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1 Team Information

This is the qualification document for the Dutch Nao Team with Wike Duivenvoorden as its team
leader. The team consists of twenty-three bachelor students, two alumni and one staff member
from the University of Amsterdam, The Netherlands. In the last twelve years the team has bought
25 NAO robots, although not all of them are operational anymore. The team currently has six
NAO V6 robots and is planning to buy one more robot, so will have seven NAO V6 in time for
the RoboCup. The qualification video is available on our YouTube channel1. A research report [1]
describing the technical details of the team’s work for RoboCup 2022, has previously been published
on our website2.

2 Code Usage

From April 2017 onward, the team has been using its own framework in C++. Since the Dutch
Nao Team has become substantially larger in member count, the skills of the team grew as well.
Probably the most important example are the new software engineering skills in the team. We now
have four experienced software engineers who all have a preference for programming in Rust instead
of C++. This is mostly due to Rust being a very stable programming language, especially for a
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larger team, because writing and mostly maintaining the code is easier. In Rust, you have to write
code explicitly rather than implicitly. In addition to this the project structure in Rust makes more
sense and the package manager is also better.

So far, the team has noticed that despite the obvious drawbacks of having to recreate basic
functionality, the educational value of our new framework has increased the motivation of (newer)
team members and has had a positive impact on the overall productivity.

We know the new framework won’t be ready until after the RoboCup, so at the RoboCup we’re
going to play with an adapted version of the 2021 HULKs code release 3. We would like to add
communication and fall prevention to this release before the RoboCup starts.

3 Own Contribution

3.1 Perception

Camera Calibration In order to get the best performance out of our line and object recognition
implementations, it is vital to have constant lighting conditions. However, this is not always possible
to keep constant. Factors such as: time of day, different sizes of rooms and how close the robot is to a
window have a significant impact to how much light reaches the robot’s cameras. To help with these
variations in lighting conditions the Dutch Nao Team implemented an automatic camera exposure
module.

The robot’s camera previously calculated the camera settings based on the entire image, which
resulted in poor performance when one part of the image was over- or under exposed. Using the
green field detection, ball detection and robot detection modules it is possible to weigh parts of the
image differently. This gives the option to choose which parts of the image are more important to
have proper lighting conditions. Instead of including areas outside of the field in the calculation, the
new approach would exclude parts of the image that didn’t have the field in them. It also placed a
higher importance on parts of the field that had a ball or a robot on them.

Object modeling Before this feature was added, our framework had object permanence only by
remembering the last detection for a few seconds. However, with the combination of slow and fast
object detection there was a need to be able to combine and denoise object detections. Specifically
our YOLO object detector [2] works on cycle of 700 milliseconds and only on the top camera,
while our Haar classifier works on a cycle of 17 milliseconds and in both cameras. Because of these
differences the module has two main aims, firstly; give greater importance to the YOLO detection
whenever it finishes a cycle while still using the Haar classifier for movement tracking, secondly; to
account for the time difference between input received and detection verified for object location.
Additionally, the topic of detected robot permanence also needed to be tackled.

The goal was achieved by the use of a Kalman filter [3]. The ball is assumed to be stationary,
and observations after a certain amount of time are removed from the data. This makes sure the
ball position can still change even though we do not do any velocity estimations. Additionally, the
YOLO observations get a much higher importance. Since we found out that the YOLO model almost
never produces a false positive, we decided to invalidate any Haar detections if they deviate too far
from the YOLO detection. Hence the Haar classifier is used to update the ball position slightly. In
the bottom camera there is no YOLO detection so no filtering is done for those observations.

3
https://github.com/HULKs/hulk/releases/tag/coderelease2021

https://github.com/HULKs/hulk/releases/tag/coderelease2021


The second goal was achieved by keeping location updates of the last second in memory. Then
when the robot receives a YOLO detection, the location is recalculated 700 milliseconds into the
past according to the odometry information. This recalculation is taking the current location and
updates it inversely with the past odometry updates. Important to note is that this excludes any
correction mechanisms such as re-localisation and the filtering of particles. Finally, robot detections
are assigned to the nearest modelled robot, or if there are none close by, a new robot is created.
This solution only works for general robot locations as the margins for a 700 millisecond cycle are
too wide for detecting robots that are right next to each other. This requires future work.

In conclusion, an object modelling module is implemented which effectively combines object
detections from two sources with different time delays and accuracies. This posed challenges but
was solved with the use of a Kalman filter, custom detection filtering and time aware algorithms.

