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Abstract 
 
In this deliverable we describe a model for open hardware and software infrastructure for fast 
construction and simulation of robots using heterogeneous modules, targeted for researchers, 
students, and hobbyists. The model is based on open-source principles. However, for the hardware a 
dual approach was necessary where users that do not have technical skills or the machinery 
available to produce LocoKit themselves can order premade components or even a complete 
construction kit. We went beyond designing the model and actually implemented a company 
embedded within the University of Southern Denmark based on this model to disseminate the robot 
construction kit to the research community and students. 
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1 Introduction

This deliverable reports on our results on making A model for open hardware and software infras-
tructure for fast construction and simulation of robots using heterogeneous modules, targeted for re-
searchers, students, and hobbyists as stated in the description of work. This deliverable is a companion
to deliverable D2.5 entitled Educational robotic toolkit, comprising of the heterogeneous robotic modules
developed throughout the project and the reader is encouraged to read deliverable D2.5 first.

This deliverable provides the background for the open hardware and software infrastructure re-
ported in D2.5. In particular, we will address the business model we have for our hardware and how
we target different user groups.

2 A model for open hardware

At the onset of the Locomorph project we expected to release the educational toolkit, LocoKit, to the
general public as open-source hardware. However, we realized that making the source files available
would not be enough for LocoKit to have a high impact. The reason being that few labs have the know-
how and the manufacturing abilities to build their own educational toolkit from source files alone. The
production of LocoKit involves three-dimensional printing, milling of aluminum parts, circuit board
production, mounting of components (some of which requires specialized tools), and finally assembly
of the subparts into LocoKit components. Another important reason for not doing purely open-source
dissemination is that the cost of components is highly dependent on how many are ordered at a time.
Hence, if an individual user wants to make one LocoKit it would be very expensive. Furthermore,
delivery times of key components can be as high as six weeks. Overall, we think these obstacles are
unacceptable for the new user interested in trying out LocoKit. It is particularly worsened because
part of the audience for LocoKit is biologists and hobbyist who typically have no local expertise on
mechanics, electronics, and software.

We then decided to found a company to handle the production and sale of LocoKit embedded within
the University of Southern Denmark. The implication of this was we had to secure the investment
that the university made in the production of LocoKit. A patent was considered, but we decided not
to pursue this path because we still wanted to maintain it as open-source. Instead we got LocoKit
registered as a trademark. This means that anybody can take our LocoKit source files and use them as
they see fit. However, we control which parts can flow back into the LocoKit community and officially
be called LocoKit components.

This model implied that we have to charge user for LocoKit to cover our production, assembly,
and testing costs. The current price is EUR 2.500 which is higher than we wanted, but this would
buy you a very capable robot construction kit. Furthermore, this would be cheaper than if you went
ahead and tried to produce it yourself and probably of better quality. Also, this price is suitable for
research level project where typical software packages, e.g. MatLab and Webots, are similarly priced.
The price of course is prohibitory high for hobbyist, which we hope to address in the future once we
are sure there is a big enough marked for starting to produce LocoKit at scale. Currently, 12 have
been produced of which 9 have been sold. This is in addition to the 10 that were produced within the
context of the Locomorph project.

3 Open-source software

The software aspect of LocoKit we dealt with as a conventional open-source project. The LocoKit
has a full Linux computer running on-board and off-line storage in the form of an SDCard. You
can obtain the newest version of the software for your LocoKit robot by updating your source from
our Subversion server (SVN). We plan to extend on this functionality to allow effective sharing of
user contributions through our website as well as make this functionality available directly from the
web-interface running on the robot. A backup solution is available for anybody which is to mail the
SDCard back to us and we can ship the newest software back to them on the same or another SDCard.
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4 Simulation

As argued in earlier years, we decided not to develop a simulator for LocoKit, but rather to make
physical experimentation as easy as possible. The reason for not building a simulator was that for the
study of locomotion the interaction between an a priori unknown LocoKit robot and the ground cannot
be simulated to a degree of detail that would allow transfer to a physical robots. Instead, we encourage
users to use abstract simulation models to get synchronization between legs right, deal with software
errors, and so on. This initial stage is then rapidly followed by a phase where development takes place
on the robot to adapt the controller to the specific robot morphology, task, and environment.

5 Users

Our initial ambition was to target researchers, students, as well as hobbyist. However, in hindsight it
has become clear that given the cost it is not likely that LocoKit will appeal to hobbyist.

It may also be border line for students at universities given that few universities are used to this
level of expense for courses. However, there is strong case for giving students access to more capable
hardware than LEGO MINDSTORMS which is currently the standard. Given its sever limitations
LEGO is only suitable for teaching principles of robotics, but will never be a suitable platform for
experimenting with new potential morphological advanced products. University of Southern Denmark,
where LocoKit was developed, has invested in 7 LocoKits which combined with the 5 developed within
the project allow the university to introduce LocoKit in the graduate course Adaptive Robots. If
coupled with reduction in price through redesign and production at scale, we expect this to push the
development of LocoKit and associated teaching material towards making LocoKit a very attractive
teaching platform. Currently, with a robotics focus but clearly with a vision for becoming a tool for
teaching the underlying disciplines including but not limited to mechanics, embedded systems, control
systems, and biomechanics.

For research, the platform is ready and has been used for locomotion research purposes within the
Locomorph project. The platform is a bit limited for users without programming skills, but this also
something that we plan to improve on in the near future.

6 Conclusion

In the proposal we only propose to make a model for open hardware and software infrastructure for fast
construction and simulation of robots using heterogeneous modules, targeted for researchers, students,
and hobbyists. However, we have gone far beyond that and actually made an implementation of the
model in the form of a website for buying and exchanging software and knowledge about the LocoKit
platform. The website as well as LocoKit has room for improvement, but the core functionality needed
is available to make it a serious research and teaching platform.
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