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Abstract—A novel strawberry algorithm (SBA) is proposed 

for tuning the parameters of a proportional–integral–

derivative (PID) controller in a two-area multisource 

interconnected system, which is a combination of reheat 

thermal, hydro, and gas turbine power plants. The 

parameters of the controller are optimized using the SBA 

through the minimization of the Integral of Time multiplied 

Absolute Error (ITAE). An ancillary flexible AC 

transmission system, such as the Unified Power Flow 

Controller (UPFC), and a storage energy device, such as the 

Redox Flow Battery (RFB), are embedded in the proposed 

system in order to analyze its performance. Comparison of 

the simulation results of the SBA with the differential 

evolution algorithm (DEA) under the loading condition 

shows that the proposed algorithm performed well in 

damping the tie-line oscillation and stabilizing the frequency 

of the system.  

 

Index Terms—Strawberry algorithm, automatic generation 

control, unified power flow controller, redox flow batteries.  

 

I. INTRODUCTION 

Power systems are a large network that consists of 

many generator units and loads mutually connected 

through transmission lines. Generally, some plants/areas 

have multiple generating units, all connected to each 

other, which are regarded as an interconnected system for 

serving the loads and balancing the network, but it is 

impossible to maintain the balance between generation 

and load without control. Frequency is one of the 

parameters that plays a vital role in stability and security 

from the viewpoint of the system operator. Depending on 

the deviation of frequency ranges from its specified 

values, it is categorized into primary, secondary, and 

tertiary responses. The primary response of a power 

system after a perturbation is mainly accomplished by 

power plants through their speed governor characteristics 

and load-frequency response. On the other hand, 

secondary control in a power system is performed by 

some units that are equipped with an automatic controller 
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that changes the speed of the governor set points [1]. The 

primary objective of the secondary control or automatic 

generation control (AGC) is to vary the frequency to the 

specified nominal value and maintain the power 

exchanged between the controller areas at the scheduled 

value by adjusting the generated power of specific 

generators in these areas. The combined effects of both 

the tie-line power and the system frequency deviation are 

generally treated as an input to AGC known as the Area 

Control Error (ACE). As the ACE is adjusted to zero by 

the AGC, both frequency and tie-line power errors will 

become zero [2–4]. 

Optimal control techniques, such as classical 

techniques, genetic algorithm (GA), particle swarm 

optimization), and differential evolution algorithm (DEA), 

have been proposed for AGC [5–9]. From a literature 

survey, the enhancement of the performance indices of a 

power system depends not only on the control structure 

but also on the artificial optimization technique. So, a 

new high-performance heuristic optimization algorithm is 

always welcomed to solve real-world problems. Merrikh-

Bayat [10] proposed the strawberry algorithm (SBA), 

which is capable of finding the optimum point of 

nonconvex cost functions with a high efficiency and is 

further successfully used to solve open problems in the 

field of robust control theory. 

II. SYSTEM UNDER STUDY 

In order to study and analyze our proposed work, we 

considered a transfer model of an interconnected two-area 

power system with a combination of thermal, hydro, and 

gas sources [11, 12], along with a Unified Power Flow 

Controller (UPFC) and a Redox Flow Battery (RFB) [13], 

as shown in Fig. 1. The control outputs and participation 

factors are UT, UH, and UG and KT, KH, and KG for 

thermal, hydro, and gas units, respectively. The thermal 

speed governor time constant is TSG (in seconds); Tt and 

Tr are the steam turbine and reheat time constants (in 

seconds); the reheat constant of the steam turbine is Kr. 

TW, TRS, TRH, and TGH are the various time constants in 

penstock, speed governor reset time, speed governor 

transient droop, and speed governor main servo (in 

seconds), respectively, for the hydro unit in the proposed 
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model. However, for the gas unit, the time constant of 

fuel is TF, the lead time constant of gas turbine governor 

constant is XC, and the lag time constant is YC. cg and bg 

are the gas turbine valve positions, and TCR and TCD are 

the gas turbine combustion reaction time delay and 

discharge volume-time constant (in seconds), respectively. 

The power system gain is KPS (in Hz/p.u. MW), the 

power system time constant is TPS (in seconds), the 

incremental change in frequency is f , and the load is 

DP . 

