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ARTICLE INFORMATION ABSTRACT
Original Research Paper The robotic sensor deployment task to achieve maximum coverage is one of the main phases in
Received 13 October 2016 feasibility studies and development of communication infrastructures and environment monitoring
Accepted 19 November 2016 systems. In this article, a new approach is proposed to treat the maximum coverage in 3D vector spaces.

Available Online 25 December 2016 For this purpose, a new geometric strategy is first presented to compute the area covered by an

individual sensor. To maximize the coverage of the robotic network, the fractal search algorithm was

i;(;;x;’g;dmh employed. This population-based evolutionary algorithm has been proposed based on the growth of the
Robotic sensor random fractal and demonstrates a robust performance in tackling constrained and unconstrained
Deployment optimization problems. Then, based on several scenarios and by considering spatial constraints, the
Coverage efficiency of the fractal search optimizer was compared with other methods in terms of success rate,

Vect S . . 7
ector space running time, quality of the coverage results, convergence rate, as well as the Wilcoxon statistical test.

The comprehensive assessment and analysis of the results certify better performance of the proposed
approach to maximize the coverage in 3D vector spaces. The proposed approach can obtain the optimal
deployment and coverage of the robots by the best convergence rate and computational and statistical
precision.
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if the average improvement of best(i) is below 0.001

for i=1:500 generations,

check if maximum distance (best(i)-worst(i)) < 0.001
break and return { best, mean, std, time}

plot the convergence curve and display the found sensors
else if the iteration <500, continue

Fig. 11 pseudocode of hybrid termination condition
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Fig. 12 Chromosome-based model of the solutions
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Fig. 13 Convergence speed of the algorithms in problem 1
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Fig. 14 Convergence speed of the algorithms in problem 2
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Fig. 15 Convergence speed of the algorithms in problem 3
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Fig. 16 Convergence speed of the algorithms in problem 4
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Table 3 Best, mean and standard deviation of the calculated coverage

values over 50 runs on instance problems with rank of the algorithms
and the results of the statistical test with confidence level of 95%

GWO PSO GA ICA WCA SFS L P

67, 49, 386 475 585 73, best
61, 464+ 376+ 44, 535+ 66, mt 1
1985, 2.855, 2.122; 3336, 3.127s 1328, std
65, 47, 334 444 50, 64, best
57, 415 29+ 4344 485 61, mt 2
1.173; 2923, 2.002; 3.149, 3.108s 1.512, std
66, 514 41, 465 615 72, best
63,= 48+ 39+ 425 544+ 69, mt 3
2430;  3.028, 2303, 3.4065s 3.933, 1432, std
69, 57, 464 505 62, 78, best
63, 49,4 42+ 445 613+ 75, mit 4
1.128, 2359 2497, 3392, 3.873s 1.105, std
58, 43, 286 385 46, 63, best
53,4+ 355+ 236+ 364+ 425+ 59, m/t 5
3711,  4.892, 3.982; 5.058, 49225 2895  std

ooyl a5 ol yon 4 Loy )81 Coidgn &5 4 Jguer
Table 4 Success rate of the algorithms with their ranks

GWO PSO GA ICA WCA SFS P
58, 44; 464 523 40 67, 1
62, 39, 39, 533 38 63, 2
58, 465 474 563 42 68, 3
61, Sy 47 593 44 71 4
52, 37 38,4 47; 38,4 60, 5

bl a5 ol yon 4 bapy 5501 Gl 0loj 5 Jgur
Table 5 Computational time of the algorithms with their ranks

GWO PSO GA ICA WCA SFS P
138.25, 164.96s 176.92¢ 154.62; 131.51, 161.89, 1
142.74, 168.66, 184.52¢ 161.92;  138.85; 174335 2
13493, 158315 170.76¢  149.05,  131.81; 148.153 3
128.12,  149.13, 168.08¢ 141.93; 129.46, 152.71s 4
147.39, 175364 19539¢ 169.47; 14327, 18238 5
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Fig. 17 Convergence speed of the algorithms in problem 5
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Perspective view construction in the robot

Final optimal perspectivé view

Fig. 21 The optimal perspective view of the inside of the robot
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Fig. 18 The case vector city model
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Fig. 19 The results of the optimal deployment of robots for maximum
coverage using SFS algorithm
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Fig. 20 The details covered by a robot with 180° field of view
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Artificial bee colony ABC

Aerial robotic vehicle ARV

Central control station CCS

Diffusion limited aggregation DLA
Digital surface model DSM

Genetic algorithm GA

Grey wolf optimizer GWO

Imperialist competitive algorithm ICA
Particle swarm optimizer PSO
Stochastic fractal search SFS

Water cycle algorithm WCA

Wireless sensor network WSN
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