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Abstract— The Power System consists of Power System
Generation, Power System Transmission, Power System
Distribution and Power System Utilization. Power System
plays a vital role in human’s daily lives .Power system has
great influences and global impact on how the world
operates. For the good performance of the Power System
Some control operation are needed at every part. In an
Interrelated Electrical System, the load variation occurs,
Frequency and tie-line power interchange exhibit a great
dissimilarity , in order to get the objective of variance in
Electrical frequency and tie-line power flow to zero ,a
complementary control action which is used to achieve
selected generating units this control action is callled
Automatic Generation control .This paper presents Power
system analysis, control and methodology for comparing the
response at various load values and illuminate the
effectiveness of Proportional-integral derivative controller
and get results on MATLAB/Simulink and analyze the
system stability and system Control.

Keywords: Automatic Generation Control AGC, PID
Controller, Interconnected Power System, Load Frequency
Control

I. INTRODUCTION

Several integrated power systems include Lines. One
Automatic Generation Controller in each field(AGC) track
flows of system frequencies and connected lines; Calculates
the net shift to the appropriate generation (generally Area
Control Error -ACE) and adjusts setting Generator positions
inside the region to maintain the The ACE time average at a
low value.[1]Keeps Area Error Management (ACE) equal to
zero. ACE is the term used to describe the frequency and tie
line deviations as a linear combination given by
ACEi Y4 DPtie j—k p BiDfi 61p ).
where suffix i, j represent areas (i=1,2,3and j =
1, 2, k =2 (for k —j), 3) and Bi (bias factor of area i) = bi
(area frequency response characteristics (AFRC) of area
i).[6]

The frequency should remain nearly constant for
adequate operation of the power system. The controller
should remain in service
1) Level at specified value
2) Net capacity of interchange with neighbouring areas at

expected values [2] Researchers have formulated many

methods for LFC of power systems over the past
decades. A stable, decentralized LFC control system
design approach was built using unique structure value

[3] Literature survey shows that several researchers

have used numerous heuristic optimization techniques

in the past to tackle the AGC problem. The challenges
in AGC are not only the design of a robust controller
but also the efficient optimization of its corresponding
parameters for optimal solution. [4].Several classical
controller structures have been introduced such as
Integral (1), Proportional Integral (PI), Integral

Derivative (ID), PID and Integral Double Derivative
(IDD), and their efficiency has been compared for the
AGC framework[5] In state-of-the-art literature ,
various control strategies for AGC power systems such
as two-layer active disturbance rejection control,
optimal control, variable structure control and sliding
mode control have been introduced to improve the
transient response of AGC systems[8] Due to its
growing complexity, the power system is becoming
more complex every day. And Renewable Energy
Integration (RESs). RES penetration is due to
decreasing traditional sources of energy and its negative
environmental impact. RESs, on the other hand, are
abundant in nature, do less harm to the environment
and, therefore, improve their energy conversion ability.
Wind and solar energy are more prevalent across all
RESs in power system studies .[7]The survey consists
of both single-area and multi-area power systems and
different traditional power system control methods and
Modern soft computing techniques that can be applied
to approach load frequency. [9]] the interconnection
mechanism between power systems has gained
considerable attention nowadays as it improves the
efficiency of the systems. The principal target of
interconnection the sharing of power between the
networks is They compensate for the deficiency in any
area during generation. Load frequency control ( LFC)
plays a key role in the Interconnected power grid, as
zero frequency is achieved Power deviation (dFi) and
zero tie line deviation (dPtie) in Charge disruptions
event [10]

Il. RESEARCH METHODOLOGY

A. Introduction

Methodology adopted to realise the study proposed Targets.
Incorporate the proposed automatic generation managed
PID Controller. Two-area device model technique in
MATLAB/ Simulink, checking its Efficiency. Efficiency.
Compare the performance of AGC with and without the PID
controller proposed for Related load instances.

B. MATLAB/Simulink Software

In MATLAB/Simulink software, model the automatic
generation control of two area system with and without PID
controller and test its output. MATLAB is used to construct
the model of automatic control over generation. Control of
two area model. MATLAB software is modified regularly
and for this study, MATLAB 2015a is used.

C. General Block Diagram of Automatic Double Control
Generation Zone Method

The general block diagram for automatic two area system
control is shown in figure2.3
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Block diagram is composed of various components
such as generator, governor, turbine and PID controller.
Generator purpose is to transform mechanical power to
electric power. Turbine purpose is to turn the steam power
into mechanical power. Governor purpose is to maintain
generator speed at different variations in load.

