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Abstract Recently, self-healing power systems have
evolved towards centralized instructions and control
functions. This paper delineates the feasibility analysis
of self-healing power systems using Multi-Agent Sys-
tem (MAS) with Superconducting Fault Current Limiter
(SFCL). For a complex power system included various
microgrid, it is conceivably doubtful to expect that cen-
tralizing the aggregate system control function is practical.
Hence, this paper is especially keen on settling on online
decision by using smart microgrid control agents that col-
laborate during normal and fault situations. The control
decision is taken by all agents which are deployed at differ-
ent parts of the circuit. These agents collect their respective
circuit information and send to the main central agent.
Super conducting fault current limiter is an innovative elec-
tric equipment which has the ability to limit peak value of
fault current within the first cycle of the fault current. How-
ever, a scarcity of research regarding the implementation of
SFCL with the multi-agent system in a micro grid is felt.
The centralized MAS with SFCL exposed in this paper help
to support an enabling technology of future self-healing
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power system. Feasibility analysis of the proposed central-
ized MAS with SFCL for self-healing power system has
been done by considering faults in different locations of the
grid.
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Introduction

Smart power system consists interconnection of large num-
ber of distributed generating stations like wind farms to
the existing distribution network leads to the increment of
fault current beyond the capacity of the conventional protec-
tion devices. The fault current having higher magnitude will
damage the equipment connected to the system. Generally,
the conventional protection overcurrent relay operates only
after three to six cycles after the fault. To handle this higher
fault current, system requires replacing the costly substation
equipment or changing the system configuration by split-
ting the power system. The splitting of power system results
decrease in operational flexibility and reduced reliability, so
fault current limiters are an alternate way to reduce the fault
current to a lower acceptable level [1].

Superconducting material that exhibit zero resistance at
super conducting state and high resistance at normal con-
ducting state, is an ideal element for a fault current limiter
and their transition from superconducting state to the normal
conducting state is expected to be very rapid. A super-
conductor operates in superconducting state until a fault
current is detected. Superconducting fault current limiter
utilizes the property of superconducting materials and pro-
vides instantaneous fault current reduction. It is a lengthy
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superconductor wire inserted in series with a transmission
line or distribution feeder to limit peak value of fault cur-
rent by abruptly increasing resistance [2]. Normal operation
of SFCL does not produce any loss as well as voltage drop.
During fault condition SFCL imparts certain amount of
resistance to the system within a few milliseconds, which
results the reduction of peak value of fault currents to levels
acceptable to circuit breakers [3].

In power system context, self-healing covers the fol-
lowing areas: the rapid identification of major as well as
minor problems in power system, mitigating any incompat-
ible effects from casualties and fast recovery of the system
from its faulty state to stable operating state [4]. The two
main stages of the self-healing include the emergency reac-
tion stage and restorative stage. If a fault has been occurred,
first stage detects the fault and then reduces the fault by
isolating the fault portion. These emergency reactions are
automatic or predetermined, however it brings the system
to a safer or less hazardous operating state. Once the sys-
tem recovers from the initial emergency, then the restoration
operation will starts [5]. In restoration operation, a series of
reconfiguration process involves breaker manipulations like
generation start up or shut down. These operations change
the systems operational position for improving the overall
system conditions. Compared to emergency reaction stage,
the restoration stage is longer as well as more complicated
and requires more complex solutions. The quantity of com-
ponents that remain energized is the measure of self-healing
performance [6].

Until now, there have been several research activities
which discusses the fault current issues of smart grid and
super-conducting fault current limiters for smart grid appli-
cations [7, 8]. However the application of superconducting
fault current limiters with multi agent system into a micro

grid not found yet. The solution for increased fault cur-
rent in micro grid by multi agent based SFCL technology
is the main concern of this work. The multi agent system
is selected here for the implementation of SFCL, it is not
possible to use SFCL continuously in the circuit technically
as well as economically [9]. In this paper, performance of
multi agent based SFCL and its effects on system have been
studied by considering typical smart grid model includ-
ing generation, transmission and distribution network with
dispersed energy resource.

The multi agent system is used to detect the abnormal-
ities in the power system (i.e. fault) and sends the control
signal to the circuit breaker which reduces the peakvalue of
fault current by utilizing superconducting fault current lim-
iter. Agents are being deployed in the system and they detect
faults using centralized multi agent planning as shown in
Fig. 1. In centralized multi-agent planning [10] scheme, a
coordinator agent makes plans for individual agent and then
identifies possible inconsistencies and conflicting interac-
tions, like conflicts between agents over limited resources.
The coordinator agent attempts to modify planning of each
agent. The coordinator agent also combines the individuals
planning into a multi-agent planning.

