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     Abstract⎯ The great increase in the diffusion of microgrids and 
Distributed Generation (DG) requires a substantial evolution of 
dedicated supervision and control systems, in order to assure high 
levels of flexibility, automation and reliability. With special 
reference to the operation of these systems, the paper describes a 
diagnostic methodology based on the circuit theory, properly 
adapted to compute the state of the grid parameters. Subsequently 
the changes in these parameters are used for diagnostic purposes, 
achieving effective, timely, and economical scheduled maintenance 
of the monitored microgrid. The described method is successful in 
detecting a number of anomalies, even though the paper is 
especially targeted at diagnosing high impedance faults. The 
simulation results obtained from a study example showed high 
accuracy in the network parameter estimation.  
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I. INTRODUCTION 

ISTRIBUTION grids active in the presence of distributed 
generation require the development of new 

technologies in a number of fields, namely:  

 
- Interconnection devices and linked control logic.  
- Protection systems.  
- Forecasting systems. 
- Telecommunication systems. 
- On-line voltage control. 
- Load management techniques. 
- Real-time management of power flows in strongly 

interconnected structures. 
- Emergency management.   
- Monitoring and diagnostics of the distribution system.  
 
In this scenario, state observation techniques can be 
effectively used for suitable real-time diagnostics and a 
consequent improvement in the reliability and efficiency of 
electrical systems [9], [10].  
In order to identify the state of a network establishing the 
conditions of all its components the basic circuit theory 
approaches [11], [12], were adopted, evaluating network 
impedances (parameters) instead of electrical quantities 
(voltages and currents) that were assumed as unknowns.  
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In this case, node voltages must be measured in a number of 
network nodes in real time [1], [2].  
The measurement systems were applied only to some nodes 
of the networks (named “accessible nodes” in the 
following). The measured electrical quantities are those 
linked to particular stimuli applied to the network that do 
not affect the 50 Hz power frequency (and the related 
harmonics). Unfortunately, the equations obtained with only 
one stimulation (named “test” in the following) are not 
usually enough to compute all the unknowns in the problem. 
Stimulations must therefore be repeated a number of times 
until the number of linear independent equations obtained is 
equal to the number of unknowns. An algorithm was then 
implemented to process the information received and 
compute the actual network impedances, allowing therefore 
to establish the actual state of the system. 
The method herein illustrated was developed for mesh 
networks but can be used in radial networks as well. 
Distribution networks consist of nodes, where more 
branches converge, and connections between nodes 
(branches) established with cables and aerial lines. For line 
representation, it is convenient to adopt well-known 
simplified equivalent circuits. The presence of such derived 
devices as loads does not interfere with the developed 
method. The diagnostic procedure can be used to check 
normally operating power grids.  

 
II. THE MODEL 

Let us consider a mesh network with n=N+1 nodes. The l 
number of maximum possible connections between all N 
independent nodes is:   
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Let us suppose to stimulate the network with a current 
source of known amplitude and frequency placed between 
the k node (k=1, 2,…. N) and the N+1 node (ground).  
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By applying the first Kirchhoff’s rule to the N independent 
nodes the following matrix relation will be obtained:  
 
[ ] [ ] 0=⋅ VY       (2) 
 
The Yii (i=1,…,N) terms in the main diagonal of the [Y] 
matrix correspond to the “proper admittances” obtained 
from the sum of the admittances converging to the i-th node, 
which means:  

 ∑
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where  i= 1 , … , N .    
 
The Yij terms, (with i=1,…,N and  j=1,…,N), are defined as 
“mutual admittances”. A generic mutual admittance 
corresponds to the total admittance between nodes i and j 
with changed sign, that is:  
 

     ijij yY −=           (4) 
 
Of course, if there are no admittances between nodes i and j, 
the mutual admittance [2] is nil: 
 

     0=−= ijij yY   
 
A final observation on the admittance matrix is summarized 
by the condition ijjiij yYY −== , which means that the 
admittance matrix is symmetric. As a consequence, a drastic 
simplification in the computation occurs when mutual terms 
are nil.  
As regards the proposed method, in order to compute the 
value of all unknown admittances (or impedances) it is 
important to establish the g number of tests to be performed. 
Let us define the following conditions:  

 

l = 
( )
2

1−⋅ NN
  (maximum network branches);    (5) 

 
np =  number of accessible nodes  (where node voltages are 
measured);  
 
g = number of tests performed; 
 
N-np = number of non-accessible nodes.        (6) 
 
After performing g tests, the number of unknowns will be:  

 

( )npNglunknownsofno −⋅+=. .       (7) 
 
After g tests the number of the obtained equations is:  
 

Ngequationsofno ⋅=. .                     (8) 
 
With g tests, the equations system exhibits linearly 
independent solutions if:  

 
no. of equations  = no. of unknowns.       (9) 
 

This means that relations (7) and (8) must be equal, 
therefore:  
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By substituting relation (5) in the last of the (10) equations, 
the following equation can be written: 
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In relation (11) g is the number of tests necessary to 
characterize a network with N independent nodes, np 
peripheral measurement points and all nodes connected with 
l maximum number of branches. 
 

III. THE ALGORITHM IMPLEMENTED 

Based on the above method, a diagnostic algorithm as 
shown Fig. 1 was implemented. The algorithm is based on 
MATLAB features and tools.  
A correct application of the method requires the following 
preliminary information:  
 
- The technical characteristics of all network components 
including lines and distributed generators. 
 
