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Erwin’s Questions

Do we need a common arehitectyye middleware?
° yes

Where will it come from?
e either us or Microsoft

What will it cover?
« some of the things that some of us do, sometimes

Where should the white paper authors meet?
 Madeira, Portugal
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Outline

This might seem like a summary of this morning’s talks
« perhaps with some added cynicism
No answers
* but hopefully something to provoke thought, and inspire action
It's a workshop talk
* s0 I’m going to try to offend your beliefs
* but it's just to stimulate discussion
e plus, my opinion > your opinion
| pick on SLAM a lot

* but you can substitute your favourite core robotics technique, if
you like
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Middleware

Informally, we’ll define middleware as the
“plumbing” necessary to support distributed
applications

 Inter-process communications

 transparent distribution of resources

For robotics middleware we’ll also include
* low-level abstractions, such as data types

 primitive robot behaviors, such as object avoidance
« “solved” problems in robotics
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Middleware

Several well-accepted middleware systems exist
« CORBA and RT-CORBA, for example
« widely used in practice
« established standards set by committee

But, these are all for “traditional” applications
e computers on a network
 Infrastructure is mostly reliable
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Inflammatory Slide 1

But, what’s a solved problem?

I’'d like to call SLAM solved

e at least in iIndoor office environments
* I'd really like to be able to call localize robot()

* | don’t really care about the details (usually)

You probably disagree
» probably strongly, and vocally
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Middleware for Robotics

Since we have existing middleware systems, why
don’t we have middleware for robotics?
e we don’t even use existing middleware widely

There are three main reasons

* heterogeneity
 limited resources
 high failure rates
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Heterogeneity

Each of us has a different definition of the word
“robot”
* manipulators with fine tolerances
desktop computer on wheels
Mars rover
unmanned aerial vehicle
remote-controlled surgical device

These are very different systems
* physically, operationally, and in terms of users
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Physical Differences

My robot Is not your robot (even when it IS)
 morphology and movements
e computational hardware
* Sensors

There is much more heterogeneity in robotics than
In traditional computers

« common hardware and software abstractions

* no real need for physical differences
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Physical Differences

Physical differences lead to algorithmic differences

« anything that moves the robot must take its
morphology into accout

 often this is done implicitly, resulting in
Implementations tied to a specific robot

Generic Implementations are possible, but
* they're hard to write
* they're time-consuming to design
 there’s no point in writing them
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Inflammatory Slide 2

We are fundamentally lazy
« we only want to implement for our robots
e this saves time, and lets us do more Science

There’s no point for me to implement for your
robots

« | can’t publish papers about it

e no-one will fund me to do it

e It’s “just implementation”

e you can just read my papers and stop being lazy
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Different Users

People use robots for many different reasons
e core robotics researchers working on SLAM

* machine learning researchers looking for sensor
readings

 scientists using the robot as a sensor platform

These users have very different needs and
expectations
« which leads to different levels of abstractions

* these abstractions should be accommodated by the
middleware
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Different Users

The user of the robot defines what should be Iin the
middleware

 scientists don’t care about robotics, and just want to
get the mass spectrometer to the rock

* this suggests that they need a middleware function
called drive to rock(rock t r)

 Just as the robotics folks need middleware for the
science: do_science()

Our middleware, however, will probably have

different abstractions
e generate results and write_paper(conference_t c)
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Inflammatory Slide 3

We need to decide who we’re writing middleware
for

« since this will have a profound effect on what it looks
like, and on the abstractions we need

We can’t write the same middleware for everyone

* | don’t care about real-time performance, but you
probably do

e | don’t care much about SLAM, but you probably do

| want fine control over obstacle avoidance
tolerances, but you probably don’t care
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Different Operational Requirements

Our robots have different requirements
 real-time vs. “fast enough” vs. best effort
e completely autonomous vs. mostly autonomous
* no Iintervention vs. frequent intervention
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Inflammatory Slide 4