D. Automatic Generation Control Design for Two Area
Device in Simulink / MATLAB

Figure shows the MATLAB / Simulink model of automatic
generation control for two area system without PID and with
PID controller

o [T
m oo I = -
e e Pl el | 1l 4 | == s .,_J
| | = wat
L o T | ES T L e
= . (Ve (N
et #Vuat
s
— S — et I =]
= k-4 L """
@ -
I 1
P2 k. :] lxa L.
-1 j—x p
i T O v B P~ l-—~—
N E - -
S | 5 | #

MATLAB/Simulink model of AGC of two area system
without PID controller
MATLAB/Simulink model of AGC of two area
system with PID controller. The model includes charging
and inertia transfer feature, turbine transfer Function,
transfer function of the governor, transfer function of the
PID controller, sum blocks, Mux blocks and different
frequency and power waveform scopes displayed. In the
following sections the brief summary of these components is
given:
1) Inertia and Load
This block is taken from blocks which are widely used by
MATLAB / Simulink. The Change Fcn block models a

linear system by Laplace-domain transfer function S vector.
The block can model Single-Input (SISO) and Single-Input
Multiple Performance Mechanisms (SIMO). Loading and
inertial parameters, load and Blocks taken in model are
inertia2 and governor2 and demand load change (DPL)
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Change of load demand

2) Turbine

This block is taken from blocks which are widely used by
MATLAB / Simulink. The Change Fcn block models a
linear structure by Laplace-domain transfer function S
vector. The block can model single-input multiple output
(SISO) and single-input (SIMO) systems. Figure below
shows the parameters of turbinel and turbine2 blocks taken
in model
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3) Governor

This block is taken from blocks which are commonly used
by MATLAB / Simulink. The Transfer Fcn block models a
linear system through the Laplace-domain variable s transfer
function. The block can model single-input multiple output
(SISO) and single-input (SIMO) systems. Figure below
shows the parameters of Governor 1 and Governor 2 blocks
taken in model

(t) ()
Parameters of (i) governorl (ii) governor2
4) Sum Block
It is used to execute addition or subtraction operations on its
inputs. This block may add or subtract inputs from scalar,
vector, or matrix. There's an opportunity to attach the
procedure signs that need to be completed. Two area system
without controller are used in AGC with ten sum blocks and
are called from suml to suml0, as shown in figure.
Similarly, 12 blocks of sums are used in AGC of Two area
system with PID controller and called from suml to sum12
as shown in figure. The parameters are all the sum blocks
used in the model are identical so that the sum2 block of two
area system AGC is shown in figure below.
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Fig. 1: Sum block (i) Main (ii) Signal attributes

5) Gain Block
The Gain block multiplies the input by a (gain) constant.
Input and gain can be a scalar, vector, or matrix to each. In
Gain parameter, we specify the value of the gain
(multiplier). The parameter Multiplication allows us to
specify multiplication in element-wise or matrix. It asks
about matrix multiplication

Matrix-order. Total 5 used blocks in this model are
named as base Pml, base Pm2, base Pm12, base F1 and
base F2. In this model gain is set as 1000 and 60
respectively in the case of power and frequency in order to
convert the change in power and frequency in pu into their
actual values. Figure below shows the parameters set as
1000 and 60 for the power and frequency of base Pm1 and
base F1 respectively used in the model
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6) Constant Block
It creates a true or complex value of the constant. There are
four constant blocks in this model, from which two blocks
(reference Pm1 and reference Pm2) are used to enter the
reference power and two remaining constant blocks
(reference F1 and reference F2) are used to enter the
reference velocity values. Figure below shows the
parameters for the block used
in the model.
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Parameters of constant block (i) Pm1 (ii)

7) Mux Block

The Mux block incorporates its inputs into one continuous
output vector. An input can be a vector signal or a scalar
signal. Both inputs must be of the same type of data and
type numeric. The vector output signal elements take their
order from top to bottom, or from left to right, input port
signals The Mux block combines its inputs into a single
output of vectors. An input can be a vector signal or a scalar
signal. All entries must be of the Same sort and numerical
form of data. The vector output signal elements take their
order from top to bottom, or the input port signals from left
to right. This model called Mux and Mux1 uses two mux
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blocks (Mux and Mux1). Mux and Muxl have 2 and 3
inputs and their parameters are shown in fig below
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8) Scope Block
It is used to show simulation time for input signals w.r.t. It
does not sell just Signal display also has the ability to scale,
auto axis scaling and various other uses with buttons in the
toolbar. Different scopes are used here in the model to
demonstrate the several signals of the simulation results.
The scope block parameters are shown in figure below
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a) PID Controller Block