This paper is further structured as follows: Sec-
tions “Modeling of Wind Farm” and “Modeling of Resistive
SFCL” defines modeling of wind farm and details the
modeling of SFCL respectively. Section “Multi-Agent Sys-
tem (MAS)” describes a multi agent system, advantages
of a multi agent system, multi agent system design, agent
platform and proposed multi agent system for the smart
grid. Section ”Simulation Setup” presents the power system
model developed in Matlab including generation, transmis-
sion and distribution with wind farm as the dispersed energy
resource. Section ”Result and Discussion” describes the

Fig. 1 Single line diagram of Power system model designed in Simulink/Sim Power System and interfacing with Agent system
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feasibility study, results and discussion after the success-
ful implementation of the proposed multi agent system for
different faults in the power system.Finally concludes that
a centralized multi agent system with SFCL can give a
self-healing power system.

Modeling of Wind Farm

Doubly-Fed Induction Generators (DFIGs) are one of the
common types of generators used to produce electricity
from wind turbines. DFIG can supply power at constant
voltage and frequency with variable rotor speed [11]. The
power developed by equivalent DFIG model is the sum of
individual powers that developed by identical wind turbines
[12].The DFIG wind farm model for the generation sys-
tem consists of wind speed modules, turbine, drive train and
generation system [13].

Wind Speed Model

The wind speed (Vw) is modeled by combining base wind
speed (Vb), gust wind speed (Vg), ramp wind speed (Vr ),
and noise wind speed (Vn) [14]. The wind speed model for
a single wind turbine is given by Eq. 1.

Vw = Vb + Vg + Vr + Vn (1)

The equivalent wind speed model of the wind farm is the
sum of wind speeds of individual wind turbines i.e.

Vwt = Vw1 + Vw2 + Vw3 + ............. + Vwn (2)

for n individual wind turbines

Wind Turbine Model

For an area of the rotor disk (A), air density (ρ), wind speed
(Vm) and power coefficient (Cp), the mechanical power
extracted from the wind is expressed by the Eq. 3.

Pw = 1

2
ρV 3

wCp (3)

The function dependence on both the tip speed ratio and the
pitch angle of the rotor blades gives the characteristics of
rotor aerodynamics. The ratio between the blade tip speed
and the wind speed is called tip speed ratio [15].

Drive Train System

For the mechanical torque from the wind turbine rotor shaft
(Twt ), mechanical torque from the generator shaft (Tmech),
generator electrical torque (Te), stiffness (Kmech), damping

of mechanical coupling (Dmech) [16], the drive train model
of the turbine is given in Eqs. 4-6.

Tw − Tmech = 2Hr

dωr

dt
(4)

Tmech = Dmech

(
ωr − ωg

) + Kmech

∫ (
ωr − ωg

)
dt (5)

Tmech − Te = 2Hg

dωg

dt
(6)

Generation and Control System

In general, the power converters associated with doubly fed
induction generator comprise the basic components of a
wind power plant. The induction generator which is rotor
wound is modelled using a third order model [17, 18]. This
model considers a reference frame with both the axis (direct
and quadrature) and rotating at synchronous speed with sta-
tors fields peak flux aligned to the direct axis position. The
active and reactive powers are controlled in a decoupled
fashion by a bidirectional power converter connected to the
rotor winding through a DC bus.

The wind turbine is controlled by rotor side converter.
At wind speeds below the rated speed, wind turbine is
driven for maximization of power efficiency and during
wind speeds beyond the rated speed the power of wind tur-
bine is limited to rated power using the drive control through
converter. Apart from wind turbine speed control, both
active and reactive powers are also regulated with respect
to reference values as demanded by power regulation. The
exchange of power to the grid (operating at unity power
factor) from rotor circuit and voltage control is handled by
supply side converter. The active power from DFIG wind
turbine is delivered across the stator winding to the grid. The
power exchange between converter and grid is used to derive
the current source components which are namely direct and
quadrature axis [19].

