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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). ITAndroids is a strong team in
Latin America. Our Small Size League (SSL) team started its activi-
ties in early 2017, after ITAEx, an alumni association, provided financial
aid and support to acquire the necessary material to build a Small Size
League team. The pandemic years brought many difficulties to our team,
as expected, but in 2022 we reassembled the team, made our first par-
ticipation in RoboCup and six years later of the beginning, this paper
describes some of our features, our recent and brief future works and
our efforts on the road to becoming a well established SSL team in the
Brazilian and worldwide scenarios.

1 Introduction

ITAndroids is a robotics research group associated to the Autonomous Computa-
tional Systems Laboratory (LAB-SCA) at Aeronautics Institute of Technology.
As required by a complete endeavor in robotics, the group is multidisciplinary
and contains about 70 students from different undergraduate and graduate en-
gineering courses, and about 20 of these are in the SSL category currently.

Unhappily, our team suffered a lot with the pandemic, and most of the time
since the return of live activities we had to arrange and relearn our previous
works, since the team underwent a really strong restructuring. None of the pre-
pandemic members are currently on the team, except for the professor and ad-
visor Marcos Maximo.

Our team suffered a lot with the lack of documentation by previous members,
and for this reason we started to deeply focus on documenting our projects.
Before 2022, there was little documentation, so we had a lot of rework from our
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own projects. As we expect to keep this rework as low as possible, extensive
documentation is a high priority for us.

So this paper presents our efforts in developing a Small Size team to compete
in Robocup 2023 with focus to works since our Team Description Paper for
RoboCup 2022 [10]. The rest of the paper is organized as follows. Section 2
explains our electronics projects and the most recent developments. Section 3
tells our works in the mechanical projects. Section 4 shows the development of
our Graphical User Interface and its desired functionalities. Section 5 shows our
artificial intelligence main work and most recent refinement. Section 6 shows our
developments in the control area. Section 7 concludes the paper.

2 Electronics

Currently, ITAndroids SSL has been working with two projects in parallel, the
1%t and 27! generations. Both are comprised of two PCBs: the mainboard and
the kickerboard. The 1% one is based on the open-source project of the RoboFEI
team [13]. In this version, the mainboard used is the original RoboFEI design
with minimal changes, and the kickerboard, whose original project also belongs
to RoboFEI, has undergone changes during the last three years. We praise the
RoboFEI’s boards and appreciate the efforts of RoboFEI members to help us
in starting our journey. However, to continue our evolution in electronics, we
decided to design brand new versions of these boards for the 29 generation of
robots.

So our recent works on electronic design were focused on two different areas:
adapting a few features of the 15* generation, such as connections between the
mainboard and the rest of the robot, and, most importantly, finishing the next
generation. We had complications in the last two years that impeded us of final-
izing the new mainboard, but we managed to release its first version in the end
of 2022, and for the early 2023 we will begin to develop the firmware for it.

2.1 Last steps for the first generation

As our team’s plan is to replace all the robots from the 1% model in the near
future, we intended to only fix the most critical issues of the electronics of this
model.

Connections to mainboard The most impactful issue was the dribbler motor
and radio connections to the mainboard. It was impossible to connect the mo-
tor because the connectors we had were different. Also, we had to connect the
nRF241.01 radio to the board through jumpers, for the same reason. Then we
designed two small PCBs as adapters, so we can connect the radio and the drib-
bler motor without problems. It fixed the poor contact issues and made robot
maintenance faster.
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Kickerboard During the last years, the kickerboard has undergone several
changes in order to extend its lifespan. Among the modifications made, com-
ponents that suffer a lot of thermal stress, such as MOSFETs and diodes, were
resized. In addition, the plate area and width of most power tracks have been
increased.

2.2 First steps for the second generation

The main goal of our team since RoboCup 2022 is to manufacture two robots
of the 2"¢ version until RoboCup 2023. Our most difficult task was finishing
our brand new mainboard, as we had a lot of difficulties in PCB design until
2022. Moreover, after RoboCup 2022, we also decided to change our kickerboard.
Despite the changes made to guarantee more robustness to our first model, over-
heating was still a problem, causing the loss of many boards, then the develop-
ment of a second version was justified.

