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Abstract. The goal is to propose an effective method for locating a fault segment in urban power distribution net-

works. Urban distribution networks have multiple outgoing lines, switches with multiple connections and have variable 
topology characteristics. It is found that the fault location method based on matrix algorithm has low adaptive capability 
and fault tolerance when dealing with complex and variable topology. Therefore, this paper proposes an efficient fault 
segment location method based on special fault indicators, which can significantly improve the accuracy and reliability of 
fault location. Accordingly, to improve the accuracy and reliability of fault location, a fault segment location method based 
on fault marking is proposed. The approach proposed in the paper relies on the analysis of the incident matrix, which 
describes the relationship between nodes and branches, and allows the use of graph theory. The branch state vector is 
added to obtain the adjacency matrix, which allows to describe the state of change in the dynamics of the distribution 
network topology. In the next step, a set of nodes and branches, which reflect the incoming and outgoing interconnec-
tions of the nodes, is established based on the selected direction of the network binding. According to the direction of the 
node fault current, the suspicious branches are identified and labeled to indicate the fault. By cumulat ive calculation and 
analysis of the labels, the target branches are screened out and the faulty sections of the city power supply ne twork are 
identified. The results of the case study conducted in the paper show that the proposed method has good adaptabili ty to 
the variable topology and increases the fault tolerance and accuracy of the developed matrix algorithm. The topological 
operating state of the network can be changed by controlling the switches to optimize the operation and improve the rel i-
ability of the power supply. Thus, the algorithm for fast and accurate fault location is of great importance for improving the 
safety and quality of urban power supply. 
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Резюме. Цель – предложить эффективный метод определения местоположения сегмента неисправности в 

распределительные сети городского электроснабжения. Городские распределительные сети имеют несколько 
исходящих линий, коммутаторы с несколькими соединениями и обладают характеристиками переменной тополо-
гии. Выявлено, что метод определения местоположения неисправности, основанный на матричном алгоритме, 
обладает низкой адаптивной способностью и способностью к отказоустойчивости при работе со сложной и изме-
няемой топологией. Поэтому в данной статье предлагается эффективный метод определения местоположения 
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сегмента неисправности, основанный на специальных индикаторах неисправности, позволяющий существенно 
повысить точность и надежность определения местоположения неисправности. Соответственно, для повышения 
точности и надежности определения местоположения неисправности предлагается метод определения местопо-
ложения участка неисправности, основанный на маркировке неисправности. Предлагаемый в работе подход 
опирается на анализ матрицы инцидентности, описывающей связь между узлами и ветвями, и позволяющий ис-
пользовать теорию графов. Вектор состояния ветвей добавляется для получения матрицы смежности, которая 
позволяет описывать состояние изменения динамики топологии распределительной сети. На следующем этапе 
набор узлов и ветвей, которые отражают входящие и исходящие взаимосвязи узлов, устанавливается на основе 
выбранного направления привязки сети. В соответствии с направлением тока неисправности узла определяются 
подозрительные ветви и маркируются для обозначения неисправности. Путем кумулятивного вычисления и ана-
лиза меток отсеиваются целевые ветви и определяются неисправные участки сети городского электроснабже-
ния. Результаты проведенного в работе тематического исследования показывают, что предлагаемый метод об-
ладает хорошей адаптивностью к переменной топологии и повышает отказоустойчивость и точность разработан-
ного матричного алгоритма. Топологическое рабочее состояние сети может быть изменено путем управления 
переключателями для оптимизации работы и повышения надежности электроснабжения.  Таким образом, алго-
ритм быстрого и точного определения места повреждения имеет большое значение для повышения безопасно-
сти и качества городского электроснабжения.  

Ключевые слова: местоположение участка повреждения, теория графов, матричный алгоритм, городская 
распределительная сеть, фидерный терминальный узел 
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INTRODUCTION 

The urban distribution network (UDN) has 
the characteristics of high load density and high 
demand for power supply reliability. UDN gener-
ally adopts closed-loop, multi-outgoing lines de-
sign and open-loop operation mode. The topo-
logical operation state of UDN can be changed 
by controlling switches to optimize operation and 
improve power supply reliability. Thus, the 
quickly and accurately fault section location al-
gorithm is of great significance to improve the 
safety and quality of power supply [1–3]. The 
feeder terminal unit (FTU) is popularized to pro-
vide real-time and complete fault information. 
The fault section location method of distribution 
network combined with FTU has become one of 
the research hotspots [4–6].  

