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Active Disturbance Rejection Control of a DC Brushed
Motor Using Simulink and Raspberry Pi

Control por rechazo activo de perturbaciones de un motor DC con
escobillas utilizando Simulink y Raspberry Pi

Mario E. Gonzalez N. ®!, Oscar H. Sierra H. ®%, and Oscar 1. Higuera M. ©?

ABSTRACT

Active disturbance rejection control (ADRC) is a robust methodology that does not require precise knowledge of the plant. Developed
in China by Professor Jingging Han, it is based on PID control, state observers, and nonlinear functions. Brushed DC motors are
known for their low cost and the noise they introduce into control circuits. This paper demonstrates that ADRC can effectively
control low-power brushed DC motors using a general nonlinear model and Simulink for tuning. The model is simulated using
parameters provided by the manufacturer. An ADRC developed and programmed by the authors in MATLAB is then integrated into
the simulation. The controller is tuned, and its performance is verified. Subsequently, the ADRC is implemented on a Raspberry Pi
3 using MATLAB'’s support packages and methods developed by the authors. The controller is tested on a Faulhaber 2342L012CR
DC motor (12 V/17 W). The results show that it is possible to control the position of the low-power brushed DC motor through
simulation-based tuning. The interaction between Simulink and Raspberry Pi 3 enables an optimal control characterized by a fast
response, a minimal steady-state error, and no perceptible overshoot. This implementation demonstrates that ADRC is a practical
and efficient control method for brushed DC motors.
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RESUMEN

El control activo de rechazo de perturbaciones (ADRC) es un método robusto que no requiere un conocimiento preciso de la planta.
Desarrollado en China por el profesor Jingging Han, se basa en control PID, observadores de estado y funciones no lineales. Los
motores DC con escobillas son conocidos por su bajo costo y el ruido que introducen en los circuitos de control. Este articulo
demuestra que ADRC puede controlar eficazmente motores de DC de baja potencia con escobillas utilizando un modelo general
no lineal y Simulink para su sintonizacion. Este modelo se simula utilizando pardmetros proporcionados por el fabricante. Luego,
se integra a la simulacion un ADRC desarrollado y programado por los autores en MATLAB. Se sintoniza el controlador y se verifica
su rendimiento. Posteriormente, el ADRC es implementado en una Raspberry Pi 3 utilizando los paquetes de apoyo de MATLAB
y métodos desarrollados por los autores. El controlador es puesto a prueba en un motor de DC Faulhaber 2342L012CR (12 V/17
W). Los resultados muestran que es posible controlar la posicion del motor de DC con escobillas de baja potencia mediante
una sintonizacion basada en simulacion. La interaccion entre Simulink y Raspberry Pi 3 permite un sistema de control 6ptimo
caracterizado por una respuesta rapida, un error minimo en estado estacionario y ningtin sobrepico perceptible. Esta implementacion
demuestra que el ADRC es un método de control préctico y eficiente para motores de DC con escobillas.
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The concept and applications of feedback control have
historically attracted significant interest, given the
mathematical explanations to the ingenious mechanisms
of control used on military applications during the second
world war. Feedback control is one of the most used,
and it is in constant change, getting better every day.
There is always some kind of control device involved in
every engineering process [1]. The literature on feedback
control spans more than six decades of research. These
developments were parallel to the mathematics applied
in different academic disciplines as the formulation of
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optimal control and the way to investigate it became more
axiomatic and deductive [2].

Active disturbance rejection control (ADRC) allows
controlling complex systems with almost zero knowledge
of their dynamics. It represents a new paradigm in control
theory since the concepts of robustness and sensitivity to
unmodeled dynamic perturbations must be redefined.
ADRC seeks to adapt the dynamic behavior of the system
to the control strategy, rejecting external perturbations
with the purpose of ensuring that the controller operates
effectively in the presence of uncertainties [2]. ADRC has
great potential for solving control problems in industrial
processes characterized by elevated levels of uncertainty
[3].

