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“ Component-based Robotics Engineering

* Part |: Reusable building block
* |EEE RAM, December 2009

* Part Il: Systems and Models
* |EEE RAM, March 2010




= TODAY: A lot of robotics software are available
but often not reusable

* They are tight to specific robot

= GOAL: build robotic software through a
composition of reusable building blocks

* called component

= Solution: Component Based Software engineering




= Software reuse is:

* the practice of developing software,

* from a stock of building blocks,

* so that similarities in requirements and/or
architecture between applications ca be exploited,

* to achieve substantial benefits in productivity,
guality and business performance.




" Three aspects are equally important

* Quality. The component has to be usable (reliability,
performance, efficiency,...),

* Functionality. It should be desirable to reuse the
component (it offer a function that is needed),

* Technique. It should be possible to reuse the component
(portability, interoperability, modularity).
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“ Horizontal component: provide functionality that can used in
totally different use cases.
= Vertical component: provide functionality that can be used in
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Component: a unit of composition with contractually specified
interfaces and explicit context dependencies only. A software
component can be deployed independently and is subject to
composition by third part.
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= Separation of specification and implementation




" Interface desigh concept
* Provided/Required

» Service/Data

* Strongly-typed/Loosely-typed
Stateful/Stateless

* Minimal/Complete

= Contract
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Common data structures and methods
hot p:ﬂs wrappers| | configs | | func

A skeleton of a component
implementation that can be
specialized by a component
developer to produce custom
component.
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= Classification according to binding time

* Compile time, Link time, Run time

= Technologies
* Inheritance and extension
* Aggregation and delegation
* Parameterization
* Conditional compilation
* Dynamic Link Libraries

Reflection
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A technique that aims to restructure a set of existing software
libraries without affecting their external behavior in order to
harmonize their architecture, data structures, and APIs.




uinferfacen uintarfaces ainterfacesPathPlanning
PathUpdating PlannerSatup - - - - -
e — +gelPalfyin starf : Confy, in endg : Conflg) @ Path
vupdate Falfy) rsmlachiGiohaanner|in criteria © sling, in param - veclom T e fin currentConiig : r}mﬂ&l - Config
& +apacrlipdaranin catana | sinng. in param ;| veckara T

+sedecilocalPlannarfin criferia | siring, in param © veclorcT=)
+sehectSamplariin crileria LIAE i param ; vacior: T

T
I
[
i
i

i i
| |
T i
i |
| i
! PlannarCamgonent . Path
! 1
: 1 : L]
! : 1 i
! Sampler i ; :
! 1
] acalPia
| +getSemplel] - Canfig £ il : !
i AN i
E i +eornecd(n from - Canfig, In i Cordig) : Path i L9 Path’ee
] : - /:\ :
] ]
! UnitarmSamplar : L‘I} E E
i — VarianiDescriptors BinaryConnector ! ! |
i i i i
: AdwancadSamplar ! S : : i
! AN ' i i
i — | : Configuration
E : i SELIRR 3 i ’
] i 1 1
; ! ! : ¢
! 1 ' ] GlabafPlanner
! L o A
Pathlpdater | ;ngan[ﬂmrl:Cmﬂg.ham:ﬂmﬂgrf‘mn
P +nexiCanfiglin currerdCandiy : Config) - Canfig
+updataFathi]
N

ElasticStripUpdatar StaticUpdatar FADPRMUpdatar PCODPlannar PRMPlannar RRATPlannar




MextConfig O Q PathPlanning

©

e GOMPONEnt == @
Configuration Space

ConfigurationUpdating
GraphUpdating ll\Q
ConfigurationMetric
<o GOMpOnent == gl Q> < COmponant = il f""
Graph N Path Planner Q
Q/ Configurationinterpolating
ShortestPathComputing /O
/I\ SetConfig / GetConfig
N 7
UpdateGeometry O ]'\_O

CollisionChecking

< COMponant == il @ < Componant = {I

Collision Checker \ Cartesian Space

SpaceBrowsing

<

Spacelpdated

SetPosition / GetPosition

=< Component s {I
Robot Kinematics




Component

Extra-Functional

Specification

Computation

1

*

Container

Configuration

*

Component
Functional
Specification

1

*

Port

Resource

Service

Component
Implementation

1.* Provided
Interface
R En Required
Interface
= Contract

- - Class

instance




" |Is concerned with the data processing
algorithms

* Data transformation -> data flow design
* Control transformation -> control flow design
= Different levels of concurrency's granularity
* Fine grain
* Medium grain

* Large grain
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Infrastructure Middleware
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= Determines which system components should
exist, and how they are inter-connected

= A configuration is described in term of

* Components

* Connection between component

* Connectors: architectural building blocks used to
model interactions among components and rules
that govern those interactions




" QoS depends on implementation, availability
of resources and environment

Middleware
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“ Deal with the exchange of data

= Two types of communication
* Imperative: caller/provider mechanism
* Reactive: broadcaster/listener mechanism

= Visibility implies dependencies and influence
reusability of components.

“ Three dimensions of decoupling
* Space / Time / Synchronization decoupling




" Three dimensions of decoupling

* Space decoupling
* Time decoupling
* Synchronization decoupling

“ Communication paradigm influence the
decoupling degree
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Distributed Middleware

* Communication paradigm influence the decoupling degree
* Remote method invocation
* Publish/Subscribe




= |s concerned with the interaction of the
various system components

" Coordination language & models
* Data-driven

* Control-driven
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