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Abstract: This paper presents a distributed feeder automation algorithm based on local topology, considering 
switch action failure, communication failures and other confounding factors. This makes higher efficiency of 
data processing and communication and better maintainability of distribution automation system. The algorithm 
is described by using PROMELA. And the correctness and security of algorithm are expressed and examined 
with model checking methods. The results show that the algorithm is correct under conditions of certainty and 
safe under conditions of uncertainty. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 

To achieve the goal of smart grid, it is essential to 
reconsider the control architecture of the power grid. 
It is distributed decision-making shifting from the 
traditional central decision-making, which requires 
strengthening the lateral communication, 
collaboration and cooperation among all the 
intelligent equipment [1]. Due to the independence 
on the global information of master station or 
substation and the ability of one-time problem-
solving, the distributed feeder automation (DFA) 
control system boasts its advantage on adaptability on 
distribution line and easy to maintain. Some experts 
have presented several algorithms and solutions for 
DFA based on fault localization, isolation and supply 
restoration (FLISR) [1][3]. These articles illustrate 

with an example the algorithm proceeds in a simple 
distribution network. But the actual configuration of 
distribution system is not simple as described in these 
articles. Many intersections and branches can be in 
distribution system. Additionally, many tie switches 
which can connect restorable power can be in the 
system. And all kinds of interference encountered by 
the algorithm in the field are not addressed, nor do 
they explain how to check the reliability and security 
of these algorithms in these articles. 

The complexity of DFA is reflected in the 
following aspects: 
1) Distribution network wiring complexity. 
2) The equipment participating in FLISR for DFA 

including communication equipment, the 
secondary automation equipment and the primary 
equipment, which involve different manufactures 
and integrated companies. 
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3) The FLISR for DFA process including data 
acquisition, communication and execution, in 
which variety of interference may occur 
indeterminately, such as switch action failure, 
communication failures. 

4) DFA is a real-time concurrent system, based on 
the communication among multiple IEDs  
which are distributed in the feeder at different 
positions, autonomously performing the local 
feeder automation. 
The reliability of FLISR system directly affects 

the electric security of thousands customers. It is 
critical to guarantee the correctness of the execution 
of the control logic under general interference 
conditions and the reliability of the system execution 
under extremely abominable interference conditions, 
these requirements are tightly related to the reliability 
of the whole distribution system. 

Adopting the formal methodology for the 
specification, analysis and verification of the  
system, offers as a critical approach to promote the 
reliability and security of the system and contributes 
to constructing reliable and secure software 
architecture [4][6]. Among the formal validation 
techniques, model checking is a widely used formal 
method for the verification of concurrent programs, 
it is an auto-validating technique adopting the tools 
for properties of finite state system. It mainly checks 
all the potential states of the system, validating 
whether they satisfy the related properties of system. 
If not, there comes a counter-example to explain such 
situation [6][8]. Edmund Clarke, Allen Emerson and 
Joseph Sifak is received the 2008 Turing Award for 
their invention of model checking [6]. Spin is a 
model checker that has been developed over many 
years by Gerard J. Holzmann [9], Originally designed 
for verifying communications protocols, it has since 
become one of the most widely used verification 
tools. Spin is particularly suited for modeling 
concurrent and distributed systems that are based 
upon interleaving of atomic instructions [6]. But so 
far there is no report to check the power system 
distributed algorithm by using SPIN or other model 
checking tool. 

Firstly, in section 2 a DFA algorithm applied to a 
complex distribution network is proposed, and 
describe in detail the principle of FLISR. We model 
the algorithm by using PROMELA, and use LTL 
equation to express correctness and security of 
algorithm in section 3. And then the algorithm is 
checked in the jSPIN [6][10][11] environment and 
each LTL equation is verified as an example of a 
typical fault in section 4. Section 5 introduces the 
application of this DFA Algorithm. 
 
 
2. The DFA Algorithm 
 

The proposed FLISR of DFA algorithm is 
suitable for the typical distribution network shown in 
Fig. 1. The network includes four feeder named by 
K101, K102, K103 and K104 leads from the three 

substations. In head of each feeder, there is a circuit 
breaker allocated by over-current relay and DFA 
controller. The sectionalize switches and tie switches 
in feeders are load switches which are allocated by 
feeder terminal unit (FTU) and DFA controller,  
as well.  

