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Abstract- The configuration of a power distribution system
can be altered by changing the status of switches on the feeders.
When a fault occurred on a distribution system feeder, the
faulted section is isolated by opening the switches adjacent to the
fault. When the fault is isolated, the system is reconfigured so the
outage areas due to the fault can be re-energized. In this paper, a
BDI (Believe-Desire-Intension)-based multi-agent architecture is
proposed. The agents can response to the changes of the
environment and take necessary conversation with other agents
to reach the final goal, supplying services to all de-energized
customers. These agents act independently but co-operatively.
Decision tree is used in the proposed agent architecture for
making restoration plan. Decision trees are built during the
restoration process based on the fault location and load
conditions through communications between agents. By using
the decision tree, a more robust decision can be achieved by
agents. Simulation results show that the proposed BDI-Based
agent architecture is capable of proposing adequate restoration
plan as expected.

Index Terms- Distribution Systems, Intelligent Agent, Service
Restoration

1. INTRODUCTION

OST of the systems developed in the past decades that

are used to solve power distribution system problems
are centralized computation system. Many research results
have been proposed [1-5]. In this paper, distributed intelligent
agent architecture is proposed in order to develop the power
distribution service restoration planner. Based on the decision
trees developed on the fly in an agent, the proposed agent
architecture is able to proposed adequate service restoration
plan following the occurrence of a fault. Also, the agents will
act autonomously and interact to each other after the fault in
order to start the service restoration task. Each agent stores
only local topological information. When it is necessary,
agents will communicate with adjacent agents in order to
acquire necessary information for decision on service
restoration. By storing only local information, the
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communication bandwidth can be reduced. Furthermore, no
information synchronization is needed since the information
stored in each agent are local information.

The proposed intelligent agent architecture not only can
perform group restoration, a better zone restoration plan can
also be identified by utilizing the restoration decision tree.
Since agents are running in parallel, the zone restoration
process can be performed simultaneously to improve the
a fault. A restoration leader agent will be identified first by
exchanging the information after a fault has occurred. This
agent will initiate the necessary communication and try to find
an adequate restoration plan based on the acquired topology
and loading conditions. The leader agent is also responsible of
making restoration plan based on received information.

II. BDI

AGENTS

Multi agent system (MAS) is a new research field in
artificial intelligent field. The main reason of highly interest
by researchers in this field is that MAS is capable of acting
autonomously. If the decision cannot be made due to
insufficient information, communication between agents may
be performed in order to accomplish a common goal.

In this paper, BDI agent architecture is used in order to
implement a distribution feeder service restoration planner.
The internal state of a BDI agent can be represented by a
specific structure. Each BDI agent contains four main
components: Belief and Knowledge, Desires and Goals,
Intension, and Plans or Obligations [3-7]. The structure of
such a system is shown in Fig. 1.
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Fig. 1. Typical BDI Agent Architecture

The four parts of a BDI-agent are described as followings:

1. Belief: This portion represents the status of available
information to the agent. The information includes:
environment status, internal knowledge, etc.

2. Desires: The goal that agents are designed to be
accomplished. The goal may be stimulated by the
environment.

3. Intentions: The actions that the agent needs to take in
order to reach the goal.

4. Plans: The set of all possible plans that may be used by
the intensions to reach the goal. The plans may contain
knowledge, rules, procedures, etc.

The core of a BDI agent is the interpreter. The interpreter
will update the beliefs based on acquired information retrieved
from the environment or the information passed from other
agents. Desires will be chosen from the desire set based on the
beliefs. An adequate plan is chosen based on the beliefs. The

plan is executed in order to accomplish the designed intentions.

The interaction between agents will be carried on continuously
until the global goal is reached.

In this paper, the load currents, status of switches and
feeder available capacity are considered as environment
information. Based on the cognition of the environment
changes, the beliefs of agents will be changed. This will
trigger the operation of communication between agents in
order to find an adequate plan to reach the pre-defined goal.
The plan may be updated due to the responses from other
agents during the problem solving process. In the proposed
restoration planner, two types of agents that are used in the
proposed architecture are adapted from [13].

