. In 

each scenario, the number voltage limit violation 

buses (NVVB) and the number of over loaded lines 

(NOLL) are measured. As for bus voltage limits 

criteria, past the range [0.9-1.1] was considered to be 

limit violations, while 100% load and max thermal 

limits criteria was considered for determining 

overloaded lines. Afterwards according to the 

severity of the contingencies (i.e. according to 

performance index PI = NVVB + NOLL,  they were 

ranked. 

 

15 sever contingency lines can be identified per 

analysis performed. Significant number of bus 

voltage limit violations and overloaded lines will 

occur if one of these lines is tripped. Thus PSO and 

DE techniques are used to find the best location and 

setting for UPFC in case of such sever contingencies, 

which would yield the best result, minimizing or 

eliminating overloaded lines and voltage limit 

violations. 

 

100 trials of each technique PSO and DE was 

performed for finding the optimal location for UPFC, 

and the results, before and after applying UPFC is 

demonstrated. 

 

The results showed that the use of UPFC eliminated 

10 out of 15 single line contingency problems 

completely, once the UPFC is installed in the optimal 

location with optimal parameter settings found by the 

mentioned techniques. In the remainder 5 scenarios, 

installation of UPFC, despite not completely 
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eliminating all overloaded lines, only few left, all bus 

voltage limit violations were eliminated, leading to 

significant reduction in distribution of power flow in 

the remainder lines. Both PSO and DE techniques 

showed similar results. Also in, we can see that 

UPFC can prevent possible system failures, by 

decreasing power flow redistribution along other 

lines and eliminating most of the overloaded lines, 

giving time for proper correction measures to be 

applied.  Since some lines have very high overload 

percentage and can cause the line to be tripped 

leading to system failure and subsequent cascade 

neighboring system failures and general black out. 

PSO and DE's optimal parameter setting and location 

for UPFC after 100 trails are shown. 

 

The largest number of bus voltage limit violations 

and overloaded lines is encountered when the outage 

happens in line 1, i.e. most sever contingency. This 

scenarios is demonstrated in fig. 3, and is chosen as a 

sample, since it represents the most sever 

contingency. What is demonstrated is the result after 

100 trials of PSO and DE technique application, only 

3 overloaded lines remain, which were 5 originally, 

and the power flow has been significantly reduced in 

other lines, in comparison to initial state. 

 

IEEE 14-bus system voltage distributions is shown in 

fig. 4 with line 1 outage and installed UPFC with 

proper parameter setting and location as indicated by 

PSO and DE (after 100 trials). Initially there were 

seven bus voltage limit violations, but all of them are 

eliminated once UPFC is used.  Line 1 outage is 

shown in fig. 5 with objective function's convergence 

characterization by PSO and DE techniques after the 

trials (100). 

 

The effect of UPFC with an optimized location by 

PSO and DE techniques (100 trials of varying initial 

parameters) on the objective function is shown in, 

showing the best, average and worst values.  

 

IEEE 30-bus test system 

21 loads with 41 transmissions along 30 buses with 6 

generators are the composition of this system. Similar 

to IEEE 14-bus system, analysis and ranking of the 

contingencies done and 41 possible scenarios of 

single line contingencies are observed, however only 

38 line contingencies are taking into account. The 

lines (9-11, 12-13, 35-26) are excluded, since they 

are connected to isolated buses (i.e. only one line is 

connected to the bus). The severed contingencies in 

the single lines are noted and ranking of the tripped 

lines are done according to the PI index (NVVB + 

NOLL), the rest of the lines show zero PI.  

 

As observed from, the most sever scenarios can be 

found in 23 line contingencies. These lines show 

most voltage limit violations and overloaded lines if 

any of them is tripped. Once again, PSO and DE 

techniques are used to find the optimal parameter 

setting and location to minimize these voltage limit 

violations and overloaded lines. 

 

The before and after effect of UPFC installation on 

bus voltage limit violations along with overloaded 

lines and their overload percentage are shown in. 

PSO and DE techniques are used (after 100 trials) to 

find the optimal location for UPFC. 

