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o ABSTRACT o

The reliance on Green loT networks and technologies has began, as a result of
what current Internet of Things networks cause and its wide spread of carbon
emissions and electronic footprint, and the power that consumed in this networks. This
wide spread was accompanied by an increase in the data traffic of these networks, so
these networks started to work on (IPv6) addresses, which cause to deficiencies in the
current technologies in terms of the amount of power that used for this networks. So
the major focus today has moved towards energy-efficient solutions. Today's
bottleneck in up-to-date system design is not only computational capabilities or
transmission rate, but also power limitations.

Over the past ten years, there has been increasing interest of researchers and
academia in reducing the amount of energy consumed by Internet of Things networks,
where scheduling the sleep and tasks of Internet of Things devices had a significant
impact on the whole of energy consumption of these networks. Therefore, this research
aims to continue evaluating the performance of latest scheduling techniques that used
optimization and metaheuristic algorithms to reduce energy consumption in Internet
of Things environments, this will done by a practical simulation of this network
environment using (MATLAB R2022a), as its results show the large amount of energy
that varies in its consumption savings between the three algorithms (SSA, HHO, PSO).

Keywords: Green Internet of Things (Green I0T) - Task Scheduling - Device sleep
scheduling - Energy efficiency - Power consumption - Optimization algorithms: Salp Swarm
Algorithm (SSA), Harris Hawks Optimization (HHO), Particle Swarm Optimization (PSO).
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Algorithm 1 Pseudo-code of HHO algorithm

Inputs: The population size N and maximum number of iterations T
Outputs: The location of rabbit and its fitness value
Initialize the random population X(i = 1,2, ..., N)
while (stopping condition is not met) do
Calculate the fitness values of hawks
Set Xeassie s the location of rabbit (best location)

for (each hawk (X,)) do
Update the initial energy Eo and jump strength | v Ey=2rand()-1, J=2(1-rand())
Update the E using Eq.(3)
if (|E|> 1)then » Exploration phase
Update the location vector using Eq. (1)
if (|E|< 1)then » Exploitation phase
if(r >05and |E|> 0.5) then o Soft besiege
Update the location vector using Eq. (4
elseif (r >05and |E|< 0.5) then © Hard besiege
Update the location vector using Eq. (6)
elseif (r < 0.5and |E|> 0.5) then & Soft besiege with progressive rapid dives
Update the location vector using Eq. (10
elseif (r < 0.5and |E|< 0.5) then o Hard besiege with progressive rapid dives
Update the location vector using Eq. (11

Return X,

(HHO) dsajlsd dduzall Byaadd) (V- 1) JSal)
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Cloud Entity Parameter Value
Data centre Number of Data centre 1
Gateways Number of Gateways 2
Connectivity Technology 5G
NR Operating Band n78
Downlink/Uplink 3.5GHz
Bandwidth 100MHz
Sub-Carrier Spacing 30KHz
Throughput up-to 1.7Gb/s

tluluall Gl (e 3K el Gans V) sl s ey

Bslaall Ay ada Cluluwall (10T) ASed ciliasle (YY) Joaad)

10T Network Parameter Value
Sensors Number of Sensors 100
Number of sensors in Cell 25
Radius of Cell 1.15Km
Distance between Sensors 50-100m
Transmit Sensor power | 12dBm(decibel milliwatts)
Mobility Limited
Connectivity Technology BLE
Bandwidth 2.4GHz
Throughput up-to 1.9Mb/s
Max-Range 100m
Convergent node Number of nodes 4
Distance between nodes 1-3.75Km
Transmit node power 27dBm=500mw
Connectivity Technology Lo-RA
Bandwidth 2.4GHz
Throughput up-to 0.25Mb/s
Max-Range 4.75Km

15aad) Cpaca A8l Dlgiul Eua (e (SSA, PSO, HHO) ciluajlss e)af andi =V =YY
S A B clabaall S e i Sad) e sl 13 e BN eDlgiul )
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e b . plaw clly e Gada LD g Al W LS U 4 EDAl alu)lsall laalg )
b Lels Do aledd) Apas o Jghudl) (Hlandl Gl S0 oo saay oebaall alige Caaly ¢ goliand
M e Tely clabuall 0 WA A Jujis A asally sl Adad) algally 2l 4l
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Object Parameter Value
Tasks Number of tasks Yoo
Type of tasks (data collection, data
processing, data processing)
Size of tasks 10-1400KB
(SSA, PSO, HHO) Iterations 10/50
Number of slaps 50
Acceleration coefficient 1
Time of simulation 72sec
Fitness function Power consumption in sensors
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D9 Ll dagal) 4l Jusjins Al (Convergent node) ddasill ssie alige (e saass Wdit Al degall
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O LSS IS (Al da e alae Wl EOUI clue)lsad) dadig Jelad) Gauad daw S5 s 8
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% Helper functions for power calculations

Efunction power = calculateDataCo.

Lend

Lend

Lend

Lend

Lend

end

ectionPower (taskPosition, sensorPosition, dataSize)
blePower = calculateBLEPower (norm(taskPosition - sensorPosition), dataSize);

power = blePower;

Efunction power = calculateDataProcessingPower (dataSize)

processingPower = ; ¥ in watts
power = processingPower * dataSize /

Efunction power = calculateCommunicationPower (taskPosition, sensorPosition, gatewayPositions, datacenterPosaition, dataSize)

dist ToGateways = vecnorm(gatewayPositions - senscorPosition, A )i
[minDistance, closestGatewayIndex] = min(distancesToGateways):
loraPower = calculateLoRaPower (minDistance, dataSize);

distanceToDatacenter = norm(datacenterPosition - gatewayvPositions(closesatGatewayIndex, :)):
g5Power = calculate5GPower (distanceTloDatacenter, dataSize):
power = loraPower + gSPower;

Efunction power = calculateBLEPower (distance, dataSize)

basePower = ;7 ¥ in watts
power = pasePower % distance % dataSize [

Efunction power = calculateLoRaPower (distance, dataSize)

basePower = ;7 ¥ in watts
power = basePower % distance * dataSize [

Efunction power = calculateSGPower (distance, dataSize)

basePower = i ¥ in watts
power = basePower % distance * dataSize [
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