Mainboard v2 In the second half of 2019, we started designing a new main-
board. Among the main changes are the FPGA replacement by the microcon-
troller STM32H753BI, with 480 MHz and 2 MB of Flash memory [16]. This
change is due to greater familiarity in working with STM32 microcontrollers
than with the FPGAs in our team [8] and the high performance of this mi-
crocontroller. Beyond that, another major change involves switching the 30 W
motors to Maxon EC-45 50 W [12]. For this change, we needed to redesign the
switched-mode power supply system to support a new 4S LiPo battery as well
as substituting the motor drivers by the A3930 MOSFET Driver. This board
also have an Inertial Measurement Unit (IMU), whose information provided to
the microcontroller and the computer could further improve the robot position
and speed estimation and further improve the robot motion control loop in the
future.

The use of a STMicroelectronics microcontroller in the second generation
Mainboard allows for a number of improvements in the robots embedded soft-
ware. The new firmware is based on the last one, but it is being adapted to
use Hardware Abstraction Layer (HAL) drivers and an open-source Real-Time
Operating System (RTOS).

The HAL enables more agile code development at a high level and in the
future it will facilitate code migration to future board versions. Besides this im-
provement, the implementation of a Real-Time Operating System in the robots
through the open source FreeRTOS kernel is the most important upgrade from
the last mainboard.

The use of FreeRTOS makes it possible for the system to meet non-trivial
time requirements by establishing priorities for tasks, deadlines for their execu-
tion, and using a scheduling algorithm to choose the best task to be executed
at the moment, also managing the memory being used. This results in a better
temporal predictability of tasks, allowing critical tasks, such as executing con-
troller calculations and kicking, to be guaranteed to run within a restricted time,
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allowing for an improvement in the code’s determinism, a smoother, faster, and
more stable response from the controller, greater assurance of robot and sys-
tem integrity during a match, among other advantages. The focus here is not to
perform tasks quickly, but rather to meet all the temporal requirements of the
specification.

Fig. 1: A rendered image of Mainboard v2 from Altium Design.

In the end of 2022, we finished the mainboard PCB design, as shown in Fig.
1, and in the beginning of 2023 we will start to use it for first tests with firmware
implementation. We expect to have a fully functional mainboard, with firmware
concluded, in the middle of the first half of this year.

Kickerboard v2 For the second version of Kickerboard, as the major problem
from the first one was overheating, we considerably increased its size, from 8.5
cm x 3.5 cm to 9.3 cm x 9 cm, with the purpose to better dissipate high currents
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and power, to avoid high temperatures on the board. The output will charge two
2200 pF capacitors in parallel to 160 V.

Also, we changed the power electronics circuit topology from a simple boost
to a flyback one. For this, we started to use the LT3751 from Analog Devices
[6], a high voltage capacitor charger controller with regulation, well known by
SSL teams [15,4], because it is easier to design and handle by new PCB cre-
ators. Therewith, we simulated in LTspice [5], software developed by the same
Analog Devices, around 20 different circuits configurations, to obtain current,
voltage and charging time values, important results to a power circuit. The most
important result was the charging time of less than two seconds, with 164 V as
voltage output and an average current through the battery of 2.704 A.

Another major change is MOSFET substitution for IGBT in the activation
circuit, because its response to high currents results in much lower power dissi-
pation and temperatures, mitigating even more the overheating issue from the
first version. Thereby, we started to use the IGBT AIKB40 from Infineon, due
to its high maximum ratings (650 V breakdown voltage and 175 °C maximum
junction temperature) and high efficiency in hard switching tolopogies [7].

Fig.2: A rendered image of Kickerboard v2 from Altium Design.
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In the start of 2023, we concluded its design, as can be seen in Fig. 2. We
expect to have the first physical prototype in the next months and play with it
in RoboCup 2023.

