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Abstract — Microgrids are inevitable at distribution level of power system networks. They are the solution to the growing power 
demand. Reconfiguration occurs in microgrid mainly due to connection and disconnection of the distributed generators (DG) and 
loads. Reconfiguration in turn causes topology changes and hence conventional protection schemes may not be applicable in 
microgrid for efficient fault clearance. This paper proposes a Chazelle-Dijkstra method using Fibonacci Heap algorithm which 
detects the shortest path between the faulty point to the nearest operating source. This ensures that during fault clearance 
minimum portion of network is disconnected. This algorithm is tested and validated on 118-bus standard microgrid network. 
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I. INTRODUCTION  
 
Microgrids act as an aggregate of distributed energy 

sources and loads. They may operate with the central grid or 
may act independently to avoid the grid disturbances from 
discontinuing supply to the customers [1]. The above 
mentioned modes of operation are called grid connected 
mode and islanded mode respectively [2]. In grid connected 
mode, the supply from the central utility grid is used to cater 
to the load demand of the users. The microgrid switches to 
the islanded mode of operation during the occurrence of a 
fault or major disturbance in the utility grid. In this case the 
distributed energy sources operate to meet the current load 
demand. Such unpredictable change in the network causes 
reconfiguration of the microgrid system. Thus at any instant 
of time the system topology is dynamic and undeterminable. 
The nature of the power flow is bidirectional and in turn 
increases the complexity of the calculations and parameters 
to be considered for implementing the suitable protection 
schemes. 

To overcome the dynamic nature of microgrid, a central 
protection controller which constantly monitors the 
parameters of the system and triggers the necessary control 
signals maybe incorporated. Adaptive protection utilizing 
suitable communication medium is the most commonly used 
solution to protect the microgrid [3-7]. Distributed generators 
(DG) are connected or disconnected from a microgrid at any 
instant of time and causes setbacks like nuisance tripping, 
blind spot, fluctuation in fault levels and unnecessary 
islanding. The microgrid protection scheme must meet few 
constraints like [8]:  

i) Internal and external fault identification capability for 
low fault current levels. 

ii) Microgrid transits itself into islanded mode when a  
fault prevails in the utility grid. 

 iii) The utility side consumers are unaffected for faults 
that exist within the microgrid. 

iv) Suitable primary and backup protection is existing for 
both grid connected and islanded modes of operation.  

v) Excellent selectivity and appreciable speed is available 
in the available protection scheme.  

A graph theory based algorithm maybe employed on 
microgrid for shortest path identification in the microgrid 9. 
This paper proposes a novel Chazelle-Dijkstra using 
Fibonacci Heap algorithm that detects the current topology 
of the microgrid system. On occurrence of a fault at any 
point in the network, Dijkstra using Fibonacci Heap 
algorithm identifies the shortest path to isolate the fault. The 
proposed algorithm when employed on microgrid ensures 
that minimum network disconnection is incurred during fault 
clearance.  

II. SHORTEST PATH IDENTIFICATION PROBLEM 

The intention of this paper is to map the shortest path 
from the point  of fault occurrence to the utility grid. This 
ensures optimal protection of the microgrid. 
  
N paths that exist from the faulty point to the utility  
              grid  
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 P  shortest distance from the faulty point to 
                             the utility grid. 
 

The minimization problem is min P=min(N)................(1) 

subjected to the constraint that the shortest path identified 
from the network using the proposed algorithm should be a 
radial network [9-10].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

III. METHODOLOGY 

Chazelle’s algorithm, introduced by Bernard Chazelle, is 
the fastest comparison based algorithm that is non 
randomized. Chazelle employs the inverse of the 
Ackermann’s function,  
 
 
 
 

 
   Where m and n are integers. 
This function grows rapidly even for extremely small 
inputs. Chazelle’s function  therefore, grows extremely 
slowly. 

