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Abstract:

Here, a planning approach for CUAVs movement path and charging schedule of sensor nodes under uncertainty in data
transfer rate and energy consumption in nodes with the help of Harris Hawks Optimization (HHO) and gradient-based
optimization (GBO) algorithms have been presented. By considering the inequalities and uncertainty in the battery limit
and energy consumption of the nodes, we will achieve new scheduling strategies for WRSNSs to increase the charging
throughput and increase the network lifetime. Initially, with the help of information about the position and remaining
energy of the nodes, clustering of the nodes into the number of drones has been done by the K-means method.
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According to the definition of the multi-purpose function of CUAV and with the help of the proposed algorithms, the
routing and charging schedule of each of the drones is planned. In the defined objective function, all uncertainties and
inequalities of the network are included for the delay and consumption of energy and battery of the nodes. The
simulation was done under MATLAB software. The results showed that the proposed method based on HHO has
achieved better solutions in terms of increasing the network lifetime and reducing the delay and optimizing energy
consumption.

Keywords: Multi-target charging strategy, Wireless Rechargeable Sensor Networks (WRSN), CUAV, K-means, Harris
Hawks Optimization (HHO).
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% define cost function for optimization;
function cost

= fitnessfunction(x0,y0, z,net, ROC, En, Pn,Vuav, Prch,ru)

w1
w2
w3 1;
w4 1;
Z = round(z);
S = unique(Z);
B = numel(Z) — numel(S);
ROC = ROC/100;
x = net.x;
y = net.y;
% Inequality condition
if (B==0&&isempty([find(Z <1) find(Z
> numel(x))]))
forj = l:numel(Z)
dist(j) = tourdistance(x0,y0,Z(1:)), net);
Tdelay(j) = sum(((1 — ROC(Z(1:)))).
* En(Z(1:))))./Prch(Z(1:))))
+ dist(j)/Vuav;

1;
1000;

end
Tdz = (ROC(Z).x En(Z))./Pn(Z);
A = find(Tdelay > Tdz);
else
A=1;
end
% Main cost;
if isempty(A)
dist = tourdistance(x0,y0, Z, net);
Priority = 1;
fori=l:numel(Z)
Priority = Priority + ROC(Z(i))"i;
end
Priority = 1/Priority;
Euav = ruxdist + sum((1 — ROC(Z)).x En(Z));
Tdeltot = sum(((1 — ROC(2)).x En(Z))./Prch(Z))
+ dist/Vuav;
cost = W1 xdist + W2 x Priority + W3 * Euav
+ W4 « Tdeltot;
else
cost = (numel(4) + 1) * le4;
end
end

% calculate distance;
function dist = tourdistance(x0,y0, Z, net)
X = net.x;
y = net.y;
if isempty([find(Z < 1) find(Z > numel(x))])
dist = sqrt(x0"2 + y0"2) + sqrt((x(Z(1)) — x0)"2
+ ((Z(1) = y0)"2);
fori = 2:numel(Z)
dist = dist + sqrt((x(Z(i)) —x(Z(i —1)))*2
+ W) - (23 - 1)"2);
end
else
dist = 1e5;
end
end
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Parameters Values
Node number 50,80,100
Field size (m?) 400*400
Location of CS 0,0
Initial energy (J) 50+rand(N)*10
Battery capacity of MCV 1000 Kj
Charging loss rate(p) 0.2

Fnergy thre:shold for 0.5Emax — 60%
sending a charging request
UAV speed (m/s) 1-2-3-4-5
UAV charging efficiency (1) 0.5
UAYV moving consumption 08

(J/m)
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