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Abstract. Dagozilla is a robotics team from Institut Teknologi Ban-
dung, Indonesia that aims to participate in the 2020 RoboCup Middle
Size League (MSL). Dagozilla has been working on MSL robots since
2017. Our team has been competing in the Indonesian Robotics Contest
since 2016 and has actively contributed to the national community ever
since. This description paper aims to give an overview regarding the lat-
est developments of our robots. This paper will cover a brief description
about the mechanical and electrical systems and recent developments in
the robot’s software. These developments include a new dribbling mech-
anism, improved strategy architecture, and localization method using an
adaptive particle filter.
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1 Introduction

Dagozilla is a robotics team from Institut Teknologi Bandung, Indonesia that
focuses on the development of mobile robots, particularly Middle Size league
robots. This team first competed in the national MSL competition in 2017 and
has been a regular participant ever since, having won the regional level and
achieved fourth place at the national level in 2019 among other accolades such
as best strategy award in 2018 and 2019 at the regional level. This team con-
sists of undergraduate students that come from various fields of study, namely
electrical engineering, mechanical and aerospace engineering, computer science,
and engineering physics among others.

This paper describes a brief overview of the current status of the robots’
development as well as the technologies used in the robots. Section 2 discusses a
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general overview and an introduction of the robots’ platform. In section 3, the
vision system mechanical build of our robots is discussed. Sections 4 and 5 give an
overview of the ball manipulation mechanisms: the ball dribbling mechanism and
kicking mechanism. Finally, section 6 briefly describes the major improvements
that have been made to our robots’ software and artificial intelligence.

2 Platform Overview

The development of our MSL robots started in 2017. Through the years our robot
platform have undergone various improvements and innovations and this year
we have successfully developed our third-generation robot platform. This new
platform has a four-wheeled base as described in [3]. A more thorough description
and schematics of the robot’s electrical system can be found in [6]. The design
of our robots is inspired by some of the most established and successful teams
in RoboCup MSL [4],[2].

Fig. 1. CAD-generated image of the
Third Generation Dagozilla MSL
robot.

Fig. 2. Third Generation Dagozilla
MSL robot with the lower base shield
taken off.

Each robot has a custom-built PC as the main computing unit that runs the
robot’s software. The robot’s software can be divided into 4 major processes:
the vision system, world model, strategy, and control. These processes are im-
plemented as packages, each consisting of several nodes, in a Robot Operating
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System (ROS) workspace. Each computing unit communicates with each other
to share its respective local world model in order to build a single global world
model as the source of truth for every robot. The communication between com-
puting units is handled using a websocket communication protocol. A detailed
diagram for the software architecture is described in [6].

3 Vision System

We use an omnidirectional mirror and a camera mounted upwards to get a 360-
degrees view of the robot’s environment. An acrylic tube is used to support
the omnidirectional mirror. The mirror is designed using a particular hyperbolic
equation in such a way that it minimizes the robot’s reflection but the resolution
of faraway objects is retained. Fig. 3 shows the mechanical design of the vision
system. A simulated view from the vision system in a shrunk MSL environment
(6m× 9m) is shown in Fig. 4.

Fig. 3. Mechanical build of the vision
system.

Fig. 4. Simulated view from the omni-
directional vision system.

4 Ball Dribbling Mechanism

To handle the ball’s movement, a motor-driven ball dribbling mechanism is used.
To ensure a natural ball movement, we ran simulations to find a ball dribbling
mechanism’s geometry and orientation which yields the best control over the
ball. Due to space limitations, we use a brushed DC motor with high revolutions
per minute (RPM) along with a bevel gear to obtain the said configuration.
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5 Kicking Mechanism

Our outfield robots are equipped with a solenoid-based kicking mechanism. The
solenoid’s parameters, such as the amount of turns, are largely inspired by the
kicking mechanism implemented in [8]. Due the limited choice of materials in the
local market, we had to compensate for the loss of kicking power by increasing
the amount of turns and the voltage source, and thereby increasing the current
that flows through the coil.