There is a considerable amount of bibliography related to
ADRGC, but there are few records of its implementation. This
scarcity is due to its use of two nonlinear functions. A more
popular variant called linear active disturbance rejection
control (LADRC) is more commonly implemented and
has a variety of tuning strategies available in the literature
[4]. Despite this, the original ADRC remains a challenging
controller to design and implement [5]. The design of an
ADRC controller is particularly difficult due to its nonlinear
nature, wherein empirical tuning through simulation before
testing is the most widespread and recommended approach
(61, [71.

The ADRC theory was developed in China by professor
Jingging Han. Based on proportional-integral derivative
(PID) controllers [1], this theory has been simulated and
implemented in power electronics [8], drone altitude control
[9], robotics [10], tank level control [11], and permanent
magnet synchronous motors [12], among others [13]. Since
this is a relatively new theory, its use in practical applications
has been very limited. Besides, it requires a considerable
amount of time and resources for its implementation
[14]. There are some implementations involving field
programmable gate arrays (FPGAs) [15] and digital signal
processors (DSPs) [16], but they are extremely complex and
difficult to replicate.

Despite the complexity of ADRC implementations on
platforms like DSPs and FPGAs [14]-[16], recent studies
have shown that affordable embedded systems such as the
Raspberry Pi offer a viable alternative for real-time control
experiments [17]-[19]. The Raspberry Pi 3, with its quad-core
ARM processor and compatibility with Simulink [20]-[22],
enables the implementation of advanced controllers without
the need for specialized hardware. Additionally, MATLAB/
Simulink environments are widely used in control education
and research due to their simulation capabilities and intuitive
design tools [23].

The implementation of electronic control systems
requires, at a minimum, the use of an analog-to-digital
(A/D) converter, power systems, and processing systems,
which include the controller, pulse width modulation
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(PWM) signal generators, and other signal processing
components [24]. These systems can be complex and hard
to implement on platforms like FPGA, DAQ, DSPs, etc.
[14].

Brushed DC motors are widely used in robotics and small
appliances due to their low cost and high torque at low rpm.
However, they are prone to noise from brushes and heat
generation, which can alter their performance over time.
Therefore, it is important to implement a dynamic controller
that is capable of adapting to changing parameters in order
to achieve more efficient systems [25].

In the literature on the implementation of controllers with
DC brushed motors, significant works include [26], where
a permanent-magnet brushed DC motor is controlled via an
ADRC to compensate for load torque and variations in the
rotor shaft, which do not require measuring the rotor shaft
speed since they can be verified only through simulation;
[27]1, where the speed of a brushless DC motor is controlled
using a PID and artificial neural network-based controller;
and [25], where a software is developed to control brushed
DC motors using a Pl controller tunned dynamically using
fuzzy logic.

Works with more emphasis on theory or other types of
motors include [6], which is characterized by its focus
on controlling a moving mirror system and tuning ADRC
parameters through improved snake optimization (I-SO).
Moreover, [28] highlights the use of a genetic algorithm
(GA) to optimize control in five-phase motors, enhancing
the efficiency of a specific AC brushless motor. [29]
proposes a set of rules for tuning ADRC in first-order
plus delay time models, focusing on deep theoretical
analysis without including practical implementation. [30]
introduces a combined ADRC and iterative learning control
(ILC) strategy to improve torque control in switched
reluctance motors (SRM), offering innovative solutions
in this specific field. [31] investigates the use of ADRC
for speed control in DC brushless motors, comparing this
technique against other control methods such as the PI
and PID approaches.

Regarding ADRC and low-power motors, the authors of
[32] focus on the angular position control of a servo motor,
demonstrating the versatility of their method in various
motor configurations. [33] provides a detailed analysis
applied to a DC servo motor in real time, including the
theory, practical implementation, and verification of linear
ADRC in a real hardware environment. A related study is
presented in [34], where a Raspberry Pi 4 is used together
with Simulink (through external mode over Wi-Fi) to
implement an ADRC controller for a DC motor. However,
this work does not evaluate the real-world performance of
the ADRC when tuned through simulation using a nonlinear
DC motor model.

