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Abstract. ITAndroids is a robotics competition group associated with
the Autonomous Computational Systems Lab (LAB-SCA) at the Aero-
nautics Institute of Technology (ITA). Over the past year, the team
has focused on refining its Small Size League (SSL) robots, introducing
substantial improvements across multiple domains. In electronics, efforts
were directed toward the development of a new transceiver station to
address previous communication issues, as well as the implementation of
an infrared sensor to enhance ball detection. Mechanical advancements
included a redesigned damping system for better ball control and the
increased use of 3D-printed components to improve modularity and re-
duce costs. On the software side, the team enhanced goal-scoring strate-
gies and refined path-planning algorithms to optimize robot movement.
Additionally, significant progress was made in low-level motor control, in-
troducing optimized PI controllers for improved stability and response.
This paper presents an overview of our recent advancements, the chal-
lenges faced, and our future directions toward RoboCup 2025.

1 Introduction

ITAndroids is a multidisciplinary robotics research group at the Aeronautics In-
stitute of Technology (ITA), with around 20 members actively engaged in the
Small Size League (SSL) team. In the past year, we achieved outstanding results
in both competitions we participated in, reinforcing our position as a competitive
team. Building on this success, we focused on improving communication relia-
bility with a new transceiver station, enhancing ball control with a redesigned
damping system, and optimizing modularity through increased use of 3D-printed
components.
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On the software side, we refined goal-scoring strategies and path-planning
algorithms to improve robot decision-making and adaptability. Additionally, ad-
vancements in low-level motor control, including optimized PI controllers, have
led to more precise and stable motion execution. This paper details these de-
velopments and is structured as follows: Section 2 presents our advancements
in electronics, focusing on the transceiver station and infrared sensor for ball
detection. Section 3 discusses mechanical improvements, including the damping
system and 3D-printed components. Section 4 covers software enhancements,
such as path planning and goal-scoring strategies. Section 5 outlines our con-
trol refinements, particularly in motor and position control. Finally, Section 6
concludes the paper and highlights our future directions.

2 Electronics

Over the past year, ITAndroids SSL has focused on testing and utilizing a new
radio station, on applying electronics that were already designed and on fixing
bugs from the 2" generation of our Mainboard.

2.1 Transceiver Station

During 2020, the construction of a second generation radio station was discussed.
At the time, we were using an Arduino Uno microcontroller in conjunction with
a 2.4 GHz nRF24L01 Transceiver chip [12]. The discussion arose because the
development of the Mainboard v1 firmware required finding a new library com-
patible with HAL, which in turn was not compatible with Arduino. Initially,
a library with simple functionalities and a temporary station consisting of the
STM32F303K8 microcontroller [17] and a nRF24L01 chip on a protoboard were
developed. This station was temporary because in 2019 the 2°4 generation Main-
board project had already started, which would bring very significant changes,
such as the use of FreeRTOS [1,4] and of the STM32H742BI instead of the
FPGA [10,18].

As mentioned in the previous team description paper (TDP) [6], we had se-
vere communication problems at Latin American Robotics Competition (LARC)
2023, when we were already using the first iteration of Mainboard v2. The team
raised several hypotheses: poor contact, spectrum interference, synchronization
between robot and station, RTOS task configuration, radio configuration, an-
tenna sensitivity and range, among others. These hypotheses served as the basis
for the requirements of a new station, as shown in Fig. 1, whose first physical
model was obtained in the first half of 2024. It was used in Robocup 2024 and
Brazilian Robotics Competition (CBR) 2024 and, to the great satisfaction of the
team, has not yet present any problems.

Over the past year, we tried to understand the origin of the communication
problems experienced at LARC 2023. We made some tests, but, to be honest,
we still do not fully understand what happened at LARC 2023. The good news
is that, by all indications, the 2"d generation of the station has resolved the lack
of robustness and reliability of the previous version.
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Fig.1: A rendered image of the Transceiver Station v2 designed in Altium De-
signer.