3 Mechanics

Our recent works on mechanics are divided in two areas, like in electronics. The
first one was manufacturing the parts of the second generation and some new of
the first generation. We had it done by sponsors, but a few of the manufactured
parts were not working as expected, specially from the second generation, so we
had to fix them.

The second area is working on a new version of the second generation. We
had some big issues from the first one that were only noted after completing it,
which are chipper solenoid sizing, chipper mechanism and, less importantly, a
few cable management problems, so we are working now on a new version of the
next generation. We started to work with it recently, so unfortunately there is
not a result to show yet.

4 Graphical User Interface

Fig. 3: Graphical User Interface

With the goal of improving testing and debugging, we continue the devel-
opment of the Graphical User Interface (GUI), which contains several features
for those purposes. Over the past year, the team has focused in the basic needs
of it, such as real time updates for vision and game controller, communication
port management, and others. The current state of our GUI may be seen in Fig.
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3. We also hope to draw illustrations to enable a better understanding of each
situation, helping the debugging process.

Furthermore, to enable the future analysis of our matches, the team devel-
oped a tool for storing information to be drawn during the match. However, the
usage of this data is not yet fully implemented, some features such as replays
features or playback functionality are still missing.

5 Artificial Intelligence

Our decision making is based on a Behavior Tree implementation, as explained
in [9].

Each behavior intends to execute a specific task and implements the necessary
logic for it. Behaviors have access to the world model given by the filters, as
described in [9], that receive the parsed visual information and use it to decide
what should the assigned player do in a medium level of abstraction, such as stay
where it is, go to a given position A or aim to the opponent goal. These decisions
are turned into requests that are sent to the Control layer, which implements
lower-level decisions such as the wheels’ velocities sent to the robots. We also
implemented a Blackboard for communication between behaviors to create more
complex logic.

5.1 Behaviors

The players’ behavior tree, whether goalkeepers, defenders, or attackers, is made
up of some basic behaviors. Among them, there are behaviors such as shooting
to the goal, advancing the ball, and executing a simple pass. In some more
complex ones, there is the Pass Planning, Threat Based Defense, and Delaunay
Triangulation.

1. Pass planing: based on the work of the CMDragons SSL team [3], our al-
gorithm attempts to maximize the probability of the pass being successful
when searching for the best ally to pass. For this purpose, each ally receives
a probability and the pass occurs to the player who has the highest chance
of intercepting the ball. This probability depends on multiple factors and
expecting to compute it exactly, in a dynamic domain as SSL, is unrealistic.
However, we can approximate the result based on a defined set of important
aspects. Currently, our algorithm works based on three main factors: the
distance between the two allies involved, the distance to the closest enemy,
measuring his ability to intercept the pass, and the opening angle.

2. Threat based defense: the threat-based defense is responsible for positioning
the defenders and the goalkeeper against possible threats, which is done by
analyzing the position of the enemy robots, the position of the ball, and its
velocity. Our current algorithm is based on the work of the CMDragons SSL
team [3]. The first step is to choose a primary level threat, which is the oppo-
nent with the highest risk of receiving the ball, by calculating the probability
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of receiving the ball for each opponent robot. This factor depends on the ve-
locity of the ball, the distance between the ball and the opponent robot, and
the angle between these two vectors, besides a changeable constant, which
was defined by previous tests. Based on the location of the enemy robot with
the most risk of receiving the ball, our algorithm defines the positions of the
defenders to block any open angles that could be used for a shot to our goal.

3. Delaunay Triangulation: there is the positioning behavior based on the De-
launay Triangulation, a common approach used in the Soccer 2D [2]. The
idea behind it is to decide the robots’ positions based on the positioning
defined for some ball positions. Delaunay Triangulation can maximize the
smallest angle of all triangles in the triangulation to avoid triangles with
very small internal angles, and hence get a better interpolation [1].