This block is used for the implementation of a PID
controller where parameters for the terms Proportional,
Integral and Derivative are entered. P is dependent on the
present error, | is dependent on the accumulation of past
errors and D is a forecast of potential errors based on current
change rate. The weighted sum of the three acts sets the

Through the control element method. In this model
called PID controllerl, PID controller2 and PID controller3,
as shown in figure, there are three PID controllers. The PID
controller parameters used in the model are shown in figures
below
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I1l. SYSTEM IMPLEMENTATION

To ensure that the PID controller is effectively implemented
in the two area power system. Using Simulink the overall
power device generation is modelled with the controller.
The designed PID controller is tuned to mitigate the problem
of load frequency control by returning the device to its
nominal frequency in as short a time as possible. To analyse
successfully the power shared by each region of two area
system connected by tie line, the system is tested using the
following parameters on a common base of 1000 MVA as
shown in Table

System parameters Area | Area 2
Spead regulaton RI1=005 R2=0.0625
I requency sensitive load | DI=06 D2=09Y
| coefficient
Inertin constant HI=5 H2=4
Base power 1OOOMVA HNOMVA
| Governor time constant | Tg)=0 2se¢ Te2=0 3sec
Turbine time constant TH1=0 Ssec T12=0 bscc
{ Synchromzng coellcwent "[T:fr_;_[‘ppu

IVV. SIMULATION RESULTS AND DISCUSSIONS

A. Introduction

The main contribution of the proposed research as it deals
with the results and discussions for the automatic generation
control of two area systems with and without the use of PID
controllers in different load cases ranging from 100 MW to
250 MW The PID controller's output is compared in each
case without the use of PID to demonstrate its effectiveness.

B. Case Studies

In many cases and at different loads on the power plant, the
governors' response is tested. Table 4.1 displays various
cases for different loads in order to analyse the Governors'
substantial response.
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Case Studies Description

CASE NO:01 When load is suddenly increased by 100 MW
CASENO:02 | When load is suddenly increased by 187.5 MW
CASE NO:03 | When load is suddenly increased by 250 MW

Table 3.2: Case studies

C. SIMULATION RESULTS

3.1 Case 01: When load is suddenly increased by 100 MW
Both generators run at base load of 1000 MW of their
capacity and a load of 100 MW is added all of a sudden. As
frequency increases the load will decrease. Frequency does
not revert to its original value (60 Hz), as seen in figure 3.1
below.
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Fig. 3.1: Frequency response of G1 and G2 without using
PID controller

From figure 3.3.1 it is observed that the frequency
of both generators indicates a steady state error of -0.16 Hz.
Therefore, because the frequency is not restored, generator 1
shares a load of 53.3487 MW so that the total load on
generator 1 is 1053.3487 because it is already charged by
1000 MW and generator 2 shares a load of 42.65 MW so
that the total load on generator 2 is 1042.65 because it is
already charged by 1000MW
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Fig. 3.2: Power shared by G1 and G2 without using
PID controller

The parameters of generator 1 and generator 2 for
case 1 without using PID controller are shown in table 3.2

Parameter Gl Gl

Power shared S3 4R MW 42 6516 MW
Total load 1053 3487 MW 142 6516 MW
Power overshoot 1120 MW 10258 MW
Tie bise power flow 9549478 MW

Time taken by power 20 sec

Time taken by requency 25 se¢

Freguency SO.84 Hz

Frequency Steady state errar | 016

Frequency undershoot 5$9.5734 Hz ] 59 88 Hz

Table 3.2: The parameters of generator 1 and generator 2 for
case 1 without using PID controller

It is observed from the figure that a load shared by
both areas is 96 MW which is less than 100 MW in 4 MW.
It means the entire load is not shared by both areas due to
frequency difference of -0.3 Hz, there is a shift of 4
MW.This frequency deviation can be rendered zero by having
PID controller in consultation with their respective governors,
as shown in the figure 3.3 below
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Fig. 3.3: Frequency response of G1 and G2 using PID
controller

