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Abstract. Walking robot dynamic stabilization is a growing field of research as such robots are
being constructed for various applications in human environment. The dynamic stabilization
systems for such robots are often highly non-linear with the additional demand for rapid
change of model mass parameters to meet the design requirements. The article centres round
the problem of mechanical modelling of a walking robot and identifying the robot dynamic
stabilization system parameters using the genetic algorithm approach. The stabilization system
supposed in the paper is based on inverted pendulum model with paired gyroscopic units with
limited kinetic momenta, that shapes out the optimization problem. The proposed control
system includes a cascade of two PID regulators, the optimal parameters of which are
identified using the genetic algorithm approach. The authors give the short description of the
approach and suggest the fitness function suitable for this application. The computational
experiment is then conducted, and the optimal parameters set is obtained. The disadvantages of
the genetic algorithm solver in Simulink environment are pointed out with the approaches to
their partial elimination.

1. Introduction

PID control tuning is a fairly well-studied linear programming problem [1-10]. Among the wide
variety of global optimization methods [11-13] in setting up PID regulators, genetic algorithms [14—
16] have received comparatively more widespread use to date, which is explained by the comparative
simplicity and universality of the problem statement for genetic search , a relatively high degree of
protection from “getting stuck” in the local minimum for this method and the presence of an
embedded solver of genetic algorithms in lots of mathematical software packages. Nevertheless, it is
necessary to note the difficulties in working with genetic algorithms. It is not always easy to translate
the target requirements for a non-linear system into a formalism of a fitness function of a genetic
algorithm. Additional restrictions on the parameter search area are often necessary in order to avoid
obtaining solutions that lead to solver errors when simulating. Genetic search is a resource-intensive
process. However, it can be speeded up using parallel computing on multi-core or multi-processor
systems. These contradictions create a demand for case studying the applicability of the genetic
algorithm approach to specific tasks, constructing suitable fitness functions, and describing and
eliminating the difficulties encountered in the application of genetic algorithms.

This paper presents the application of a genetic algorithm to the task of tuning a cascade of two
PID controllers for the walking robot body deviation compensation system. To simulate the dynamics
of the robot, the model of the inverse pendulum was applied as one of the simple and at the same time
adequate models [17]. Despite the above-mentioned common difficulties of using genetic algorithms,
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the proposed fitness function makes it possible to find an acceptable control after 2 hours of parallel
evolution on a 4-core Intel (R) Core (TM) i7-7700 microprocessor with a clock frequency of 3601
MHz and 12 GB of RAM for storing populations of parameters.

2. Formulation of the problem

The mechanical model of the walking robot consists of a beam “a” (see figure 1) of dimensions 0.02 x
0.02x2.5 m, the mass of which is negligible. The cube “body” with the side of 2 m is fixed on the
beam. The center of the cube is at the height of 2.5 m (at the end of the beam). The mass of the cube is
3520 kg. Through the center of the cube passes the beam “b” perpendicular to the beam “a”.
Gyroscopic units GU1, GU2 are attached at the both ends of the beam “b”. The maximum kinetic
momentum of each of the gyroscopic units does not exceed 9000 N * m * s.

Figure 1. The mechanical model of the walking robot

When the body deviates perpendicularly to the beam “b” by 10°, it is necessary to find the optimal
parameters of the PID controller cascade (see figure 2), which control the speed of antisymmetric
rotation of gyroscopic units to return the robot body to the equilibrium position. For definiteness, the
deviation occurs at the time t = 0. The work of friction forces is not considered.
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Figure 2. The proposed block diagram of the dynamic stabilization control system.
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3. Method

Genetic algorithm is a global optimization algorithm based on evolutionary computations. It uses the
mechanisms of random selection, combination, and variation of the desired parameters similar to the
natural selection [18]. Problem formalization is carried out in the form of a genotype i.e. a vector of
“genes”, where each “gene” may be a bit, a number or another object. A set of genotypes of the initial
population is randomly created. Each genotype receives a specific value of the fitness function. The
form of the fitness function is specified by the researcher. The best genotypes in the population are
selected based on their fitness values. After that the genetic operators i.e. crossing (crossover) and
mutation are applied to the best genotypes, which results in a new generation of solutions for which
the above-described procedure is repeated [19]. The process stops after the desired number of
generations have evolved, when the allowed computational time is over, or if the best fitness does not
change for a specific number of consecutive generations [20].

It should be noted that evolution may go both in the direction of increasing fitness values and in the
direction of their minimization. The choice of direction depends on the software settings. The search
direction may be easily inversed with the sign of the fitness function. In this paper the genetic search
went towards minimizing the fitness function.

4. Solution
Using ga toolkit from the Global Optimization Toolbox of the Matlab R2018a the search for solution
of the problem of minimizing the fitness function f was carried out. The fitness function f reflected

both that robot body deviation angle is non-zero, N and that it is decreasing non-monotonously, M :

f=N+M,
where
N=2>w-|o]
M=R-w,,

where R is the number of cases when @, > ¢, provided i> j, ¢, is the body deviation angle for the

time moment t,, w,,w, are the weight factors both equal to 100 in this study.

Optimal parameters (table 1) were found after 50 generations of parameters selection.
Corresponding minimum fitness value is 2571.77. The best value of the fitness function for a
randomly generated initial population of solutions was 3200.

Table 1. PID parameters found.

Controller P | D N (filter coefficient)
PID controller 1 -0.1628 -0.0439 0.0650 2.3974
PID controller 2 99.8108 143.6955 0.9534  40.5466

The dynamics of the robot body with the found parameters of the PID controller cascade is shown
in figure 3.

To increase the speed of the genetic algorithm, parallel computations were used on 4 executors
using the MATLAB Parallel Computing Toolbox package.

The disadvantage of the implementation of genetic algorithms in the Matlab / Simulink
environment is that the solver may stuck on the parameter set corresponding to an unlimited increase
in auto-oscillations in the system. The exact calculation of such oscillations requires a significant
reduction in the solver time step. In some cases, the accuracy of calculations specified in the solver
settings cannot be achieved with the minimum specified step length leading to the crash of the entire
genetic algorithm.
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Figure 3. Robot body deviation compensation using the genetically found PID parameters.

We found two ways to deal with this drawback. The first solution is restricting the search for
optimal parameters using the [InitialPopulationRange property of the ga solver. However, the
application of this approach can lead to finding a local minimum due to the established restrictions. In
addition, it is not always possible to a priori estimate the boundaries of parameter sets that could
potentially lead to difficulties for the solver.

The second way is to handle the DiagnosticError exception by calling the Executionlnfo.StopEvent
property of the metadata class of the current model simulation. In the case of such an exception, the
value of the fitness function can be artificially set sufficiently large so that the genetic algorithm
considers such a set of parameters undesirable and leaves the area where occur the difficulties.

5. Conclusion

The paper demonstrates the application of genetic algorithm approach for selecting the PID-controller
coefficients for the dynamic stabilization system of a walking robot. A gyroscopic-based model of the
robot dynamic stabilization system is proposed. The type of the fitness function to optimize the PID
coefficients using a genetic algorithm is suggested. The results of the simulation of the stabilization
process of the robot body using the coefficients found are presented. The results are optimal for the
specified parameters of the mechanical model of the robot [21-23]. When changing the model
configuration, the genetic search must be repeated using the same fitness function. Further research
will be aimed at improving the dynamic stabilization system presented in the article using genetic
algorithms.
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