The DFA controller implements the FLISR of 
DFA algorithm by collecting the data of the relay and 
FTU, and communicates with neighboring DFA 
controllers to collaborate. When a permanent fault 
occurs in a distribution system, the over-current relay 
is activated to trip the feeder outlet circuit breaker for 
fault clearance. Then the FLISR algorithm starts to 
localize the fault, and trip the adjacent switches to 
isolate the fault section. If these series of actions 
succeed, it afterwards closes the outlet breakers or tie 
switches which locate at non-fault section to achieve 
service restoration. 
 

 
 

 
 

Fig. 1. A typical distribution network. 
 
 
2.1. Local Topology Parameters 
 

DFA controller uses local topology parameters, so 
it can adapt to the frequent changes of distribution 
network and network expansion. When the 
distribution network changes, the only thing needed 
is to modify the DFA controller parameters of change 
point and adjacent points. Other DFA controller 
parameters remain unchanged, and can automatically 
adapt to such changes. It is same as the doubly linked 
list in the computer data structure. By modifying the 
pointers of both sides of the change point, we can 
complete operations like node insertion, deletion  
and update.  

The DFA controllers need to acquire real-time 
data of switch in local parameters. It obtains the local 
switch data through communication with local FTU, 
and gets the external switch data through 
communication with adjacent DFA controllers. 
Because the proposed algorithm do not need all DFA 
controllers to communicate with each other, so the 
means of communication may not be limited to the 
fiber-optic communication network, and can 
flexibility choose from a variety of communication 
mode (such as carrier, spread-spectrum, GSM/GPRS, 
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cable or fiber-optic network). The data and the 
communication objects are greatly reduced, so the 
DFA controller does not need a superior data 
processing capability. With the expansion and 
modification of the distribution network, the data 
processing capability of the DFA controller does not 
need to be increased accordingly. Therefore, the DFA 
controller cost, the construction cost of the entire 
system and the expansion cost are all controllable. 
 
 
2.2. Ready to Run 
 

The outlet breaker sends real-time capacity 
message of the main feeder (CMMF) to other 
switches of the section which it locates during normal 
operation of DFA control system. CMMF contains 
surplus capacity of the corresponding feeder and the 
id of the outlet breaker. When the other switch 
receives CMMF, it first saves, and then checks its 
switch position. 

If the switch position is close, it will forward this 
message in the other direction, and if the switch 
position is open and its role is tie switch, it will 
change the CMMF to capacity message of the 
standby feeder (CMSF) and forward CMSF in the 
other direction. The difference CMSF and CMMF is 
the id in CMSF is the tie switch's id. Similarly, when 
the switch receives CMSF, it first checks its switch 
position. If the switch position is close, it will save it 
and forward this message in the other direction, and 
if the switch position is open, it will do nothing. 
In the end, the tie switch will retain two CMMF that 
the two feeders are on standby for each other, and  
the other switches contain one CMMF and a number  
of CMSF. These operating data will serve  
as the judgment basis of the power supply  
recovery strategy. 

For example, K101 will send CMMF of feeder 
101 to L1, L1 forwards the CMMF to switch L2 and 
L8. L8 is tie switch， it need change CMMF to 
CMSF and forwards CMSF to L7. Finally, L2 will 
keep surplus capacity information of four lines as 
shown in Table 1, the surplus capacity data in table  
is assumed. 
 
 

Table 1. The information of surplus capacity kept by L2. 
 

Feeder Switch Id Property Surplus capacity 
101 101 main 200 A 
102 5 standby 210 A 
103 8 standby 120 A 
104 12 standby 270 A 

 
 
2.3. Fault Localization 
 

The target of the fault localization is to confirm 
the states of left section and right section which at the 
two sides of the switch, respectively. If among all the 
switches in the section, the number of the switches 

capturing the over-current is described as count. 
Thus, there come the following situations: 
1) Count>=2, the fault happens in downstream area 

of the section and this section is out of fault.  
2) Count=0, the fault happens in upstream area and 

this section is out of fault. 
3) Count=1, this section has fault. 

As the typical fault shown in Fig. 1, when the 
short circuit happens in section (L1, L2), there has 
one and only switch L1 captures the fault current and 
judged the (L1, L2) as fault area. In section 
(K101, L1), K101 and L1 all capture the fault current 
and judged the section (K101,L1)  is the upstream 
area of the fault section. 
 