Features and characteristics The new station was designed not only to be
functional during matches, but to be a complete platform for testing and de-
veloping the team’s radio frequency communication. The 2"d generation of the
station, as commented in the previous TDP, consists of a shield designed by
ITAndroids for the NUCLEO-F446RE microcontroller [19] that simplifies the
project, since it uses internal modules of the development board. We used two
nRF24L01 modules with antennas, which increase the transmission capacity and
reception sensitivity. The station has a simple user interface: an LCD screen and
control using encoders and buttons. The advantage is that the same program
contains different modes and settings that can be accessed through the user in-
terface. Some modes have already been implemented and tested during Robocup
2024 and CBR 2024:

e Game mode: Mode to be used during matches, only receives messages via
the USB cable and retransmits them to the nRF24L01.

e Spectrum Analyzer Mode: Mode to be used for debugging. In this mode, the
nRF24L01 is configured in receive mode, in which a Received Power Detector
(RPD) register is available for reading. In case of an RF signal greater than
-64 dBm is detected for more than 40 us on the selected channel, the RPD
is set. In this way, by scanning the channels very quickly and counting the
number of detections, we can get an idea of the use of frequencies from 2.4
GHz to 2.525 GHz (the nRF24L01 has only 125 channels of 1 MHz). Since
communication frequencies are organized by the competition and reserved for
each team, this feature was very useful to identify invasions on our reserved
frequencies and avoid communication problems.

e Listening Mode: Currently, it is a mode only used to test receiving feedback
messages from robots. The information is transferred to the computer and
can be plotted and analyzed by the team.
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e Serial Communication Mode: Mode to be used to read the computer com-
mands and send them back to it in order to check if the communication has
any problems or data loss.

In Fig. 2 you can see the graph generated in real time by the analysis, with the
reserved frequencies shown in dotted lines. From analyses like this, it was pos-
sible to observe that Wi-Fi and Bluetooth occupy a wide range of the magnetic
spectrum (up to channel 80), and therefore, for simple communication imple-
mentations, this range of channels should be avoided. Another interesting fact is
that although the datasheet of these nRF24L01 modules indicates a bandwidth
of at most 2 MHz, the emitted range is in fact much larger. Currently, we con-
sider that the transmission peak occurs on the channel used, but that there are
other unintentional transmissions up to 5 channels away from the chosen one.
Therefore, a safety margin between the channels used by the teams is important
to avoid interference.

Number of detections

Channel/Frequency (2400 + channel MHz)

Fig. 2: Plot of detections by frequency resulting from the analysis of the electro-
magnetic spectrum using the nRF24L01 module with the reserved frequencies
highlighted.

2.2 IR sensor and kick delay

In the second half of 2024, we implemented a simple circuit on the robot’s Main-
board responsible for ball detection using an infrared sensor. There is an emitter
and a receiver on the front of the robot. The computer may send the kick signal
continuously, while the electronics keep ready, but the robot kicks if only the
receiver does not detect the infrared signal from the emitter (which means the
ball is in front of the robot). The signal then passes through a MOSFET related
to allow a high or low signal to be sent to the microcontroller. The IR sensor is a
simple technique utilized in several SSL teams to avoid relying only on distance
measurements through the camera and to bring more assertive and immediate
behavior.
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Additionally, we were able to reduce a half-second delay between the com-
puter telling the robot to kick and the kick actually happening. This delay was
included in the firmware to ensure that the robot’s electronics were ready before
the kick was activated, but proved too conservative. The IR and the reduction of
this delay allowed for an almost zero response time between the kick command
and execution, significantly enhancing the robot’s performance during matches,
and helped prevent double-touching the ball — we took a lot of fouls for that in
the last Robocup.

3 Mechanics

The past year has seen notable advancements in the mechanical development of
the ITAndroids team’s robot. Key improvements include the development of a
new damping system, as well as significant modifications aimed at improving ca-
ble management, optimizing capacitor placement, and reducing machining costs,
all through the increased use of 3D-printed components.

3.1 Damping System

With the addition of a third robot to the team, new possibilities arose, such as
diversifying ball passes. However, new challenges also emerged, as the dribbler
system was not designed to efficiently receive passes.

A novel damping system has been developed, initially drawing inspiration
from the solutions developed by the TIGERs Mannheim [14] and Ri-one [7]
teams. This system aims to improve impact absorption and stability, leading
to smoother motion and better ball control. The integration process involved
creating a support structure for the dampers, shown in Fig. 3, while ensuring
compatibility with our existing design.

Both tested models performed better than the original configuration without
damping; however, the ball still recoiled upon impact, making it difficult to
control for an accurate shot. Therefore, an alternative system using foam instead
of TPU dampers was tested. Although improvements were observed, the ball still
exhibited some recoil. Currently, a new system is being studied, wrapping EVA
foam around the dribbler roller. Tests have shown promising results, with the
ball no longer recoiling after impact. However, in its current form, the damping
system interferes with the kicker mechanism, rendering it impractical without
further modifications.