Our kicking mechanism is capable of kicking in two discrete modes: lob shot
and flat shot. This is made possible by equipping the kicking mechanism with
two levers which differ in length. The short lever will hit the ball exactly through
it’s center of mass, producing a flat shot, while the long lever will hit the bottom
part of the ball, producing a lob shot. The switch between the two modes is
made possible by moving the lever’s rotation axis using a servo motor.

Fig. 5. CAD-generated image of the kicking mechanism.

6 Software and Artificial Intelligence

This section describes improvements on algoritms and AI that have been deliv-
ered and being worked on for this year. In subsection 6.1, the robot vision and
perception is discussed. Then, a new method for robust global localization is dis-
cussed in subsection 6.2. Finally, in subsection 6.3, a new strategy architecture
is discussed.

6.1 Computer Vision and Perception

Our computer vision system is used to perceive the robots’ objects of interest in
its environment such as ball, obstacles and opponents, and field lines. The system
is comprised of multiple pipelines, each responsible for a specific task, such as
flattening the catadioptric image or detecting the ball. Each pipeline is comprised
of multiple segments, each correlating to an OpenCV function or algorithm to
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be applied to an image or data payload. The segments are designed to have
uniform inputs and outputs such that composing the sequence of segments of a
pipeline can be configured by modifying a configuration file. Beside the standard
OpenCV library, we also implement a few algorithms such as radial search line or
catadioptric transformation using linear algebra calculations depending on each
pipeline’s needs. Fig. 6 shows some capabilities of our computer vision system.

(a) Raw image acquired from camera. (b) The image after being flattened.

(c) Detected ball position. (d) Detected field area.

Fig. 6. Some capabilities of our computer vision system. An example of image
acquired from camera is shown in (a). That image is then transformed and
flattened. The result is (b). Figs. (c) and (d) show the detected objects of interest.
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6.2 Robot Localization

One major improvement that has been successfully delivered this year in terms of
robot’s intelligence is the implementation of a robust localization method. This
localization method gives the robot the ability to reliably localize itself globally
relative to the map or playing field, thus eliminating the need to recalibrate or
reset its estimated pose at any time whatsoever. The method used is an adaptive
particle filter method called Augmented Monte Carlo Localization. This method
is implemented based on [7].

We designed an adaptive particle filter method that uses motor odometry
data for the control term and locations of field lines detected by the vision
system for the measurement term. This algorithm has been implemented and
tested both in simulation and in real world, yielding an error of no more than
20 cm after a complex manoeuvre as shown in Fig. 7.

Fig. 7. Simulation result of the augmented Monte Carlo localization method in
comparison with pure odometry.

6.3 Distributed Strategy Architecture

Another improvement that is being worked on by our team this year is an all-
new distributed strategy architecture. This new architecture allows the team to
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execute different strategies to respond to different game states as well as different
opponent playing styles.

The team-wide decision making is done in a distributed manner, meaning
that each robot independently chooses a strategy on their own and then vote on
what strategy the whole team should take without a leader or a central coordi-
nator. These decisions are made based on a shared world model that guarantees
the team-wide strategy to be eventually consistent. In each strategy, every robot
is given a distinct role and execute a number of tasks based on their role. This
system is largely inspired by [1] and the improvements made by [5].

7 Conclusion

This year, our team has managed to do a major overhaul on our robot’s physical,
electrical, and software systems. Years of existing knowledge and research on
materials science, low-level control systems, distributed systems, and artifical
intelligence have come into fruition in the form of all-new robots. It is nice to
finally say that with our current robots setup, we are up to the standards of
RoboCup Middle Size League. We believe that we can take on the technical
challenges of the competition.

Ultimately, our vision is to contribute to the advancements of autonomous
vehicles, cooperative distributed computation, and artificial intelligence tech-
nologies through research. As a newcomer in the RoboCup Middle Size League
competition, our goal is to learn from the already established teams in the com-
munity. We look forward to test ourselves against other teams from around the
world and to gain invaluable experience as well as to share knowledge and tech-
nologies with the community.
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