 
2.4. Fault Isolation 
 

At stage of fault isolation, the system trips all the 
switches in the fault section. According to the result 
of isolation switch operation, it should send message 
to the adjacent switch of non-faulted direction. After 
the success of the fault isolation, the upstream switch 
will send directly power supply restoration message 
to the main power supply direction section, which 
content is the main feeder switch id. And the 
downstream switch must select a standby feeder with 
the greatest surplus capacity, then if the surplus 
capacity is more than the pre-fault load, the 
downstream switch will send power supply 
restoration message to selected feeder direction, 
which content is the selected standby feeder switch 
id. If it can't find the suitable standby feeder or 
isolation failed, the content of message will be 
defined as zero. 

If section switch receives the message from the 
adjacent switch and the context is zero, representing 
isolation failed or no restoration strategy, it marks 
message source section as the fault section and open 
itself immediately. That achieves service restoration 
as much as possible by expanding the fault section 
appropriately. Taking the fault depicted in Fig. 1 as 
example again, when the fault happens, the switch L1 
and L2 will be opened. If L2 operation is 
unsuccessful, the switch L3 will be opened 
automatically. If the context isn't zero, the message 
should continue to pass along until it delivered to tie 
switch, outlet breaker or switch in open state. 
 
 
2.5. Supply Restoration 
 

Restoration for distribution automation system 
must need restoration strategy. It is very difficult to 
secure reliability of restoration strategy because any 
controller contains only partial information of the 
distribution network. And there are many 
consideration factors for restoration, such as 
switching, restorable capacity, power supply priority, 
line loss, limit capacity of feeder, and so on. The goal 
of algorithm described in this paper is to improve the 
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reliability of power supply, so we mainly take into 
account limit capacity of standby feeder. 

The capacity limit of feeder is restricted when the 
downstream switch select the standby feeder after 
isolation success. Only the standby feeder's spare 
capacity to meet the requirements of the load will be 
selected. 

When a fault occurs, the outlet circuit breaker or 
tie switch which locates in the non-fault section will 
start closing preparation.  
1) It will activate the closing operation if it receives 

the power supply restoration message and the 
content is consistent with its switch id. If the 
operation is successful, non-fault zone supply 
service will be restored. 

2) If it hasn’t accepted any message after the setting 
delay time, it will stop closing preparation status 
and end the FLISR progress. 

3) The outlet circuit breaker or tie switch which 
locates in fault section will lock and maintain 
opening automatically. 

4) The tie switch with both sides charged will lock 
and maintain opening automatically. 

 
 
3. PROMELA Modeling 
 

Using the SPIN model checker is generally 
carried out by the following three steps: 

The first step is to construct the model for the 
algorithm which expected to check by using 
PROMELA language. In the process of modeling, the 
key is to take abstraction or gradual modeling 
strategy, to solve the problem of state explosion. The 
syntax of PROMELA can reference the article [9]. 

The second step is to use linear temporal logic 
(LTL) equation to represent the property for 
verification. Whether the LTL could correctly 
represent the property is vital for the correct 
verification. Generally, the LTL equations should 
include the components verifying the system’s 
correctness and security. 

The third step is the model checking by using the 
SPIN to verify the LTL equations. The essence of 
this tool is implementing exhaustive searching in 
finite state space, if the model doesn’t satisfy the 
verification equation, SPIN would give a counter-
example and the execution track of the counter-
example. In this way, the unusual reason can be 
localized and the deficient can be modified until all 
the LTL equations could be satisfied as shown  
in Fig. 2. 
 
 
3.1. System Modeling 
 

The main concern of model checking is whether 
the information in process could be exchanged 
correctly among IEDs, rather than the internal 
calculation process. The requirement for the level of 
formal modeling is much higher than the realization 
of system, therefore, this modeling process is also 

known as an abstract model. The following questions 
should focus on: 
1) Correctly depicts the state transition relation. If 

the state transition relation is error, the checking 
results do not make sense. 

2) Avoids the state explosion problem and converts 
infinite state systems to finite state systems. 
Taking the current value as an example, this is an 
infinite state variable. In modern programming 
language (such as C/C++/JAVA), it is commonly 
defined as float. This variable could take the 
value in infinite domain which exceeds the 
domain of finite state machine defined in the 
model checking. In practice, DFA algorithm 
doesn’t concern whether the current value is 3.14 
or 4.29, but focuses on whether the value exceed 
a certain definite value. There are only two states: 
off-limit and normal. As a result, the current data 
is defined in PROMELA as bit type, 1 means off-
limit and corresponding IED capturing the over-
current signal while 0 means normal. 