Brushed low-power DC motors are typically controlled using
PID controllers. Nevertheless, there are no implementations
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of ADRC for brushed low-power DC motors. The authors
aim to address this gap by tuning an ADRC controller using
a nonlinear DC motor model and Simulink. The tuned
parameters will then be used to effectively control the motor.

The objectives of this paper are to tune an ADRC controller
through simulation using a nonlinear DC motor model and
Simulink, to demonstrate the control of a coreless brushed
low-power DC motor, and to compare its simulated and
actual performance.

This paper is organized as follows. First, the theoretical
background of ADRC and the methodology used to
design the control system are presented. Then, the results
from both simulation and physical implementation are
described. Finally, the main conclusions of this research
are discussed.

Methodology

The methodology used in this research was empirical and
analytical, which implies a scientific research model based
on experimentation and experimental logic, as well as on the
observation and application of the concepts around ADRC.
To obtain the results described in this work, the control
system design was simulated and implemented using a
Raspberry Pi 3.

Active disturbance rejection control

To design and implement an ADRC, perturbations must be
managed as time-variant signals. This can be done through
extended state observers (ESOs). ESOs support the ADRC
by estimating the total action of uncertain models and
perturbations on the system. Knowing these data allows
reacting to and canceling the perturbations and undesirable
effects arising from the nonlinearities in the system, thereby
enabling robust control [35], [36].

To implement an ADRC, the system under study must be
regarded as nonlinear and dynamic. This is described in Eq.
(1), where 1 is the time, w are the external perturbations,
u is the input, V is the output, and b is a real constant of
the system, which can be obtained by estimating b0 [37].

j}(t):f(t,y,j/,wj+bu 1)

Eq. (1) expresses the unknown dynamics of a time-variant
system. The principle governing the ADRC is the estimation
and cancelation of (1) by means of derivation. The ADRC
consists of three fundamental parts: a tracking differentiator
(TD), an ESO, and nonlinear state error feedback (NLSEF)
[38]-[39].

The general scheme of the ADRC is presented in Fig. 1.
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Figure 1. ADRC structure
Source: [40]

The structure of the signals that govern the ADRC is shown
in Egs. (2) to (10) [41].

v, =V, +hvy, )

V,_v, +hth 3)

z, =z, +h(z, - Bye) (4)

z, :ZZ+h(z3—ﬂ02fe+bou) (5)
Z, =12 +h(—,803fel) 6)

e =v -z (7)
e,=v,—z, (8)
u0=kp(r—zl)+kd(f—zz) 9)
u=(u,—2z)/b, (10)

Where:

e h1: the coefficient of precision that determines the
aggressivity of the control cycle and is often a multiple
of the sampling time h

. ,801( B0,, BO,: gain vectors

* e, e, differential error

*  I4:tracking speed

e b, aconstant that ensures system robustness

e h: parameter used to track the range of the differential
input signal

* 7,2, z,; ESO outputs

* v, v, TD outputs

e v, TD input

In addition, 5, is the proportional gain parameter analogous
to proportional gain of a PID controller, and g, is the
differential gain, also analogous to the differential gain of a
PID controller. If the value of §, is too high, high-frequency
noise may occur. The control law relies on the differential
errors e, and e,, so the design will behave like a PD controller.
The parameter r defines the tracking speed — a larger value
of r means a faster speed. Moreover, the parameter h tracks
the range of the differential input signal, and b0 is a gain
constant used to tune the controller and adjust the control
signal magnitude. This constant also helps the ESO with
perturbation and system error estimation [40].
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The system used to tune the controller was the nonlinear
model of the DC motor described in Eqs. (11) and (12) [42].

LI ==R, I (t)=¥w(t)=ky|w(t)L,(t)+U ,(¢) 1)

P =W 1, (t)=Mpw(t)=Msign(w(t))- M, (1) (12)
Where:

e U: armature voltage

e [A: armature current

e RA: armature resistance
e {: magnetic flux

e KB: voltage drop factor
e MF1: viscous friction

e MFO: dry friction

e ML: input load

Egs. (11) and (12) were implemented in MATLAB’s Simulink
(Fig. 2), considering the technical specifications of the
Faulhaber 2342L012CR motor datasheet and assuming a 12
Vinput with a 100% PWM duty cycle. The input of the motor
is a PWM signal, and the output is the position of the motor
in radians.