If we don’t need a feature, we probably won't
Implement it

« easier to restart a server than track down a bug that
only manifests once a week

 real-time is hard, and | don’t need it for my research

* the cameras sometime don’t connect, but | just cycle
the power and it works

The set of features that | need are very different
from the set that you need
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Limited Resources

Properly generic middleware is expensive
 discovery of morphology
 discovery of sensors and actuators
 self-describing sensor data

We could do this with XML

 but this would swamp robots with only 4-bit
MICroprocessors

* I'm not even sure we could agree on the XML
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Inflammatory Slide 5

| need all of my computation for Science

« | don’t need self-discovery of anything, since | know
what sensors and hardware | have

If you're silly enough to have a different robot from
me, then It’s your fault
« and you should re-implement my algorithms yourself
* It should be easy, since all the details are in the paper
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Everything Fails all the Time

Traditional distributed applications make some implicit
assumptions

 failures are relatively infrequent

 failures are generally transient

* non-transient failures will be fixed by a human (eventually)

These assumptions might not hold on some robots
 failures are much more common
« failures tend to be fatal (for current implementations)

* we might need a specialization of standard communication
middleware (but we should probably not write it ourselves)
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Inflammatory Slide 6

Your hardware is terrible

e S0 your middleware needs to provide support for
graceful degradation in the face of failures

Your software Is worse
« and the middleware has to keep an eye on it too

What about the middleware

* It needs to be widely-used and tested by many, many
people
 this means widely-accepted open source software
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Towards Robotics Middleware

So, how do we proceed?

We all agree that a common middleware is a good
thing

 |less work for us (individually)

« shared implementations

o easier to replicate experiments and compare
approaches

 faster progress in the field
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Inflammatory Slide 7

We need to be realists, at least for the present
 there’s no one-size-fits-all middleware
e you're not going to use my architecture
* I'm certainly not going to use your architecture

To get a common middleware, we must split up the
field

 Into a small number of sub-fields
* yes, this might involve arbitrary divisions
* but it’s the only way to make practical progress
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67% of 500 kSLOC

already exists A P I’O pOsal

(from Alex’s talk)

Once we’'ve narrowed our scope, we can begin
deciding on suitable abstractions

« for example, for indoor mobile robots with wheels that
don’t Yave real-time operating systems

This characterization

We need a POSIX for robots | s srian Gerkey's

» a set of abstractions that allows generic access to
common devices

e but also to allow fine-tuning where necessary
 this implies a set of data type abstractions
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A Proposal

No, it's not the “best” answer
e but, we don’t know what the “best” answer Is
e Or even it if exists

This will let us make progress, at least

* enable shared implementations
shed more light on our abstractions and scope
iInform the development of the next set of middleware
let’'s us concentrate on what we’re good at

give me something concrete to talk about at the next
workshop, instead of just speculating wildly
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Evaluating Robotics Middleware

Once we have our initial set of middleware, how do
we evaluate it?
e Overhead
Robustness to failures
Ease of use
Generality
Flexibility
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Evaluating Robotics Middleware

More practically, we can evaluate any middleware
we design by
* how many people are actually using it

* how many common algorithms are implemented on
top of it

* do people feel they have a stake in its success

* how often its cited in non-architecture papers
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My Lofty Goal

It should be unthinkable to submit a paper to a
conference or journal without also supplying a
working implementation of the techniques

e that works

 |Is documented

* IS checked into a public repository

This should also be rewarded by the field
 at least as important as a conference paper

e we should recognize that implementation and
Integration are vital parts of robotics
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Conclusions

Lack of a common middleware is slowing the field

To make progress, we need to make some hard decisions
 carefully define the scope of our middleware
 sit down and actually write it
e come to terms with the fact that it won’t be perfect

Learn to accept that this is an iterative process

« we’ll get it wrong the first time
* but, if we try to get it completely right, there won’t be a first time
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Final Thought

After listening to the talks this morning, I'm
convinced that

e we agree on a lot of the points
« we’re all making more-or-less the same points

e we agree that we really, really, really need to do this
soon

So, we should get started
* there’s enough consensus to make a first cut at it

It won't be right, but it will exist and it will be the first
step
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Questions?
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