3) Concerns about key process and ignores the 
secondary factors, such as this article focuses on 
DFA control concurrent algorithm correctness and 
security rather than the data collection process. 

 
 

 
 

Fig. 2. Model validation process. 
 
 

We can program a PROMELA process for each 
switch, which simulates DFA function of the switch 
IED. All process run independently, communicate 
each other and form a complete DFA algorithm. For 
the network shown in Fig. 1, the key switch is K101, 
L1, L2, L3, L12 and the other switches have little 
impact, although some data or messages involved in 
the process. So we can only consider the 5 
PROMELA process for K101, L12, L1, L2 and L3. 

In the model, the five switches are uniformly 
coded as 0 to 4, respectively representing K101, L1, 
L2, L3, and L12. Topology relationship among the 
switches is corresponding with the number. The 
current data at the switch is represented by array fsts 
[5] in ‘bit’ type. For instance, fsts[i] =1 means there 
is over-current at switch i, monitored by the 
corresponding IED, while fsts[i] =0 means here is 
normal. The position of switches is represented by 
pos[5], and 1 means close while 0 means open. 
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Each PROMELA process has an independent 
counter ‘fut’, and makes the following definition: 
1) If ‘fut’ less than one unit time, it is time for  

fault location. 
2) If ‘fut’ is equal to 1, it is time for fault isolation. 
3) If ‘fut’ is equal to 2, it is time for 

supply restoration. 
4) If ‘fut’ is more than 2, it is time for exiting FLISR. 

In the DFA configuration scheme, any IED has no 
global information, so the information interaction 
among IEDs is very critical. 

Buffered channels technology of SPIN can 
achieve communication between different processes 
to realize the communication between different 
processes. Verification system omits the interaction 
of the state information in the normal operation of the 
system and highlights the message of isolation 
operation results. Array famsg[N] in type 'chan' 
defines message channel corresponding to various 
switches. The meaning of message content is shown 
in Table 2. 
 
 

Table 2. The message content definition. 
 

Context Meaning 

1 
After the failure isolation, the switch of isolation 
failed send to the downstream switch. 

2 
After the failure isolation, the switch of isolation 
failed send to the upstream switch. 

3 
After the successful isolation, the switch of the 
successful isolation sends to the downstream 
power switch which is tie switch. 

4 
After the successful isolation, the switch of the 
successful isolation sent to the upstream power 
switches which are outlet circuit breaker. 

 
 
3.2. Disturbance Modeling 
 

There are a variety of interference in the DFA's 
running field, such as electromagnetic interference, 
aging equipment, equipment failure and loose wiring. 
This may affect the messaging and switching 
operation can’t be completed within the determining 
time, even the possibility of failure. As Fig. 3 shows, 
the switch around the fault point may be tripped 
successfully or unsuccessfully and the result may be 
sent successfully or unsuccessfully.  
 
 
 

 
 

Fig. 3. The logic diagram of isolation and message delivery 
under nondeterministic conditions. 

 

Therefore, the isolation of a switch algorithm has 
the following four possible: 
1) Successfully trip the switch and send power 

supply restoration message to adjacent switches in 
the non-fault direction, the message content is  
3 or 4. 

2) Successfully trip the switch but do not send  
any message. 

3) Switch tripping failure, and send power supply 
restoration message to adjacent switches in the 
non-fault direction, the message content is 1 or 2. 

4) Switch tripping failure but do not send  
any message. 
The NDFA mechanism of PROMELA can model 

these two non-deterministic and the 'do-od' guarded 
command can easily express the uncertain logic 
described earlier. Because DFA is a distributed 
system and IEDs are installed in different locations, 
control logic in the different IED is concurrent. This 
concurrent uncertainty is modeled by independent 
internal variables ‘fut’ in each process. 
 
 

3.3. FLISR Modeling 
 

3.3.1. Fault Localization 
 

Each switch contains two bit type variable ‘larea’ 
and ‘rarea’, these two variables represent respectively 
the left area and right area of the fault status of the 
switch. The variable value is 1 indicates that the 
section is the fault area, otherwise, section status is 
normal. According to the definition of Section 2. 

 

    1rarea ftc bkno ftc bkno    (1) 
 

    1larea ftc bkno ftc bkno    (2) 
 
 

3.3.2. Fault Isolation 
 

A switch that its larea, or rarea value is 1 must 
automatically trip to isolate the fault, and sent power 
supply restoration message to adjacent switch. If 
sectionalize switch receive the message and content 
is 1 or 2, its larea or rarea value automatically 
changes to 1 and re-isolation operation. If content is 3 
or 4, it will pass on the message in the another 
direction. The tripping process is the internal process 
of a switch, whether it is successfully is expressed by 
whether to change the switch position variable in the 
model. 
 