Feeder Agent: A feeder agent is designed to keep track of
the available capacity of the feeder. The feeder agents will
response to any request from other agents. It does not make
any decision during the restoration process.

Switch Agent: The switch agent is designed to monitor the
status of the switch it is located at. It also keeps track of
downstream load currents. The switch agents can response to
the requests from other switch agents. It is also capable of
initiating the restoration task when it detects an occurrence of

a fault. The switch agents can also change the status of the
switch when it receives a request from other agents.

Two types of relationship exist in the proposed Intelligent
Agent Architecture. 1) Each feeder agent has only one
adjacent switch agent; 2) Each switch agent may have more
than one adjacent agents. Agents can only communicate with
adjacent agents. These adjacent agents are called “neighbor”
in this paper. For those non-adjacent agents, the messages
have to be relayed from adjacent agents.

III. AGENT RESTORATION MECHANISM

Since the program installed in each agent is the same, each
agent is capable of initiating a restoration process. The
execution of restoration task is triggered by the fault detection
mechanism of agents. The restoration flow chart is shown in
Fig. 2. The restoration process is divided into several stages
and is described as followings:

Stage 1) Elect a restoration leader agent.

Rule: When a fault occurs, the status of the switches adjacent
to the faulted section will be marked as “LOCKED_OPEN”.
When the agents installed in these switches detect the change
of the status, a query is send to its source side agent. If the
source side switch agent responses with “LOCKED_OPEN”,
the agent that sent the query becomes the restoration leader
agent. If the source side switch agent does not response with
the status of “LOCKED_OPEN”, the agent that sent the query
will stop acting.

Explanation: When a fault occurred and identified by agents
adjacent to the fault, identification of restoration leader agent
task starts. In this step, the agents are trying to identify the
restoration leader agent by exchanging the information. The
restoration leader agent is responsible of constructing a
decision tree and making an adequate restoration plan based
on the retrieved information from other agents. For example,
suppose a fault occurred between SWA and SWB in the
system shown in Fig. 3. The status of these two switches is set
to “LOCKED_OPEN” respectively. Messages will be sent
from SWB and SWA to their source side agent. In this case,
SWB will be the restoration leader agent. If the fault is
surrounded by more than two switch agents, the message
exchanged will be more complex. For the case shown in Fig. 4,
messages will be sent from SWB, SWD and SWA to their
source side agent. Since the source of SWB and SWD is
SWA and SWA has the status of “LOCKED_ OPEN”, both
SWB and SWD agents become restoration leader agents. In
this case, these two restoration agents will start performing
restoration plan independently.

Stage 2) Identify outage area and all tie switches within
outage area.

Rule: The restoration leader agent starts searching the tie
switches located within the outage area by sending query to
the download stream switch agents. When an agent receives
the query, it responses the topology and loading information to
the leader agent. If the status of this switch agent is not open,
the query is also passed to the downstream switch agents.
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Fig. 2. Agent Restoration Flow
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Explanation: The first task to be performed by the restoration
leader agent is to identify the outage area, the topology and all
switches (including tie switches) within the outage area. In Fig.
5, restoration leader agent, SWB, sends a query to the
downstream switch agents, SWC. Since the status of SWC is
not open, SWC will pass the topology and load information to
the leader agent, SWB. SWC also passes the query to its
downstream agent, SWD. The query is continued until a tie
switch or the terminal of the feeder is reached. In Fig. 6, when
a tie switch is queried, it responses its identity to the
restoration leader agents. If a switch agent has more than one
downstream switch agents, the query is passed to these
downstream switch agents. A special message is also send to
the leader agent that a branch has been identified. By doing so,
the leader agent knows how many branches exist at its
downstream side. For example shown in Fig. 7, agent SWF
not only sends the query (T3) to its downstream agents, SWB
and SWD, it also send a special message (T2) to the leader
agent that a branch with two downstream switch agents has
been identified. When SWH and SWE send their identities to
the leader agent, SWA knows that the search has finished.
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Stage 3) Identify available capacity of all adjacent feeders.
Rule: the agent located at the tie switch found in step2 will
retrieve the available capacity for the feeder it connects.