Modeling of Resistive SFCL

Critical temperature (Tc), critical magnetic field (Hc) and
critical current density (Jc) are the three important factors
which define the superconducting state. These parameters
depend on each other and material. To maintain super con-
ducting state, all these three parameters should be below
their critical value. During fault at least one of these
three critical parameter immediately reaches to its critical
value and superconducting property get vanished, leading to
reduction in current [20, 21].

A resistive SFCL has a simple structure without any
iron core. Resistive SFCL is a lengthy superconductor wire
inserted in series with a transmission line or distribution
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Table 1 Characteristic table of SFCL

Symbol Quantity Value

Tc Critical temperature 1070K

T0 Temperature 770K

Ic0 Critical current in T=Tc 200 A

Rsh Shunt resistance 50 �

Cp Specific heat 2MJm−3K−1

P Cooling power 1000 kW

VSC Volume(flux flow) 8e−3m3

ASC Cross section(flux flow) 3e−5m2

ρf flux flow resistivity 1e−10�m

feeder to limit peak value of fault current instantly by
abruptly increasing the resistance and can also recover to
its normal state after fault suppression without any external
assistance. Thus, the limitation performance is the multi-
sided interaction between the fault current, temperature,
current depended on resistance, variable resistance of HTS
substrate and other specification in the external power sys-
tem[22]. The Table 1 shows the characteristic table of SFCL
which is used for simulation [23].

We can represent the resistive SFCL (Rsfcl) as a function
of different parameters given in Eq. 7.

Rsf cl =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0 if isc ≤ Ic, T < Tc

{
Jc0|J |

[(
T −Tb

Tc−Tb
− 1

)]
+ 1

}
∗

(
ρf J 2

c0Vsc

I
ini2

)

if isc > Ic, T < Tc

ρ
(

T
Tc

) (
Vac

A2
sc

)
if T > Tc

(7)

For the design of superconducting fault current limiter three
states are considered:

1. Superconducting state at temperature and current below
a critical value.

2. Flux state at current above the critical value.
3. Normal conducting state at a temperature above the crit-

ical value. In flux state, the flux resistance depends on
the HTS temperature (T) and the instantaneous value of
current density (J) [23, 24].

The Figs. 2 and 3 respectively show the variation of SFCL
resistance and temperature in the flux flow state.

Multi-Agent System (MAS)

A Multi-Agent System (MAS) is the collection of several
agents interacting with each other. A computational entity
that operates without human intervention (Autonomous),
interacts with each other (sociality), perceives and reacts
to its environment (re-activity) and exhibits goal-oriented
behavior by taking initiatives (pro-activity) is called an
agent [25].

MAS Design

A lot of methodologies are available in the literature for
designing a multi agent system [26–28] but their fundamen-
tals remain the same. Specification and design of MAS have
emerged by extending traditional software engineering and
knowledge engineering approaches. The methodologies are
based on the requirement and knowledge capturing of task,
decomposition of a task, design of ontology followed by
modeling of agent and their interaction. Generally, there are
3 phases in the design of a MAS viz conceptualization, anal-
ysis and design. The problem to be solved is specified in
the conceptualization phase, analyzed in the analysis phase
and the results of the analysis phase are used to produce the
agent’s communications strategy.

Fig. 2 Variation of SFCL resistance in flux flow state
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Fig. 3 Variation of SFCL temperature in flux flow state

In the design process, the output from each stage is used
in the subsequent stages. This methodology begins with sys-
tem requirement specification and capturing of knowledge
to fulfill those requirements. During task decomposition
stage, the specified requirement and captured knowledge are
transformed in to a hierarchy of tasks and sub tasks. Next
stage is designing the vocabulary of agent communication
called ontology. Modeling of agent uses the task hierarchy
and ontology to identify a group of autonomous agents with
the abilities to carry out the tasks. The outcome of this stage
is a set of agents and specific tasks that the agents should
perform. After the agent modeling, the agent interaction
must be determined.

Agent Platform

The Agent Management System (AMS) is the entity which
exerts supervisory control over access to and use of the
Agent Platform. The agent management system provides
white-page and life-cycle services, maintaining a directory
of agent identifiers (AID) and agent state. Each agent must
register with an AMS in order to get a valid AID. The
default yellow page is provided by an agent called Direc-
tory Facilitator (DFs).The software component controlling
all the exchange of messages within the platform, including
messages to/from remote platforms is called the message
transport system.