3.2 3D-Printing Changes

To allow for greater design flexibility and faster prototyping, especially for the
dribbler system, several metal components have been replaced with 3D-printed
alternatives. This transition also reduces manufacturing expenses, since parts
such as the top and middle plates, shown in Fig. 4, can feasibly be made of
plastic for permanent use. The materials used include PETG for the cover, TPU
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) Model of the damper support.

™

(b) First damper tested. ¢) Second damper tested.

Fig.3: New damper system.

for the dampers, and PLA for other parts, chosen for their balance between
strength and ease of printing.

This transition has also enabled an improved cable routing system, reducing
interference and streamlining internal organization. In addition, the capacitors
have been repositioned in a more optimal location, both to free up space for
other circuits and to enhance the structural resilience of the robot to impacts.

4 Software

In this section we dive into our efforts related to our software in a general manner.

4.1 Aim at the goal

Our team previously employed a straightforward approach to goal-scoring, al-
ways aiming shots at the center of the goal. Nevertheless, this strategy did not
account for the presence of defenders or the potential to optimize the shooting
angle. To overcome these limitations, we implemented a more effective goal-
scoring method that involves performing a sweep of the area between the ball
and the opponent’s goal to identify obstacles and determine the best possible
shot trajectory.

This process scans the field for defenders or other robots from our team that
could obstruct a direct shot, allowing the system to map out the available shoot-
ing angles. If obstacles are detected, blocked regions are filtered out, isolating
only the valid angles for a direct goal attempt. Among these options, the shot is
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) Old top plate. ) New top plate.
) Old middle plate. ) New middle plate.

Fig. 4: Plates upgrade.

directed along the bisector of the largest not obstructed angle, maximizing the
probability of scoring while minimizing the impact of minor trajectory deviations
caused by execution errors or external disturbances.

By dynamically adapting to the game scenario, this approach enhances the
robots’ ability to make precise and strategic shot decisions under varying condi-
tions, making the attack more efficient and less predictable for opponents.

4.2 Path Planner

This year, we improved our visibility graph approach [9] by introducing blocked
areas: polygonal regions that paths cannot cross. We currently use this feature
to prevent robots from entering restricted zones (e.g., goal areas) and to avoid
collisions with static field elements (e.g., goalposts).

We implement blocked areas by removing any edges in the visibility graph
that intersect these polygons. Although this increases computational cost, it
remains manageable for our real-time needs thanks to the efficiency of our al-
gorithm. In addition to enforcing league rules, blocked areas also improve robot
safety during gameplay.

We also addressed an issue where the destination could lie inside an obstacle,
compromising the path planning process. Now, we dynamically reduce the ob-
stacle’s safety radius until the destination is free, unless that reduction matches
the robot’s radius (implying near-certain collision). This avoids failures when
planning without compromising safety.
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5 Control

In this section we present our recent works on control developing, both for low
level and high level controllers.

5.1 Motor control

Plant transfer function Our team use BLDC motors for the wheels, and it’s
modeling is more complex than a DC motor modeling. However, there is a DC
equivalent model for BLDC motors [8,3]. There are two equations that relate
the electrical model to the mechanical one [15], which are:

Imm + Brpwm = Kt = Tm, (1>
V = Li+ Ri + Ky,

where w,, is the motor rotation speed, V is the voltage applied to the motor
terminals, ¢ is the current circulating through the motor, J,, is the motor inertia,
B,, is the coefficient of viscous friction of the motor axis, L and R are the
terminal inductance and resistance, respectively, phase to phase of the motor,
Tm is the torque generated by the motor, and K; is the torque constant of the
motor.

In order to obtain B,,, we use:

By, = K; 2L (2)
Wnl
where i,; and w,; represent no load current and no load rotation speed, respec-
tively, both motor parameters.
Since there can be a gear reduction at the motor output to increase torque,
there is a new set of equations:

w
wp = Wmv Tt,o = NT]Tt,iv (3)
where w; is the load rotation speed, 7, and 7;; are the transmission torques at
the input and output of the gearbox, respectively, N is the gear reduction factor
and 7 is the gear transmission efficiency.
Because of the gearbox, the torque motor now is used to rotate both the
motor and the load. Thus adding 7, and 7;; to the first equation of (1):
Tm = mwm + Bmwm + Tt,is (4)
Tt,o = Jiwi + By,

To estimate B;, we use the linearization given by:

B, =25.1077 (%)71/3 (5)

Using (3) in (4):
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J\ . B

Jeq Be‘l

where J., and B., are equivalent inertia and coefficient of viscous friction, re-
spectively.