- All operational data of the main relays installed for 
different kinds of faults. 
 
- Data coming from a continuous measurement process 
performed on a number of the network nodes. 
 
- Synchronization of the performed measurements. 
 
In order to detect the anomaly location, computed network 
parameters are compared with the corresponding values of a 
table that was provided by off line calculations assuming the 
network is in optimal operating conditions. 
The proposed diagnostic process allows to identify the 
network state when the characteristics of the parameters do 
not reveal changes during time intervals shorter than the 
information acquisition process; in addition, also the 
characteristics of the channels connecting sources and 
sensors must remain in the same state detected at the time of 
the previous calibration procedure. Occasionally during the 
monitoring phase network configuration can change 
suddenly, as with circuit breakers during open/close 
operations. The diagnosis can however be performed also in 
this situation, supposing the apparatus to be bi-stable (or, 
more generally, multi-stable). These cases will require, of 
course, more complex mathematical models. 
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Fig. 1 the microgrid diagnostic algorithm implemented 
 

IV. METHOD VALIDATION  

In order to validate the method, the Simulink tool of the 
MATLAB code [8] was used, which allowed a virtual 
cabling of the network starting from the single components 
and then feeding the test network and acquiring node 
voltages at all points. In addition, numerical results can be 
downloaded into the MATLAB Work-Space where all 
possible off-line computations can be implemented using the 
data supplied by the simulation process.  

 
A. Detection of a Phase-to-Ground Insulation Reduction  
 

The method was first applied to test the case-study network 
built with the MATLAB code shown in Fig. 2.  
The network impedances were assumed to be of an ohmic-
inductive nature.  
 

Numerical results were used to check the validity of the 
proposed model supposing the network to be in all three 
possible states (good, weak, faulted). Namely, the 
simulation results demonstrated that the diagnostic 
procedure can reveal any changes in the value of phase-to-
ground and phase-to-phase admittances.  
In order to eliminate repetitions, the performed validation 
procedure is better explained (step by step) in the following, 
more complex example. 
 
B. Detection of a Phase-to-Phase Insulation Reduction 
 
The study case concerns the localization of an anomaly in 
the resistive-inductive three-phase network shown in Fig. 3. 
For simplicity reasons, this network is represented by the 
only two phases involved in the insulation change, with the 
r-phase sub-network to the left and the s-phase sub-network 
to the right, with the two sub-networks being of course 
similar to each other. The phase-to-phase insulation 
reduction is simulated by means of the Rrs resistance 
inserted between node 4 (1.4 in the figure) of the r-phase 
and node 4 (2.4 in the figure) of the s-phase. The Rrs 
resistance is the parameter sensitive to the insulation level 
between phases. This parameter was supposed to be very 
high (i.e. 1MΩ) under normal conditions, and very low in a 
fault case (i.e. 1Ω). 
Intermediate values identify the insulation level reduction of 
the system, which can also point to a degradation whenever 
Rrs resistance values are insufficient to guarantee the 
required insulation conditions. 
With proper network stimulation and a post-processing 
procedure using voltages associated to stimuli as measured 
at accessible nodes, changes affecting any component can be 
detected, as well as any phase-to-phase faults.  
With reference to the network in Fig. 3, the proposed 
method was preliminarily tested considering the system to 
be in normal condition (Rrs=1MΩ). 
Afterwards, a phase-to-phase fault caused by an Rrs 
resistance of 1Ω was supposed to occur. After a first 
simulation similarly to the previous case, the voltage values 
computed for the non-accessible nodes were assumed to be 
acquired by a measurement system and supplied to the 
implemented procedure based on relation (2). In order to 
obtain a solution, two different stimulation tests were 
performed.  
Also in this case the obtained simulation results 
demonstrated that the insulation level reduction was 
correctly identified. 
Simulations can obviously be performed by means of 
different software, either commercial or from the open 
source world. Among these, the most powerful and complete 
are LabVIEW of National Instruments and MATLAB of 
MathWorks. The former allows a very efficient management 
of the signal acquisition procedure, whereas the latter 
supplies further analysis tools. In case also a signal 
acquisition procedure must be performed, the MATLAB 
code requires the toolbox Instrument Control. In any case, 
both software codes are programmable by the user to 
implement original data analysis algorithms. In this paper, 
the MATLAB code was adopted.  
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Fig. 2 model of the test network built with the MATLAB code in order to validate the procedure during a phase-to-ground  
insulation level change 

 
 

 
 

Fig. 3 resistive-inductive three-phase test network with r-phase and s-phase connected by the Rrs fault resistance 
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V CONCLUSIONS 

The proposed diagnostic method for microgrids and DG 
offers the following advantages: 

- Real time monitoring of network branch impedances. 
- Effective detection of both phase-to-ground and phase-to-
phase faults. 

- Optimal scheduling of network maintenance. 
The method was based on the use of a properly designed 
stimulation, performed by applying a stimulus at one node 
of the network and at the same time registering the 
acquisitions of responses to the stimulus at a number of 
other nodes. For a continuous monitoring of the network, the 
procedure needs to be repeated permanently so as to detect 
any possible changes in the distribution system state. 
Whenever changes from the expected values are revealed in 
the network impedance calculations, an anomaly may be 
present in the system. The information is then used to 
forecast undesired events in the electrical monitored grid 
achieving therefore an effective scheduled preventive 
maintenance.  
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