Proposed Multi Agent System

This paper uses Java Agent Development Framework
(JADE) software [29] for implementation of the MAS.
JADE is a middleware that exchanges data between
Simulink and Java agents. JADE assists the development of
multi-agent systems in abidance with FIFA (Foundation for

Intelligent Physical Agent) [30]. JADE provides a collab-
orative environment to design multi-agent systems. Agents
may be created on different platforms i.e. computers, but
they have to register on a single central AMS (Agent
Management System), which keeps track of all addresses.
Similarly, all agents register their services to a single central
DF (directory facilitator). DF maps service descriptions to
agent identifiers and allows an agent to add/modify/delete
information for them [31, 32].

Figure 4 shows the schematic diagram for implementa-
tion of the SFCL with MAS. As soon as the MAS starts, all
agents register at AMS and DF agent. All agents share their
information about network with agent coordinator. Agent
Coordinator combines this shared information and accord-
ingly detects the fault and sends out a control signal to the
circuit breaker.

In JADE, the FIFA-ACL defines the library for commu-
nication. Every message has performance associated with
it that defines the message communication act. We have
used “Inform” type of messages in which the sender informs
the receiver that given proposition is true. On the basis of
intention, we have divided our messaging system in four
categories.

1. Messages from Agent Coordinator: In a centralized
system, agent coordinator takes partial plans of each
coordinator and then merges their information to take a
decision about the signal that is to be sent to the control
box.

2. Messages by Agents: These messages are generated by
all registered agents for AMS agent. Once, all agents get
their relative information, they send back their decision
to agent coordinator. These agents deliver their changes
to other relevant agents with same registered service at
DF as well.
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Fig. 4 Schematic diagram of SFCL with MAS

3. Data Amend Message: This message is aired by
agents once they stop getting further information from
Simulink.

4. Shutting Down: This message is sent by an agent coor-
dinator to an agent once the requirement of that agent
vanishes. After getting this message, agent deregisters
themselves from JADE DF (directory facilitator). This
deregistration needs to be done manually otherwise a
copy of agents services would remain in the directory
facilitator.

On the basis of agent behavior, we can classify agents in
two categories. One is the central agent i.e. agent coordi-
nator that takes cumulative action by summing up effect of
each agent and the others are the peripheral agents which
perform a partial task.

Sniffer Agent is a debugger tool of JADE that is used
to document the conversation between agents as shown in
Fig. 5. Firstly, Agent Coordinator (Simulink Agent) pass as
information of the circuit to all other agents exists in the
system. Agent1 and Agent2 communicate and send the cir-
cuit information i.e. current values back to agent coordinator
which would further pass its decision signal to the circuit
breaker.

Simulation Setup

Matlab/Simulink/ Sim-Power System is selected for the
design and implementation of the SFCL model. A com-
plete smart grid power network including generation, trans-
mission and distribution with dispersed energy resources
(Wind Farm) is also implemented in it. S-function in Mat-
lab is utilized to interact with JADE. Simulink/ Sim-Power
System has a number of advantages over its contemporary
simulation software (like EMTP and PSPICE) due to its

open architecture, a powerful graphical user interface and
versatile analysis and graphics tools [33].

Power System Model

Figure 1 show the power system model which is designed
and developed in Simulink/SimPowerSystem with multi
agent integration. The power system model comprises a
conventional 100MVA power plant composed of a 3-phase
synchronous machine linked with a 200km long 154kV

Fig. 5 Sniffer agent diagram of MAS
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Fig. 6 Control signal Send by MAS to CB1

distributed-parameters transmission lines through a step-
up transformer TR1. At the substation (TR3), voltage is
stepped down from 154 kV to 22.9 kV. Industrial load (6
MW) and domestic loads each of 1 MW are being sup-
plied by distinct distribution networks. The dispersed energy
resource (Wind Farm) is directly connected with the branch
network through transformer TR2 and is providing power to
the domestic loads.

Artificial faults at different locations and the locations of
the SFCL are indicated in Fig. 1. The SFCL is located (in all
the three phases) in such a way that under normal condition
the circuit breaker (CB 1) is closed and circuit breaker (CB
2) is open and during fault condition the circuit breaker (CB
1) will open and circuit breaker (CB 2) will close by using
proposed multi agent system. Three phase to ground faults
are marked as distribution grid fault, transmission line fault
and customer grid fault. In Fig. 1 S-function is controlled
by the JADE agent and these S-function [34, 35] acts as an
interface between JADE and Matlab-Simulink.

