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Abstract:

In this work we describe the optimization of a Fuzzy Logic
Controller (FLC) for an autonomous mobile robot that
needs to follow a desired path. The FLC is for the simula-
tion of its trajectory, the parameters of the membership
functions of the FLC had not been previously optimized.
We consider in this work with the flower pollination algo-
rithm (FPA) as a method for optimizing the FLC. For this
reason, we use the FPA to find the best parameters with
the objective of minimizing the error between the trajec-
tory of the robot and the reference. A comparative study
of results with different metaheuristics is also presented
in this work.
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1. Introduction

The use of fuzzy logic as a control technique has
been gaining popularity in control systems [1], [2],
[3], [4], classic control is less intuitive so in many ap-
plications due to the complexity of implementation
we would rather use fuzzy systems than classic con-
trol systems, nowadays there are a lot of applications
that are working with fuzzy logic and they have been
growing rapidly [5], [6].

The FPA was introduced by Xin-She Yang in 2012
[7], it has been used in application areas such as clas-
sification, pattern recognition and in this case for
optimization. The FPA is based on the inspiration of
the flower pollination process when the pollen is mo-
ved by pollinators such as insects or animals like ho-
neybees, kind of birds, butterfly, etc.

The rest of the paper is structured in the following
way. In Section 2 we describe the FPA algorithm, its
performance and characteristics, the equations that
represent the functionality of the global and the local
search and some of the applications of this algorithm.
In Section 3 we show the design of the Fuzzy Logic
Controller, then in Section 4 we define the parameters
that we have to optimize, in Section 5 we describe the
results and simulation of the robot. Finally, in Section
6 there is a conclusion of this work.

2. Flower Pollination Algorithm

The Flower Pollination Algorithm is a meta-
heuristic introduced in 2012 by Xin-She Yang, some
of the applications of this algorithm are mainly to
solve problems with single objective or multi-objec-
tive problems. The FPA has been inspired in a nat-
ural process called pollination of flowers, there are
thousands of species of plants in this natural pro-
cess, it is the transfer of pollen from a flower to an-
other flower ether from the same plant or a different
plant. The pollination process needs two parts, the
first one, is the pollinator and the second is the plant
with at least a flower, there are two types of pollina-
tors, they are abiotic and biotic, abiotic like the air,
and water, and biotic can be animals and insects, like
butterflies, bees, and some species of animals, for
example some kinds of bats. A study shows us that
the 90 percent of the pollination is performed in the
biotic way, so the 10 percent is carried out in the abi-
otic way. The biotic way can be view as the global
search of the algorithm, and the abiotic way can be
as the local search of the FPA. Sometimes the biotic
way is called cross pollination and the abiotic way
self-pollination.

There are four characteristics in this method, they
are the following [7]:

1. Biotic and cross-pollination can be considered
processes of global pollination, and pollen-
carrying pollinators move in a way that obeys Levy
flights (Rule 1).

2. For local pollination, abiotic pollination and self-
pollination are used (Rule 2).

3. Pollinators such as insects can develop flower
constancy, which is equivalent to a reproduction
probability that is proportional to the similarity of
two flowers involved (Rule 3).

4. The interaction or switching of local pollination
and global pollination can be controlled by a switch
probability p € [0, 1], slightly biased toward local
pollination (Rule 4).

The four characteristics of the FPA have been
converted in equations that describe the features of
this algorithm. In the global pollination the pollen is
carried out by animals and insects that can travel to
longer distances and a wider range. Equation 1 is for
the global pollination [7].

X" =xi +yL(A)(g. - X)) (1)
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Where is the pollen i at the iteration and is the best
solution in the current iteration.

The in Equation 2 is the parameter that represents
the strength of pollination and it is based on the Levy
Flights [7].
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Here is the standard gamma function and it is valid
for larger steps greater than zero.
Global Pollination can be represented in equa-
tion 3 [7]:

X =x{ +e(xi—x,) (3)

Where and are pollen of different plants of the
same species. The parameter is for a random search
for a uniform distribution in [0, 1].