- T -
ra

l 1
‘ @- El: “ E.

Figure 2. Nonlinear DC motor model implemented in Simulink
Source: Authors

Implementation of the fal and fhan nonlinear
functions

Our ADRC was based on nonlinear estimation algorithms
and the feedback from nonlinear state variables. In this
context, the fal and fhan nonlinear functions were used.
These functions are continuous and linear around the origin
d, and they are described in terms of the constants d and a.

The parameters 01, 02, P03 establish the dynamic
output of the ESO block and depend proportionally on the
magnitude of the perturbation. In addition, the delay relies
proportionally on $03. The fal and fhan functions are defined
in Egs. (13) and (14) [40], [43], [44].

ful(x,00,d) x/d™  |x<d
HAHEE)= |x|a sign(x) ,x|>d i
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2
d=rh",a, =hx,, y=x,+a,

a,=.Jd(d+38])))
+sign(y)(al —d)
2
:sign(y+d)—sign(y—d) (14)
2
a=(a0+y—a2)Sy+a2

a, =a,

fhan (el,e2,r,hl) = S,

_ sign(a+d)—sign(a—d)
o 2

N

fhan = —r{%—sign(a)] S, —rs[gn(a)

fal and fhan were programmed through a MATLAB function.
The code used to this effect is presented below.

function out = fhan(v1,v2,ro,ho)
d = ho*ho*ro;
ao = ho*v2;
y =v1 + ao;
al = sqrt(d*(d + 8*abs(y)));
a2 = ao + sign(y)*(ai-d)/2;
sy = (sign(y+d) - sign(y-d))/2;
a=(ao +y-a2)*sy + a2;
sa = (sign(a+d) - sign(a-d))/2;
out = -ro*(a/d - sign(a))*sa - ro*sign(a);
end

function fe = fal(err,alfa,d)
if abs(err)<=d
fe = err/d’(1-alfa);
else
fe = (abs(err) alfa)*sign(err);
end

Implementation of the ESO block

Different observers have been reported in the literature.
The most commonly used for ADRC are the unknown input
observer, the perturbation observer, and the ESO. For our
ADRC, an ESO was used. An ESO not only estimates and
compensates for system perturbations but also each state
variable. An adequate ESO design ensures that all the
closed-loop variables are bounded, as well as the tracking
of the reference signal, even in the presence of uncertainty
and perturbations. The ESO uses nonlinear gains for the
state observer [45]. The gains Je and fe are expressed in
Egs. (15) and (16). Note that, for fe, o =0.25, and, for
/961, a =0.25 [401.

fe= fal(e,O.S,h) (15)
fe, zfal(e,0.25,h) (16)

The precision of the estimation is determined using w,. This
is the only parameter in the ESO bandwidth. L is defined
in Eq. (17) and corresponds to the bandwidth of the state
observer [41].
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T

L=[N123] =[ew. 3w’ w’ ] a7

The code developed for fe is as follows:

function y = fcn(err,h)

alfa=0.5;
y = fal(err,alfa,h);
end

The code developed for fe, is presented below.

function y = fcn(err,h)

alfa=0.25;
y = fal(err,alfa,h);
end

The ESO block implemented in Simulink can be seen in Fig.
3. This was done according to Eqs. (2) to (10), (13), (14),
and (17).

Figure 3. TD block in Simulink
Source: Authors

Implementation of the NLSEF block

The NLSEF block uses the differential signal of the TD and the
real-time action of the ESO to control the plant, as shown in
Eq. (18) [41].