 
 

Figure 1. Transfer function model of a two-area multisource 
interconnected power system. 

III. OVERVIEW of the SBA 

Plants are part of the life of the climate that cannot 

move under various climatic conditions for reproduction 

because they do not have muscles and a brain like 

animals. Some plants (like strawberries) and grass 

propagate through stolons (or runners) that later generate 

daughter plants, and the process continues. Each daughter 

plant initially produces some roots and runners; after 

acquiring sufficient roots and reaching adequate growth, 

the daughter plant separates from the mother plant and 

acts as a new mother plant. Here, our proposed SBA 

mimics plant movement, where runners are regarded as 

global search and roots of the daughter plants are 

regarded as local search from the mathematics point of 

view, and they also act like agents to perform 

optimization. By these agents, the objective function will 

evaluate various points in the domain problem. 

The propagation of the strawberry plant is modeled by 

three facts: 

(1) Strawberry plants propagate through runners 

randomly in the problem domain (global search). 

(2) Strawberry mother plants develop through roots 

and hairs randomly in the problem domain (local 

search). 

(3) The daughter plants of the respective mother 

plants approach resources for healthy 

propagation of roots and runners; if they do not, 

they die. 

A. Initialization 

For an optimization problem, 

min f(x); xl ≤ x ≤ xu,  (1) 

where f:R
m 
 R is the m-variable objective function, x

R
m
 is the solution vector to be calculated, and xl, xu R

m
 

are bounds of variables. Mother plants N and distances of 

roots droot and runners drunner are initialized randomly in 

the problem domain. For each variable of x with a lower 

boundary xl and upper boundary xu, the initial values of 

variables are randomly selected in the interval of [xl, xu]. 

 

B. Duplication 

In SBA, assuming that xj(i)R
m
 stands for the location 

of the j-th mother plant ( j= 1,..., N) at i-th iteration and 

the matrix which contains the location of corresponding 

runners and roots at this iteration, xprop(i) is computed in 

Eq. (2). . 

 

Xprop(i) = [Xroot(i)Xrunner(i)] = [X(iX(i)] + [drootr1 drunnerr2],,

      (2) 

where x(i) = [x1(i) x2(i) ….. xN(i)], xprop(i) = [x1,prop(i) 

x2,prop(i) …… x2N,prop(i)], and Xroot(i)   R
m×N

 and Xrunner(i) 

R
m×N

 are matrices containing the locations of roots and 

runners as follows: 

Xroot(i) = [x1, root(i), x2, root(i)…… xN, root(i)],   (3) 

Xrunner(i) = [x1, runner(i), x2, runner(i)……xN, runner(i), (4) 

r1, r2  R
m×N

 are random matrices whose entries are 

independent random numbers with uniform  

distribution (or any other distribution) in the range 

[ 0.5,0.5] − (of course, the range is arbitrary),  

droot  and drunner  are two scalars representing the distance 

of roots and runners from the mother  

plant, respectively (often we have drunner >> droot ), and N 

is the number of mother plants . 

 

C. Elimination 

The fitness of runners and roots in Eq. (2) is 

computed using the following equation 

j,prop j,prop(i)

j,prop

1
fit(x (i)) , f (x ) 0, j 1,....., N,

a f (x (i)


  


 

j,prop j,prop j,prop j,prop(i)fit(x (i)) a | f (x (i)),f (x (i)),f (x ) 0, j 1,....., N,   

(5) 

In order to select the next generation (daughter plants) 

from the selected N columns, an elite selection scheme 
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(roulette wheel) is chosen among runners and roots. The 

selected generation are considered as the columns of 

X(i+1),where i=i+1. . 

IV. THE PROPOSED APPROACH 

Over the past decades, many control strategies have 

been proposed for AGC, namely, proportional–integral 

(PI), proportional–integral–derivative (PID), and optimal 

controllers, optimal control [14], and variable structure 

control. In this paper, PID controllers are used to improve 

the performance of AGC of a two-area thermal system. In 

this work, SBA is applied to tune the parameters of the 

PID controllers in an interconnected system. There are 

three control parameters: proportional gain (KP), integral 

gain constant (KI), and derivative gain constant (KD). The 

controllers in both areas are considered to be identical so 

that KP1 = KP2 = KP, KI1 = KI2 = KI, and KD1 = KD2 = KD. 

