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The team is a collaborative effort between UPF (Barcelona, Spain), and Griffith University (Bris-
bane, Australia), involving seven PhD students, and two Honours students. The academic supervisors
are Prof. Estivill-Castro (Griffith), Prof. Hector Geffner (UPF), Dr René Hexel (Griffith), Prof. Mart́ı
Sanchez-Fibla (UPF), and the students are Marco Gasparrini (PhD), Eugene Gilmore (PhD), Misbah
Javaid (PhD), Dimitri Joukoff (PhD), Carl Lusty (PhD), Callum McColl (PhD), Morgan McColl (PhD),
Donovan Crichton (Honours), and Mairah Zulkepli (Honours).

The team is supported by

1. the Autonomous Systems Program of the Institute for Intelligent and Integrated Systems (IIIS) at
Griffith University, Queensland Australia, and

2. the Artificial Intelligence and Machine Learning Research Group of the Department of Information
and Communication Technologies (ICT) at Universitat Pompeu Fabra, Barcelona, Spain.

Since 2010, we have expanded our lab on the Nathan Campus, as a result of additional support from
the University and the IIIS. We can now accommodate a larger field.

Figure 1: Panorama of facilities at Nathan campus.

Short team profile

We build behaviours using a Behaviour Based-Control architecture. Our behaviours are encoded as logic-
labelled finite state machines abbreviated as LLFSMs (several publications (Website). The Llfsm can be
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considered as Augmented Timed Finite-State Machines similar to the original LISP-based behaviours
of the subsumption architecture and the Toto robot. Our advances are that LLFSMs are sequentially
executed by a pre-defined schedule avoiding issues of timing and controlled concurrency (as opposed
to the event-driven nature of executable UML state-charts). Because transitions can be labelled by
expressions of a logic, LLFSMs enable the fusion of reactive architectures and deliberative architecture.
So we could combine with components using Prolog (Website 8).

We can compile them for simple-C, C++ and swift (and interpret them for LISP and Haskell). We
also produce Kripke models for their formal verification with NuSMV.

We also work on algorithms for computer vision, adapting deep-learning methods to the scene recog-
nition of all the relevant objects in a soccer match and also enabling their fast execution in the reduced
CPU power on boards of roots to achieve high frame-rates (Website 1).

Our research also involves the fusion of task planning (as is classical approaches for sequencing discrete
actions from a source state to a target state) with motion planning (which typically works on the C-space
and involves computation of trajectories and paths on the joins of a robot) (Website 11).

Lately, we have mixed the emerging technologies of virtual reality (and headset devices and controllers)
to explore tele-existence. In particular, we have investigated the reactions of adults and children to
being immersed in the body of a Nao and engage on a soccer competition with autonomous Naos under
conditions similar to the RoboCup Standard Platform League (Website 3)

We also host a series of activities to stimulate interest for STEM among high-school students (Web-
site 1). We run these learning activities with a set of challenges that inspire the reflection about the
impact of robotics in society and we have conduct research on the ethics of autonomous machine (Web-
site 2).

Mixed Teams

We plan to team up with Aztlan lead by Alberto E. Petrilli. We would field 6 robots using the fist set
of cyan/magenta jerseys with combined software.

Code Usage

We acknowledge we use the walk module from the 2016 rUNSWift Infrastructure. All other modules
are completely original. We are proud that with all platforms (the Aibo, the Nao and the Pepper) the
software was completely developed by the Mi-Pal team, and although we review the work of other
teams, we do not re-use their code.

Past History

Mi-Pal has a long involvement with RoboCup. Prof. Estivill-Castro supervised the team that was
champion of the RoboCup Jr (Higher Education Mindstorms category) in Seattle (2001), and was a
team member of the NewBots (U. of Newcastle) that finished 3rd in 2002. As Mi-Pal, the team
participated in the RoboCup SONY League in 4 consecutive years (2003-2006). We were recognised for
our debugging tools on the SONY Aibo platforms as well as for our software architecture and vision
system. We also participated in RoboCup@Home twice (2006-2007). With the Nao platform, we have
participated in the full competition and the technical challenges in Istanbul (2011), Mexico City (2012),
Eindhoven (2013), Nagoya (2017), Montreal (2018) while in 2014, in João Pessoa, we participated in the
technical challenges and drop in challenge. At those venues, the team performed competitively.