3.2 Gamecontroller

For the 2022 RoboCup in Bangkok, a new technical challenge was added that introduced 7v7 play.
In order for this to work, the Dutch Nao Team and all other teams had to update their framework in
order to support 7v7 matches. Furthermore, a new rule [1] was added that limits the total number
of messages sent on the network to 1200 packets, and for every minute of irregular extra time, the
limit is increased with another 60 packets per minute. In addition to the new rule, there were also
some minor changes to the data that has to be sent to the game controller. The following new fields
were added to the packets:

– uint8 t fallen - indicates if a robot has fallen
– float pose - pose information containing x, y and theta
– float ballAge - indicates the time since the ball was last seen
– float ball - contains the relative position of the ball to the robot

It is vital for the Dutch Nao Team to stay up to date with every new gamecontroller update. If the
robots fail to connect to the game controller it is not possible to participate in the matches.

4 Past History

The predecessor of the Dutch Nao Team was the Dutch Aibo Team [4]. The Dutch Nao Team
debuted in the Standard Platform League (SPL) competition at the German Open 2010 [5]. Since
their founding, the Dutch Nao Team has been qualified for the world cup competitions in Istanbul [6],
Mexico City [7], Eindhoven [8], João Pessoa [9], Leipzig [10], Nagoya [11], Montreal [12], Sydney [13],
Worldwide [14] and Bangkok [15]

Besides the major RoboCup events, we have attended multiple GermanOpens, IranOpens, the
Humanoid Soccer School 2013, the Mediterranean Open 2011, the Colombia Robotics week, Tech-
Fest 20154, the European Open 2016, Rodeo 2019 and every Robotic Hamburg Open Workshop
between 2016 and 2022. At the Benelux Conference on Artificial Intelligence 2016 the team received
the award for best demonstration [16], at the Iran Open 2017 the team received the Award in the
Open Challenge with a presentation on our behaviour engine.

4 TechFest is Asia’s largest science and technology fair with more than 165,000 people attending: http:
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The results from 2019 onward in major RoboCup competitions are presented in Table 1. In
Sydney we were able to score twice in-game and promoted to the champions cup second round
robin by beating Camellia Dragons in a penalty shootout. And after a long break due to COVID
we managed to score in our first match in Bangkok.

Year Round Opponent Score

2019 Round Robin Starkit 2:0
RoboEireann 0:0
NomadZ 0:2

Champions cup play-in round Camellia Dragons 0:0[1:0]
Second round TJArk 0:6

Nao Devils 0:9
Champions play-in UT Austin Villa 0:7

2021 1 vs 1 B-Human 0:16,5
SPQR 1:0

1 vs 1 play-in’s UT-Austin Villa 0:2

2022 first round Naova 1:0
second round B-Human 0:10
third round SPQR Team 0:3
fourth round NomadZ 0:0
fifth round UPennalizers 0:0

Table 1: Game scores for RoboCup 2019, 2021 and 2022.

Although not visible in the scores, the field play has improved a lot, resulting in games with a lot
of ball possession. The Dutch Nao Team will come well prepared to the competition in Bordeaux:
in December 2022 the Dutch Nao Team attended the RoHOW5 and we plan to go to the German
Open Replacement Event in April 2023.

5 Impact

During the participation in the RoboCup, the Dutch Nao Team has provided its support or resources
in a number of bachelor & master theses [17,18,19,20,21,22] and projects that lead to publications
on a large variety of topics [23,24]. At the Maastricht University, a PhD thesis is finished [25] based
on e.g. a paper on learning a more stable gait [26], compared to the energy efficient gait from earlier
work [27]. Additionally side projects were done regarding ball-detection [28,29]. The Dutch Nao
Team extended the application of the Nao robot to the @Home league of the RoboCup: the Nao
robot was used to help in a kitchen environment by finding a tomato and grabbing it from a ta-
ble [30,23]. Finally, the Dutch Nao Team has made the penalty shootout situation into a standalone
demonstration [16] which it premiered at the Benelux Conference on Artificial Intelligence 20166

and won the first prize for best demonstration.

5 See https://rohow.de/2022/en/teams.html
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Earlier the Dutch Nao Team has published papers in the International Conference on Ad-
vanced Robotics [31], the Performance Metrics for Intelligent Systems Workshop [32], the RoboCup
IranOpen Symposium [33], the RoboCup Symposium [34] and the international conferences as In-
ternational Conference on Autonomous Robot Systems and Competitions [30]. The Dutch Nao
Team also proposed and supervised RoboCup related projects as part of a compulsory course in
the Artificial Intelligence bachelor at the University of Amsterdam.

6 Other

For the broader community, the Dutch Nao Team continues to provide many lectures about robotics
and AI, and demonstrations of autonomous football at companies and schools throughout the year.
This spreads knowledge about robotics and AI, and is a way for the Dutch Nao Team to fund
the trip to the RoboCup. After RoboCup 2016 a foundation was started to allow for transparent
financial communication, solely for the benefit of AI and robotics research.
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