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Abstract - AC transmission systems suffer from 

several disadvantages such as flow of reactive power 

and difficulty in controlling both power flow and 

stability. Although the initial investment cost for HVDC 

transmission systems is high, its controllability allows 

the overcoming of these inherent limitations of AC 

transmission systems. The HVDC transmission systems 

also enhance the stability of the AC transmission 

systems they are connected to. They also allow 

interconnection of AC transmission systems with 

differing system frequencies. When interconnecting 

power systems, the short circuit capacity of the AC 

transmission systems will not increase. Moreover HVDC 

link is effective for frequency control and improves the 

stability of the system using fast load flow control. The 

importance of AC–DC transmission systems regarding 

improvement of stability has been subject to much 

research. In this paper, a methodology for the optimal 

active power controller design using the Gravitational 

Search Algorithm (GSA) is proposed to improve the 

transient stability of AC–DC transmission systems after 

faults. The proposed method is verified using computer 

simulation. The results show that the application of GSA 

tuned controller in AC–DC transmission systems will 

improve the transient stability. 

 

Key Words: HVDC, GSA, VSC Control System. 

 
1. INTRODUCTION 
 
In contrast to line-commutated HVDC transmission 
system, the polarity of the DC link voltage remains the 
same with the DC current being reversed to change the 
direction of power flow. The principal characteristic of 
VSC-HVDC transmission system is its ability to 
independently control the reactive and real power flow at 

each of the AC systems to which it is connected. Power 
system controllers based on modern controllers theory [1, 
2, and 3] show better performances to the dynamic 
disturbances than conventional controllers. However the 
practical application of modern control theory in real 
HVDC system is difficult because of it is a highly nonlinear 
system depending on ignition angle of converter and AC 
system voltage. Different researchers used different 
methods in this field. Huang and Krishnaswamy in [4] 
discuss the impact of HVDC on Power System Stability and 
propose a control mechanism to augment the system angle 
stability. Chung in [5] present new techniques for fast 
transient stability of power system embedded HVDC based 
on corrected transient energy function approach. Gjerde et 
al [6] used HVDC and FACTS components for enhancement 
the power system stability. Hammad [7] analyzed stability 
of HVDC and AC lines in parallel. Anderson et al [8] 
improved voltage stability in power systems with HVDC 
converters. Hammad et al [9] and Liu et al [10] analyzed 
active and reactive power controls in AC-DC systems. 
Nosaka et al [11] did simulation studies on control and 
protection scheme of hybrid multi-terminal HVDC 
systems. 

 
2. SIMULATED NETWORK 
 
VSC-HVDC transmission system shown on Fig. 1 
represents a 200 MVA, with +/- 100 kV. AC systems are 
modeled by damped R-L equivalents with an angle of 80 
degrees at 50 Hz. The VSC converters are three level 
bridge blocks using close to ideal switching device model 
of IGBT. VSC Control system contains three parts as follow: 

a) Outer Active and Reactive Power and Voltage 
Loop 

b) Inner Current  
c) DC Voltage Balance Control  
All parts have been explained in [4, 9, and 10].  
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Fig -1: Simulated Network. 

3. Gravitational Search Algorithm 

Gravitational Search Algorithm (GSA) is one of the recently 
developed evolutionary algorithms which are based on the law 
of gravity. In GSA, agents are considered as objects and their 
performances are measured by their masses [13]. Each mass 
represents a solution and every object attracts the other objects 
by the gravity force. Hence, with respect to the law of motion, 
objects try to move towards the heavier objects as it is illustrated 
in Fig. 2. The heavier masses represent good solutions and they 
move slower than the lighter ones representing worse solutions.  

 
Fig -2: Total force acting on an object and its acceleration. 

Two well known equations are used in GSA. The first one is the 
gravitational force equation between the two particles, which is 
directly proportional to their masses and inversely proportional 
to the square of distance between them [13]: 
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In the algorithm R is used instead of R2 since the authors of [13] 
reported that this case provided better results. The second one is 
the equation of acceleration of a particle when a force is applied 
to it. 
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Gravitational constant value is proportional to the ratio of the 
initial time with respect to the actual time as shown in (3). G(t0) 

in (3) is the value of the gravitational constant at the initial time. 
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Active gravitational mass, passive gravitational mass, and 
inertial mass are defined in physics. Active gravitational force is 
a measure of the strength of the gravitational field due to a 
particular object [13]. Passive gravitational force is a measure of 
the strength of an object’s interaction with the gravitational field 
[13]. Steps of GSA can be given as follows: 

1) Initialize gravitational constant G. Decide the number of 
agents, N, to use in GSA.  

