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Clustering-based routing algorithm for wireless sensor networks in substation environments
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Abstract: Although there are many wireless sensor network (WSN) routing protocols, most fail to fully consider the
effects of communication distance and electromagnetic interference in the sensor environment, making them unsuitable
for power industry applications. This paper proposes a WSN routing protocol that considers sensor node density,
communication distance, and link quality. Given the problem that numerous sensors in power transmission and substation
scenarios do not have networking capability, a solution is proposed in which more powerful sink nodes are used to receive
sensor data and establish the network. First, according to the actual sensor deployment location, clustering is performed
according to the density-reachability principle and communication distance constraints, and each cluster is assigned a sink
node with sufficient energy and certain computing capacity. Then, considering the communication distance and link
quality between the sink nodes, a weighted directed graph of the sink node network is constructed, and the optimal routing
paths are obtained using Dijkstra’s algorithm to build the routing table. Finally, simulation results show that when 50% of
nodes fail, the proposed algorithm extends network lifetime by 72.5%, 82.8%, and 52.1% compared with the classical low
energy adaptive clustering hierarchy, centralized low energy adaptive clustering hierarchy, and improved low energy
adaptive clustering hierarchy protocols, respectively. In addition, a simple WSN is built in the laboratory to verify the
feasibility of the algorithm.
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Fig. 1 Composition of WSN structure in substation
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Fig. 2 Time line division of the proposed algorithm
2 HUREE. EBENFRER WSN BHES
2.1 EF 24 DBSCAN B WSN &8

LT (P M 75 8L FH 7 W) SRR SR (density based
spatial clustering of applications with noise, DBSCAN),
IS AR BH (e, P, ZEFEAS ) KRR
JERA, b, o RORLRA TS BEESE, P, ®
AN R B DAL R & R TR Y
TEMETTIGE, P, RAEI I8 250180

AL LB R AR Bk S R T AR M 45,

RAH T AR R R R IR oK.
R AR, BRSO PTG B AR s e A D
T34, AR E P, /9 3. DBSCAN MFEA
B LR A 25 SRR 2 I T R, R R
EEN YNITEIRES 2305y 325
xR 1 BREEELENEGEEEK
Table 1 Comprehensive requirements for online

monitoring of electrical equipment
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Fig. 5 Nearest neighbor search process
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Table 2 Clustering algorithm based on improved DBSCAN

Algorithm 1: Framework of Sensor Node Clustering Algorithm

Input: N ={x,x,,---,x,},(&,P.)

begin

1 Initialize the core node set H < & , the set of unvisited
samples W <~ N ,

2 the queue, O < (0) the number of clusters k£ «— 0

3 for j=1,2,---,m do

4 Determine the neighbor node set N, (x,) of x,
5 if |N,(x)|= Py, then

6 H=HU{x;}

7 end if

8 end for

9 while H =< do

10 The set of currently unvisited samples W, «<— W
11 W « W\ {0}

12 while 0#J do

13 g < Q[0]

14 if |N,(¢)|= P, then

15 A N(ONW, 0 AW «W\A
16 end if

17 end while

18 k< k+1,C, <« W, \W,H < H\C,

19  end while
Output: C ={C,,C,,---,C,}
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Table 3 Routing algorithm for sink nodes based on Dijkstra

Algorithm 2: Sink node routing algorithm

Input: G=(H,E,P)

begin

1 S« {s}

2 d[s,s]< 0

3 for h, € H\{s} do

4 d[s,h] < p(s,h;)

5 (when 4, not found, d[s,h,]< )
6 end for

7 while H\ S = do

8 find 9,1512 d[s,h] from the set V' \ S
9 S« SU{n}

10 for each neighbor /4, of #; where h, ¢ S do
1 if d[j1+ p(h,.h) < d[i] then
12 dli) < d[j1+ p(h,.h)
13 end if

14 end for

15  end while

Output: The optimal path from the edge gateway to each sink node
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Fig. 7 Substation distribution map
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Table 4 Simulation parameter settings
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Table 7 Energy consumption assessment and measurement
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