α(m,n)=min{i>1:A(i,4*ceil(m/n)>lg(n)}  
where,  

A Ackermann’s function and  
α inverse of Ackermann’s function. 
According to Chazelle, a graph ‘G’ with no self loops 

and edges assigned as e and their respective costs c(e). If a 

subgraph ‘C’ of the graph ‘G’ is contractible then it 
becomes easy to form the MST of ‘G’.  
The hurdle however was to compute the contractibility of 
C without simultaneously finding the MST(C). Chazelle 
overcame this problem by employing soft heaps, a simple 
variant of the priority queue. The data structure stores 
items with keys from a totally ordered universe and 
supports constant time operations such as: 
create(S)      : To create a new soft heap 
Insert(S,x)  : To insert new element  into the soft heap 
Meld(S,S’)  : To create a new soft heap with elements 
from both S and S’, and destroy both the soft heaps, 
assuming both are disjoint. 
Delete(S,x)  : Remove the item x from soft heap S 
Findmin(S)  : Return the item from the soft heap that has 
the smallest key. 
The soft heap can increase the value of the key, therefore 
these keys and their corresponding items are called 
corrupted. This saves time, as items travel together in a 
packet during heap updates. 

DIJKSTRA’S ALGORITHM 

Step 1: Pick the source node and assign to it a variable distance value of zero and set all the other nodes to infinity. 

Step 2: Mark all nodes except our source node as unvisited and the source node as current node. An unvisited set is 

created that contains all the unvisited nodes. 

Step 3: Pick the current node and compute the distances to its immediate neighbors. Compare this tentative distance to 

the current value and update it to the smaller one. 

Step 4: Once this process is complete for all the neighboring nodes we remove the current node from the unvisited set, 

marking it as visited. A visited node is never scanned again. 

Step 5: Select the unvisited node with the smallest distance, label it as the current node and repeat from step three till the 

destination node is reached. 

Step 6: Once the faulted node (destination node) has been marked as visited, the process is halted and the algorithm 

completes. 
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The running time for Chazelle’s Algorithm using soft 
heaps is O(m α(m,n)) where m and n are the edges are 
vertices  respectively. 
Fibonacci heap is a collection of trees  in which the key of 
the parent is lesser than the key of the child. 
The Fibonacci implementation of Dijkstra’s algorithm has 
a worst case time complexity of  O(nlogn+m). 

IV. SIMULATION RESULTS 

The Chazelle - Dijkstra algorithm is tested on the 118-
bus standard microgrid network shown in Figure 1, 
assuming the microgrid is functioning in grid connected 
mode.  

The utility grid, distributed generators and loads at  
any instant of time, form the active nodes.  

Assume that all the edges are connected in the 
reconfigured microgrid and the weight of each edge is ‘1’. 
Utility Grid: 
UG 
 
Buses: 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,
23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,4
1,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,
60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,7
8,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,
97,98,99,100,101,102,103,104,105,106,107,108,109,110,
111,112,113,114,115,116,117,118. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 Figure 1 118-bus microgrid Network. 
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TABLE I. SHORTEST PATH FROM FAULTED POINT TO UTILITY 

GRID 
Faulted 

node 
Shortest 
Distance 

Path 

96 7 91-90-89-65-64-63-1 

111 8 
110-118-117-116-115-114-

100-1 

55 5 29-28-4-2-1 

35 10 34-33-32-31-30-29-28-4-2-1 

73 7 91-90-89-65-64-63-1 

 
 
Now if a fault were to occur at bus 24, Dijkstra using 
Fibonacci Heap algorithm maps the shortest path from the 
said bus to the utility grid. This is identified in Figure 2 as: 
Node 24-8-7-6-5-4-2-1  
Table 1 indicates the shortest paths for few other sample 
faulted nodes.  

 

 
Figure 2 Shortest path identification using proposed algorithm. 
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TABLE II - RUN TIME FOR DIFFERENT PROCESSORS 

FAULT AT 

NODE 
SHORTEST 

DISTANCE 
RUN TIME(MS) 

INTEL I5-3210M INTEL I3-5005U 

77 10 0.015352 0.015420
56 6 0.011322 0.011340
79 4 0.010972 0.010980
5 3 0.0104676 0.0104679

 

V. CONCLUSION 

Microgrid possesses frequent topology changes and 
conventional protection schemes are not applicable due to 
bi-directional power flow. This paper proposes Chazelle-
Dijkstra using Fibonacci Heap algorithm that identifies 
active DGs, loads and utility grid (if any) in the network. 
If fault occurs in the microgrid, the algorithm aids in 
generating the shortest path from the faulted point to the 
utility grid. This information is utilized for swift fault 
clearance in the network. The algorithm effectively 
isolates the faulted segment from the healthy portion of 
network. The proposed algorithm is tested and validated 
on a 118-bus microgrid network. It is witnessed that only 
minimum portion of network is disconnected during fault 
clearance. Thus this proposed algorithm maybe extended 
to larger microgrids. 
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