Explanation: The agent located at the tie switches found in
step 2 will send feeder capacity query message to it source
side agent. If the received agent is a feeder agent, it will
response with the available capacity to the tie switch agent. If
the received agent is a switch agent, it will pass the query to
its source side until a feeder agent is reached.
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Stage 4) Restoration leader agent builds restoration
decision tree and start restoration process.
Rule: If any adjacent feeder has enough capacity to pick-up all
loads in the outage area, the leader agent performs group
restoration. Otherwise, a restoration decision tree needs to be

built by the leader agent.

Explanation: Two conditions will be checked for the
restoration decision in this step.

Conditionl): Group Restoration

When the available capacity of all adjacent feeders is retrieved,
the leader agent compares the load current within the outage
area and the available capacity of all adjacent feeders. If any
adjacent feeder has enough capacity to pickup all loads within
the outage area, group restoration is performed.



Condition 2): Zone Restoration

If none of adjacent feeder has enough capacity to pickup all
loads within outage area, zone restoration is needed.
Restoration decision tree will be built by the leader agent. The
following steps are used by the leader agent to build the
restoration decision tree and identify the restoration switch
plan.

Stepl): Based on retrieved information, a switch agent

relation table is built.

Each node of the restoration decision tree contains

the combinations of adjacent zones within the outage

area. The node in the decision tree contains the zone
identifications, loads of each zone and source side
switch of each zone.

Step 3): If the combined zone found in step 2) does not
connect to any tie switch, this combined zone is
removed from the decision tree.

Step 4): Starts from the node with largest value in decent
order; compare the load value of a node with a
availability of the feeder adjacent to the combined
zones associated with the node.

Step 5): If the total load current associated with a node has
lower value then the available capacity of any
adjacent feeder to this node, then the tie switch
associated with this node is considered a switch plan.
The decision tree and available capacity of the feeder
is updated.

Step 6): If some zones are still not in service, go to step 4 and
search a new switch plan. If all feeders have lower
available capacities, the search is terminated.

Step2):

A sample system shown in Fig. 9 is used to explain the
building process of decision tree and application of decision
tree for service restoration. Suppose a fault occurred between
SWA and SWB. SWRB is elected as a restoration leader agent
based on Stage 1) described in Sec. 3. SWB will send queries
to its downstream agents, SWD and SWE. The queries will be
passed to downstream further by switch agents until a tie-
switch or a terminal is reached. In this example, SWC and
SWF will response as tie switches to the leader agent, SWB.
The leader agent will ask these two tie switch agents to
identify the available capacity of adjacent feeders. FDB and
FDC will response their available capacities as 130 and 100
respectively to the leader agent, SWB. Based on the received
information from all downstream switch agents, the outage
zones and accumulated loads can be obtained.

In this example, the loads in each of the outage zone are:
75(SWB), 40(SWG), 30(SWD) and 25 (SWG). The switch id
shown inside the parenthesis is the source side switch of the
zone. The agent relation table can be constructed as shown in
Table 1. The combinations of zones and associated switches
are identified as followings: 75+30 (SWB, SWD), 75+40
(SWB, SWE), 40+25 (SWE, SWG), 75+40+25 (SWB, SWE,
SWG) and 75+30+40+25 (SWB, SWD, SWE, SWG). Since
no tie switch adjacent to the combination associated with

4

nodes, 75(SWB), 40 (SWE) and 75+40(SWB, SWE), these
combinations are removed. The restoration decision tree and
feeder available capacity decision tree can be constructed as
shown in Fig. 10 and Fig. 11 respectively. The switch relation
table of the decision tree is shown in Table II. The search
starts from the largest node in the restoration decision tree and
compare the values in feeder available capacity decision tree.
It is found that the wvalue, 105, in node-3 of restoration
decision tree is smaller than the value, 130, of node-1 in feeder
available capacity decision tree. From the agent relation
table, SWC is a tie switch and is connected to SWD which is
an associated switch of Node-3. SWC/SWD/SWB is a
candidate switch plan for restoration. The two decision trees
need to be updated. The updated decision trees are shown in
Fig. 12 and Fig. 13 respectively. By repeating the same
procedure, the remaining outage area can be picked-up
through FDB. Thus, SWF/SWG/SWE is another candidate
plan for restoration. Since no conflict exists in these two
switch plans, the switch plans can be implemented and the
final configuration is shown in Fig. 14.
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Fig. 9. Sample Distribution System

