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Steering and controlling of underwater robot using ANFIS controller

M. Rostami", J. Javadi-Moghaddam? and A. Bagheri®
! M.Sc., Eng. Dept., Guilan University, Rasht, Iran

2 Ph.D. Student, Eng. Dept., Guilan University, Rasht, Iran
% Prof., Eng. Dept., Guilan University, Rasht, Iran

Abstract

Underwater robots are common field between robotic science and ocean engineering. Its applications are
such as environmental monitoring, ocean topography and explore the depths of the waters. Path tracking of
an underwater robot using ANFIS controller and Memetic Algorithm is done in this paper. Memetic
Algorithm is a class of evolutionary algorithms. It uses a combination of local searches with other
evolutionary algorithms and leads to better responses in an optimization problem. In this study, with respect
to the evolution of behavior in an optimization problem, an adaptive strategy is proposed for the Memetic
Algorithm. By defining an adaptive parameter for the algorithm in each iteration, number of population,
mutation probability and entry conditions to local search algorithms can be determined adaptively. The
adaptive algorithm is used to off-line control of an underwater robot with an ANFIS controller. Variable
parameters of ANFIS are trained by Memetic until the robot moves with minimal error on a predefined path
with disturbance condition. The ANFIS controller was trained by Memetic Algorithm and Genetic
Algorithm. Comparison of results shows that Memetic Algorithm training is more stable and more precise.

Keywords: Underwater robot; Path tracking; ANFIS control system; Memetic algorithm.
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! Multi-Layer Neural Network
2 Radial Basis Function Neural Network
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! Reflection
2 Expansion
% Contraction

| fbest - 1:avg if fbest - favg <1
o= | fbest | fbesl (\ . )
1 if fbest - favg -1
, fbest
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begin-MA
Create initial population;
Perform fitness evaluations;
Define o, & = min {1, f”ef“ﬂ %
best

while (Stopping conditions are not satisfied)
Perform tournament selection;

Perform fitness evaluations on the offspring;
Merge parents and offspring;
if (o <0.1and generation > 8)

Perform recombination operation using blend crossover with probability of 0.9;
Perform mutation operation with probability of p,, = 0.4 (1 — a);

Perform Hooke-Jeeves search method on the elite individual;
Replace the elite chromosome in the population with the Hooke-Jeeves improved solution;
end-if
if (0.05<a<0.5and generation > 4)
Perform random selection of 157 individuals from the population;
Perform Multidirectional Search method on the 157 individuals;
Replace the original chromosomes in the population with the Multidirectional Search improved solutions;
end-if
Update Spop, Spop = Spop + Skop (1 — a);
Survivor selection: Select only the S,,,, best performing individuals to proceed in the next generation;

Update &, a = min {1, fbftﬂ ¥
best
end-while
end-MA
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If position error (X) is medium (A,) & velocity error
(X) is medium (B,), Then fs=ps X+qsX+rs.

If position error (X) is medium (A;) & velocity error
(X) is large (Bg), Then fs=ps X+qeX+Ts.

If position error (X) is large (As) & velocity error (X) is
small (B,), Then f;=p; X+q;X+r7.

If position error (X) is large (As) & velocity error (X) is
medium (B,), Then fg=pg X+qgX+rs.

If position error (X) is large (A3) & velocity error (X) is
large (Bs), Then fo=pg X+qgX+re.
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If position error (X) is small (A;) & velocity error (X)

is small (B,), Then f;=p; X+0;X+r4.

If position error (X) is small (A;) & velocity error (X)

is medium (B,), Then f,=p, X+q,X+r>.

If position error (X) is small (A;) & velocity error (X)

is large (B3), Then fy=ps X+qsX+rs.

If position error (X) is medium (A,) & velocity error

(X) is small (By), Then f,=p, X+q,X+r,.
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