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r oower sources, hetwork mu

e minimal energy consumption. Therefore, €
orks used for monitoring of environmental parz
tant in remote networking scenarios.

1, analyzes of energy consumption of sensor nodes in Long Range (L
eless sensor network, which is used in agriculture to observe environm
ers, are performed.

work configuration is analyzed with regard to optimization of energy consumptior
1 terms of selection of adequate network topologies, nodes layouts, data collection
‘and routing processes, as well as settings of network radio parameters.
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O1 \

ides their application in agric

meters. |
est environment consists of agricultural crops for whic
al and other parameters important for yield prediction are ok

stems based on usage of sensor nodes make agricultural processes n
ligent, since they become more precise, data-oriented and highly automate

> in agriculture and monitoring of environmental parameters, sensor networ
nlaced in remote locations, i.e., test fields. Therefore, it is necessary to use '
etworking technologies that can achieve connectivity over long distances.

> Due to the simplicity of LoRa technology deployment in the fields,

the application of LoRa for monitoring environmental parameters
and optimization of its energy consumption is analyzed.
LoRa has sufficient range required in rural scenarios.
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the network topologies from the
'pl"'\sumption, the star topology,
logy, and topology in which linear
rmed in clusters, i.e., multi-hop

e selected.

order to see the total consumption per node, in
the following graphs presenting energy

- consumption, the residual energy of the nodes is
shown when solar power is excluded. However, with
solar power the life of the sensor nodes is extended.
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Nodes Nodes marking:
Gateway: s2 and s3: s4 and s5:
loop loop loop
wait randb x 10 atpl 55
= read x 1000 randb x 10
£ delay $x 1000
£ send 11 delay $x
delay 50 send 1 1
delay 50
—W

According to the level of energy
consumption, it can be seen that the

w sensor nodes closer to the gateway, s4
and s5, consume less energy than the
more distant nodes, s2 and s3.

[
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Gateway

SJ'\..

o

52e

data packets from their neighk i
heir own data packets and send further along

Nod. Nodes marking: .
odes Gateway: s2: s3: s4 and s5: Energy Consumptlon
loop loop loop loop
wait atpl 55 atpl 55 atpl 55 19160,00 - T
Y read x randb x 10 randb x 10 randb x 10 19159,98 :‘\\__‘ =]
g 1000 1000 1000 101596 e e/
S delay $x delay $x delay $x ) SN e N
g send 1 4 send 15 send 1 1 19150.94 mamE Y ~ N
= delay 50 delay 50 delay 50 - ! ‘\\“ %
send I 1 = 19159,92 1:\‘\
delay 50 b>.° S at
) 19159,90 N
des, although the closest to the g R
nvay, consume more energy thanthe * A
' A} e ————
ore distant nodes. CH nodes receive 19159,84 e N W
R
~ datafrom nodes s2 and s3, and send 19159,82 ==

them to the gateway along with their own 191598 ' ' ' ' ' ' ' ‘ ‘ |
dat a Th e tot al en ergy con Sumpti on i S 0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 9,00 10,00

higher than in the star topology. Time (s)
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D TOPOIOEI L.ne o
ers can be achieved to obtain tl
2 enabling the lowest energy consumptic

Nod. Nodes marking: .
odes Gateway: s2 and s3: s4: s5: Energy Consumptlon
I I I I
- vf;)f; r(:;r)zfib x10 a(;;IIJSS a(;;?SS igigg’gg \ o
Z read x 1000 randb x 10 randb x 10 ’ RN~ | ——— ——
g delay $x 1000 1000 19159,96 T\ | —— 2
E send 11 delay $x delay $x 19159,94 1 —L'T""
2 delay 50 send 12 send 13 19159,92 \r =
send 1 1 delay 50 delay 50 __ 1915990 —1
_| delay 50 = 19159,88 —
. & 19159,86
dom choice of CH nodes was 2 1915984 I
. o . A\
ted in this scenario to analyze the & gigggg —
possibility of reducing the energy 1915978 N —\
depletion of certain fixly selected CH 1915974 Qﬁ_k
-y 19159,72 X
nOdes‘ 19159,70 T T T T T T T T T 1
in this scenario is the highest. Time (s)
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- Gateway

U D:—-' SEd 10 LO

£

ed a. ‘more appropriate in terms of ta
“compared to the line structure within clusters.