Since 2012, our results are as follows. In Mexico City we tied one game 0-0 and another 1-1, (one
goal scored brilliantly by our goal keeper www.youtube.com/watch?v=F4bvClhTY4A) and we lost two
matches. In 2013, we also scored one goal, but lost all matches. In 2014 in João Pessoa we were awarded
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the second place for the drop-in challenge, we scored very high in the sound-challenge and we
found and kicked the ball in the anywhere challenge.

In 2014, we were awarded (by the RoboCup Federation) a sponsorship for Jonathan Ferrer-Mestres for
a short term research visit due to his research in planning. In November 2014, we participated in
the 2014 Robotic Hamburg Open Workshop (RoHOW) in Hamburg University of Technology (TUHH).
We presented our recently released ROS-compatible software packages (more on this later).

We participated in the 2017 in Nagoya Japan. We tied two games and lost three games by a narrow
margin. In Montreal-2018 we tied up 0-0 and lost 0-1 in the first round. In the second round we lost
0-3, 0-3 and 0-1; the last by an own goal due to a localisation flip.

Impact

Mi-Pal produced useful RoboCup SPL tools for analysing failures in the Aibo platform that became
widely used by other teams. We also developed very fast methods for image segmentation [Website 49].

Publications at the RoboCup Symposium and/or on Robotic Soccer

Website 1 (runner-up for best paper award), Website 35, Website 36, Website 37, Website 42,
Website 31, Website 33 .

Software Released to the Community

Our download page www.mipal.net.au/downloads.php contains the following downloads.

1. The only ROS-compatible drivers for C++11 on Lego NXT-robots. This is the package r2d2Mipal

and runs on MacOS and Linux (github.com/mipalgu/NXTdriver.git).

2. The Mi-Pal whiteboard (ROS-compatible). The software engineering architecture and the software
design patterns that support our model-driven engineering are based on a whiteboard architec-
ture [Website 31]. This offers a cognitive architecture or a working memory as well as a publisher-
subscriber pattern for module communication. Our whiteboard architecture is complementary to
Naoqi’s inter-module communication and messaging architecture in the Red-Documentation; how-
ever, our approach enables extremely fast interprocess communication and more reliability than
the Nao’s current ALMemory (which, when using inter-process communication, involves wrapping
contents in SOAP). It is also analogous to ROS (ROS:topics, ROS::services), but since we avoid
SOAP we are also much more efficient. We have made several comparisons of our architecture’s
efficiency outperforming ROS for inter-process communication, the most recent illustration for a
MAV [Website 9].

3. The package clfsm (a ROS-compatible package), an engine for compiled finite-state-machines that
allows concurrent execution of arrangements of logic-labeled finite-state machines as executable
descriptions of behaviour. State charts are arguably the most common and ubiquitous instrument
for describing the behaviour of discrete systems. ATMS were the basis of the subsumption ar-
chitecture of R. Brooks and are common in Behaviour-Based Control Architectures for robots.
However, the variants that predominantly exist are based on an event-driven understanding of
transitions which leaves the system at the mercy of event queues and complex synchronisations.
Our finite-state machines whose transitions are labeled by formulas of a certain logic result in a
method to derive software with a model-driven development (MDD) approach. The arrangement
is scheduled in a time-triggered fashion, enabling concurrency but without the complexities of
race-conditions[Website 21]; thus, a clear and transparent semantics is obtained and model check-
ing becomes feasible and practical. The description obtained not only has the advantage of MDD
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of traceability and platform-independence, but also enables validation with simulation as well as
formal verification that can be used for failure-mode effect analysis.

As opposed to smach in ROS, which is an interpreter of unstructured state charts, our tool produces
compiled finite-state machines that are completely C++ and swift compatible and can also have
structural controls (with commands such as resume, suspend, or restart) as well as scope for
variables (per state, per machine, or global).