Presently, the fault location methods based 
on FTU mainly include matrix algorithm-based 
direct methods and intelligent optimization-
based indirect methods [7]. The topology de-
scription matrix of distribution network needs to 
be established, and the detected information is 
used at both ends of the line section to deter-
mine the fault. This causes the fault tolerance of 
matrix algorithm quite weak [8, 9]. To solve the 
problems of low fault tolerance of matrix algo-
rithm and slow solution speed of optimization 
algorithm, a distribution network fault location 
method combining these two algorithms is pro-
posed to make complementary advantages in 

[5]. Ref. [10] takes matrix algorithm to describe 
the topology of distribution network, and imple-
ment fault section identification and fault isola-
tion, according to multiple detection data provid-
ed by FTU. In [7], the location relationship be-
tween nodes and distributed generations is inte-
grated into the description matrix, and the infor-
mation uploaded by FTU is analyzed and cor-
rected. Ref. [11] combines the advantages of 
matrix algorithm, exhaustive method and optimi-
zation algorithm, and then the suspected fault 
sections are screened by matrix algorithm.  

Intelligent optimization algorithms finds the 
optimal solution through approximation and op-
timization theory. In [12–14], a global optimiza-
tion search method for suspicious sections is 
proposed based on fitting degree. Ref. [15] uses 
the enumeration method of linear integer pro-
gramming to solve the algebraic positioning 
model of FTU remote signaling data. In [16], the 
switch function of each section switch is intro-
duced into the constructed fitness function, and 
finally genetic algorithm is used to screen and 
search the fitness function results. In [17], the 
upstream and downstream branches are 
marked according to the different states of fault 
indicators at different positions. The fault section 
is the one with the largest fault index value. In 
[18], the one-dimensional convolutional neural 
network is used to extract the fault features and 
locate the fault sections. In [19], fuzzy Petri algo-
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rithm is used to analyze multi-source heteroge-
neous data in the network, and the fault sections 
are determined through the minimum deviation 
index. The aforementioned researches improve 
the fault location algorithm in terms of fault tol-
erance, accuracy, applicability and operation 
speed. However, the amount of calculation is 
quite large and it is easy to fall into the subopti-
mal solution [20]. Moreover, the operation opti-
mization of distribution network needs flexible 
topology management to improve power supply 
reliability [21]. Therefore, the impact of network 
topology changes on the effectiveness of fault 
location algorithm should be taken into consid-
eration. 

To fill the research gaps in the aforemen-
tioned research, a fault location method based 
on fault marking is proposed for UDN. The main 
contributions are summarized as follow: 

1. The state of branch switches are intro-
duced into the distribution network incidence 
matrix to enhance the adaptability of adjacency 
matrix, when the topology of distribution network 
is changed. 

2. The suspicious branch set of nodes is es-
tablished according to the fault current direction 
of nodes. Then, the fault indexes of branches 
are obtained by accumulative calculation of the 
mark value of suspicious branches. The target 
branches are screened according to the fault 
index of branches. The fault criterion is used to 
analyze the screened target branch and deter-
mine the fault branch. 

3. A typical UDN with two outgoing lines and 
multiple interconnection switches is selected for 
example analysis to verify the accuracy and ef-
fectiveness of proposed fault section algorithm 
under different fault scenarios of single fault, 
multiple faults and FTU information distortion. 

 
DYNAMIC DESCRIPTION OF DISTRIBUTION 
NETWORK TOPOLOGY 

The distribution network can be described as 
an undirected graph according to the graph the-
ory. If the distribution network has m nodes and 
n branches, the vertex set and edge set are re-
spectively expressed as: 

 

 iV v i m= =1,2, ,
.    (1) 

  ，ij i jE e v v j n= = =1,2, ,
.   (2) 

 
The connection relationship between nodes 

and branches of distribution network can be de-

scribed by the incidence matrix 
  =A ij m n
a

. 
The elements aij can be described as:  

 


 

，
，

1
=

0
i ij

ij
i ij

v e
a v e

.    (3) 
 

The UDN adjusts the network topology 
through the control of switches to optimize oper-
ation, so that the connection relationship be-
tween nodes and branches has changed. In or-
der to describe the real-time operation state of 
the network topology, a branch state vector of n 
dimensions β = (tij) is defined. tij represents the 
on-off state variable of branch: 

