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Abstract 

This article suggests using adaptive 

model predictive control, or AMC, to 

manage the load frequency of a stand-

alone microgrid connected to a two-

area interconnected power system. In 

order to forecast the future output and 

control inputs for the microgrid 

frequency control, a generalized state-

space model of a typical stand-alone 

microgrid with controllable and 

uncontrollable generating power 

sources is developed. The primary goal 

is to find solutions for frequency 

deviation issues related to load 

disturbance and changes in system 

characteristics Investigations are being 

conducted on how changes in system 

characteristics affect the effectiveness 

of frequency control in a stand-alone 

microgrid. For the various scenarios 

taken into consideration, the closed-

loop response produced by the 

suggested AMPC has shown to be more 

responsive and flexible. Additionally, it 

is investigated how resilient AMPC is to 

changes in the system parameters. 

Furthermore, the effects of a few 

physical limitations on the power 

system's dynamic performance—such 

as the dead band (DB) for steam 

turbines, the reheat turbine (RT), the 

time delay (TD), and the generation 

rate constraint (GRC)—were 

examined. The simulation results of the 

suggested model showed that the 

suggested AMPC approach 

outperformed the MPC control 

technique and had strong dynamic 

response and robustness in addition to 

optimal performance.  

Keywords— Adaptive, load frequency 

control (LFC), microgrid, renewable, 

robustness and physical constraints. 

I. INTRODUCTION 

 
Sustaining the intended quality and 
continuity of the electrical supply is one 
of the objectives of the power system 
utility [1]. As long as the generation and 
consumption of electrical energy are in 
balance, the power system is assumed to 
be in a state of continuous equilibrium. 
The primary goal of automatic 
generation control (AGC) in an 
interconnected power system is to lessen 
the variance in the transient response in 
the region frequency, tie-line power 
exchange. To offset the steady-state 
inaccuracy brought on by primary 
frequency regulation, AGC was created. 
For large-scale stability in multi-area 
power networks, frequency is an 
important stability requirement [2] As 
the penetration level of renewable 
distribution production increases, the 
load frequency control (LFC) problem 
of a multi-area linked power system 
with a stand-alone microgrid becomes 
more difficult due to the major 
challenges of unpredictability and 
uncertainty [2]. Therefore, the frequency 
controller needs to be carefully and 
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suitably developed in order to guarantee 
the stability of the standalone microgrid. 
More critically, more focus is needed on 
the load frequency control for microgrid 
operations in the distribution network, 
especially for the microgrid's off-grid 
remote operation. As a result, the 
microgrid's low inertia, converter-based, 
intermittent generation of distributed 
energy resources that are renewable 
present serious issues. 
 
greater critically, greater focus is needed 
on the load frequency management for 
microgrid operations in the distribution 
network, especially for the microgrid's 
off-grid remote operation.  
 
As a result, the microgrid's low inertia, 
intermittent, converter-based renewable 
distributed energy resource generation 
presents serious issues. Because of this, 
it necessitates the use of sophisticated 
control strategies to guarantee a steady 
supply to loads and further minimize the 
system's frequency deviation [3]. In 
autonomous microgrid operation, 
frequency and voltage regulation within 
designated nominal values is a crucial 
component for dependable system 
functioning and has gotten enough 
attention. The purpose of the battery 
energy storage system (BESS) in the 
standalone micro-grid (MG) system with 
secondary frequency control is to 
improve the performance of frequency 
control.  
 
 

II. DYNAMIC SYSTEM 

MODELING FOR THE UNDER 

STUDY MICROGRID 

 
An example of an integrated power 
system with two areas in Fig. 1, where 
control area 2 is made up of a thermal 
RT system, TD, DB, and GRC, and 
control area 1 is a multirenewable 
energy-based microgrid (PV generation 
system, fuel cell, wind turbine system, 
and battery). Furthermore, the 
governor's linearized models, thermal 
with RT, PV system, wind turbine 
system, fuel cell system, battery storage 
system, and UPFC connected, as well as 

the ac–dc tie line, were employed in the 
study's simulation of the transfer 
function model, as seen in Fig. 1. The 
control area 2 units' contributions to the 
nominal loading are determined by their 
respective regulatory parameters, R, and 
participation factor, Kt. Two control 
strategies are examined in this study to 
evaluate their control abilities in the 
reduction ofACE of the areas under 
control is almost zero. Therefore, it is 
essential to incorporate physical 
limitations in the dynamic model in 
order to gain a comprehensive 
understanding of the AGC problem. 
model of the system to offer a power 
system that is more useful. 
As a result, several of the generating 
units have certain crucial physical limits, 
such TD, GRC, and DB for the governor 
and steam turbines, and these nonlinear 
features have frequently been 
disregarded in some publications [29]. 
As a result, this article includes some 
physical limitations to make up for this 
flaw in the suggested model. Further 
more enhancing the power system's 
dynamic performance is the UPFC, a 
transmission system that belongs to the 
flexible alternating currents transmission 
systems (FACTS) family, which is used 
in series with a tie line. 
 