In the presence of the PID controller as the
frequency is thus restored, the power shared by generator 1
is 55.56 MW so that the total load on generator 1 will be
1055.56 MW as it is already charged by 1000 MW and the
power shared by generator 2 is 44.43 MW as it is already
charged by 1000 MW, so that the total load on generator 2
will be 1044.43 MW as shown in figure3.4 below.
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Fig. 3.4: power shared by G1 and G2 with PID controller
In above figure it is observed that the whole power
(100 MW) is shared by generator 1 and generator 2.
Overshoots are also reduced due to PID controller
connection with governor.
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Parameter Gl G2
Power shared S55654 MW 4443 MW
Towl load 1055 5654 MW 1044 43 MW
[Power overshoot 107722 MW 059,82 MW
Tie line power flow 1000 MW
[ Time ken by power 135 sec
Time taken by frequency 5.5 sec
Frequency 60 Hz
Frequency Steady state omror Elimanated
[T requency undershoot 508635 Hz I 59847 Hz

Table 3.3: The parameters of generator 1 and generator 2 for
case 1 using PID controller

Case 02: When load is suddenly increased by 187.5 MW
The two generators operate at a base load of 1000 MW of
their capacity and a load of 187.5 MW is added all of a
sudden. As frequency increases the load will decrease.
Frequency does not restore to its original value (60 Hz), as
shown in figure 3.5 below.
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Fig. 3.5: Frequency response of G1 and G2 without using
PID controller

From figure3.5 a steady state error of -0.3 Hz is
observed in Both generator frequencies. As frequency is not
restored then generator 1 share power of 100 MW so total
load on generator 1 will be 1100.028 MW because generator
1 is already charged by 1000 MW and generator 2 share
power of 79.18 MW so total load on generator 2 will be
1079.18 MW as shown in figure3.6
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Fig. 3.6: Power shared by G1 and G2 without using PID
controller
The parameters of generator 1 and generator 2 for
case 2 without using PID controller are shown in table 4.4

Parsmeter Gl G2

Power shared 100 025 MW 798 MW
Toml load 1100.028 MW 107918 MW
Power overshoot 122392 MW 11048 4 MW
Tie line power flow 915 5 MW

lﬁ'hc t;nkbcAn ?{\ pr-u.:r 20) sex

lime taken by frequency 25 sex

Frequency 59.7 He

Frequency Steady state emror 0.3

Frequency undershoot 592 Hz 15979 Hz

Table 4.4: The parameters of generator 1 and generator 2 for
case 2 without PID controller

It is observed from the figure that a load shared by
both areas is 180 MW which is less than 187.5 MW at 7.5
MW. This means that the entire load is not shared by the
two areas due to a frequency difference of -0.3 Hz, there is a
shift of 7.5 MW. This frequency deviation can be rendered
zero by including the PID controller in consultation with
their respective governors, as well as minimising
undershoots due to presence of PID Controller
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Fig. 3.7: Frequency response of G1 and G2 using PID
controller

In the presence of the PID controller as the
frequency is thus restored, the power shared by generator 1
is 103.9144 MW, so the total load on generator 1 is
1103.9144 MW since it is already charged by 1000 MW and
the power shared by generator 2 is 83.0798 MW because it
is already charged by 1000 MW, so the total load on

generator 2 is 1083.798 MW as shown in figure 3.8 below.
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Fig. 3.8: Power shared by G1 and G2 using PID controller
In figure 3.8 above it is shown that all the power
(187.5) is shared by Generator 1 and the 2. Overshoots are
often reduced due to link with the governor by PID
controller. Table 3.5 displays generator 1 and generator 2
parameters for case 2 using PID controller
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Parameter Gl G2 Parameter Gl G2

Power shared 1039157 MW 83 079MW Power shared 1333718 MW 106,629 MW
Total load [ 11039757 MW 1083.079MW Total load 11333718 MW 1106.629 MW
Pawer overshoot | 14431 MW HI2MW Power overshoot 1298 56 MW 1064.54 MW
Tie line power flow ‘ 1000 MW Tie line power flow 9155 MW

Time taken by power ; 3.5 sec “Time taken by power 20 sex

Time taken by frequency | 5.5 sec Time taken by frequency 25 sec
Frequency | 60 Hz Frequency 59.6 Hz