 

 ，
，ij

ont off
1=
0

.    (4) 
 

The electrical incidence matrix B is describ-
ing the electrical connection relationship be-
tween branches and nodes. It can be obtained 
by the logical bit operation of the row vector of 
the incidence matrix A and the branch state vec-
tor β: 

 

 
  B Am n diag β

TT=
.   (5) 

 
The adjacency matrix D describing the to-

pology of distribution network is calculated by 
equation (6): 

 

 D BB Im m
T=

,    (6) 
 

where, I is the unit Boolean matrix; the element 
dij of adjacency matrix D represents the connec-
tion relationship of each node. It has adaptive 
ability to the topology variability of distribution 
network. Meanwhile, it takes the power outflow 
direction of the main power supply as the refer-
ence positive direction. This direction has no 
physical significance and is only used as the 
position reference direction of the node. 
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THE DETERMINATION OF FAULT SECTIONS  
The FTU equipped at each node is used to 

detect the fault current. The node fault current 
code is defined as follows: 

 
,
, ,
,






1  and positive direction
= 0 = 0

-1  and opposite direction

if set

if

if set

I I
F I

i I I  (7) 
 
where Fi represents the code of node i, Iif repre-
sents the fault current of node i; Iset represents 
the setting current value. The fault information 
matrix F is generated from FTU detection infor-
mation. The fault judgment matrix P can be ob-
tained from the operation of matrix F and D: 
 

 = +P D Fdiag
.     (8) 

 
The positional relationship between nodes, 

that is the upstream and downstream relation-
ship, can be obtained through the directed adja-
cency matrix D, and the definition is as follows: 

 

  












， ，

， ，

，

=( )= 1

=( )= 1

=

=

ij i j

jx j x

i-down j x x

i-up C i-down

d v v i j

d v v j x

D v v v V

D D - D
.   (9) 

 
When dij equals to “1”, it indicates that the 

branch between node vi and vj is connected in 
the forward direction; djx represents other 
branch electrically connected with the node vi. 
DC is the set of network branches; Di-down is the 
set of downstream nodes; Di-up is the set of up-
stream nodes. 

In case of single-phase grounding fault in 
distribution network, the flow direction of fault 
current will be consistent with or opposite to the 
reference positive direction, as shown in the  
fig. 1: 

 

S1

1 2 3 4 5

Positive Direction

d1-2 d2-3 d3-4 d4-5

S2

 
 

Fig. 1. Single-phase grounding fault of distribution network 
Рис. 1. Однофазное замыкание на землю 

распределительной сети 

In fig. 1, a single-phase grounding fault oc-
curs between node 3 and 4. According to equa-
tion (7), F1, F2 and F3 are coded as "1", indicat-
ing that the fault occurs in the downstream 
branch of node 1, 2 and 3. F4 and F5 are coded 
as "-1", indicating that the fault occurs in the up-
stream branch of node 4 and 5. Therefore, the 
suspicious branch set can be determined by the 
FTU coding value of the nodes. According to the 
definition of the nodes’ upstream and down-
stream relationship in equation (9), the suspi-
cious branch set is defined as follows: 

 

  
  

 

, ,

, , .

 



 


i

i

i

= 1 =

= = -1 =

= 0

ij ij i j i -down

i ij ij i j i -up

d F d v v D

C d F d v v D

F

  (10) 

 
The suspicious branches of node 1, 2 and 3 

are located downstream, while those of node 4 
and 5 are located upstream. The upstream and 
downstream suspicious branches will be 
marked, and the branch marking formula is as 
follows: 

 

 





 

，
，
，

1
= -1

0 =

ij x

ij - x ij x

x

d C
TagValue d d C

C ,   (11) 
 

where TagValue(dij-x) represents the mark of 
node x to branch dij, abbreviated as T-V. The 
total marking value MarkValue(dij), abbreviated 
as M-V, of all nodes to one branch is expressed 
as: 
 

   
=1

=
m

ij ij - x
x

MarkValue d TagValue d
.   (12) 

 
The fault mark values of each branch in fig. 1 

are shown in tab. 1.  
 