2) Initialize the positions of a system with N masses as follows. 
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(4) 

 

where, d

ix represents the initial position of the ith mass in the 

d th dimension. 

3) Decrease gravitational constant according to the following 
equation. 
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where α is a user specified constant, T is the total number of 
iterations (time steps), and t is the current iteration. 

4) Evaluate the fitness of each object. Calculate the gravitational 
and inertial masses by using the following equations. 
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In (6), ( )ifitness t represents the fitness value of the ith mass 

at time t, worst(t) and best(t) are the minimum value of the all 
fitness values and maximum value of the all fitness values for a 
minimization problem respectively. For maximization problems 
the opposite of this expression applies. 

5) Compute the force acting on mass i from mass j at time t as 
shown below. 

 

where, ajM is the active gravitational mass of object j, piM is the 

passive gravitational mass of object i, G(t) is the gravitational 
constant at time t,   is a small constant, Rij is the Euclidean 

distance between two objects i and j. 

 6) Compute the total force that acts on object i in dimension d as 
follows. 

where d

irand is a random number between 0 and 1, and Kbest is 

the set of first K objects with the best fitness value and biggest 
mass. 

7)  Find the acceleration of object i in dth dimension. 
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8) Compute the velocity and the position of the object for time t 
+ 1 by using the following equations. 
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where irand is a random number between 0 and 1. 

9) If the norm of two consecutive best values of xi is smaller than 
a specified tolerance value, or the best values don’t change for a 
specified number of iterations stop, otherwise go to step 3. GSA 
parameters are set according to Table. 1 and fitness function is 
shown as following equation 
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where: 

P = Active Power 

KS = Number of Step Time 
 
 Table -1: GSA Parameters. 

  0G  Iteration N 

20 100 50 20 

 
 
4. SIMULATION RESULTS 

 In order to check work controller and rationalization good work 
in damp of active power swing a three phase fault with fault 
resistance of  0.001Ω with 50 Msec duration is applied to AC 
system (Fig. 1) at t = 2 sec. Results are shown in figs. 3, 4. Fig. 3 
shows the minimum fitness function in each iteration. Fig. 4 
shows power swing for optimal controller and conventional 
controller. 
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Fig -3: Minimum fitness functions in each iteration with 

GSA algorithm. 
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Fig -4: Power swing for optimal controller and 

conventional controller. 
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5. Comparison with Bees Algorithm 

To verify the effectiveness of the GSA algorithm in handling this 
problem, i.e. design of an optimal active power controller, the 
obtained results are compared with the results provided by the 
Bees Algorithm (BA) [14]. In the current application, the 
population and iterations of the Bees are considered equal to the 
population and iterations of GSA, i.e. 20 and 50, respectively 
(Bees parameters are set according to Table. 2). Comparing this 
result, i.e. minimum value of fitness function in each iteration, 
with Fig. 5 indicates that GSA converges to the better global 
optimum solution than the BA. Table. 3 compares GSA and BA in 
terms of best fitness function. 

 
Table -2: Bees Parameters [14]. 
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Fig -5: Minimum fitness functions in each iteration with 

Bees Algorithm. 

Table -3: Compression of GSA and BA. 

Algorithm 
Optimal power control 

coefficient 

Fitness 

function 

GSA [8.6322, 0, 0.6889] 2.3643 

BA [76.0557, 0.0621, 29.9995] 2.40769 

 
6. CONCLUSION 

In this paper a method for design controller of active power of 
VSC-HVDC line based on GSA for improving stability of system 
during fault condition introduced. The effect of this method on a 
typical network is simulated and results show that design of 
controller by proposed algorithm will work properly. The 
results are compared with those provided by the Bees 
Algorithm. This comparison (for this case) study testifies that 
GSA converges to the better global optimum solution than the 
BA. 
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