Result and Discussion

The performance of multi agent based SFCL is analyzed for
three phase lines to ground fault at distribution grid, trans-
mission line and customer grid as in shown in Fig. 1.Three
phase fault has been simulated for a period of 0.26 seconds

Fig. 7 Control signal Send by MAS to CB2

Fig. 8 Fault current from wind farm with and without SFCL in case
of fault in distribution grid

to 0.30 seconds, that is the fault occurs at 0.26 second and
cleared at 0.30 second.

During normal condition i.e. up to 0.26 seconds CB1 of
the Fig. 1 is remain closed as the signal 1 send by MAS like
in Fig. 6. and after 0.26 second fault occurs, at this instant

Fig. 9 Three phase Fault current and voltage from wind farm without
SFCL in case of fault in distribution grid



3 Page 8 of 12 Technol Econ Smart Grids Sustain Energy (2016) 1: 3

Fig. 10 Three phase Fault Current and voltage from wind farm with
SFCL in case of fault in distribution grid

MAS send a signal 0 to CB1 to open CB1 as in Fig. 6 and
at the same instant signal 1 to CB2 as in Fig. 7 to close and
put SFCL in action as in Fig. 1. After 0.3 second faults get
cleared and system comes to normal condition by sending
control signals by MAS as in Figs. 6 and 7 to close CB1 and

Fig. 11 Fault current from wind farm with and without SFCL in case
of fault in transmission line

open CB2 to remove super conducting fault current limiter
from action.

Distribution Grid Fault

Distribution grid fault is comparatively a large fault as it
occurred in the high voltage side of the distribution network.
Figure 8 shows the fault current from the wind farm with-
out and with the implementation of multi agent based SFCL
respectively in case of fault in the distribution grid. Figure 8
shows that without the implementation of multi-agent sys-
tem, peakvalue of fault current increases to 1985A and with
the successful implementation of MAS it is observed that
there is reduction in the peakvalue of fault current from
1985A to 1634A. Under normal condition circuit breaker,
CB 1 is closed and normal current flows through the entire
power network. When a fault occurs in the power sys-
tem, the fault current always flows towards fault point i.e.
fault current starts flowing from the wind farm to the fault
occurring point and damage the equipment connected to
the system. In proposed MAS, agent 1 always monitors the
system for detecting faulty condition.

The agents in proposed MAS has been selected in such
a way that if agent 1 senses a fault it passes information to
the agent 2. The purpose of agent 2 is decision making and
sending control signals back to agent 1 that is representing

Fig. 12 Three phase Fault current and voltage fromwind farm without
SFCL in case of fault in Transmission line
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Fig. 13 Three phase Fault Current and voltage from wind farm with
SFCL in case of fault in Transmission line

Simulink to reduce the peak value of fault current. During
fault, agent 2 sends a control signal 0 to the CB 1 and control
signal 1 to CB 2.By getting the respective control signals to
the circuit breakers, the CB 1 opens and CB2 is closed and
hence SFCL action comes in to the picture. Now the entire

Fig. 14 Fault current from wind farm with and without SFCL in case
of fault in customer grid

fault current is flowing through the SFCL so the successful
reduction in peak value of fault current is observed in Fig. 8.

Figures 9 and 10 shows the three phase current and
voltage from the wind farm without and with the imple-
mentation of multi agent based SFCL in case of fault in
the distribution grid. From Figs. 9 and 10, it is observed
that there is a successful improvement in voltage profile and
peak value of fault current reduction as marked in Fig. 10
with the effect of multi agent based SFCL. The artificial dis-
tribution grid fault has been created for time 0.26 to 0.3 i.e.
for 0.04 seconds as shown in Fig. 9.In Fig. 10, peakvalue
of fault current reductions and voltage profile improvement
are observed in less than 0.01 seconds peakvalue of fault
current with the inclusion of fault detection time 0.0025
second. i.e. at time 0.27. The advantage of SFCLs with
multi agent system includes automatic over current sens-
ing, automatic recovery and faster over current limiting
operations that are supposed to be the unique countermea-
sures to solve the drawbacks. These draw-backs could not
be overcome by the conventionally developed fault current
limiter.