3. Fuzzy Controller

The FLC is of Mamdani type, as the Figure 1 shows
us it has two inputs and two outputs. Where the inputs
are the error in angular velocity (ew) and the error in
linear velocity (ev). The outputs are torque one (T1)
and torque two (T2) that need to have each wheel of
the robot in this case the robot has two wheels with
servomotors [8], [9], [10], [11].

av(3) BaseRobotFPA E—_—
(mamdani)
9 rules
ow @) T2 (3}

Systemn BaseRobotFPA: 2 inputs, 2 cutputs, 9 rules

Fig. 1. Fuzzy Controller Structure

The inputs and outputs membership function’s
linguistic values are N, Z, and P, they stand for Nega-
tive, Zero, and Positive respectively, and they are in
the range [-1,1]. The outputs of the FLC are triangle
membership functions, and the input membership
functions are of triangle type in the Z linguistic var-
iable, and trapezoidal form in the N and P linguistic
variables [11], [12], [13]. We have an example in
Figure 2.

Drepree of membership Degree of membership Degree of membership  Degree of membersl

Fig. 2. Membership functions of the FLC

Fuzzy rules can be considered like the knowledge
of an expert in a specific field, they are represented
in the sequence IF-THEN to associate a condition
through linguistics variable.

There are 9 rules for the FLC to deal with the ro-

bot, they are the following [8], [14]:
If (evis N) and (ew is N) then (T1 is N) (T2 is N)
If (evis N) and (ew is Z) then (T1 is N) (T2 is Z)
If (evis N) and (ew is P) then (T1 is N) (T2 is P)
If (evis Z) and (ew is N) then (T1 is Z) (T2 is N)
If (evis Z) and (ew is Z) then (T1is Z) (T2 is Z)

SRRl

If (evis Z) and (ew is P) then (T1 is Z) (T2 is P)
If (ev is P) and (ew is N) then (T1 is P) (T2 is N)
If (ev is P) and (ew is Z) then (T1is P) (T2 is Z)
If (ev is P) and (ew is P) then (T1is P) (T2 is P)

© 0N

4. Optimization of Parameters of the
Membership Functions

The parameters were optimized using the FPA, the
simulation model is shown in Figure 3, it is based on
the kinematics of a differential robot [15], the mod-
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Fig. 3. Simulation model of the differential robot

el has a classic closed loop control system where the
controller is the FLC. In Figure 2 we show you an ex-
ample of the parameters of the membership functions
that we have optimized.

The model is called by the FPA to update all the
variables of the simulation every short time to deter-
mine the actual error; this error determines the stop-
ping criteria of the algorithm, it means that when the
error is acceptable, the algorithm finishes its process
and show the results. In some cases, the FPA needs
more iterations for convergence to the solution and in
other cases it needs fewer iterations.

5. Simulation Results

For the simulation 30 experiments using the FPA
were performed, we have obtained good results, an
average of the error with the medium square error
(MSE) is 0.00483803 and a standard deviation of
0.002779863. The parameters of the FPA that were
moved manually are the following, the population
size (n) between a recommended range of 10 to 25,
iterations, and the probability value where a 0.8 val-
ue has been recommended since 2012. In Table 1 we
show all the experiments that we have explained be-
fore.

Table 1. Experiments of optimization using the flower pollination algorithm

FPA Experiments

Experiments MSE Error Population Probability Iterations
1 0.0046 n=25 p=0.9 20000
2 0.009 n=23 p=0.38 876
3 0.0035 n=25 p=0.38 2182
4 0.006 n=10 p=0.38 13959
5 0.0004 n=15 p=0.38 2414
6 5.69E-04 n=17 p=0.38 1211
7 0.0044 n=18 p=0.8 4219
8 0.0062 n=17 p=0.38 20000
9 0.000089862 n=17 p=0.2 10589
10 0.0029 n=20 p=0.3 4080
11 0.0064 n=22 p=0.4 4610
12 0.0053 n =24 p=0.5 12091
13 0.0039 n=18 p=0.6 6415
14 0.0072 n=25 p=0.7 9547
15 5.41E-04 n=10 p=0.8 6796
16 0.0073 n=11 p=0.38 1969
17 0.0065 n=12 p=0.8 2706
18 0.0065 n=13 p=0.38 9451
19 0.0091 n=14 p=0.8 20000
20 8.20E-03 n=16 p=0.38 9500
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FPA Experiments