The following videos demonstrate logic-labeled finite-state machines as compiled by clfsm.

(a) A video (www.youtube.com/watch?v=6bzyf5fhTAQ&feature=youtu.be) that demonstrates or optional head-
less simulator used for continuous integration and unit testing of all our software modules including full
behaviours; the behaviour for Ready is illustrated.

(b) A video (www.youtube.com/watch?v=gN6rIveCWNk) demonstrating clfsm with a reactive architecture on
the Nao, but also on the e-puck on Webots, and then expanded to an architecture that involves task planning.

(c) A video (//www.youtube.com/watch?v=fX7ANt03Xsc) that compares clfsm with ROS-Bride and ROS smach

on the BRIDE tutorial predator-prey example.

(d) A video (www.youtube.com/watch?v=qs-jmjxOXLI) that demonstrates the original subsumption architecture
and the original Herbert’s world but using the Kuka Robot of RoboCup@work on the Gazebo simulator and
ROS.

(e) A video (www.youtube.com/watch?v= 3VylSPQoEE&t=31s) that demonstrates run-time verification of two
learning behaviours of a mobile robotic with an arm. One behaviour is learning the map of the environment,
the other is an adaptive controller of the arm.

Importance to the Institution/Community

At Griffith University, academics can act as supervisors of Work Integrated Learning for 3rd year stu-
dents. Several students receive this capstone-training opportunity by carrying out their IAP in the
Mi-Pal facilities. Also, the IIIS regularly awards undergraduate summer scholarships to undergradu-
ate students so they can be introduced to research activities in ICT. Several students have been involved
in the development of Mi-Pal related tools and modules in a summer scholarship. Mi-Pal is core
to Griffith University’s promotional activities and regularly performs presentations during Open Day.
It is also core to community activities such as IBM’s EXCITE (Exploring Interests in Technology
& Engineering) camps, experience days and STEM 6 activities. At Universitat Pompeu Fabra it is
also a central to promotional activities, and also has recently been engaging in performing arts activ-
ities. A recent video of a magic-trick with the assistance of a Nao presented to a live audience can
be seen at www.youtube.com/watch?v=HCFY 1cmESA and presentations for Science Week 2015 at
www.youtube.com/watch?v=yIiYT 4XnXM. Moreover, the group in Spain is directly involved in deliv-
ering robotics for children in an agreement with the US embassy. The Teatronika research project lead
to the production of “A hole in the sand” for the ROS-Fill Festival.

Other

Research Interests

The individual research interests and contributions of the academic members of the team directly in-
volved in Mi-Pal are as follows (in alphabetical order):

Prof. Vladimir Estivill-Castro’s research interests are Data Mining, Machine Learning,
Algorithmic Engineering. Dr. Estivill-Castro has been directly involved in program-
ming, designing the software architecture, the image segmentation methods and team
strategies. He developed algorithms for efficiently processing the vision and object
recognition pipeline. He has supervised six master student projects (Ramirez-Regalado,
Radev, Fernandez, Ferrer-Mestres, Bustamante, Anderson), two PhD projects (Lovell,
Fenwick), three honours projects (Joukoff, MacKenzie, Seymon) and several (11) Work
Integrated Learning projects associated with Mi-Pal.
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Prof. Hector Geffner’s research interests are Models of reasoning and planning. He
authored the T0 Planner that translates conformant problems into classical problems;
this software was the winner of the 2006 IPC Conformant Track. Other software that
has achieved meritorious and distinguished placements in bench-mark competitions
include TP* (for Optimal Heuristic Regression Planner with Time and Resources),
CPT (for Temporal POCL Planner based on Constraint Programming), HSP2.0 (for
Heuristic Search Planning), and GPT (a Planner than handles uncertainty and sensing).
Dr. René Hexel’s research interests are Distributed Systems and Networking; Mobile
Computing, Real-Time Systems, Embedded Systems Operating Systems. Dr. Hexel has
experience in fusion of distributed sensors for intelligent systems. He implemented
several simulators with a modular user graphical interface for several of the applications
of Plausible Logic on board the Sony AIBO. He has worked on wireless signals for
localisation and he has supervised several projects in distributed teams of robots (e.g.
role synchronisation) and Industry Affiliates Program projects at Mi-Pal.
Prof. Marti Sanchez-Fibla completed his PhD in the artificial intelligence institute
in Barcelona (IIIA, CSIC) in the field of Combinatorial Optimisation and Heuristic
Search. He recently was , involved in the Socialising Sensorimotor Contingencies (soc-
SMCs) project, and the in the Synthetic Forager. He lead the Teatronika research
project where robots are the actors of thought provoking theatrical plays.