Nodes Nodes marking: .
Gateway: | s2 and s4: s3: s5 and 57: 56: Energy Consumptlon
loop loop loop loop loop

. wait aipl70 | apl50 | send 11 aipl 90 19160,00 —
2 read x send 11 send 11 delay 1000 send 11 — e
a delay delay delay 1000 19159,99 +—f——— —_——
1000 1000
19159,98

st radius of area coverage has
losest to the gateway. The
nlacement in star topology presents

19159,97

=
>
% 19159,96
(/]
[ =
w

portant determinant of sensor 19159,95
ode life time. However, although the 19159,94
L nodes should be as close as possible to 19159,93
the gateway to reduce energy 19159,92 | ‘ | | | | | | | |
Consumption, adequate coverage of area 000 1,00 200 300 400 500 600 700 800 900 10,00
with signal must be achieved. Time (s)
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- Gateway

o u ed D\

rgy than node s7, and

/

Nodes marking:
Gat.: s2: s3: 54 s5: 56: s7:
loop loop loop loop loop loop loop 19160.00 -
wait atpl 70 atpl 50 | atpl 70 send 11 | atpl 90 send 11 !
readx | send11 | send11 | send11 | send11 | send11 | delay
send 11 | delay delay delay delay 1000

delay 1000 1000 1000 1000
1000 19159,96

19159,98

Instruct:

s Its it can be concluded that

arios where sending a larger

ount of data is not necessary, as in

the case of monitoring the state of yield,

 energy savings should be achieved by
sending an adequately determined 19159,84 ' ' ' ' ' ' ' | ' |
smaller volume Of da ta from SEeNsors. 0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 9,00 10,00
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~ Gaeway

Deé hoted WI

higher delay, i.e., less freque

Nodes marking:

Gat.: s2: s3: s4: s5: 56: s7: Energy Consumption
It It It It It It !
I ot a(;;?m a(;;IIJSO a(;;Il)70 soned 1 1 a(;;?QO sond 1 1 15160,00 - =
“-E—; read | send11 | send11 | send11 | send11 | send 11 | delay
2 x send 11 | delay delay delay delay 2000 19159,99
5 delay 2000 2000 2000 2000
19159,98
rts data transmission with 3> 19155,97
equirements for high transfer L 191599
[=
ds of large amounts of data. Thus, W 19159,95
ts application is adequate in precision 19159,94 T
. o, |
- agriculture, where additional energy 19159,93 e |
savings can be achieved by sending 19159,92 . . . . . . . ‘ ‘ '.
smaller amounts of data over longer 000 1,00 200 300 400 500 600 700 800 900 10,00
periods of time between transmissions. Time (s)
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ber of chips

- number between 6 and

noise from the signal. Thus, the

aken, the more time is taken to send a
righer range will be achieved because the
the receiver is better. For example, if the

. f;dr is minimal, i.e., SF = 6, a higher speed can
ved, but with a reduction in the possible range.

= expression for Coding Rate (CR) is CR =4/(4+n), while n

s value from 1 to 4. It denotes that each four useful bits

are encoded by 5, 6, 7 or 8 transmission bits. The smaller

- the coding rate is, the higher the time on air is to transmit
data. Prolonged data transfer time will also affect battery
consumption.
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Energy (J)
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loop loop loop loop loop
B wait atpl 70 atpl 50 send1178 | atpl 90
g read x send1178 | send1178 | randbx 10 send1 178
5 randb x 10 randb x 10 1000 randb x 10
E 1000 1000 delay $x 1000
2 delay $x delay $x send 1178 | delay $x
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2 Nodes marking:
S | Gar: | s2ands4 53: 55 and s7: 56
loop loop loop loop loop

. wait atpl 70 atpl 50 send11125 | atpl 90

g readx | send11125 | send11125 | randbx 10 send1 1125

g randb x 10 randb x 10 1000 randb x 10

g 1000 1000 delay $x 1000

2 delay $x delay $x send 11125 | delay $x

send11125 | send11125 | delay 1000 send11125
delay 1000 delay 1000 delay 1000
Energy consumption
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Energy (J)

2 Nodes marking: 2 Nodes marking:
2 Gateway: s2 and s4: $3: s5 and s7: 56: 2 s2 and s4: s3: s5 and s7: s6:
loop loop loop loop loop loop loop loop loop loop
B wait atpl 70 atpl 50 send1178 | atpl 90 B wait atpl 70 atpl 50 send11125 | atpl 90
g read x send1178 | send1178 | randbx 10 send1 178 § readx | send11125 | send11125 | randbx 10 send1 1125
5 randb x 10 randb x 10 1000 randb x 10 g randb x 10 randb x 10 1000 randb x 10
E 1000 1000 delay $x 1000 g 1000 1000 delay $x 1000
2 delay $x delay $x send1178 | delay $x 2 delay $x delay $x send 11125 | delay $x
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DNSUM O't. OT S _n 0
d as the one which could better fit low
presented scenarios.

esults show that optimizing LoRa parameters, such as S
d to required long range communication is a key element to redt
ed energy by the sensor nodes. Since SF factor must have the highest
ble value to achieve a greater range of communication necessary for prec
ure, the presented results show that in that case CR should be as high as
ible to reduce total energy consumption.

e presented findings of the effect of studied network elements on the energy
consumption collected through conducted simulations are important for further
research activities in the field of LoRa based environmental monitoring

and precision agriculture in rural areas.
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