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Abstract. This paper presents the system design of RoboUnited, a
RoboCup Small Size League team targeting RoboCup 2026. The design
of the omni-directional robot platform and kicking mechanism empha-
sizes consistent performance and manufacturability. The motion control
integrates inverse kinematics with a hybrid vision architecture to han-
dle real-time uncertainties tracking. Rather than relying on learning-
based methods, explicitly structured control and perception pipelines
are adopted to ensure interpretability and robustness. On the strategic
level, a role-based offensive framework is presented, built around trian-
gular passing networks. The Commitment Inducer (CI) role is also intro-
duced, drawing the defensive reactions and creating spatial opportunities
for teammates. This approach manipulates opponent positioning rather
than simply reacting to it. The development methodology prioritizes ex-
plainable architectures over data-intensive approaches, demonstrating a
practical path toward competitive performance in resource-constrained
environments. This work provides insights for teams facing similar devel-
opmental constraints while pursuing high-level competition in dynamic
adversarial scenarios.

1 Introduction

RoboUnited is a RoboCup Small Size League (SSL) team formed by students and
graduates from Taejae University, Kangwon National University, the University
of Utah, and Seoul National University of Science and Technology. Several team
members have prior experience in RoboCup Junior Soccer, which motivated the
team to investigate a systematic transition from the Junior League to SSL. Com-
pared to the Junior League, SSL demands significantly higher levels of motion
speed, ball handling accuracy, and real-time multi-robot coordination.

In recent years, many SSL teams have adopted learning-based strategies that
rely on precise state estimation and extensive experimental data. While effective,
such approaches often require substantial development resources and mature
hardware platforms. This poses challenges for newly formed teams and those
transitioning from RoboCup Junior League Soccer, where control systems are
designed for stability and simplicity under limited sensing. Consequently, Junior
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League solutions cannot be directly extended to SSL, and a structured redesign
is required to bridge this gap.

To address this challenge, RoboUnited adopts a system framework that em-
phasizes explicit hardware design, model-based control, and rule-based strategy
instead of learning-dependent methods. The system employs a three-wheeled
omnidirectional platform with inverse kinematics–based motion control and a
capacitor-based solenoid kicking mechanism to ensure stable locomotion and
consistent kicking performance. At the strategic level, a role-based offensive
framework using a triangle passing structure is proposed, maintaining multiple
offensive options through predefined conditions. This work presents a practical
system design that supports teams transitioning from RoboCup Junior Soccer
to SSL.

2 Hardware

2.1 Initial Hardware Setup

(a) (b)

Fig. 1: Overview of the 3D designed robot: (a) assembled view, (b) exploded view

The hardware structure of the robot is designed with a primary focus on main-
taining a low center of gravity to enhance driving stability. The main structural
components are fabricated using 3D printing with PLA as the primary material.
To balance structural strength and weight reduction, the internal infill density of
the 3D-printed parts is set between 30 % and 40 %. The motor control board is
mounted with an approximately 12:5 mm clearance from the ground to prevent
friction during operation. In addition, the mechanical layout includes a dedicated
space for mounting a solenoid-based kicking mechanism.
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Fig. 2: Prototype robot: (a) front view, (b) side view

To ensure stable ball possession, a custom-designed dribbler system is imple-
mented. While many existing RoboCup Small Size League teams adopt a single
cylindrical dribbler, the proposed system employs a dual tire-based dribbler con-
figuration to improve ball trapping and manipulation stability. By supporting
the ball from both sides, this structure increases the effective contact area and
reduces ball slippage during high-speed motion and rapid directional changes. As
a result, the robot achieves more reliable ball control, enabling stable offensive
execution and smoother transitions during dynamic gameplay.

Table 1: Summary of hardware specifications
Type Detail
Dimension 178*114 (mm)
Weight 1372 (g)
CPU ESP32 C5
Drivetrain Motor Chihai motor CHR-GM24-37, 980RPM
Dribbler Motor Chihai motor CHR-GM24-37, 2000RPM
Motor Driver BTS7960
Wheel 38mm Omni Wheel
IMU BNO055
Solenoid Takaha Kiko, CB1037 10Ω
Kicker Board Custom Circuit board
On-Board Camera Pixy 2.1
Battery LiPo 11.1V 1100mAh
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The system employs DC motors for both locomotion and ball manipulation.
For robot movement, 980 rpm DC motors are used to achieve stable and con-
trolled driving performance. The dribbler mechanism utilizes a 2000 rpm motor
combined with a geared acceleration structure, with a gear ratio of 40:24 to
provide sufficient rotational speed and torque for reliable ball handling. Robot
heading correction is performed using a BNO055 IMU sensor, enabling accurate
orientation estimation. In addition, an on-board vision system is implemented
using a Pixy2.1 camera to support visual perception during gameplay.

Fig. 3: Motherboard 3D design overview

The dribbler system is designed to achieve stable ball trapping and active
manipulation during dynamic game play. The dual tire-based dribbler configu-
ration supports the ball from both sides, increasing the effective contact area
and friction compared to conventional single cylindrical dribblers. This struc-
ture significantly reduces ball loss during high-speed motion, abrupt direction
changes, and immediately after pass reception. In addition, the rotational speed
is carefully tuned relative to the robot’s translational velocity to prevent exces-
sive backspin and ball bouncing. This design contributes to improved posture
stability during dribbling and enables smooth and continuous offensive execu-
tion.