High level system modelling. Prof. V. Estivill-Castro and Dr. R Hexel have taken this approach
by enabling knowledge-base descriptions using logics in models of behaviour. This constitutes a
model-driven engineering of software for robots and was successfully used to build all the behaviours
of the participation at RoboCup in 2011, 2012, 2013, 2014, 2017 and 2018. More recently this
research has enabled formal methods and model checking. Our research with logic-labeled finite-
state machines has taken us to the capability to perform run-time verification [Website 7]. Run-
time verification is fundamental aspect of proper functionality for robots and embedded systems
that encompass adaptive and learning behaviours and act in a physical environment.

This research has produced capabilities to model behaviours of robots at a high level, by combining
reactive mechanisms (modelled by finite state machines) and non-monotonic reasoning (represented
by logics such as Plausible Logic). This architecture enables execution of behaviours described with
high-level models [Website 27]. Our contributions are at the intersection of software engineering
and robotics [Website 28, Website 25].

Modelling by finite-state machines (where the labels for transitions can be statements in log-
ics that demand proof [Website 26]) has been contrasted with plain finite-state machines, Petri
nets, Event-B and Behavior Trees (relevant behaviour modelling techniques in software engineer-
ing) [Website 29]. Our approach produces smaller models, clarifies requirements, and we can
generate implementations for diverse platforms and programming languages. E.g., the same mod-
els can generate code in Java for a Lego Mindstorms as well as C++ for a Nao.

We have illustrated [Website 30] the power of non-monotonic logic to describe and complement the
descriptions of Behavior Trees and of fine state machines for requirements engineering, illustrated
further [Website 28, Website 25] in the context of embedded systems and robots.

Robots for people. Prof. V. Estivill-Castro coordinated research in collaboration with academics in
Early Childhood Education and experts in Education for people with disabilities. [Website 36,
Website 46, Website 47]. More recent collaborations are two projects with Prof. Wendy Moyle,
on robot interaction with the elderly. The first project is titled “Telepresence robots: Engaging
people living with Dementia” and the second is titled “Piloting an emotional response animal
robot: Feasibility and impact of CuDDler on the person with Dementia”. [Website 10].
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Intelligent systems, planning, reasoning, pattern analysis. We research multi-agents systems
that use non-monotonic reasoning. Directly involved in this line of research are Assoc. Prof. D.
Billington, Prof. Estivill-Castro, Dr. R. Hexel, and Dr. A. Rock. The Artificial Intelligence and
Machine Learning Research Group (www.ai.upf.edu) at Universitat Pompeu Fabra, studies com-
putational models of reasoning, action, and learning. The approach of the group is focused on
efficient methods in automated planning. This work forms the base for a number of successful
automated planners that have been developed by the group in collaboration with others interna-
tionally, and that has had a strong influence on the progress of the area. In particular, our joint
PhD student J. Ferrer-Mestres has produced the integration of planning systems in dynamic envi-
ronments [Website 19] and also the integration of task planning with motion planning [Website 11].
A video of this later success appears in www.youtube.com/watch?v=tRL8u2S9w1w.

Summary of Past Relevant Work and Scientific Publications

Our website records 46 publications directly derived from Mi-Pal’s participation in RoboCup (publi-
cations). Since 2012, our publications display our focus for the following areas.

• High level tools and systems for describing behaviour with logic-labeled finite-state machines.