Finally, considering a disturbance torque, 7., applied to the load, together
with (3), we obtain:

Te

Je wm+Be Wm = Tm + =7,
{ q q ]\]’77 (7)

V — Kywm = Li+ Ri.
A block diagram which summarizes (7) is shown in Fig. 5. The total transfer
function of a BLDC motor, from the input voltage to the motor velocity, is then:

K.
V. L2 t ? (®)
eqS2 + (RJeq + LBey)s + Kf + RBe,

1 wm | 1
— wy
JeqS + Beq N

[ ke

[l

Fig. 5: Block diagram for a BLDC motor.

The BLDC motor supplier for ITAndroids SSL team is Maxon, which pro-
vides all motor parameter values for this BLDC motor model. The BLDC motor
used by our team for wheels is EC-45 50 W 18 V, which parameter values can
be seen in Table 1 [11]. The missing parameter values are related to the robot,
which were obtained through our CAD model or from the literature and can be
seen in Table 2.

PI controller design At first moment, as the controller design from the pre-
vious robot version was a PI controller, it was decided to continue with this
controller topology. Thus, two requirements were defined, as [13] and [5] sug-
gest: phase margin, PM,.q, of 60° and bandwidth, W4, of 30 Hz. With these
requirements, the controller gains were analytically calculated and then used
as an initial guess for an optimization by the Nelder-Mead algorithm (using
fminsearch, a MATLAB function).
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Table 1: Parameter values for the BLDC motor employed as our wheel motors,
EC-45 50 W 18 V, provided by Maxon.

Parameter Value Unit
Nominal Voltage 18 \%
No load speed 6720 rpm
No load current 247 mA
Terminal resistance phase to phase 464 mS
Terminal inductance phase to phase 322 uH
Torque constant 25.1 mNm/A
Speed constant 380 rpm/V
Rotor inertia 135  gem?
Hall sensor resolution 48 ppr

Table 2: Robot parameter values, obtained through CAD models and literacy.

Parameter Value Unit
Weight of robot 2.23 kg
Wheel radius 36.25 mm
Distance from center of robot to wheel 85.5 mm
Wheel inertia 243.62 gem?
Gear reduction factor 3.47

Gear transmission efficiency 94 %

In order to determine the analytical gains, the closed-loop transfer function
for the system (controller + plant) is required. The PI controller transfer function
is given by:

O(s) = Bt Q
S
where K, and K; represent, respectively, the P and I gains of the PI controller.
With (8) and (9), the system closed-loop transfer function can be obtained.
Moreover, considering that the current dynamics is much faster than the me-
chanical one, i.e., that L ~ 0, and ignoring the zero, a standard second-order
system transfer function equivalent is obtained:

" RJeys?+ (K} + RBey + K, Ki)s + KiK; 82 + 2w,s + w2’

G (s)

where £ and w,, can be calculated through the requirements defined previously
and the set of equations given by:

1[(2+t2(PM,oy))? -
5:{F + g% (PMyey)) _q } | an

4 tg*(PMyeq)
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Wreq
Wy = )
V1-262 4 /A — 4 12

(12)

Using (10), in conjunction with (11) and (12), the PI controller gains can be
obtained:

2w, JegR — BegR — K2

KP Kt ) (13)
waRJeq
K, = —K (14)

Once the analytical values for the gains had been obtained, optimization
was carried out using the Nelder-Mead algorithm, using the following as a cost
function:

J(Kp7 Kz) = (Wreq - W(Kpa Kz))2 + (PMreq - PM(KP7 Ki))27 (15>

where W (K, K;) e PM(K,, K;) represent W and PM, bandwidth and phase
margin, respectively, obtained for each gains set (K, K;).

To proceed with the optimization, the dynamics from the motor current and
from delay, caused by sampling, both for discretization, since it is a microcon-
troller operating in discrete time, and for Hall sensor sampling, were considered.
The sampling dynamics from discretization and from Hall sensor sampling are
represented, respectively, by G4(s) and Gs(s), and they were obtained using a
second-order Padé approximation. The final block diagram, considered for the
optimization, is illustrated by Fig. 6.

wy

=
+
Q
Q]
Q
T
2=

Fig. 6: Final block diagram to the system, considered to the requirements opti-
mization.