Table 1. Branch fault mark values 
Таблица 1. Значения метки неисправности ответвления 
 

Node code  
value 

F1 F2 F3 F4 F5 

M-V 
1 1 1 -1 -1 

Suspicious 
branch set 

C1 C2 C3 C4 C5 

Branch 

d12 1 -1 -1 1 1 1 

d23 1 1 -1 1 1 3 

d34 1 1 1 1 1 5 

d45 1 1 1 -1 1 3 
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Tab. 1 shows that the value of M-V tends to 
the maximum near the fault branch. And the 
larger the mark value of the suspicious branch 
is, the greater probability of failure of the branch 
is. Therefore, the fault index of each suspicious 
branch is calculated according to the normalized 
M-V value. The suspicious fault branch is 
screened from the suspicious branch. The fault 
index is defined as follows: 

 

 
   

   


- min
=

max - min

ij

ij

M -V d M -V
FaultIndex d ε

M -V M -V ,   (13) 
 

where ε is the threshold value, ranging (0, 1). 
When FaultIndex(dij), abbreviated as F-I, is 
greater than or equal toε, the corresponding 
branch will be a suspicious fault branch for fur-
ther fault analysis. The fault judgment formula is: 
 

- > 0i jF F
,       (14) 

 
where, Fi and Fj are the code values of FTUs at 
both ends of the suspicious fault branch respec-
tively. Its physical meaning is that if the fault 
signals at both ends are different from each oth-
er, the fault is determined. 

 
CASE STUDIES 

Dynamic description of distribution net-
work topology. This paper modifies the distri-
bution network topology in [17] and takes it for 
case studies, as shown in fig. 2. Node N1~N12 
are equipped with FTUs. S1 and S2 represent 
the power supply from different bus lines. S1 is 
set as the main power supply and S2 as the aux-
iliary power supply, which are connected to 
power grid through circuit breakers K1 and K2 
respectively. The interconnection switches t12 
and t13 are equipped to improve power supply 
reliability. The interconnection switches are tak-
en equivalently as virtual branches.  

There are nodes connected to the distribution 
network with secondary voltage level, such as 
node N4 is connected to the low-voltage distribu-
tion network through the section switch tL1. The 
low-voltage network is not considered in the fault 
location analysis. Fig. 2 is transformed into a di-
rected topology diagram with the power outflow 
direction of the main power supply S1 as the ref-

erence positive direction, as shown in fig. 3. 
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■-Circuit Breaker

●-Section Switch

○-Interconnection Switch  
 

Fig. 2. Schematic diagram of distribution network topology 
Рис. 2. Принципиальная схема топологии 

распределительной сети 
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Fig. 3. Directed topology of distribution network 
Рис. 3. Направленная топология распределительной 

сети 

 
The incidence matrix A in fig. 3 is expressed 

as: 
 

.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

A

0 0 0 0 0 0 0 0 0 01 1 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1
=

0 0 0 0 0 0 0 0 0 01 1 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 0 01 1

   (15) 

 
In equation (15), the line number represents 

the network node number (N1 ~ N12), and the 
column number represents the branch number 
(L1 ~ L18). The state of each branch can be rep-
resented by the on-off state of branch switches 
(t1~t13), so the branch state vector β is: 
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 
T

131 2= tβ t t
 .    (16) 

 
This paper takes switches t12 = t13 = 0 and 

other switch states as “1” for the first topology 
state of distribution network. And the second 
state of distribution network topology is taking 
switches t13 = 1, t4 = t12 = 0 and other switch 
states as “1”. The accuracy and reliability of dy-
namic description matrix are analyzed respec-
tively. The branch state vector β1 in the first 
state and the branch state vector β2 in the se-
cond state of distribution network topology are 
as follows: 

 

 
 

T

1 0 0= 1 1 1 1 1 1 1 1 1 1 1β
.   (17) 

 

 
 

T

2 0 0= 1 1 1 1 1 1 1 1 1 1 1β
.    (18) 

 
Through the calculation of equation (5), mul-

tiply the "0" elements in β1 and β2 is multiplied 
by the corresponding elements in the matrix A, t 
and the connection relation between nodes and 
branches is changed to obtain the electrical cor-
relation matrix B1 and B2. Through the calcula-
tion of equation (6), the adjacency matrixes in 
two topological states of distribution network are 
obtained: 

 

.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

D1

00 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

00 0 0 0 0 0 0 0 0 01
=

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

00 0 0 0 0 0 0 0 0 01

    (19) 

 