1. V .Estivill-Castro, and R. Hexel, “Run-time Verification of Regularly Expressed Behavioral Properties in
Robotic Systems with Logic-Labeled Finite State Machines” 2016 IEEE Int. Conf. on Simulation, Modeling,
and Programming for Autonomous Robots San Francisco, Dec 13th-16th, 2016, IEEE [Website 7].

2. D. Joukoff, V .Estivill-Castro, R. Hexel, and C. Lusty “Fast MAV control by control/status OO-messages
on shared-memory middleware” Robot Intelligence Technology and Applications 4 – Results from the 4th Int.
Conf. on Robot Intelligence Technology and Applications, RiTA 2015 Bucheon, Korea December 14th-16th
Springer Advances in Intelligent Systems and Computing Volume 447 pages 195-211. [Website 9].

3. V. Estivill-Castro, R. Hexel: “Simple, Not Simplistic - The Middleware of Behaviour Models”. ENASE 2015
Proceedings of the 10th Int. Conf. on Evaluation of Novel Approaches to Software Engineering, Barcelona,
Spain, 29-30 April, 2015. SciTePress: 189-196 [Website 12].

4. V. Estivill-Castro, R. Hexel: “Correctness by Construction with Logic-Labeled Finite-State Machines - Com-
parison with Event-B”. Australian Software Engineering Conference 2014: 38-47. [Website 14].

5. V. Estivill-Castro, R. Hexel and Carl Lusty “High Performance Relaying of C++11 Objects Across Pro-
cesses and Logic-Labeled Finite-State Machines” Int. Conf. on Simulation, Modelling, and Programming for
Autonomous Robots (SIMPAR 2014) Bergamo, Italy. LNAI Vol 8810, pp. 182–194. [Website 15].

6. V. Estivill-Castro, and R. Hexel “Module Isolation for Efficient Model Checking and its Application to
FMEA in Model-Driven Engineering” 8th Int. Conf. on Evaluation of Novel Software Approaches to Software
Engineering (ENASE 2013). Angers, France. 4th-6th of July. [Website 20].

7. V. Estivill-Castro and R. Hexel “Arrangements of Finite-State Machines Semantics, Simulation, and Model
Checking” Int. Conf. on Model-Driven Engineering and Software Development MODELSWARD 2013. 19-21
February, Barcelona, Spain. p. 182-189 SCITEPRESS. [Website 21].

8. R. Coleman V. Estivill-Castro R. Hexel C. Lusty “Visual-Trace Simulation of Concurrent Finite-State Ma-
chines for Validation and Model-Checking of Complex Behaviour” Int. Conf. on Simulation, Modeling, and
Programming for Autonomous Robots (SIMPAR). Tsukuba, Japan. November 5th-8th (2012) LNAI Vol 7628
Springer-Verlag p. 52-64. [Website 25].

• Planning and reasoning on board of robots.

1. V .Estivill-Castro, R. Hexel, and A Ramirez-Regalado “Architecture for logic programming with arrangements
of finite-state machines” 1st CPSWeek Workshop on Declarative Cyber-Physical Systems (DCPS) April 12th,
(2016) Vienna, Austria. IEEE Pages 1-8. [Website 8].

2. Ferrer-Mestres, J., Guillem F., Hector G.. “Planning with state constraints and its application to combined
task and motion planning”, Workshop on Planning and Robotics (PLANROB). 2015 [Website 13].

3. Ferrer-Mestres, J., Guillem F., and Hector G. “Combined Task and Motion Planning as Classical AI Planning”
arXiv preprint arXiv:1706.06927 (2017).
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4. J. Segovia Aguas, J. Ferrer-Mestres and A. Jonsson, “Planning with Partially Specified Behaviors”, Artificial
Intelligence Research and Development - Proceedings of the 19th Int. Conf. of the Catalan Association for
Artificial Intelligence, Barcelona, Catalonia, Spain, October 19th-21st, 2016, pages 263–272, series Frontiers
in Artificial Intelligence and Applications, volume 288, ISOS Press [Website 11].