 
 
Fig. 1 Simulink Model of transfer 

function for an autonomous microgrid 
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based on two areas and multiple 

renewable energy sources 

 

 

 

 

 
  
where Ptie(t) is the overall tie-line 
power change in this system, P2(t), 
P3(t), and P4(t) are the PV power 
changes, and PPV1(t) is the PV power 
change. 
 
the reheater, steam turbine, and 
governor power changes, in that order. 
The frequency variations of area 1 and 
area 2 are denoted by F1(t) and F2(t), 
respectively; the control actions of area 
1 and area 2 are represented by PC1(t) 
and PC2(t), respectively; the load 
changes are denoted by PL1(t), PL2(t), 
and PL3(t); the frequency bias factor is 
represented by B; and the regulatory 
parameter is represented by R 
(Hz/p.u.MW). The nomenclature section 
contains a list of various parameters and 
their definitions. 

 

III. MPC Controller Architecture 

Based on Adaptive Mode To apply 

MPC based on adaptive in this study 

 
For the control system's nominal 
operating conditions, we created a 
traditional model predictive controller. 
Next, over the course of the prediction 
horizon, the plant models and the 
nominal conditions that the MPC 
controller uses are updated [32]. In 
addition, an AMPC algorithm is 
employed to automatically adjust the 
weights of various targets based on the 
system's current condition. The basic 
idea of the suggested method is to create 
a system dynamic Thus, by minimizing 
the weighted sum of squares, a rolling 
optimization of the control signal is 
implemented based on the cost function. 
 
square future control values and 
anticipated mistakes [31], [33]. 
Theoretically, the expanded discrete-
time state-space model is reformed as 
per (17) and (18) [25] by establishing an 
extended state vector Z(k) = (x(k)y(k − 
1))T.  
          

 
 
and u1(t), in that order. The following is 
an estimate of the predicted output value 
y(k + p|k) at the kth sampling time: 
where M denotes the control horizon 
and P the prediction horizon. The 
following equation [34] is used to 
estimate the predictive output vector YP 
(k): 
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Furthermore, a conventional constrained 
MPC problem is used to design the 
optimal LFC problem of a multi-area 
power system with the penetration of 
renewable energy sources [31]. 
 
 

 
 
Furthermore, a conventional constrained 
MPC problem is used to design the 
optimal LFC problem of a multi-area 
power system with the penetration of 
renewable energy sources [31]. 
 

 
 
The control signal's limitations, outputs, 
and control signal change are expressed 
as follows, depending on the operation's 
system performance [34]. 

 
where umin and umax are the lower and 
upper bounds, and Q and R are the 
weighting vectors to balance the 
performance of squared anticipated 
errors and squared future control values. 
 
ymin and ymax are the lower and upper 
bounds, respectively, of the increment of 
the control signal vector <= u(k). 
the system's output, which is y(k). To 
find the values of Q and R, similar 
empirical criteria and trial and error 
methods can be used. The control 
signal's ideal sequence 
When the constraints indicated in (24) 
are taken into account, the solution of 
equation (23) provides over the horizon 
Nc. The control law u(k) is obtained by 
the following equations in accordance 

with the gradient descent approach, that 
is, (d J (k)/U(k)) = 0. [31] 
 

 
 
(AMPC) for the LFC problem of a 
multi-area linked power system 
using renewable energy sources. 
based on the analysis presented 
above. Additionally, Fig. 3 displays 
the flowchart of the suggested 
control strategy used in this 
investigation. 
 

 

Fig.2 Block schematic of an AMPC 

control strategy for the 

investigated optimal LFC problem 

 

IV. UPFC MODELING USED IN 

THE SUGGESTED SYSTEM 

MODEL 
 

The last ten years have seen a steady 
and quick advancement in power 
electronics, which has made FACTS 
a viable idea for power system 
applications. Therefore, power flow 
in long transmission lines may be 
more flexibly managed with the 
implementation of FACTS 
technology.  
One of the most adaptable devices in 
the FACTS family, the UPFC can 
control power flow in the 
transmission line, reduce oscillation 
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in the system, improve transient 
stability, and sustain voltage. 
Because the two-area power system 
with a UPFC is connected in series 
with a tie line, the tie-line power is 
guaranteed to be dampened by 
oscillations [1].  
 

 

V. SIMULATION RESULTS AND 

DISCUSSIONS 

The simulation results and explanations 
of several situations of the LFC problem 
in a two-area stand-alone microgrid with 
renewable sources are presented in this 
part. Thus, in order to illustrate the 
efficacy of the suggested AMPC 
scheme, we examined several scenarios, 
including changes to the system. 
parameters, load, and generation.  
Simulink/MATLAB is used to simulate 
the two-area multisource power network 
with renewable energy sources that is 
depicted in Figure 1. 
  