Frequency Steady state eror ; Elrmnated Frequency Steady state eoor | -0.4

Frequeacy undershoot ‘ 59.75 Hz I 597157 Hz Frequency undershoot 5893 Hz l 5972 e

Table 3.5: The parameters of generator 1 and generator 2 for
case 2 using PID controller

Case 03: When load is suddenly increased by 250 MW

The two generators run at a base load of 1000 MW
of their capacity and a load of 250 MW is added all of a
sudden. As frequency increases the load will decrease.
Frequency shall not be restored to its original value (60 Hz),
as shown in figure 4.9 below.
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Fig. 3.9: Frequency response of G1 and G2 without using
PID controller

From figure 3.9 a steady state error of -0.4 Hz is
observed in Both generator frequencies. As frequency is not
restored thus generator 1 share power of 133.37 MW so total
load on generator 1 will be 1133.37 MW because generator
1 is already charged by 1000 MW and generator 2 share
power of 106 MW so total load on generator 2 will be
1106.629 MW as shown in figure 2
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Fig. 3.10: Power shared by G1 and G2 without using PID
controller

The parameters of generator 1 and generator 2 for case 3
without using PID controller are shown in table3.6

Table 3.6: The parameters of generator 1 and generator 2 for
case 3 without using PID controller

It is observed from figure 3.10 that the power
shared by both generators is 240 MW which is less than 250
MW by 10 MW. This means that the entire load is not
shared by the two areas due to a frequency difference of -0.4
Hz, there is a shift of 10 MW. This frequency deviation can
be rendered zero with PID controller included in Feedback
with their respective governors and sub-shoots is also
reduced due to PID controller presence as shown in Figure
3.11
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Fig. 3.11: Frequency response of G1 and G2 using PID
controller

In the presence of the PID controller as the
frequency is thus restored, the power shared by generator 1
is 138.92 MW so the total load on generator 1 is 1138.92
MW since it is already charged by 1000 MW and the power
shared by generator 2 is 111.070 MW because it is already
charged by 1000 MW, so the total load on generator 2 is
1111.070 MW as shown in figure 3.12
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Fig. 3.12: Power shared by G1 and G2 with PID controller

In figure 3.12 above it is shown that the entire
power (250 MW) is shared by Generator 1 and G2.
Overshoots are often reduced due to link with the governor
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by PID controller. Table34.7 displays the parameters for
generator 1 and generator 2 for case 3 using PID controller.

(Parameter Gl G2

Power shared 138.92 MW 111,070 MW

Fotal load 1138.92 MW 1111070 MW
“Power overshoot 192.96 MW 114974 MW
Tie line power flow 11000 MW

Fime ken by power 1S see

Fime taken by froquency 5.5sec

Frequency 60 Hz

Frequency Swady  stase | Eliminated

e

I t’«\].h'm'\ undershoot 59.66 11z 15'.' 61 Hz

V. CONCLUSION AND FUTURE WORK

A. Conclusions

The network of the Power System consists of three major
parts: generation of power systems, transmission of power
systems and distribution of power systems. Some control
operations are needed at each station for the satisfactory and
continuity operation of these Systems. In an integrated
power system , the power system is subjected to local
variations in random magnitudes and durations resulting in
variations in the frequency and interchange of the tie-line
power. To achieve the task of controlling system electrical
frequency error and tie-line power flow deviation to zero, a
supplementary control action that adjustments the selected
load reference setpoints This testing process is called
Automatic Generation Control (AGC).AGC 's function is to
divide the loads between the machine, the station and the
container. Generator to achieve optimum efficiency and
accurate control of the scheduled tie-line power interchanges
while preserving a consistent level of reasonability uniform
frequency Two Area Power System AGC control using PID
controller for power exchange and frequency control.
MATLAB / SIMULINK software version 2015a has
developed the test system composed of two area power
systems. The PID controller response has been checked for
different variations in power ranging from 100 MW to 250
MW.

The simulation results of two-area-system PID
controller dependent AGC on different load variations
showed that PID controller took shorter settling time and
less frequency undershoot. Thus, from the above results it
can be inferred that PID controller based AGC provides
efficient power sharing and better frequency control for two
area power system.

B. Future work

A PID controller automatic generation control scheme gives
Better response in the world ahead compared to popular
governor and IP in Governor feedback but this can also be
improved by using the following control techniques:

1) Use AGC for 3 field framework

2) By using whimsical controls

3) By using controls based on neurostats

4) By using fuzzy based controllers
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