Transmission Line Fault

Transmission line fault rarely occurs which results in a
very high intensity fault current. Figure 11 shows the fault

Fig. 15 Fault current from wind farm without SFCL in case of fault
in customer grid
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Fig. 16 Three phase Fault current and voltage from wind farm with
SFCL in case of fault in Customer Grid

current from the wind farm without and with the implemen-
tation of multi agent based SFCL respectively in case of
fault in the transmission line. In Fig. 11, without the imple-
mentation of multi-agent system the peak value of fault
current increases to 2240A and with the successful imple-
mentation of MAS it is observed that there is a complete
reduction in peak value of fault current. Also current pro-
file is improved with a peek of 1670A. In this case also
agent 1 monitors the system for detecting faulty condition
or note by sensing the current in the power network. Once
a fault is detected by the agent 1, the proposed multi- agent
SFCL system works as explained in section ”Distribution
Grid Fault” and put SFCL in action and reduce the peak
value of fault current. The artificial transmission line fault
has been created for the time 0.26 to 0.3 i.e. for 0.04 sec-
onds but the fault is persisting for some time more (up to
0.31) as shown in Fig. 12 because the transmission line fault
has been created near the wind farm. In Fig. 13, peak value
of fault current reductions and voltage profile improvement
are observed in less than 0.01 seconds i.e. at time 0.27.

Figures 12 and 13 shows the three phase current and
voltage from the wind farm without and with the imple-
mentation of multi agent based SFCL respectively in case
of fault in transmission line. From Figs. 12 and 13, it is
observed that there is a successful and almost complete

improvement of voltage profile and peak value of fault
current reduction as marked in Fig. 13 with the effect of
multi agent based SFCL. Furthermore, SFCLs with pro-
posed multi agent system can be used to recover some
restriction such as voltage sag and stable improvement of
the system.

Customer Grid Fault

In Fig. 14, without the implementation of multi-agent sys-
tem the peak value of fault current increases to 1687 A and
with the successful implementation of MAS it is observed
that there is a complete reduction in peak value of fault
current to 1589A after first fault current cycle. The SFCL
system works as explained in section “Distribution Grid
Fault” and puts SFCL in action. Now the entire fault cur-
rent is flowing through the SFCL which reduces the peak
value of fault current. The artificial customer grid fault
has been created for time 0.26 to 0.3 i.e. for 0.04 sec-
onds as shown in Fig. 15. Peak value of fault current
reduction and voltage profile improvement are observed
in less than 0.01 seconds i.e at time 0.27 as shown in
Fig. 16 after successful the implementation of multi agent
based SFCL. The SFCLs essentially use the properties
of the superconducting material affected by the presence
of an excessive current by having an increase in resis-
tance. This limitation of the current beyond the predeter-
mined value can be achieved in all the cases. From the
results shown in above sections, SFCL can reduce the Volt-
Ampere rating by limiting the excessive current in the
event of a fault and improve the transient stability of the
system.

Conclusion

For emerging smart grids, the attribution of self-healing is
very important. In this paper, multi agent framework with
superconducting fault current limiter has been discussed,
which facilitate self-healing for a power system. Several
recent self-healing approaches have been included in this
discussion. Agent protocols have been developed and sim-
ulated a micro grid Multi Agent System. The simulation
results demonstrates performance during a casualty requir-
ing self-healing and the same has been implemented. The
power system self-healing is difficult, here the case is made
for combining multi-agent control with superconducting
fault current limiter to this end. By considering three phase
to ground faults at different locations, a feasible analysis
has been done with the help of proposed multi agent system
based SFCL. From the analysis it is observed that successful
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Table 2 Effect of MAS based SFCL for different types of fault

Diffrent types of fault Current without Current with Voltage without Voltage with No: Cycles to compensate No: Cycles to

SFCL(A) SFCL(A) SFCL(kV) SFCL(kV) without SFCL compensate with SFCL

Distribution grid fault 1985 1634 5.5 7.7 3 1

Transmission line fault 2240 1670 0 7.7 3 1

Customer grid fault 1687 1589 6.4 7.7 3 1

reduction in peak value of fault current and improvement of
voltage profile is achieved for all types of fault in the power
system and is given in Table 2. The simulation results are
included to validate this analysis and also to show that the
proposed multi-agent based SFCL system takes 0.01 sec-
ond to self-heal the system after occurring outage. Thus the
above said system is feasible for all types of faults in the
power system. Future work of this study will include the
improvement of efficacy in data processing step like missing
values from any agent?. Several methods like Mean or mode
substitution, Regression substitution, Hot deck imputation
and KNN imputation have been purposed.
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