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Systems in Experimental Robotics | Current State

Research on autonomous robots achieved considerable progress over the 
recent years. 

Reported results are typically validated through experimental evaluation or 
demonstrated live at robotics competitions. [ DARPA Challenge, RoboCup, …] 

Amongst other reasons, this is due to: „off-the-shelf“ robots [ iCub, NAO, … ] 
and vivid open source communities providing reusable building blocks, e.g. 
ROS, Orocos, OPRoS, Yarp, yarp-wholebodyinterface, GURLS, … ;) 

Publicly available data sets are used to improve benchmarking procedures, 
i.e., Rawseeds Project. [1]
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Systems in Experimental Robotics | Current State

» Numerous studies have been performed over the past 15 years, but 
one of the hallmarks of science has yet to be achieved: results at present 
are hardly ever reproducible by other research groups. « [2]
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Systems in Experimental Robotics | Current State

Methodological issues that prevent reproducibility of robotic system experiments. [3] 

This includes the frequently neglected impact on experiments caused by the relationship between 
individual components and the whole system — in component-based systems for instance. 

Question: how do publications need to be written and published in order to improve reproducibility?
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Systems in Experimental Robotics | Aspect Overview
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Systems in Experimental Robotics | Overview
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Systems in Experimental Robotics | Problem Statement

Information retrieval and aggregation: artifacts are often distributed over different locations, thus 
already the discovery, identification and aggregation of all required artifacts is difficult. 

Semantic relationships: which specific versions (master/v. 133.7) of software components were in 
use for a particular study? 

Software deployment: Most current systems are realized using a component-based architecture. 
They do not necessarily use of the same build infrastructure CMake, Catkin, maven, etc., binary 
deployment mechanism and execution environment.  

Experiment testing, execution and evaluation: Advanced robotics experiments require significant 
efforts spent on system development, integration testing, execution, evaluation and preservation of 
results. This is particular costly if many of these tasks are carried out manually. Crucial run time 
parameters and component configurations are often omitted or not documented properly.
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Systems in Experimental Robotics | Goal

To tackle these issues we introduce an approach for reproducible 
robotics experimentation based on an integrated software toolchain 
for system developers and experiment designers.
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Systems in Experimental Robotics | System Model
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Systems in Experimental Robotics | Technical Realization Overview
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Systems in Experimental Robotics | Technical Realization Recipes
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Systems in Experimental Robotics | Technical Realization Recipe (Experiment)
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Systems in Experimental Robotics | Technical Realization Experiment Protocol
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Systems in Experimental Robotics | Step by Step 

Find CITK link in publication

iCub Ball Tracking-nightly
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Systems in Experimental Robotics | Step by Step

Visit system version on catalog website
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Systems in Experimental Robotics | Step by Step

Browse linked artifacts: Publications, Component Versions, Data Sets, etc…



Local & Global CI
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Systems in Experimental Robotics | Step by Step

Download pre-packaged CI Server



Local & Global CI
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Systems in Experimental Robotics | Step by Step

Extract & simply start it
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Systems in Experimental Robotics | Step by Step

Find ready to use local CI Server
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Systems in Experimental Robotics | Step by Step

Clone CITK repository
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Systems in Experimental Robotics | Step by Step

Invoke job-configurator with desired distribution
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Systems in Experimental Robotics | Step by Step

Start build-flow job, the rest is orchestrated automatically, system is fully built (repeatable via single click)
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Systems in Experimental Robotics | Step by Step

Visit linked experiment in the web catalog and review reference data
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Systems in Experimental Robotics | Step by Step

Invoke specified command (listed in catalog) and the experiment is executed locally
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Systems in Experimental Robotics | Live Demo

Demo
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Systems in Experimental Robotics | Static Demo

https://vimeo.com/112005754
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Systems in Experimental Robotics | Conclusions

Modeling of artifacts required for system replication and experiment execution  

‘Easy to use’ (yet to be proven) system deployment strategy for local and ‘global’ use case 

Inherent CI paradigm for software and experiment provenance 

Targets software developers, experiment designers and interested researchers / reviewers 

Enables early integration of experiment designers — R, Matlab scripts in the loop  

Ideal for early testing with Simulation environments (as shown in the demo) 

Browsable web catalog of semantically linked research artifacts
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Systems in Experimental Robotics | Current Shortcomings

We modeled HARDWARE but we still need to provide a working use case 

Faster ‘shipping’ methods, i.e., for reviewers only, using VM images or Linux containers like Docker 

Automated data annotation, i.e., post experiment data processing like annotation of video material not supported 

Build/Exceution in the cloud (sorry)currently not investigated 
!
Support for more than 2 Linux flavors, Mac OSX, probably Windows too 
 
… and probably much more
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Systems in Experimental Robotics | Thank you!

Credits 
 
Thanks Lorenzo for the invitation and Vadim for the technical support & the iCub friends for the 
_ ready to use _ software stack!  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Systems in Experimental Robotics | Thank you!

Links  

Web Catalog: https://toolkit.cit-ec.de 
Distribution Project: https://opensource.cit-ec.de/citk 
Video Material: http://vimeo.com/groups/citk

Affiliation 
!
Florian Lier, Sven Wachsmuth and Sebastian Wrede are with Cognitive Interaction Technology — Center of 
Excellence, Bielefeld University (www.cit-ec.de)  
Sebastian Wrede is also with The Research Institute for Cognition and Robotics — CoR-Lab (www.cor-lab.de) 
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Systems in Experimental Robotics | Thank you!
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Systems in Experimental Robotics | Thank you!

HANDS ON SESSION — Let’s integrate? 


