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Abstract. ITAndroids is a robotics competition group associated to the
Autonomous Computational Systems Lab (LAB-SCA) at Aeronautics
Institute of Technology (ITA). ITAndroids is a reference team in Latin
America, having won 42 trophies in robotics competitions in the last 8
years. In 2016, the group acquired a Robotis OP2 robot and material to
build four more robots. In 2017, the team built four Chape robots and
participated in RoboCup Humanoid KidSize for the �rst time. Since 2018
the team has been quali�ed for the quarter�nals. This paper describes
our recent development e�orts for RoboCup 2020.

1 Introduction

ITAndroids is a robotics research group at Aeronautics Institute of Technology.
The group is multidisciplinary and contains about 50 students from di�erent
undergraduate and graduate courses. We are considered a reference team in
Latin America, where we have won 42 awards in the last 8 years, including 8 in
the Latin American Robotics Competition (LARC) 2020.

Regarding our humanoid team, we have been struggling with low cost robots
since 2013, thus making it very hard to attain good results in competitions or
even qualify for RoboCup. However, in 2016, we have received a Robotis OP2
robot and enough material to build 4 other robots. In 2017, we developed our own
robot Chape and competed in RoboCup Humanoid KidSize, which was a great
opportunity for learning. In LARC 2019, we placed 1st and 2nd in Humanoid
Robot Racing with our two robot designs, and placed 1st in Humanoid KidSize.

This paper presents our recent e�orts in developing a humanoid robot team
to compete in RoboCup Humanoid KidSize 2020. The rest of the paper is orga-
nized as follows: sections 2 and 3 introduce the robot hardware. Sec. 4 presents
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our software architecture and tools. Sec. 5 explains our computer vision tech-
niques. Sec. 6 shows our localization approach. Sec. 7 discuss our motion control
algorithms. Finally, Sec. 8 concludes and shares our expectations for the future.

2 Mechanics

The mechanic hardware project is based on the DARwIn-OP humanoid robot.
Some changes were made in order to meet the team's needs. The robot's CAD
was developed using Dassault Systèmes SOLIDWORKS [8].

We designed the robot's torso placing special emphasis on the mechanics and
electronics integration. The torso should accommodate PCBs and cables while
allowing easy access and assembly of the electronic hardware. For this purpose,
we chose a drawer-like con�guration. The design leaves room for the air�ow and
fans were placed on the upper back side, in order to avoid overheating.

The PLA covers of the torso have small vents, in order to allow the air�ow,
whereas prevent synthetic grass and small particles from entering in the torso
and harming the electronics. To improve the lift movement after falls, new PLA
gloves were designed. Due to the breaking of the shoulder servomotors, PLA
shoulder pads were also designed.

To suit the competition's constraints, a new head was designed. This struc-
ture is formed by a 1.5 mm sheets of aluminium 5052-H34, which serves as a
camera base, as well as a PLA cover, which is internally resealed with silicone.
This project was tested in LARC 2019 and presented excellent results.

During 2019, we also intensively tested our new optimized leg design [19].
Thus, we are keeping this design for RoboCup 2020 and upgrading all our robots
to use the new design instead of the old one which was based on DARwIn-OP.
In Fig. 1, the current design of Chape 1st generation is shown.

We are also developing a 2nd generation of our robot which will be taller
(about 65 cm) and feature XM-540 servos. The CAD of this new generation is
now �nished and we are beginning manufacturing of the prototype.

3 Electronics

The new version of Chape electronics is aimed at our Chape 2nd Generation
robot and brings relevant improvements compared with the previous one. These
changes are motivated by simplifying the design and improving the robot perfor-
mance to allow operation of the physically increased robot. The design updates
can be grouped as, integration of the electronics, improved leg servos networks,
battery enhancement, a more powerful main computer, and a neural networks
dedicated processor.

In order to simplify the electronics, the team worked in integrating PCBs.
This brings many advantages: reducing of cabling, more reliable connections,
and simpli�cation of the mechanics. The main change is the integration of Con-
trol and Monitoring Board (CMB) with the Power Board (PWB) into an unique
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Fig. 1. (a) The current CAD Chape (1st gen.), (b) the current Chape (1st gen.).