As the final result, the requirements were reached, as the cost presented
in (15) was nearly equal to zero after optimization, having only an uncertainty
associated with the numerical calculations given by MATLAB. The PI controller
gains obtained were K, = 0.2251 and K; = 1.885, with PM = PM,., = 60°,
W = Wpeq = 30 Hz and gain margin, GM, equals to 13.2 dB.

This PI controller design was already tested on field in RoboCup 2024 and
Brazilian Robotics Competition (CBR) 2024 and performed very well.
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5.2 Position Control

Our previous position controller strategy was basically a P controller with some
heuristics to saturate the commands sent to the robot, to avoid slipping. Un-
fortunately, the P gain was guessed based on experimentation. With the team
starting to develop more robust hardware, the interest to make the robots move
with a higher performance increased.

As some teams already experimented with MIMO (Multiple-Input Multiple-
Output) techniques without much success [16], the work focused on a classical
SISO (Single-Input Single-Output) control approach. This way, the robot’s move-
ment is split into three different problems: translation along the planned path,
translation normal to the path, and rotation.

For each controller, we will perform kinematic calculations to transform an
arbitrary velocity v, such as a velocity along a line, into v, = [v; v, w|T, the
velocity in the local robot coordinate system, command this velocity to the plant,
and obtain another velocity at its output.

Transfer Function Determination Let v be a scalar velocity in the global
coordinate system. This velocity can be written as a linear combination of the lo-
cal robot velocities v, vy, and w. Let E be the transformation matrix converting
from v, = [v; v, W], the velocity represented in the robot’s local coordinate sys-
tem, into this certain velocity v. The matrix M represents the inverse kinematics
matrix, transforming rv,, = 7[w; wa w3 wy]?, which represents the angular speed
of each robot wheel multiplied by the wheel radius, into v,. The matrix M7 is
the pseudoinverse of M, and r represents the wheel radius. So, we get:

v=Ev, = ErMTv,. (16)

However, ignoring coupling between motors and assuming all motors have
the same transfer function, we find that v,, = G(s)v{,, where the superscript r

denotes the reference value and G(s) denotes the closed-loop transfer function
for the motor speed control, discussed in the last subsection. Thus:

v=ErM"G(s)v". (17)

Since rv’, = Mv’., we obtain:
w Fal

1
v=ErM"G(s)-Mv. = EMTMv/. (18)
r

In general, MT™M # I. However, if M is full rank, which is the case, since
its columns respectively contain sin, cos, and constant terms and its dimen-
sion is 3x4, and M has linear independent columns, which is also the case, this
pseudoinverse M is a left inverse, that is, MTM = 1.

Thus, we conclude:

v=EG(s)v, = G(s)v", (19)
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where v" is the reference for the velocity v.

So, the transfer function for a given scalar velocity v, ignoring coupling effects,
is actually the closed-loop transfer function for the motor speed control.

Project requirements Since the system transfer function, ignoring coupling
effects, is actually the closed-loop for the motor speed control with an integrator,
as shown in Fig. 7, this gives us some insights into the requirements for the
project. As we expect a high performance control loop, it is only natural that
we choose the higher bandwidth we can. From the system knowledge, since we
know the system we are dealing with is actually an inner closed-loop control, we
cannot let our loop have a bandwidth significant when compared to the inner
loop.

\

Fig. 7: Block diagram for the high level control loop. The diagram summarizes
the equations v" = vy + (z" — )C(s) and = v"G(s)L, where terms with the
r superscript are references.

As a rule of thumb, we do not want our bandwidth to be more than one fifth
of the inner bandwidth. In our case, as discussed in Subsection 5.1, due to low
resolution of our wheel velocity sensor, we could not increase the bandwidth of
our inner loop from 30 Hz. So, our requirement for the position control bandwidth
is limited by 6 Hz.

We also do not want much overshoot, since it brings problems such as col-
liding with other robots. This requirement was determined heuristically, as a
maximum allowed of 10%.

Another possible requirement is the ramp response. Since sometimes we want
the robot to be at a certain distance from a specific point, such as the ball or
another robot, if this point is moving at approximate constant speed, this po-
sition reference acts as a ramp input. Since we already have an integrator in
the system, due to the nature of our velocity-commanded robots and position
feedback, we do not have steady-state error with a ramp input. However, we
might want a high performance of this steady-state elimination. The most effi-
cient idea we had was to actually not use this as a requirement, but rather use
a velocity feedforward, completely dependent on the context of the position we
are following. If decision-making wants to follow a position based on the ball,
the ball velocity is added as a feedforward for our control.
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Delays inclusion in the model In order to achieve better results with the
project, we have to account for several delays, since the real system includes
them. The main sources of delay include the discretization of both high-level
and low-level controllers, encoder feedback delay, and camera feedback delay.
For the discretization of controllers, we used the well-established on discrete
time control [5] delay of half the controller sample time, that is 1/120 s for the
high level controller and 1/400 s for the low level one.