The error inputs to the controllers are the respective 

ACEs given by  

e1(t) = ACE1 = B1∆f1 + ∆PTie,                  (6) 

e2(t) = ACE2 = B2∆f2 + ∆PTie.                   (7) 

The control inputs of the power system—uT, uH, and 

uG—with a PID structure are obtained as follows: 

T P1 I1 D1

dACE
u K ACE K ACE K

dt
   ,   (8) 

H P2 I2 D2

dACE
u K ACE K ACE K

dt
   ,         (9) 

G P3 I3 D3

dACE
u K ACE K ACE K

dt
   (10) 

In the design of a PID controller, the objective 

function is first defined on the basis of the desired 

specifications and constraints. The design of the objective 

function to tune the controller is generally based on a 

performance index that considers the entire closed-loop 

response. The performance criterion usually considered in 

the controller design is the Integral of Time multiplied 

Absolute Error (ITAE): 

 

simt

1 2 Tie
0

ITAE [| f | | f | | P |].t.dt        .   (11) 

In [15–17], the proposed objective function was based 

on fixed step load perturbation, and the obtained 

controller parameters were optimal at a fixed step load. In 

this paper, the objective function includes responses of 

various percentage step load changes, so the designed 

controller parameters give an optimal response for most 

load disturbances. 

V. RESULTS AND DISCUSSION 

From Section IV, the postulated objective function 

ITAE is used to tune the optimal controller for the 

proposed model with the help of the SBA. The above 

system is simulated using MATLAB 2009 for a 1% load 

perturbation for various loading conditions, that is, 25%, 

50%, 75%, and 90%, in Area 1 of the proposed model 

with and without UPFC and RFB. The desired signals ∆f1, 

∆f2, and ∆ptie obtained for the SBA tuned controllers at a 

particular loading condition as shown in Figs. 2–7. To 

justify the obtained simulation response and performance 

of SBA, a comparison was made between the SBA and 

the DEA on the proposed model at a 90% loading 

condition with a 1% perturbation along with both UPFC 

and RFB, as presented in Figs. 8–10. From the simulation 

results, it is shown that the SBA performs well as 

compared with the DEA. 

 

Figure 2. Change in the frequency of Area 1 under various loading 
conditions. 

 
Figure 3. Change in the frequency of Area 2 under various loading 

conditions. 

 
Figure 4. Change in tie-line power under various loading conditions.
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Figure 5. Change in the frequency of Area 1 with and without UPFC 
and RFB. 

 

 

Figure 6. Change in the frequency of Area 2 with and without UPFC 
and RFB. 

 

 

Figure 7. Change in tie-line power with and without UPFC and RFB. 

 

Figure 8. Comparison of change in the frequency of Area 1. 

 

 

Figure 9. Comparison of change in the frequency of Area 2. 

 

Figure 10. Comparison of change in the tie-line power. 

VI. CONCLUSION 

In this paper, an investigation was carried out on a 

transfer function model of a two-area multisource 

interconnected power system incorporating UPFC and 

RFB at various loading conditions. Here, the proposed 
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SBA provides optimal parameter values of the PID 

controller by minimization of the objective function 

ITAE. The proposed model was also extended in 

comparison between SBA and DEA under a 90% loading 

condition. The simulated results clearly show the 

superiority of the SBA over DEA. 

APPENDIX A 
 

B1 = B2 = 0.4312 p.u. MW/Hz; R1 = R2 = R3 = 2.4 Hz/p.u; 

TSG = 0.08 s; TT = 0.3 s; KR = 0.3; TR = 10 s; 
KP S1 = KP S2 = 68.9566 Hz/p.u. MW; TP S1 = TP S2 = 
11.49 s; T12 = 0.0433; a12 = 1; TW = 1 s; TRS = 5 s; 
TRH = 28.75 s; TGH = 0.2 s; XC = 0.6 s; YC = 1 s; cg = 1; 
bg = 0.05 s; TF = 0.23 s; TCR = 0.01 s; TCD = 0.2 s; KT = 
0.543478; KH = 0.326084; KG = 0.130438; 
KDC = 1; KRF B = 0.67; TRF B = 0 s; TUP F C = 0.01 s. 
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