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Algorithm for Distribution Planning of Agricultural IoT Nodes Considering
Wireless Transmission Loss

XIE Jiaxing'? LIANG Gaotian' GAO Peng' WANG Weixing'
(1. College of Electronic Engineering, South China Agricultural University, Guangzhou 510642, China
2. Guangdong Modern Agricultural Science and Technology Innovation Center for Intelligent Orchard, Guangzhou 510642, China
3. Guangdong Engineering Research Center for Monitoring Agricultural Information, Guangzhou 510642, China)

Abstract; The node location of the agricultural ToT node is of great significance for reducing power
consumption. However, the existing literature rarely considers the loss in the signal transmission process
in the node location problem, especially the diffraction loss caused by the terrain factor. A method of
node location based on K-means and PSO algorithm was proposed. Firstly, the K-means algorithm was
used to determine the approximate location of each route and the terminal which were responsible for
docking according to the distance of the straight line. Then, considering the electromagnetic wave free
space loss and diffraction loss, combined with the modeling of the nodal topography, using the Fresnel
integral and free space loss formula, a fitness function was constructed. A variable inertia coefficient PSO
algorithm was used to solve this function. This method increased the inertia weight factor to improve the
particle search ability when the global optimal point was updated. Anyway, the inertia to accelerate the
convergence of the algorithm was reduced. The improved PSO algorithm was used to optimize the location
of routers and gateways. The simulation found that the routing position was optimized through the PSO
algorithm, which can reduce the maximum transmission loss by up to 27. 82% . Field inspection showed
that the optimal communication quality selected by this algorithm was significantly higher than that of the
nearby points, and the RSSI was improved by as much as 12% to 20% . In addition, the model gave the

maximum electromagnetic wave loss data, which can be used to determine the maximum transmission
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power of the node and estimate the energy loss of the node, so as to make a more rational estimate of the

overall energy consumption of the node, and effectively reduced the subjectivity and arbitrariness of nodes

planning.

Key words: agricultural internet of things;

node location; K-means algorithm; particle swarm

optimization algorithm ; diffraction loss; free space loss
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Fig. 8 Top view of experimental site (aerial photography)

B9 ISR REAL
Fig.9 Terrain sampler

K H RadioLink 2% ] 4= 7= ) “ SE100” GPS 5 ii #% 3K
WURE 5B 25 26 1, B GoerTek 2% H] Y “ SPLO6 —
001" 7 KA ) A% A5 45 B RE S0 B 15 B

M A B RAE T, 7 R e A7 204, BUT A
FE S22 FE B O S TR EE S AR A bR R AR
SR AE LY 22 20 BE A B A U R T D Y AR AR (e,
y) 38 5k fx 4 AT 37 A 15 X MR ARk T A AR A AT
FE S DL R A2 B 18] 10 fr s, Hoh i 6 5 o
TR AR 1) 5 R RE A, T S R S 5 3 b g
A 4 (A ) 5 L o T A 0 €8 R b R B

ER LR
o RAER 124
1

123
122
121
1120
119
118
117
116
115
114

[ 10 HbJE SR A DA R b TP e A 45
Fig. 10 Terrain sampling points and terrain modeling results

I 3 £ BB TT 24 71 B €C2530 5
FAE AR 5 Wk o, 8 [R] — 24 /)R /g €C2591
SR AE NG 5 I AR &, i CC2530 Stk i 2 i
B 42 Ak [ i 42 0 (5 5 9RO 48 AR (Received
signal-strength indication, RSST) 1 $| 3 1§ i &x , RSSI
{EUBE R 3R AR D B 4 o 7F S8 M I Ui, 42 RSSI
[m] £ 2 13 | A 0 SR AR A, DA 45 21X 13 GPS A
B o7 B A5 5 2R B

52 LWERELER

2% B 52 s A 15 PR 7 S M S UE R R S A
2 S I W e R VIS4 & et K B VA
B N BT SR RE A, A8 S50 o A A B 0 d A S
FLBH S0 )t RSSIH, DA 9% UE 57 7 45 2R 9 A &L
P i GPS A8 g DL K BIL 45 00 de AR I ol 4
3k 4 piR,

F4 SHBEBEENLT

Tab.4 Coordinates of terminal and route

i HR/(°) 2815/ (°)

2 1 23.160 110 113.355 049
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2 3 23. 160 540 113.354 156
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% h 23.160 080 113.354 417
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Tab.5 RSSI data of some measuring points
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