U, =—fhan (el, e2,rl, hl) (18)

The NLSEF block was implemented using a MATLAB function
in Simulink. The code used is shown below.

function u0 = fcn(r0,h0,c,e1,e2)
uO=-fhan(e1,c*e2,r0,h0);
end

Implementation of the TD block

The code developed in MATLAB for the TD block is as
follows:

function [fh,v2s] = fcn(h,rO,v0,v1,v2)

v2s=v2;
fh=fhan((v1-v0),v2,r0,h);
end

The TD block developed in Simulink can be seen in Fig. 4.
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Figure 4. TD block in Simulink
Source: Authors

The scheme developed in Simulink for the ADCR is
connected to the nonlinear model of the DC motor (Fig. 5).
The implemented ADRC includes the ESO, TD, and NLSEF
blocks introduced earlier. The parameters for the ADRC are
obtained as shown in [46] i.e., 4 = 0.01, 01 = 100, 02 =
300, 03 = 10 000, 7, =30, and b0 =1.

Figure 5. The ADRC and the nonlinear DC motor implemented in
Simulink
Source: Authors

Implementation of the ADRC on the Raspberry Pi 3

To program the Raspberry Pi 3 from Simulink, the first step
was to install MATLAB’s support hardware package for the
card. Then, in Simulink, the connection through the ethernet
port was configured. This included setting the model of the
card and its IP. Afterwards, the libraries developed for the
Raspberry Pi 3 were installed. These libraries are used to
connect an A/D or a D/A converter to the Pi 3, and they can
read or write data from Simulink. The connection is carried
out through an S-function. In this case, the converter used
was a PCF8591F using the 12C protocol.

The implementation of the controller from Simulink on
the Raspberry Pi 3 can be done in two ways, the first of
which is maintaining the Pi 3 connected to the computer.
This method features the use of scopes and sliders, wherein
signals can be visualized in real time and sliders can be used
to change parameters while the Raspberry Pi 3 is controlling
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the system. To program the card in this way, the Build mode!
option is selected in the peripheral section before running
the model.

The second method is programming the Pi 3 and using it
as an embedded system disconnected from the computer.
To this effect, the external option must be selected in the
simulation settings of the implemented scheme. In this
work, the selected sample time was 0.05 s, as there is a
noticeable delay when using sample times shorter than 0.01
s, which causes errors during real-time implementation. This
delay seems to be due to the processing power of the card.

Fig. 6 presents the scheme of our implementation. Here,
the Pi 3 is connected to a computer through an ethernet
cable, and the card is connected to a PCF8591F A/D-D/A
converter and a 1298 H-bridge used to drive the DC motor
through a PWM signal using a GPIO pin, wherein the turning
sense is controlled by two additional GPIO pins. The 1298
is connected to a Faulhaber DC motor coupled to a 10KQ
linear potentiometer, which is in turn connected to a voltage
divider. This divider is connected to an instrumentation
amplifier, which is in turn connected to the A/D-D/A
converter. The converter is used to provide feedback to the
Raspberry Pi 3 with information about the motor’s position.

Our ADRC, developed in Simulink and implemented on the
Raspberry Pi 3, can be seen in Fig. 7. This figure also shows
the amplitude and offset correction from the input signal,
which are employed to obtain the position of the motor in
degrees. The ADRC uses this set of values and reference
to calculate the error and uncertainty and compensate for
them, using TD, ESO, and NSELF blocks to send a control
signal to an A/D converter. Then, these digital signals are
sent through GPIO pins to control the DC motor (PWM and
turning sense). Simulink scopes can be used to examine the
signals coming in and out of the Pi 3 in the computer while
the simulation is running. Furthermore, the values of the
reference or the ADRC can be modified in real time.

PC

==

Faulhaber platform

Raspberry Pi3® voltage divider

+5v

Figure 6. General scheme of the ADRC implemented on a DC motor
Source: Authors
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g

Figure 7. Interaction between Simulink and the Raspberry Pi 3
Source: Authors

Fig. 8 shows the implemented prototype, with the following
components: 1) linear potentiometer, 2) Faulhaber DC
motor, 3) H-bridge, 4) Raspberry Pi 3, 5) PCF8591 A/D-D/A
converter, 6) Protoboard with instrumentation circuit, and 7)
DC power supply.

Results and discussion

As previously mentioned, the ADRC was simulated, tuned,
and implemented using Simulink and a Raspberry Pi 3,
resulting in a robust control system with parameters that
can be quickly and easily reconfigured.

