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Software Reuse in Robotics

• Why software reuse in (academic) robotics?
• Complex task
• Large variability in hardware/software configuration
• Shortage of human resources

• Today’s Marketplace of Reusable Software
• Open-source projects

• e.g. Player, Orocos, Aria, Carmen, Orca, Yarp
• Each defines a “Robotics Software System” (RSS)
• The most mature ones are over 7 years old

• Virtually no commercial software
• Economic reasons? Are the reasons objective?

[Schmidt99]
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State of the Art: Problems

• Slow growth
• In terms of the amount of reusable software

• Fragmentation and duplication of efforts
• Developers “pick sides”, contribute to one RSS
• No shared code between RSS

• Poor software quality
• Hardware drivers are often of substandard reliability and lack 

functionality
• Algorithms are aged, implementations are not optimized for 

performance
• Software lock-in

• Individual/organization “picks side”, makes a big investment
• Cannot easily move to another RSS later. 

• Difficulty in making comparisons
• Comparison between “how to build a system” = compare RSS’s
• Compare RSS’s = compare “apples and oranges”
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Future Outlook: More Problems?

• No indication that current problems are going 
away

• Pressure from commercial alternatives
• MS Robotics Studio – a single-platform integration 

framework
• Direct competition to RSS instances
• Unlikely to contribute to diversity of options

• Danger of irrelevance
• Not enough to be a good educational tool, has to be 

applicable to “real” problems
• e.g. Darpa Grand Challenge competition: dozens of 

teams, not one using RSS outside of its original circle 
of developers. (To our knowledge)
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Proposed Solutions

1. Make RSS’s talk to each other
• Community-wide component-based reuse
• But: need to choose one integration method, e.g. JAUS standard

• Not very academic, currently there’s no clear winner

2. Translate between different RSS’s
• Community-wide component-based reuse
• But: need translators, e.g. Marie project

• Custom translators are not reusable
• Universal bridges are technically challenging

3. RSS’s do not talk but share fundamental code
• Project-wide component-based reuse
• Community-wide library-based reuse
• Diversity of integration approaches is good
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The Present: Instances of RSS

• Quite different in many respects
• Yet share common features

• Distributed
• Modular

• Based on components or plug-ins
• A self-contained universe

• Has code to deal with every aspect of building a robotic 
system

• Let’s classify the code into types
1.Driver and Algorithm implementations (DA)
2.Communication Middleware (CM)
3.Robotic Software Framework (RSF)
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Robotic Software Framework (RSF)

• Contents
• RSS modules: definition and implementation
• Utilities for visualization, logging, simulation
• Possibly, prescribes architecture

• More than anything else, defines RSS style
• Reuse potential (community-wide)

• VERY LOW
• Because reflects design choices of a particular RSS
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Communication Middleware (CM)

• Types
• General-purpose off-the-shelf
• Custom

• Reuse potential
• General CM: VERY HIGH 

• but it’s used by the robotics projects not written or 
maintained by them

• Custom CM: LOW
• Because is tied to an RSF and/or has limited functionality
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Drivers and Algorithms (DA)

• Domain knowledge of robotics
• Hardware drivers

• e.g. for sensors and actuators

• Algorithm implementations
• e.g. for mapping, localization, path-planning

• Reuse potential
• VERY HIGH

• Because the underlying concepts (hardware protocols 
and algorithm specifications) are independent from RSF 
and CM.
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Code Makeup of Current RSS’s
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Source Code Size Estimate
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Interpretation

• 6 RSS projects were reviewed 
• contain significant portion of all open-source robotic 

software
• Nearly 500 kSLOC

• Contents
• 67% contain highly-reusable DA code which can be 

made RSF-independent
• 4% is RSF independent
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The Marketplace
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The Future: Our Proposal

To the extent possible, the DA software should be 
separated from other types of code in a way which is 
• obvious to external users and 
• invites reuse across multiple RSS projects.
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Potential Advantages I

• Wider reuse
• Community-wide library-based reuse in addition to

project-wide component-based reuse
• More reusable code in the hands of the end-user 

regardless of chosen RSF
• Separation of concerns

• Current RSS are big and complex because try to do 
everything

• A thin framework: RSS which contains RSF code only
• Code stability

• RSF code tends to be in constant flux
• DA code needs to be shielded from this volatility
• All else equal, stable code base contains fewer bugs
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Potential Advantages II

• More users
• Debugging rates scale well with number of users
• More users for a given unit of DA code leads to better quality

• More contributors, maybe
• Contributions do not scale as well as bug reports
• Maybe more contributions due to code specialization
• Different skills and mindsets for writing drivers, algorithms, 

communication code, complete systems.

• Lower entry barrier
• Thin RSF’s can be numerous
• Starting a new self-contained RSS is daunting task.
• With DA libraries, perhaps would lead to specialized or radically 

different RSF
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Potential Advantages III

• More meaningful evaluation
• 3 types of software should be evaluated separately
• Hardware drivers can be evaluated objectively

• Currently impossible to compare SICK drivers from 
different RSS’s because selecting one or the other is not 
a real option

• Algorithm implementation can be evaluated objectively
• Comparison is better if done from within the same RSF

• CM’s can be evaluated objectively
• Comparison of RSF’s is largely subjective

• One interesting composite metric: ease of integration
• A good RSF should be able to integrate all available DA 

code
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Potential Reservations

• “More difficult to write”
• Fewer assumption can be made about the usage
• Extra effort of writing generic code is outweighed by the 

benefits of reuse
• Cost/benefit analysis must be performed in each case

• “More work without an immediate return”
• Separation of concerns is good practice even in the 

absence of reuse
• Argument ignores the long-term effort of maintaining 

mixed code
• Also

• Inertia
• “Project patriotism”
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Distribution Options

• Criteria
A. Minimum number of clearly-stated dependences
B. Ease of installation
C. Accessability (can be found when needed)

New projects

Common Robotic Project

New modules within existing 
projects

Within existing projects

CBA
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A Note on Commercial Software

• We would like …
• To see commercial robotics software on the market
• To preserve our choice of integration framework

• Good models
• A company sells a library à different RSF’s (open-

source and commercial) integrate it
• A company sells a library and wrapper components 

which work with different RSF’s

• Bad model
• A company chooses an RSF and sells its driver or 

algorithm only in the form of one RSF’s component
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A Possible Future
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Recommendations: Open Source

• To individual contributors
• Consider writing and contributing RSF-independent 

code regardless of which RSS project you primarily 
use.

• To individual RSS projects
• Consider refactoring the existing DA code and 

distributing it separately from the RSF and CM code. 

• To all RSS projects as a community
• Consider the benefits of a common robotic project.
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Recommendations: With Funding

• Fund a project to write hardware drivers
• Similar to linuxdriverproject.org?
• Place drivers into public domain
• Encourage manufacturers to supply hardware

• Fund a project to implement best robotic 
algorithms
• Place code into public domain
• What to implement?

• Winners of best paper awards?
• Based on a world-wide survey/vote?
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27-Oct-07 Orca + Hydro v.2.7.0
orca-robotics.sf.net

• orca-robotics
• DA    : Hydro
• FSM : Orca
• CM   : Ice
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27-Oct-07  Orca + Hydro v.2.7.0
orca-robotics.sf.net