Experiments MSE Error Population Probability Iterations

21 0.0085 n=17 p=08 630

22 0.0010404 n=19 p=0.8 15101

23 0.0066 n=20 p=08 8950

24 0.0041 n=20 p=09 10755

25 0.0085 n=25 p=0.85 1217

26 0.002 n=23 p=0.85 1200

27 0.0032 n=23 p=1 2037

28 0.0054 n=22 p=0.95 17500

29 0.0058 n=23 p=0.83 3405

30 0.0014 n=23 p=0.78 9641
Average 0.00483803 - - -
Standard Deviation 0.002779863 - - -
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Figure 4. Membership functions and trajectory of the robot with respect a reference of experiment 6

Figure 5. Experiment 6
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For example, in experiment 6 we obtained an MSE
of 0.000569, with a population size of 17, the proba-
bility value is 0.8, and 1211 iterations. We illustrate
the result of the parameters of the membership func-
tions, and the trajectory of the robot and we compare
it with the reference, we have the result as we can see
in figure 4. In Figure 5 we focus on the trajectory and
the reference as we can see they are very close.

Table 2 shows the comparison of the MSE of each
metaheuristic, the FPA obtains a better average in all
of them. The comparison is with Genetic Algorithms
with type-1 and type-2 inference system and with the
Ant Colony Optimization with type-2 inference sys-
tem and dynamic adaptation of parameters.

Table 2. Comparison of the methods for the same
optimization problem

MSE FPA GA + T1FS|GA + T2FS| ACO + T2FS
[13] [13] DINAMIC
[27]
Average 0.00483803 | 0.438709 | 0.400899 0.0096
Standard 0.00277986 | 0.050195 | 0.00325 0.0148
Deviation
Experiments 30 30 30 30

As we can see with the proposed method we ob-
tained better results compared with the methods
mentioned before, with the GA+TIFS and GA+T2FS
the parameters of the membership functions are also
moved manually, however with the ACO + T2FS the
parameters were moved dynamically but we also ob-
tained better results.

6. Conclusions

In this work we proposed a methodology to solve
the control problem for the optimization of the trajec-
tory of an autonomous mobile robot. We used a fuzzy
system of Mamdani type to determine the trajectory
and a bioinspired algorithm to optimize its parame-
ters so we obtained the best FLC for the best trajecto-
ry for the simulation of the robot.

We performed a comparative study with respect to
other metaheuristics based on the average and stand-
ard deviations, and we have obtained better results.
In future work we can consider moving the parame-
ters of the FPA dynamically and compare with other
algorithms.

We have realized that the FPA is a more effective
method for the optimization for the simulation of
the differential autonomous mobile robot than other
methods in the literature.

In the future we envision using the optimization
method with type-2 fuzzy controllers for the auton-
omous mobile robot. Of course, it is more difficult to
optimize type-2 fuzzy controllers, but these can be
more effective in dynamic and uncertain enviroments
for the robots”.

AUTHOR

Oscar R. Carvajal, Oscar Castillo*, José Soria - Ti-
juana Institute of Technology, Tijuana BC México.

* Corresponding author.
E-mail: ocastillo@tectijuana.mx

REFERENCES

[1] C. T. Kilian, Modern Control Technology: Com-
ponents and Systems, USA: Delmar, 2006. DOI:
10.1007/3-540-30368-5_19.

[2] L.A.Zadeh, “A Rationale for fuzzy Control”, J. Dy-
namic Systems, vol. 94, no. 1, 1972, 3-4. DOL:
10.1115/1.3426540.