Simulation results

Fig. 9 displays the output (motor position in radians) and
reference signals obtained in the Simulink simulation using
the nonlinear DC motor model (Fig. 2) when controlled by
the ADRC. The ADRC effectively controlled the system for
a given reference. The settling time was approximately 1.5
s. There was no noticeable overshoot, and the steady-state
error was near zero. The control signal (Fig. 9) starts at 100%
of the PWM duty cycle and decreases to zero as the output
reaches the reference. The nonlinear motor model was
controlled successfully in the simulation.

Figure 8. Physical implementation of the prototype
Source: Authors



Mario E. Gonzdlez N., Oscar H. Sierra H., and Oscar . Higuera M.

0 0.5 1 1.5 2 25 3 3.5 4 4.5
Time (Seconds)

Figure 9. Motor position in the simulation with the ADRC
Source: Authors

T T T
Signal Control |

100

PWM Duty cycle

0 0.‘5 “I 1.‘5 2 25 3 315 t; 4.5
Time (Seconds)
Figure 10. PWM duty cycle of the control signal obtained in the

simulation
Source: Authors

To evaluate the controller’'s simulation performance, a
Pl controller was implemented, tuned, and simulated
in Simulink using the nonlinear DC motor model. The
parameters for the controller were P = 10 and | = 0.1 The
integral of the absolute error (IAE), the integral of the time-
weighted absolute error (ITAE), the integral of the squared
error (ISE), and the integral of time-weighted squared error
(ITSE) were calculated for both the Pl controller and the
ADRC. The simulation setup for the PI controller is shown in
Fig. 11, and its response is illustrated in Fig. 12

]

A7

Saturation PWM

Non-inear DC motor| :I E

Figure 11. PI controller with its IAE, ITAE, ISE, and ITSE parameters in
Simulink
Source: Authors

Radians
o
Y

0 0.5 1 15 2 25 3 3.5 4 4.5 5

TimalQanandel

Figure 12. Output signal of the motor position during the simulation of
the PI controller
Source: Authors

Fig. 13 compares the IAE values for the ADRC and the
PID controller. The latter demonstrates a faster response,
but it exhibits a persistent error accumulation due to its
steady-state error, indicating higher sensitivity to system
nonlinearities. In contrast, the ADRC shows a slower
response but stabilizes around 1.5 s with no steady-state
error, which highlights its ability to adapt to the model’s
nonlinear dynamics.

I1AE

0.0 0.5 1.0 1.5 2.0 2.5
Time (seconds)

Figure 13. IAE of the control signal obtained in the simulation
Source: Authors

Fig. 14 plots the ISE of both controllers. The PID controller
shows a rapid increase in this metric during the first 0.2
s, stabilizing at 0.3 s, with slight increases thereafter.
In contrast, the ADRC exhibits a more gradual and
continuous increase, stabilizing at 1 s with a lower final
ISE than its PID counterpart. This indicates that, while the
PID controller responds faster, the ADRC is more efficient
at minimizing the accumulated error and provides greater
long-term stability, making it more suitable for nonlinear
models.
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— U0
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Figure 14. ISE of the control signal obtained in the simulation
Source: Authors

Fig. 15 shows the ITAE for both controllers. The PID
controller starts slowly but continues accumulating errors
throughout the analyzed interval, suggesting inefficiency
in the long term and making it less suitable for systems
requiring stability. In contrast, the ADRC shows a faster
initial increase but stabilizes at 1 s, significantly reducing the
accumulated errors. This behavior makes the ADRC more
efficient and better suited for systems that demand precision
and robustness.
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Figure 15. ITAE of the control signal obtained in the simulation
Source: Authors

Fig. 16 presents the ITSE for both controllers. The PID
controller exhibits a gradual and uniform increase, reflecting
a continuous error accumulation over time. In contrast,
the ADRC shows a steeper initial growth but stabilizes
quickly, demonstrating greater efficiency in minimizing the
accumulated error.
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Figure 16. ITSE of the control signal obtained in the simulation
Source: Authors

An analysis of the aforementioned performance indices
reveals that the ADRC excels at minimizing the accumulated
error and maintaining stability in nonlinear systems, while
the PID controller struggles with error accumulation over
time, highlighting its limitations in such applications.