5. V. Estivill-Castro and J. Ferrer-Mestres “Path-finding for mobile robots in dynamic environments with PDDL-
planners” 6th Int. Conf. on Advanced Robotics, (ICAR 2012). Montevideo, Uruguay, November 25-29th IEEE
Comp.Soc. [Website 19].

• Human-robot interaction.

1. V. Estivill-Castro and V. Sukhov. “You are the Mind of a Robot — Tele-existence for Adults and Children”
ACHI 2019 : The Twelfth International Conference on Advances in Computer-Human Interactions U. Kokil,
and T. Ota (eds). IARIA, Athens, Greece, February 24th-28th, 2019 pages 165-173. ISBN: 978-1-61208-686-6.
(Website 3)

2. V. Estivill-Castro and S. Seymon “Mobile Robots for an E-mail interface for People who are Blind” RoboCup
International Symposium 2006. G. Lakemeyer, E. Sklar, D. G. Sorrenti, T. Takahasji (eds) Springer Verlag
Lecture Notes in Computer Science Volume 4434. pages 338-346. ISBN 978-3-540-74023-0. (Website 36)

3. B. Bartlett, V. Estivill-Castro and S. Seymon “Dogs or Robots - Why do we see them as robotic pets rather
than canine machines?” 5th Australasian User Interface Conference (AUIC2004), Dunedin. Conferences
in Research and Practice in Information Technology, Volume 28. A. Cockburn, Ed. pages 7-14 ISBN
1-920682-10-4. (Website 46)

• Learning and adaptivity for vision in unknown environments.

1. M. Szemenyei and V. Estivill-Castro “Real-time Scene Understanding using Deep Neural Networks for
RoboCup SPL” 22nd Annual RoboCup International Symposium, in conjunction with RoboCup 2018. D. Holz,
K. Genter, M. Saad, O. von Stryk (editors). Runner-up to Best paper award. (Website 4)

2. V. Estivill-Castro, and J. Radev “Humanoids Learning who are Teammates and who are Opponents” The
8th Workshop on Humanoid Soccer Robots, at 13th IEEE-RAS Int. Conf. on Humanoid Robots. Atlanta,
GA, October 15th, 2013. (www.humanoidsoccer.org/ws13/program.html) [Website 18].

3. V. Estivill-Castro and N. Lovell “Improved Object Recognition – The RoboCup 4 legged league” Fourth
International Conference on Intelligent Data Engineering and Automated Learning, Hong Kong, 21-23 March
2003. Liu, J., Cheung, Y., Yin, H. (Eds.) Springer-Verlag Lecture Notes in Computer Science. Volume 2690
pages 1123-1130. ISBN 3-540-40550-X.

• Protocols for robots and agents to maintain formation under unreliable communication channels.

1. V. Estivill-Castro, E. Fernandez and R. Hexel “On Practical, Safe, and Convergent Protocols for Agent
Formations” The Australasian Conf. on Robotics and Automation (ACRA), 2013. [Website 17].

• Education using robots.

1. V. Estivill-Castro, “Inviting teachers to use educational robotics to foster mathematical problem-solving”
RiE 2019, the 10th International Conference on Robotics in Education, Vienna, April 10-12, 2019, Springer.
in press.

2. V. Estivill-Castro “Robotic activities that engage year 6 students into STEM” 9th Annual International
Conference of Education, Research and Innovation ICERI-2016 Seville, Spain, 14th-16th of November, 2016.
Pages: 3299-3307 ISBN: 978-84-617-5895-1 ISSN: 2340-1095.

Other Related Research Publications
The other topics of the 44 publications derived from Mi-Pal’s participation in RoboCup (publications)
are as follows.

1.- Reasoning on board mobile robots, and its use in software architectures and robotic behaviour
modelling: [Website 5, 6, 12, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 33, 35, 39].

2.- Object tracking, object recognition and posture and gesture recognition: [Website 4, 18, 40, 37,
38, 42, 44, 45, 48, 49].

3.- Localisation, formations, path planning and visibility: [Website 17, 19, 20, 34, 39, 41].
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