[3] L. A. Zadeh, “Fuzzy Sets”, Departament of Elec-
trical Engineering and Electronics Research La-
boratory, vol. 8, no. 3, pp. 338-353, 1965. DOI:
10.1016/S0019-9958(65)90241-X.

[4] L.A.Zadeh, “Towards a generalized theory of un-
certainty”, Information Sciences, vol. 172, no. 1-2,
2005, 1-40.DOI: 10.1016/j.ins.2005.01.017.

[5] H. Erdem, “A Practical Fuzzy Logic Controller for
Sumo Robot Competition”. In: Ghosh A., De RK,
Pal S.K. (eds) Pattern Recognition and Machine In-
telligence. PReMI 2007. Lecture Notes in Comput-
er Science, vol 4815. Springer;, Berlin, Heidelberg.
2007.DOI: 10.1007/978-3-540-77046-6_27.

[6] A.Hechri, A. Ladgman, F. Hamdaoui, A. Mtibaa,
“Design of Fuzzy Logic Controller for Auton-
omous parking of Mobil Robot”, International
Journal of Science and Techniques of Automatic
Control and Computer Engineering, vol. 5, no. 2,
2011, 1558-1575.

[7] X.-S. Yang, Nature-Inspired Optimization Algo-
rithms, US: Elsevier, 2014.

[8] L. Astudillo, O. Castillo, P. Melin, Chemical Opti-
mization Algorithm for Fuzzy Controller Design,
Tijuana: Springer, 2014. DOI: 10.1007/978-3-
319-05245-8.

[9] O. Castillo, L. Aguilar, S. Cardenas, “Fuzzy Logic
Tracking Control for Unicle Mobile Robots”, En-
gineering Letters, vol. 13, no. 2, 2006, 73-77.

[10] O. Castillo, L. Amador-Angulo, J. R. Castro,
M. Garcia-Valdez, “A comparative study of type-
1 fuzzy logic systems, interval type-2 fuzzy
logic systems and generalized type-2 fuzzy log-
ic systems in control problems”, Information
Sciences, vol. 354, no. 1, p. 257-274, 2016. DOI:
10.1016/j.ins.2016.03.026.

[11] O. Castillo, C. Caraveo, F. Valdez, “Optimization of
fuzzy controller design using a new bee colonyal-
gorithm with fuzzy dynamic parameter adapta-
tion”, Applied Soft Computing, vol. 43, no. 1, 2016,
131-142.D0I: 10.1016/j.as0c.2016.02.033.

[12] O. Castillo, P. Melin, L. Amador-Angulo, O. Men-
doza, ]J. R. Castro, A. Rodriguez-Diaz, “Fuzzy
Sets in Dynamic Adaptation of Parameters
of a Bee Colony Optimization for Controlling
the Trajectory of an Autonomous Mobile Ro-



Journal of Automation, Mobile Robotics & Intelligent Systems

VOLUME 12, N°1 2018

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

bot”, Sensors, vol. 1, no. 1, 2016, -1-27. DOI:
10.3390/5s16091458.

0. Castillo, R. Martinez-Marroquin, P. Melin,
F. Valdez, ]. Soria, “Comparative study of bio-in-
spired algorithms applied to the optimization
of type-1 and type-2 fuzzy controllers for an
autonomous mobile robot”, Information Scienc-
es Informatics and Computer Science Intelli-
gent Systems Applications, vol. 192, no. 1, 2012,
19-38.DOI: 10.1016/j.ins.2010.02.022.

M. Lagunes, O. Castillo and ]. Soria, “Optimiza-
tion of membership function parameters for
fuzzy controllers of an autonomous mobile ro-
bot using the firefly algorithm”. In: Fuzzy Logic
Augmentation of Neural and Optimization Al-
gorithms: Theoretical Aspects and Real Applica-
tions, Tijuana, Springer, 2018, 199-206.

