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Abstract: In this work, a comparative study of the use of different meta-heuristic techniques in
the adaptive control for the speed regulation of the DC motor with parameters uncertainties is
presented. Several adaptive controllers based on the optimizers of Differential Evolution (DE),
Particle Swarm Optimization (PSO), Bat Algorithm (BAT), Firefly Algorithm (FFA) and Wolf
Search Algorithm (WSA) are proposed in order to on-line tune the parameters of the DC motor.
These parameters are used in calculating the control signal. Simulations show the efficacy of each
control strategy. Given the results, the controller based on PSO is one of the most promising
alternatives for this approach.
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1. INTRODUCTION

The DC motors are base elements in almost any engi-
neering application that requires movement. The use of
DC motors has several advantages through their operation
simplicity by varying their input voltage, their relatively
low cost and the great diversity of designs that can fit
to any prototype. Nevertheless, one of the main prob-
lems faced by engineers is the presence of parametric
uncertainties. Parametric uncertainties are variations of
the DC motor parameters, usually unpredictable and re-
sponsible for difficult control and low precision. Parametric
uncertainties are due to several causes such as a variable
operating environment, the presence of noise and the wear
of the plant after a long and continuous use.

One way to handle parametric uncertainties is by using
the adaptive control approach. This approach deals with
uncetainties by estimating the parameters of the controller
or the plant on-line using the feedback of the system
(Landau et al., 2011). Then, the estimated parameters are
used in calculating the control signal that allows a desired
system operation.

Nowadays, there are many approaches to adaptive control.
In one of these approaches, an adaptive control law is
designed based on the system model (Slotine and Li, 1991).

Another approach of adaptive control is based on the use of
artificial intelligence techniques for on-line tuning of linear
controllers. In (Ahn and Truong, 2009), a set of fuzzy rules
was used to tune the gains of a PID controller on-line. The
resulting controller was used in force control of an electro-
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hydraulic system. In (Le et al., 2013), a neural network
was used to obtain the gains of a controller on-line for the
control of a parallel robot manipulator of two degrees of
freedom.

There is another approach of adaptive control based on
the formulation of an optimization problem that requires
the use of optimization strategies to be solved. Among
the optimization startegies are bio-inspired meta-heuristic
techniques which base their operation on natural processes
such as natural evolution. These techniques are able to
find suitable parameters of a controller in a stochastic
way. These parameters reduce the adverse effect of the
parametric uncertainties. In this approach is (Mishra et al.,
2015), where the parameters of a PI controller were tuned
on-line by using real time data of a valve along with
Differential Evolution (DE). The obtained parameters
were set on a real controller and they remained fixed.
Another example of this approach can be found in (Lin
et al., 2004), where the parameters of a PID controller
were adjusted on-line by using a Genetic Algorithm (GA).
The obtained controller was able to minimize the position
error of a linear induction motor.

In this work, the adaptive control approach based on
optimization is used to estimate the parameters of the
DC motor on-line. An optimization problem is formulated
and solved by using different meta-heuristic techniques in
order to minimize the motor error in speed regulation. The
efficacy of each technique is compared in order to find the
best alternative for use under this approach and for further
experimental implementation.

2. DC MOTOR DYNAMICS

The dynamic model of the DC motor is described by (1)
and its electro-mechanic diagram is shown in Figure 1,
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Fig. 1. Electro-mechanic diagram of the DC motor.

where θm, θ̇m, θ̈m are the angle, the angular velocity and
the angular acceleration of the shaft respectively, ia is the
armature current, J0 is the rotor moment of inertia, km
is the torque constant, b0 is the viscous friction constant,
τL is the load torque, Ra is the armature resistance, La

is the armature inductance, ke is the electromotive force
constant and u is the input voltage.

J0
θ̇m
dt

= kmia − b0θ̇m − τL

V = Rai+ La
dia
dt

+ keθ̇m

(1)

The dynamic model in (1) can be expressed as ẋ =
f (x (t) , u (t)), where the state vector is proposed as x =

[x1, x2, x3]
T
=

[
θm, θ̇m, ia

]T
and the control signal u = V

is given in (2).

u =
J0La

km

(
v +

b0

J0

(
kmx3 − b0x2 − τL

J0

))
+ kex2 +Rax3 (2)

The controller shown in (2) is used to regulate the speed

of the DC motor, where v = kpe−kdθ̈m with kp and kd the

proportional and derivative gains, e = ωr − θ̇m = ωr − x2,
ωr the desired speed and ẋ2 = kmx3−b0x2−τL

J0
.

3. OPTIMIZATION PROBLEM

The adaptive control strategy proposed in this work is
shown in Figure 2. The aim of this control strategy is
to reduce the error in the speed regulation task of the
DC motor by estimating its parameters which are used in
calculating the control signal.

To get the optimal estimated parameters, the error among
the state vector x acquired from the actual DC motor and
the estimated state vector x̂ obtained from the dynamic
motor model must be minimum, for each time instant �t.

The dynamic DC motor model can be stated as ẋ =
f (p, x (t) , u (t)) and ˙̂x = f (p̂, x (t) , u (t)) with x, x̂ the ac-

tual and estimated state vectors, p = [p1, p2, p3, p4, p5, p6]
T
=[

b0
J0
, km

J0
, ke

La
, Ra

La
, 1
La

, τL
J0

]T
, p̂ = [p̂1, p̂2, p̂3, p̂4, p̂5, p̂6]

T
=

[
b̂0
Ĵ0
, k̂m

Ĵ0
, k̂e

L̂a
, R̂a

L̂a
, 1
L̂a

, τ̂L
Ĵ0

]T
the vectors of actual and esti-

mated parameters, with p, p̂ ∈ R6.

Then, the aim of the optimization problem is to find the
vector of estimated parameters of the DC motor which
minimizes the value of the objective function given in (3).
The function in (3) weights equitably the error among each
of the actual and estimated state variables in the time

Fig. 2. Proposed control strategy.

interval Ω ∈ [topt−�w, topt], in which topt is the instant of
time when the optimization process is performed and �w
is the time interval in which the past states of the motor
and of the dynamic model are used in the error calculation.

min p̂∈R6 J =

3∑
k=1




∫

t∈Ω

(xk(t)− x̂k(t))
2
dt


 (3)

Additionally, the optimization problem is constrained by
the dynamic of the actual DC motor and of the estimated
model, by the initial conditions of the state variables in (4)
and by the maximum and minimum bounds of the control
signal in (5).

x̂(topt −�w) = x(topt −�w), x(0) = x0 (4)

umin ≤ u(topt) ≤ umax (5)

4. SOLVING THE OPTIMIZATION PROBLEM

4.1 Meta-heuristic optimizers

In order to solve the optimization problem stated before,
is possible to use a heuristic optimizer. Interesting algo-
rithms for performing this study are detailed below.

Differential Evolution Differential Evolution (DE)
bases its operation in the process of natural evolution
(Price et al., 2005). Algorithm 1 shows the rand/1/bin
variant of DE. In this variant an initial population is
generated randomly in search space. During Gmax gen-
erations, the individuals in the population mutate using
(6) in which F is the mutation rate, and the individuals
are recombined using (7) in which CR is the crossover
rate and r1 �= r2 �= r3 �= i are the random indexes of
the parents. For a new generation, the individuals are
selected according to (8). In the last generation, the best
individuals may be found.

vi = xr1 + F (xr2 − xr3) (6)

ui,j =

{
vi,j if β ≤ CR
xG
i,j otherwise

(7)

xi =

{
ui if f(ui) < f(xi)
xi otherwise

(8)
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