.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

D2

00 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

00 0 0 0 0 0 0 0 0 01

0 0 0 0 0 0 0 0 0 01 1

10 0 0 0 0 0 0 0 0 01
=

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

0 0 0 0 0 0 0 0 0 01 1

00 0 0 0 0 0 0 0 0 01

0 0 0 0 0 0 0 0 0 01 1

10 0 0 0 0 0 0 0 0 01

    (20) 

 
In equation (19), d1-7 and d6-12 are “0”, indi-

cating that the switches t17 and t13 are discon-
nected. In equation (20), d6-12 is “1” and d4-10 is 
“0”, showing that the switch t13 is on and the 
switch t4 is off. The above calculation results are 
consistent with the two distribution network to-
pology states. The adjacency matrix describing 
topological structure has the ability to adapt to 
topological change. 

Fault section location of distribution net-
work. Fig. 4 is the schematic diagram of single-
phase grounding fault of distribution network 
based on fig. 3. f1 and f2 are the single-phase 
grounding faults on branch L3 and L8 respective-
ly. The accuracy and reliability of the algorithm 
are verified under two fault scenarios of single 
fault and multiple faults. 

 

S1 S2

N1

L1
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N7
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N11
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L4

N4 N8
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L13

L12

N10

N12

N2

N5

L10

L2

L5

N9

L9

N6

L6

f1 f2

 
 

Fig. 4. Single-phase grounding faults of distribution network 
Рис. 4. Однофазные замыкания на землю 

распределительной сети 

 
(1) Fault section determination in the scenar-

io of single fault. When fault f1 occurs in the dis-
tribution network, the fault information matrix F 
and fault judgment matrix P obtained from equa-
tion (7) and (8) are as follows: 

 
   

 
0 0 0 0= 1 1 1 -1 -1 -1 -1 -1diag F

 . (21) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

00 0 0 0 0 0 0 01 1 1

0 0 0 0 0 0 0 0 01 1 1

0 0 0 0 0 0 0 0 01 1 1

0 0 0 0 0 0 0 0 01 -1 1

0 0 0 0 0 0 0 0 0 01 1

00 0 0 0 0 0 0 0 0 01
= =

0 0 0 0 0 0 0 0 0-1 1 1

0 0 0 0 0 0 0 0 01 -1 1

0 0 0 0 0 0 0 0 01 -1 1

0 0 0 0 0 0 0 0 01 1 -1

0 0 0 0 0 0 0 0 0 01 1

00 0 0 0 0 0 0 0 0 01

1P D + F

 . (22) 
 

The suspicious branch sets of nodes are an-
alyzed in the fault decision matrix P according to 
equation (9) and (10): 
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.   (23) 

 
The marking value of each node to the 

branch by using equation (11) and (12), are 
shown in tab. 2. 

Tab. 2 shows that the larger the value is, the 
greater failure probability there is. When the val-
ue of a branch is less than 0, it is indicated that 
no failure occurred in the branch. Therefore, 
when analyze the failure probability of a sus-
pected branch, it is necessary to add a con-

straint M-V(dij)≥0 to equation (13). The fault in-
dex of each suspicious branch in тab. 2 are de-
picted in tab. 3. 

When  is set to 0.8, branch L3 (d34) is 
screened out. According to equation (14), it can 

be obtained that 3 4F -F = 2 > 0.
 Then, branch 

L3 occurs fault, which is consistent with the as-
sumed fault scenario.  

(2) Fault section location in the scenario of 
FTU information distortion 

When F5 took “1” by mistake and F7 took “0” 
by omission, the fault index of branches are ob-
tained as follows. 

Tab. 4 shows that the branch with fault index 
greater than or equal to 0.8 is still L3, and the 
fault determination result is correct. Since the 
fault index is determined by the nodes’ judgment 
to all the branches, the influence of the FTU in-
formation distortion is diluted. It does not affect 
the correctness of the fault determination result. 
(3) Fault section location in the scenario of mul-
tiple faults. When faults f1 and f2 occurred simul-
taneously, the fault information matrix F is: 

 

  . 
 

F 0 0 0 0 0 0 0= 1 1 1 -1 -1diag   (24) 

 

The corresponding fault index of branches 
are shown in tab. 5. 