TABLE I
AGENT RELATION TABLE

Agent Up-stream Agent Down-stream Agent(s)
SWB SWA SWD/SWE
SWD SWB SWC

SWE SWB SWG

SWG SWE SWF

FDB SWC

FDC SWF

IV. SIMULATION AND VALIDATION

Jade (Java Agent Development Environment) is used to
implement and validate the proposed BDI agent architecture.
A distribution system with 4 feeders, 11 load zones, 3 tie
switches and 7 sectionalized switches shown in Fig. 15 is used.
The numbers near the feeder identification are the load current
and ampacity of the feeder. For example, FDA has capacity of
1000A; currently this feeder has 740A of available capacity.

Suppose a fault occurs between SWA and SWB. The two
agents installed in these two switches will detect the fault and
start the restoration process. These two agents exchange the
status of the switches and elect SWB as the restoration leader
agent since SWB is located at the downstream side of the fault.
SWB starts querying information from all downstream side
switch agents. Based on the received information, the outage



area due to the fault and the agent relation table (Table III) is
built. The tie switches will be asked by the restoration leader
agent to find the available capacity of adjacent feeder
associated with each tie switch. Since the outage area has
total load current of 190A; none of the adjacent feeder has
enough capacity to pick up the outage area. Therefore, zone
restoration is needed and the restoration decision tree and
feeder available capacity decision tree are built.

Fig. 10. Restoration Decision Tree

TABLE II
SWITCH RELATION TABLE

Node Left Data Right Associated Switch(es)
1 2 30 3 SWD
2 0 25 0 SWG
3 4 105 5 SWB, SWD
4 0 65 0 SWE, SWG
5 6 145 7 SWB, SWD, SWE
6 0 140 0 SWB, SWE, SWG
7 0 170 0 SWB, SWD, SWE, SWG
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Fig. 11. Feeder Available Capacity Decision Tree
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Fig. 12. Updated Restoration Decision Tree and Switch Relation Table
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Fig. 13. Updated Feeder Available Capacity Decision Tree

According to the received information from switch agents,
the leader agent has identified three tie switches and five
zones within the outage area. The loads of these zones are 75,
30, 45, 25 and 20 respectively. The associated source side
switch of these zones is: SWB, SWD, SWE, SWG and SWH
respectively. The procedure described in Sec.3 is used to
build the Restoration Decision tree and Feeder Available
Capacity decision tree as shown in Fig. 16 and Fig. 17
respectively. The loads in the Restoration Decision tree are

checked one by one with the Feeder Available Capacity
decision tree. Node-5 in the Restoration Decision tree has
value of 145 and is less than the value at node 2 in the Feeder
Available Capacity Decision tree. However, the feeder, FDB,
which supports the zones associated in Node-5, does not have
enough capacity. Therefore, this node cannot be used for
restoration. The next node, Node-10, has value of 140 and is
also less then Node-2 in the Feeder Available Capacity
decision tree. A tie switch, SWF, is adjacent to one of the
switch, SWG, associated with Node-5. Therefore, this is a
candidate for the restoration switch plan. The decision trees
are updated and shown in Fig. 18 and 19 respectively. The
search of restoration plan continues. Two more switch plans
are identified. The final configuration of the feeder is shown
in Fig. 20.
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TABLE IIT
SAMPLE SYSTEM AGENT RELATION TABLE

Agent Up-stream Agent Down-stream Agent
SWB SWA SWD/SWE
SWD SWB SWE

SWE SWB SWG/SWH
SWG SWE SWF

SWH SWE SwWiJ

FDB SWC

FDC SWF

FDD SWIJ

V. CONCLUSIONS

BDI-based agent architecture is proposed and applied to
implement a power distribution service restoration planner.
Through the exchanges of information between agents,
decision tree can be built and used for service restoration
decision. The simulation results show that the proposed agent
architecture is capable of identify adequate restoration
switching plans and implement the plans to restore service to
the customers. The feeder information of a larger Taiwan
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