By approximating all delays using a second-order Padé approximation, we
obtain a high-order transfer function with multiple zeros, making it impractical
to design controllers using algebraic methods.

To achieve a satisfactory design that meets the system’s requirements, we
need a transfer function of at most second order. Since the plant already includes
an integrator — resulting from commanding velocity while receiving position
feedback — we opted to identify a transfer function that represents the plant with
one zero, one integrator, a gain, and one additional pole beyond the integrator.
That is, a transfer function of the form:

k(s + z)

Gapp(S) = S(S +p) .

(20)

To ensure a good design, given that we are working with bandwidth re-
quirements (which are specified in the frequency domain), it is crucial for the
magnitude Bode plot of the approximate model to closely match that of the
full model. Thus, defining G.(s) as the transfer function of the complete model
and Gapp(s) as the approximate model (which we aim to determine), we used
MATLAB’s fminsearch function to find an approximate transfer function by
minimizing the following cost function:

J:

%

N

(IGe(wi)] = |Gapp(Gwi)])* (21)
=1

In this case, the optimization determined values for k, z, and p, using an ini-
tial guess based on the dominant pole approximation of the full transfer function.
The optimization was performed over the frequency range of 1 to 105 Hz using
two different approaches: one considering the second-order Padé approximation
for delays and another without considering such delays. A comparison between
the magnitude Bode diagrams is shown in Fig. 8.

Controller type The first possibility is the classical PID control. Since the
D term is usually used to provide additional damping for the system and this
system already is enough damped — due to the inner control loop —, we do not
used this term. With this in mind, it leaves us with a P or a PI controller.
Thinking about the effect these controllers cause in a system, we also added the
possibility of a Lag controller.
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Fig. 8: Comparison of magnitude Bode diagrams between models.

Design We found the gains’ values through solving the equation system with
expressions for the bandwidth and the previously found approximate model for
our system. These values were used as an initial guess for an optimization, with
the cost function given by:

J=Wyeqg—W)* + M i. (22)

With ¢ being a binary variable, 1 when the system overshoots over the 10% re-
quirement and 0 otherwise, M being a large number, W,.., being the requirement
for the bandwidth, and W being the bandwidth for the system. This method
considers the effects of the system’s complete model, with the additional zeros
and poles.

Since the overshoot requirement only affects the cost function when the sys-
tem gets an overshoot above the requirement, we actually only have one strict
requirement. This leads to the less requirements than liberty degrees for the PI
and Lag controllers. In this sense, there are a lot of values that follows the re-
quirements for this controller. In order to not allow the controller to be almost
always saturated, which would act like a bang-bang controller, we tried to add
more terms limiting the gains’ values. The maximum values for the gains were
chosen arbitrarily based on experience with our specific robot.

The obtained controllers were then simulated. Both the step response pa-
rameters and the stability margins for each controller are shown in Table 3.
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Table 3: Step response and stability margins for each designed controller.

Controller type Overshoot (%) Rise time (ms) Settling time (s) GM (dB) PM (deg)

P 0.476 56.2 0.155 11 65.9
PI 3.38 54.2 > 0.7 11 64.3
Lag 9.87 51.8 0.212 11.6 56

6 Conclusion and Future Work

ITAndroids has made significant progress in enhancing the performance and re-
liability of its SSL robots, with improvements in communication, ball control,
software strategies, and motor control. The introduction of a new transceiver
station addressed previous communication issues, while a redesigned damping
system improved ball handling. Additionally, software enhancements, including
optimized path planning and goal-scoring strategies, contributed to more effec-
tive in-game decision-making. Refinements in motor and position control also
led to greater precision and stability, helping solidify our strong performance in
last year’s competitions.

Moving forward, we aim to refine Al-driven decision-making, optimize me-
chanical components, and further integrate hardware and software for a more
adaptive and efficient system. A key focus will be implementing a curved kicking
mechanism, applying our studies on neural networks to enhance shot accuracy
and strategic versatility [2].
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