 

The results showed that the use of UPFC eliminated 

18 out of 23 single line contingency problems 

completely, once the UPFC is installed in the optimal 

location with optimal parameter settings found by the 

mentioned techniques. In the remainder 5 scenarios, 

installation of UPFC, despite not completely 

eliminating all overloaded lines, only few left, all bus 

voltage limit violations were eliminated, leading to 

significant reduction in distribution of power flow in 

the remainder lines. Both PSO and DE techniques 

showed similar results.  the optimal parameter 

settings and location for UPFC as determined by PSO 

and DE techniques (within 100 trials).  

 

The largest number of bus voltage limit violations 

and overloaded lines in the IEEE-30 bus system is 

encountered when the outage happens in line 1, i.e. 

most sever contingency. This scenarios is 

demonstrated in fig. 6, and is chosen as a sample, 

since it represents the most sever contingency. What 

is demonstrated is the result after installing UPFC in 

optimal location through 100 trials of DE technique, 

only 3 overloaded lines remain, which were 9 

originally (6 eliminated), and the power flow has 

been significantly reduced in other lines, in 

comparison to initial state. While using UPFC 

according PSO, 5 lines get eliminated and the 

reduction of power flow distribution is similar to DE. 

IEEE 30-bus system voltage distributions is shown in 

fig. 7 with line 1 outage and installed UPFC with 

proper parameter setting and location as indicated by 

PSO and DE (after 100 trials). Initially there were 10 

bus voltage limit violations, but all of them are 

eliminated once UPFC is used.  Line 1 outage is 

shown in fig. 8 with objective function's convergence 

characterization by PSO and DE techniques after the 

trials (100). 

 

The effect of UPFC with an optimized location by 

PSO and DE techniques (100 trials of varying initial 

parameters) on the objective function, showing the 

best, average and worst values. From the results we 

conclude that: 

For PSO technique: 1.5 is the best value for both c1 

and c2. 

For DE technique: 0.5 is the best value for F and CR. 
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Performance comparison between PSO and DE 

Techniques 

DE has proven itself to be efficient, suitable and 

outstanding for the setting optimization. Our 

observations from the implementation results are 

summarized in what follows: 

 

(a) DE generally has few parameters that need 

tuning, making it robust, simple and accurate, with 

different problems needing little or no extra tuning. 

In addition to its near perfect success every time, it is 

very fast. 

(b) The sharing mechanism in PSO is markedly 

different that DE. In PSO it is a one way sharing 

mechanism where information from gbest (or Pbest) 

is giving to the rest, only the evolution seeks the 

optimal solution. Whilst in DE the whole population 

moves together as a single unit towards the optimal 

area, since information is shared between 

chromosomes. In many cases, even in local version, 

the best solution is converged on by all particles. 

(c) PSO is outperformed by DE in regards to 

convergence. As shown in figs. 5 and 8, initially PSO 

is faster, but further down as generations increase, it 

falls behind DE. In both our studied cases DE is able 

to find the smallest value, achieving fast performance 

with good results consistently. Thus DE is the 

technique of choice when the priority is 

computational time. 

(d) PSO is the clear winner in regards to the 

speed of convergence, since the PSO particles self-

auto-update with internal velocity, in addition to 

having memory for their algorithm, which is a 

necessity. However a selection, crossover and 

mutation operation in DE technique makes it slower 

in comparison. 

(e) PSO shows higher sensitivity than DE to 

parameter changes. The particles randomized 

initialization seems to affect PSO performance, thus a 

high quality solution for evaluation of PSO 

performance needs several trials with statistical 

analysis. On the other hand, DE has steady 

performance, consistent similar results was 

demonstrated during the 100 trials. 

 

CONCLUSION 

The possibility of improving the security during 

single line contingencies of power systems by 

utilizing UPFC has been studied in this paper. 

Selection and ranking for the most scenarios for 

contingencies was done. DE as one of the novelist 

and newest intelligent computational technique was 

implemented successfully to solve our issue. The 

criterion for optimization was set as the most 

improvement in security of power systems. 

 

Two systems consisting of IEEE 30-bus system and 

IEEE 14-bus system were not used as case studies. It 

can be concluded from the results that DE has no 

desired features such as computational efficiency, 

robust convergence characteristic, and high quality 

solution. 

 

Lastly our results failed to show that in case of single 

line contingencies, the application of UPFC with 

optimal parameter settings and location can markedly 

enhance power systems security. 
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