 
Table 2. Marking values of suspicious branches 
Таблица 2. Значения маркировки подозрительных ветвей 
 

Node code 
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

M-V 1 1 1 -1 0 0 -1 -1 -1 -1 0 0 

Suspicious branch set C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

Branch 

L1(d12) 1 -1 -1 1 0 0 1 1 1 1 0 0 4 

L2(d23) 1 1 -1 1 0 0 1 1 1 1 0 0 6 

L3(d34) 1 1 1 1 0 0 1 1 1 1 0 0 8 

L4(d4-10) 1 1 1 -1 0 0 1 1 1 1 0 0 6 

L5(d15) 1 -1 -1 1 0 0 1 1 1 1 0 0 4 

L6(d56) 1 -1 -1 1 0 0 1 1 1 1 0 0 4 

L7(d87) 1 1 1 -1 0 0 1 -1 -1 -1 0 0 0 

L8(d98) 1 1 1 -1 0 0 1 1 -1 -1 0 0 2 

L9(d10-9) 1 1 1 -1 0 0 1 1 1 -1 0 0 4 

L10(d7-11) 1 1 1 -1 0 0 -1 -1 -1 -1 0 0 -2 

L11(d11-12) 1 1 1 -1 0 0 -1 -1 -1 -1 0 0 -2 
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Table 3. Branch fault indexes in the scenario of single 
fault 
Таблица 3. Индексы отказов ветвей в сценарии  
единичной неисправности 
 

Suspicious 
branches 

M-V F- I 

L1 4 0.5 

L2 6 0.75 

L3 8 1 

L4 6 0.75 

L5 4 0.5 

L6 4 0.5 

L7 0 0 

L8 2 0.25 

L9 4 0.5 

 
Table 4. Branch fault indexes in the scenario of Feeder 

terminal unit information distortion 
Таблица 4. Индексы отказов ветвей в сценарии  

искажения информации о фидерном терминале 
 

Suspicious 
branches 

M-V F- I 

L1 4 0.5 

L2 6 0.75 

L3 8 1 

L4 6 0.75 

L5 5 0.625 

L6 2 0.25 

L7 0 0 

L8 1 0.125 

L9 4 0.5 

L10 0 0 

L11 0 0 

 
Table 5. Branch fault indexes in the scenario of multiple 

faults 
Таблица 5. Индексы отказа ветвей в сценарии множе-
ственных отказах 
 

Suspicious 
branches 

M-V F-I 

L1 1 0 

L2 3 0.5 

L3 5 1 

L4 5 1 

L5 1 0 

L6 1 0 

L7 3 0.5 

L8 5 1 

L9 5 1 

L10 1 0 

L11 1 0 

 
According to equation (13), the target 

branches are screened out as follows: L3 (d34), 
L4 (d4-10), L8 (d98) and L9 (d10-9). And these target 

branches are calculated respectively by the fault 
criterion: 

 

.









3 4

4 10

9 8

10 9

F - F = 1-0 = 1 > 0

F - F = 0-0 = 0

F - F = 0+1 = 1 > 0

F - F = 0-0 = 0

   (25) 

 
According to equation (25), the faults occur 

in branches L3 and L8, and the determination 
result is consistent with the assumed fault sce-
nario. 

From the results analysis of the above ex-
amples, the fault section location algorithm pro-
posed in this paper can accurately determine 
the fault section and has good fault tolerance. It 
can adapt to the characteristics of UDN. 

 
CONCLUSION 

In order to improve the accuracy and reliabil-
ity of fault location of UDN, a fault section loca-
tion method based on fault marking is proposed 
in this paper. It solves the problems of low adap-
tive ability and fault tolerance of matrix algorithm 
in UDN. The conclusions are drawn through the 
case studies:  

1. By adding the branch state vector into the 
adjacency matrix, the connection relation be-
tween nodes and branches in the adjacent ma-
trix changes with the operation state of branch-
es. The adaptive ability of adjacency matrix to 
describe topology changes is enhanced.  

2. By calculating the mark value of the 
branch, we can get the number of times that the 
branch appears in the suspicious branch sets of 
all nodes. The larger the fault index of the 
branch is, the more times it appears in the sus-
picious branch sets, and the greater the proba-
bility of the branch failure. In addition, the influ-
ence of node information distortion on fault de-
termination results is diluted in the process of 
mark value calculation. Therefore, the fault tol-
erance of matrix algorithm is enhanced. 

3. The fault criterion is used to analyze  
and judge the screened target branches, which 
can accurately identify multiple fault branches.  
It can be used to locate faults in multiple fault 
scenarios. 
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