 

3.3.3. Supply Restoration 
 

Within the set time, if the tie switch receive 
power supply restoration message and the content is 
3, DFA will close the switch. The outlet circuit 
breakers receive message and content is 4, DFA will 
perform the same operation. 
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3.4. The LTL Equation for Checking 
Correctness 

 
As a formal language, LTL can describe the 

dynamic characteristics of the software system. SPIN 
supports all the LTL verification equations and can 
verify the correctness of the LTL equation in the 
entire state space. 

If there isn’t nondeterministic disturbance in 
system, such as, the system would operate correctly 
according to the remote command at the next 
moment. And there is a message in deliver, it could 
be correctly sent, accepted and processed. In this 
situation when the distribution network is suffered 
from permanent fault the DFA control system must 
correctly achieve the target of FLISR, tripping all the 
switches in the fault section and all switch in supply 
restoration message are closed. For example, when 
fault occurs in Fig. 1, and K101 opened by protect 
relay, the switch L1 and L2 will be opened, K101 
will be reclosed, and L12 will be closed by the DFA 
control system. It is the best result which must occur 
when the system is without interference. This result 
can be used LTL Eq. 3 expression. 
 

 ( ( [0] [4]
     ( [1]) ( [2])))

pos pos
pos pos

 
  

◇  
(3) 

 
The temporal operators ‘ ’, ‘  ’, ‘’and ‘ ’ 

are called ‘always’, ‘eventuality’, ‘negation’ and 
‘conjunction’ respectively [9]. If the previously 
described interference does not exist, LTL Eq. 3  
is established. 
 
 
3.5. The LTL Equation for Checking Security 
 

To establish system secure model, it should 
combine the requirements of the safe operation in 
distribution network and the special requirements 
from customers. For instance, the constraints of node 
voltage, branch current and power flow, the operation 
sequence for avoiding miss blocking, the cost of 
sectionalize switch operation, the priority of 
customers, the amount of load recovery, the 
radicalized limit of distribution, capacity margin of 
feeder, etc.Such constraints and customers’ 
requirements affect the realization of the algorithm. 
In this paper, we mainly consider the capacity limit 
of feeder, distribution network radial operating 
restrictions and the requirements of switch operation 
sequence, the proposed algorithm should ensure that 
the FLISR algorithm would not expand the fault 
sectioned spite of the worst nondeterministic 
conditions. The security of the algorithm should take 
all the nondeterministic operations into consideration.  

The capacity limit of feeder is restricted when the 
downstream switch select the standby feeder after 
isolation success. Only the standby feeder's spare 
capacity to meet the requirements of the load will  
be selected. 

Based on the basic requirement of radicalized 
operation of distribution, in the fault processing, the 
distribution should not be in loop closing state. The 
network in closing loop means that the health area is 
connected with the fault area, the original fault area is 
inevitably expanded. The property of the radicalized 
operation distribution is depicted as Eq. 3, 
representing that at least one switch is open between 
the main feeder with a standby feeder. The function 
route(SWi,a,b)=1 means the switch SWi is in between 
the feeder a and b. For instance, the switches contain 
K101, L1, L2, L3, L12, L10, L9 and K104 between 
feeder 101 and 104. At least one switch is open 
among K101, L1, L2, L3, L12, L10, L9 and K104. 

 
 

 
{ | ( , , ) 1}

.
i i

i
SW route SW a b

SW pos


 
 


 







 
 

  (4) 

 
Because L10, L9 and K104 are always close, 

Eq. 4 can be simplified to Eq. 5. 
 

 ( ( [0] [1] [2]
             [3] [4]))

pos pos pos
pos pos

  
 

  (5) 

 
Only after the successful completion of the fault 

isolation, the outlet breaker or the tie switch could be 
closed. This is the requirements of operating order in 
the fault process. In LTL, until (U) could use to 
express such logic sequence very well. For example, 
“a U b” means that a is true and keeps to be true until 
b is true. Therefore, the following Eq.6 comes [9]: 

 

   
(   )   

      ( )       & & ( )    
i

j k

K a U b tt

K b tt j i K a tt i k j

 
    

 (6) 

 
After the fault depicted in Fig. 1 happened, the 

FLISR algorithm should ensure that under any 
situations, the breaker K101 could only close after 
the section switch L1 turn to open. Additionally, the 
tie switch L12 can’t close before sectionalize switch 
L2 or L3 is opened. 