Fig. 2. Chape Electronics Architecture.

board Power Control and Monitoring Board, a 4 layer board located in the
robot's torso. This modi�cation increases robustness to intermittent failures
caused by mechanical vibration and shocks.
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The previous robot used an unique servos network of 20 servos communicat-
ing using a TTL interface. To improve the servos update rate, each leg now has
its own di�erential RS-485 network ended by Foot Sensor Board (FSB). The leg
servos of the new robot are XM-530 servos, which are more powerful than the
MX-28 used in the current robot. The di�erential RS-485 is more robust to noise
and adds higher throughput of communication. The FSB gives more stability to
robot standing and movement. In order to reduce the weight and the cost of the
robot, arms and neck are still using the MX-28 servos.

It is natural that a taller robot requires more energy to operate and a new
LiPO battery with 3,000 mAh was included. The PCMB brings a dedicated bat-
tery monitoring circuit dedicated to monitor the battery state and alarm when
critical conditions occur as very low voltages. Due the high current capacity, a
fuse was included to protect the electronics from overcurrent events and short
circuits.

The main computer was upgraded from a Intel NUC i5 4th generation to a
Intel NUC i7 7th generation, which enhances the available processing power for
the high level software. The new Chape also has a Intel Movidius 2, a dedicated
stick processor from Intel for neural networks processing, which communicates
with NUC via USB 3.0 bus.

4 Software Architecture and Tools

We use a module-based layered approach for code architecture. The main third-
party libraries used are OpenCV (computer vision) [3], Eigen (linear algebra)
[10], Boost (general purpose) [1], Tensor�ow (machine learning) [2] and Keras
(neural network) [5]. We heavily rely on the Robot Operating System (ROS)
framework [16] and its related tools for testing and debugging purposes. We
also use Qt [12] for graphical interface in our debugging tools. A full Humanoid
Kid-Size simulation was also developed using Gazebo [4].

A new addition of our software for RoboCup 2020 is the game controller
integration. Last year, we faced several problems to adapt it to our decision
tree. As we started to plan a software refactoring, we decided to implement
correctly the game controller to our decision making.

A telemetry system was developed for debugging and calibration purposes.
It allows real-time feedback and control, as well as data logging and replaying.
It uses rqt, the Qt-based framework for GUI development for ROS, and rviz, the
3D visualization tool for ROS, for easy user interfacing. This system has been
extremely useful for vision and localization debugging. This telemetry system
have been updated to allow the reception of debugging information of multiple
robots during the game, when connected to the game controller network.

The simulation in Gazebo consists of a �eld with two goals, one ball and
one Chape robot. There are a few signi�cant di�erences from the real world,
but it is accurate enough to test both the localization and the decision making
algorithms.
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5 Computer Vision

Our current approach on computer vision is based on Nimbro team's 2015 paper
[9]. This approach uses a convex hull algorithm to detect the �eld and a hough
line detector for the �eld lines. We do not detect the penalty cross due to the
amount of false positives encontered. The ball and goalposts are detected using
a convolutional neural network algorithm.

The �rst step on the vision pipeline is color segmentation on the image �l-
tered by a Gaussian Blur. The color segmentation uses a color table generated
by manually labeling pixels in various images and training a Neural Network
classi�er. To avoid the same color having two classes, for each labeled pixel the
classes are given scores and the class with highest score is selected as the input
of the neural network. Data augmentation is also used to improve performance.

To detect the white ball and the �eld's goalposts, we have a convolutional
neueral network based in the model described in YOLO papers [17]. From the
original FastYOLO architecture, we decreased the number of �lters in each layer,
for our robot has a limited processing power. Futhermore, we implemented the
Deep Residual Learning for Image Recognition technique [11] to provide more
accurate detections with little increase in computational complexity. As a result,
our �nal convolutional network has a total of nine layers of 2D convolution, as
shown in Fig. 3. The neural network was trained using Tensor�ow [2] and Keras
[5] libraries, and it uses Tensor�ow [2] to run in real-time.

Fig. 3. Flow chart of the convolutional neural network we built. The image show also
the shape of the output data for each layer. The names for each function used within
layers are de�ned in Keras documentation [5].