Because power systems are becoming 
more complicated in a deregulated 
environment, communication delays 
provide a significant difficulty in the 
investigation of LFC problems. These 
physical limitations are part of the 
system model to make the analysis of 
the suggested model more realistic.  

The following are the parameters of the 
simulation system: 
 

 

 

 

 

 

 

 The schematic depiction of the 
system under investigation is 
displayed in Fig. 3. Comparison 
based on robustness, optimum 
performance, robust dynamic 
response, and the superiority of the  
 
Examined is the suggested AMPC 
approach in relation to the MPC 
control technique. In order to 
evaluate the resilience and dynamic 
reactivity of the AMPC-based 
secondary frequency control, a 
number of scenarios are run while 
taking the system uncertainties into 
account. Additionally, by looking at 
the MG system, the dynamic 
reactions of both controllers are 
evaluated under load change and 
wind power changes.  
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Fig.3 Isolated microgrid with two areas of 

renewable sources and UPFC 

 

 

 

Table 1 PROPOSED CONTROL 

SCHEME AND ADDITIONAL 

EVOLUTIONARY ALGORITHMS 

FOR PARAMETERS 
 

 

Table 1 shows the various parameters 
setting of AMPC and MPC control 
techniques. 

 Case 1a and 1b : Variation in Step Load 
and Dynamic System Reaction 
In this instance, the microgrid's dynamic 
system reaction the load is assessed 
using series step adjustments. The load 
modifications are applied with a rise in 
PL value. As seen in Fig. 4(a), the load 
connects to the stand-alone microgrid 
system at 5 s with an amount of 0.02 
p.u. (2% step increase in load with ac tie 
line), which causes the frequency to 
decrease. Furthermore, the ESS's 
secondary frequency control, which 

produces more active power, allows the 
microgrid frequency to return to its 
nominal value.  
Fig. 4(b) makes it clear that the AMPC 
control approach produced better control 
performance for the microgrid frequency 
than the MPC control technique. When 
AMPC is used, the frequency response 
is improved and quicker, and the 
overshoot is much lower as compared to 
the MPC method. When the controller is 
not included, the thermal system's 
dynamic transient response and optimal 
controller parameter values are impacted 
by physical restrictions (nonlinear 
characteristics), which leads to increased 
oscillations.  
The integral of time multiplied square    
error, the integral of time multiplied 
absolute value of the error, the integral 
of the absolute value of the error, and 
the integral of square error are the 
performance indices (Criteria) used in 
this study.  
 

 
 

 

Journal of Engineering Sciences Vol 15 Issue 04,2024

ISSN:0377-9254 jespublication.com Page 505



7 

 

 

 
 
Fig.4 System's dynamic reaction to a 2% 

step increase in load using an ac tie-line: 

(a) Disturbance in load. (b) The frequency 

deviation of Area 1. 

(c) Frequency variation in Area 2. (c) 

Variation in tie-line power 

 

 
 

 
 

 
 

 
 

Fig.5 System's dynamic reaction with an 

ac-dc tie-line to a 2% step increase in 

load: (a) Disturbance in load (b) The 

frequency deviation of Area 1. (c) The 

frequency deviation of Area 2. (d) Power 

variation of the tie-line. 
Table 2 A COMPARISON OF 

THE CONTROL TECHNIQUES' 

SYSTEM PERFORMANCE 

USING THE PERFORMANCE 

INDICES IN CASE 1-A 

 

 
 
 

Table 3 A COMPARISON OF 

THE CONTROL TECHNIQUES' 

SYSTEM PERFORMANCE 

USING THE PERFORMANCE 

INDICES IN CASE 1-B 
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CONCLUSION 

 
This research proposes an 

adaptive AMPC approach for load 
frequency control in a two-area linked 
power system that leverages renewable 
energy sources in order to achieve 
optimal system performance. Both the 
ac tie line and the ac–dc tie line are 
treated with the UPFC. The effect of 
parametric uncertainty on the 
performance of the control techniques 
has been investigated in this study. The 
acquired findings unequivocally show 
that compared to the traditional MPC 
control approach, the AMPC control 
technique is more resilient against 
system uncertainties. Furthermore, 
AMPC-based microgrid frequency 
regulation responds quicker than MPC-
based frequency management. 
Additionally, because renewable energy 
sources (solar and wind power) are 
widely used, the AMPC-based 
frequency management maintains the 
microgrid frequency within the allowed 
frequency deviation range. The 
recommended AMPC controller 
outperformed the conventional MPC in 
terms of performance indices and 
dynamic response performance, 
according to the examination of four 
scenarios. The recommended controller 
further shown its superiority even in the 
face of tangible limitations like DB, TD, 
and GRC.The impact of the UPFC 
linked in series with the tie line on the 
system's dynamic performance was 
examined. As a result, there was a 
noticeable improvement in both the 

performance indices and the dynamic 
reaction performance. 
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