5.2 Recent strategy changes
Based on the team last competitions, some strategy adjustments were made.

1. Support Attacker: Following the necessity to give our attacker a pass option
in an attack situation, we implemented a new role on our team, the support
attacker. This behavior follows the logic of helping both the attacker, to
break through the defense, and the defenders, in a counter-attack situation.
The behavioral change depends on the current situation of the game and the
robots’ positions.

2. Goalkeeper: The goalkeeper positioning and responsiveness was the main
focus of the improvements made, even though we build up very basic func-
tionalities. Within them, the main ones were the position before the enemy
team shoots, which position the keeper in a way to reduce the opponent
attacker angle to shoot, and the removal of the ball from the ally goal, to
avoid fouls.

6 Control

On account of the progress in our path planning algorithms, the team has been
searching for better high-level control, implementing a tracking controller that
uses feedback and feedforward for circular and linear paths. This model was
designed to be used with recent developments in our path planning algorithm
based on visibility graphs [9]. It is also imposed a limit for accelerations and
speed, respecting the robot’s parameters, such as the motor’s saturation.

Furthermore, we are currently trying to improve our control design, imple-
menting a simulation model in Simulink. Thus, we expect to improve the choice
of gains for the robot’s movement.

6.1 Tracking controller

The path planner is designed to obtain a set of linear and circular tracks, con-
nected tangentially, to obtain a smooth transition. Furthermore, when the plan-
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ner constructs a single path connecting the robot to the last goal point, it is
assumed to be desired to reach this position with a zero speed.

Therefore, there are three main situations desired for the controller: two of
them, linear and circular controllers, have similar approaches, with commands
for feedforward (which is proposed initially considering a zero tracking error) and
feedback (which commands the robot to the idealized trajectory in feedforward,
as errors arise in the real movement) [11]. The third one is a waypoint controller,
designed to reach the endpoint with zero speed.

(a) Line tracking. (b) Circle tracking.

Fig. 4: Possible pathways for tracking controller.

Control commands for the linear pathways are described by

vy = Kp Ay sin(A6) + vy cos(A6),
vy, = —K, Ay cos(Af) + vy sin(AF), (1)
w = K,A#f,

and for the circular pathways by

vy = K, Arsin(Af) + vy cos(AH),
vy, = —K,Ar cos(Af) + vy sin(AF), (2)
w=K,A0 +vs/R.

Supposing a counterclockwise movement (if the chosen path is clockwise,
an analogous control is commanded). In these equations, v, v,, and w are,
respectively, the tangent, normal and angular speeds in the robot’s referential.
The values Ay and A 6 are feedback errors in linear and circular modes, K,
and K, are linear and angular proportional control gains, respectively; vy is
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the desired feedforward speed and R is the radius of the circular path. The
representations of those situations are described in Fig. 4.

The robot has acceleration constraints due to the robot’s friction and motor’s
limits. To determine the feedforward speed vy, this must be taken into account.
We are developing a tracking method considering these constraints, attempting
to develop a path tracker with near minimum time behavior. The robot con-
trol commands will lie inside the acceleration constraints, therefore generating
feasible motions [14].

6.2 High-fidelity Dynamic Simulation
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Fig. 5: Dynamic model in Simulink.

To design our control gains and general design, analyzing the effects of the
real-world model, which presents extra challenges when compared to the grSim
simulated model, we are designing a Simulink MATLAB model. The simulation
so far is in Fig. 5, and will allow the project to be analyzed for each of our robots
with simple modifications. The simulation consists of path control (for a more
high-level movement) and wheel controllers (which simulate the motor dynamics
and saturations, in a low-level control), besides some effects for the camera delay
and noise.
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7 Conclusion and Future Work

This paper describes some of our efforts during the year of 2022 and for next
months until RoboCup 2023, providing some insight into how we used open-
source projects to build a working team, how we start to develop our changes
to fit our proposals and how we start to develop on our own. We expect to
manufacture two new generation robots for RoboCup 2023, as we are in the
final stages for hardware to accomplish it.
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