 
 (( [4]) (( [2]) ( [3])))pos U pos pos    (7) 

 
 (( ( [0]* )) ( [1]))pos fts U pos   (8) 

 
The temporal operators ‘’ is called ‘disjunction’. 

 
 
4. Model Checking 
 

The model checking is implemented in the 
integrated environment jSPIN. Firstly, it verifies the 
correctness under the certain conditions. It ignorance 
the nondeterministic description in PROMELA 
model and asks the system to use a unified variable to 
schedule the execution of each process, ensuring the 
coordination of each concurrent process. Then it 
exploits the live properties of SPIN to verify the 
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correctness of Eq. 3 in the space of all the states. The 
second step is to exploit the safety property of SPIN 
to verify the system’s security under deterministic 
conditions, and verify the security of Eq. 3, Eq. 5, 
Eq. 7 and Eq. 8, in the space of all the states. The last 
step is to verify the correctness and security of the 
system under the nondeterministic conditions and 
validate the system security of Eq. 3, Eq. 5, Eq. 7 and 
Eq. 8 in the space of all the states. 

The result of validation is depicted in Table 3  
in which, TNS is shorthand for the total number  
of the states and ECE is shorthand for existing 
counter-example.  
 
 

Table 3. Table of the validation result. 
 

LTL ITEM Deterministic Nondeterministic 

3 
TNS 28268 counter example 

ECE Not exist Exist 

5 
TNS 3572 1031362 

ECE Not exist Not exist 

7 
TNS 3571 2357301 

ECE Not exist Not exist 

8 
TNS 3571 2373245 

ECE Not exist Not exist 

 
 

The results of validation show that: 
1) The number of states under nondeterministic 

conditions is much larger than the states under 
deterministic conditions. 

2) The system is always able to retrieve the correct 
results under deterministic conditions. 

3) The validation of system’s correctness  
could retrieve counter examples under 
nondeterministic conditions. 

4) In the two situations, the validation of the 
equation for security (Eq. 5, Eq. 7 and Eq. 8) 
didn’t retrieve any counter example. 
The above analysis indicates that under 

nondeterministic conditions, the algorithm could not 
always retrieve the correct results, but the algorithm 
is out of security deficient in the whole state space. 

In practical validation, if it encounters with 
counter-example, it is not necessary to analyze all of 
the counter examples, but figures out one and 
analyzes the execution track document trail by 
localizing the errors in model and algorithm and 
continuing the validation after modifying  
the algorithm.  
 
 
5. The Application of Algorithm  
 

We have development the IED which is called as 
DFA controller. As arranged with FTU on the scene, 
the main function of FA is supposed to gather the 
data of FTU and communicate with other electrical 
adjacent DFA controllers to realize the DFA. The 
model and algorithm of DFA is accorded with the 

description in Section 2. The external interface of 
DFA controller includes two Ethernet ports, four 
serial ports and some LED indicator light. In which, 
one Ethernet port is used for local FTU or protection 
communication, the other is for communication with 
adjacent DFA controller and distribution automation 
station. The four serial ports are for communication 
with local FTUs which are without Ethernet port. 
And the LEDs indicate the state of communication 
and the equipment itself. 

Laboratory test [12][13] show that the FLISR 
algorithm has been proved with 100 % probability to 
succeed in operation under no disturbance conditions. 
And it can achieve relatively reliability through 
appropriately expand the isolation section to recover 
the power supply for the non-faulted area as much as 
possible under in conditions with disturbance. In this 
way, the test indicates that there is no secure problem 
of fault area expansion. In the Puxi Site of Shanghai 
World Expo, there were 8 feeders adopting the 
proposed DFA control to implement the distributed 
feeder automation. What’s more, now the DFA 
controller device has been used widely in Shanghai 
and Tianjin Electric Power Company. 
 
 
6. Conclusions 
 

The distributed feeder automation algorithm 
based on local topology is proposed to achieve the 
fault localization, isolation and supply restoration. 
Describing algorithms that require high  
reliability and checking the correctness and security 
of algorithm with model checking methods  
at the design stage can help to reduce the risk of 
product realization.  

Laboratory tests and field applications have 
shown that the proposed Algorithm has high 
reliability and a wide range in the application. 
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