Our algorithm reduces the size of the image from 640x480 to 160x120, then
it creates a grid of 20x15 to return �ve values for each cell of this grid. The �rst
value is the probability of the center of the object center's being located inside
the cell, the second and third are the coordinates X and Y that represent the
center of the ball according to the cell and the last two values are the height and
width of the ball according to the whole image. Afterwards, we implemented a
simple algorithm to �nd which cell contains the highest probability of having a
ball, so as to know exactly its coordinates. For the detection of goalposts, our
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vision algorithm has the same aforementioned logic, however instead of looking
for the whole goalpost, we only detect the goalpost's vertical supports. Their
location are essential to the robot's localization.

As an improvement from the RoboCup 2019 algorithm, we collected a new
data set to train the neural network and expanded the use of data augmentation
to increase the variety of images. Such a technique allowed us to decrease the
number of false positives.

The transformation from the camera frame to the egocentric world frame
proved to be a big challenge due to latencies associated with the system and the
mechanical distortions. To solve this problem we consider the camera's times-
tamp as a reference for the image, and the joint and torso inclination information
are synchronized with it. To achieve better results, we also compensate a �xed
sensor delay in our torso observer model (2 ms), which was tuned manually.

The mechanical distortions are corrected by associating rotation o�sets to the
torso and camera, as well as translation o�sets to the camera and torso height.
These distoritions are calibrated using a routine consisted of the robot in stopped
position moving its head detecting Aruco Codes known positions, as shown in
Fig. 4. From last year's technique, we improved the result by Aruco codes instead
of QR-Codes, because of better detection, and placing codes further away to
improve precision at higher distances. Moreover, inspired by other teams, we
reduced the number of o�sets used for optimization.

Fig. 4. Chape robot calibration using a Aruco code carpet.

6 Localization

To solve the global localization problem, we use a standard particle �lter (Monte
Carlo Localization), as described in [18, 15]. Localization is challenging in Hu-
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manoid KidSize due to landmark ambiguity. The lack of unique features makes
initializing the �lter using a uniform distribution risky, since the �lter may con-
verge to the wrong side of the �eld. Therefore, at the beginning, our algorithm
distributes the particles between the 4 possible starting poses in the soccer �eld,
as stated in the rules [6]. Then, resampling is disabled while the head does a 180
degrees scan, accumulating information from the whole scan in the particles'
weights before the �rst resampling. This proved very robust in initializing the
�lter to the correct robot pose.

Using the Gazebo simulator to guide our development, we made many opti-
mizations to our algorithm throughout 2019: better head scan policy, parameter
tunning (especially, higher odometry noise), making resampling less frequent etc.
We currently have a working localization in simulation, but we still face issues
regarding incorrect distance estimates in the real robot as commented in Sec. 5.

7 Motion Control

For walking and kicking, we use the ZMP-based algorithms described in [13]. We
augment these algorithms with gravity compensation and a torso stabilization
controller [14]. Since these techniques strongly rely on dynamics models, we
developed a system identi�cation technique to obtain a better mass distribution
model experimentally through foot pressure sensors measurements [7] instead of
using data from CAD �les. However, we have not executed this process in the
Chape robot yet.

The main innovation regarding motion control in 2019 was the development
of a new kicking algorithm based on splines. In our previous motion, the kicking
foot was constrained to be always parallel to the ground, which resulted in weak
kicks. In the new kick, the x (forward), z (vertical) and θ (pitch) trajectories
of the kicking foot are de�ned by points which specify the coordinate value at
a given time. Then, the points are interpolated using separate cubic splines for
each coordinate. The algorithm is only able to execute forward kicks for now,
but we expect to generalize for other directions.

8 Conclusions and Future Work

This paper presented the recent e�orts of ITAndroids in RoboCup Humanoid
KidSize. The team evolved quickly since its �rst participation in RoboCup Hu-
manoid KidSize in 2017. We currently have a robust hardware with 4 Chape
robots. Our vision and motion control software also works well, but our localiza-
tion system still lacks robustness. We intend to continue working on improving
the system performance and robustness for RoboCup 2020. Moreover, we al-
ready designed a new prototype of a taller robot which we plan to build for the
competition.
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