Table | presents a comparison in terms of settling time,
overshoot, and steady-state error. The PID controller is
faster than the ADRC but exhibits persistent steady-state
errors. While this can be addressed by adjusting parameters,
it leads to an overshoot greater than 10%. On the other
hand, the PID controller is even slower and always exhibits
overshoot. These findings are consistent with the results of
[31], which compares ADRC, PI, and PID controllers on a
DC motor.

Table I. Comparison of ADRC and PI controllers

L Steady state
0y
Controller Settling time (S) Overshoot (%) error (%)
ADRC 1.5 0 0
Pl 0.3 0 1

Source: Authors

Implementation results

The results obtained from the Raspberry Pi 3-Simulink
implementation are presented in Figs. 17 and 18.

Fig. 17 depicts the position of the motor and the reference
signal in radians. The output signal is very noisy due to the
brushes. The Faulhaber motor reaches the desired position
without oscillation or overshoot, with a settling time of
around 2 s. Moreover, the steady-state error is around zero,
proving that ADRC can control the position of the motor
without precise knowledge of the plant’s dynamics — all this,
while overcoming the noise. The parameters used in the
ADRC were tuned using an approximated nonlinear model,
but this is far from a close interpretation of the actual model,
especially in terms of friction and noise. Moreover, there are
delays related to the Raspberry Pi 3-Simulink connection, as
well as others generated within the Raspberry Pi 3 due to
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processing power limitations. This becomes evident when
the sample time is set to values under 0.01 s.

Fig. 18 presents the control signal applied to the DC motor.
It is noisy and quickly becomes zero after reaching the
reference.

T T T T T

2.5

T "'?WWWW“
1.5F q’w

) | SpepeppE ‘-IP‘“""
c ‘l I hw l’
& 1F %-mw L
=
s
o 0.5+ t t
Emmm REF
0 PLANT
0 0.5 1 1.5 2 25 3 3.5 4 4.5

Time (Seconds)

Figure 17. Output signals of the implemented system
Source: Authors
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Figure 18. Control signal of the implemented system
Source: Authors

Conclusions

This paper presented the implementation of an active
disturbance rejection control for a coreless brushed DC
motor. Brushed motors are known for generating noise that
can interfere with the control circuits. To effectively manage
this motor, the general model of a nonlinear DC motor was
used for tuning in simulation. The parameters obtained from
the simulation were then applied in practice, demonstrating
that ADRC requires minimal information about the plant
to achieve effective control. The system actively estimates
and compensates for dynamic and unknown disturbances,
such as the noise generated by the motor’s brushes. Tuning,
simulation, and implementation were all carried out using
Simulink and a Raspberry Pi 3. The latter was used as an
embedded system, facilitating live data exchange with a
computer via an Ethernet connection.

In this context, the careful selection of the sample time is
crucial, as it must align with the board’s processing power
to avoid delays that could negatively impact controller

performance. The performance indices used (IAE, ITAE,
ISE, and ITSE) highlight the advantages of ADRC over a PID
controller when dealing with nonlinear systems. While the
latter responds faster, it accumulates more error over time,
making it less efficient and stable for long-term control. In
contrast, ADRC stabilizes more quickly and minimizes the
accumulated error, demonstrating greater robustness and
precision. This analysis underscores the suitability of ADRC
for applications that demand stability and adaptability to
nonlinear dynamics. The development presented in this
paper enables the implementation of a portable, easy-to-
tune embedded control system, where simulation proved
to be an effective tuning tool. Future work will focus on
exploring additional nonlinear systems using ADRC, linear
active disturbance rejection control (LADRC), and other
control strategies. Additionally, deep learning-based tuning
strategies will be tested, and other alternatives such as
fuzzy controllers will be developed for implementation in
Simulink’s external mode using Raspberry Pi boards.
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