R. Sharma, D. Honc, F. Dusek, “Predictive con-
trol of differential drive mobile robot consid-
ering dynamics and kinematics”. In: Proceed-
ings of 30th European Conference on Modelling
and Simulation, vol. 1, 2015, no. 1, 1-7. DOI:
10.7148/2016-0354.

G. Dudek, M. Jenkin, Computational Principles of
Mobile Robotics, New York: Cambridge Universi-
ty Press, 2010.

C. Rekik, M. Jallouli, N. Derbel, “Optimal trajec-
tory of a mobile robot using”, Computer Appli-
cations in Technology, vol. 53, no. 4, 2016, 348-
357.DO0I: 10.1109/SSD.2010.5585508.

R. Zhao, D. Hwan Lee, H. Kyu Lee, “Mobile Ro-
bot Navigation using Optimized”, International
Journal of Fuzzy Logic and Intelligent Systems,
vol. 15, no. 1, 2015, 12-19. DOI: 10.5391/
[JF1S.2015.15.1.12.

R. Martinez Marroquin, O. Castillo, ]J. Soria,
“Optimization of Membership Functions of
a Fuzzy Logic”, In: Castillo O., Pedrycz W,
Kacprzyk ]. (eds) Evolutionary Design of In-
telligent Systems in Modeling, Simulation and
Control. Series: Studies in Computational Intel-
ligence, Springer, vol. 257, no. 6, 2009, 3-16.
DOI: 10.1007/978-3-642-04514-1.

T.Y. Abdalla, A. Abdulkareem, “A PSO Optimized
Fuzzy Control Scheme for Mobile Robot Path

[21]

[22]

[23]

[24]

[25]

[27]

Tracking”, International Journal of Computer
Applications, vol. 76, no. 2, 2013, 11-17. DOI:
10.5120/13217-0608.

R. Martinez, O. Castillo, L. T. Aguilar, “Optimi-
zation of interval type-2 fuzzy logic controllers
for a perturbed”, Information Sciences, vol. 179,
no.1,2009, 2158-2174.

M. A.Sanchez, O. Castillo, ]. R. Castro, “Generalized
Type-2 Fuzzy Systems for controlling a mobile
robot and a performance comparison with In-
terval Type-2 and Type-1 Fuzzy Systems”, Expert
Systems with Applications, vol. 42, no. 1, 2015,
5904-5914.DO0I: 10.1016/j.eswa.2015.03.024.
F. Valdez, P. Melin, “Comparative Study of PSO
and GA for complex mathematical functions”,
Journal of Automation, Mobile Robotics and In-
telligent Systems, vol. 2, no. 1, 2008, 43-51.

R. Martinez Soto, O. Castillo, L. Aguilar, R. Diaz,
“A hybrid optimization method with PSO and
GA to automatically desing Type-1 and Type-2
fuzzy logic controllers”, International Journal of
Machine Learning & Cybernetics, 2015, vol. 6,
no. 2, 175-196. DOI: 10.1007/s13042-013-
0170-8.

P. Melin, L. Astudillo, O. Castillo, F. Valdez,
M. Garcia, “Optimal design of type-2 and type-
1 fuzzy tracking controllers for autonomous
mobile robots under perturbed torques us-
ing a new chemical”, Expert Systems with Ap-
plications, vol. 40, no. 8, 2013, 3185-3195.
DOI: 10.1016/j.eswa.2012.12.032.

0. Castillo, R. Martinez Marroquin, P. Me-
lin, F. Valdez, ]. Soria, “Comparative study of
bio-inspired algorithms applied to the optimi-
zation of type-1 and type-2 fuzzy controllers
for an autonomous mobile robot”, Information
Sciences, vol. 192, 2010, no. 12, 19-38. DOI:
10.1016/j.ins.2010.02.022.

F. Olivas, F. Valdez, O. Castillo, C. Gonzales,
G. Martinez, P. Melin, “Ant colony optimization
with dynamic parameter adaptation based on
interval type-2 fuzzy logic systems”, Applied Soft
Computing, vol. 53,2016, 74-87.



