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What is different in robotics and what we need...

- differences of robotics compared to other domains originate from the need of a robot to cope
with open-ended environments while having only limited resources at its disposal

« due to the enormeous sizes of the problem space and the solution space in robotics, there will
always be a deviation between design-time and run-time optimality

overall design & solution space
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Transformation

Design space reduction
stepwise refinements from idea to

deployment, design space exploration

Design Time Co-Simulation

Code

Transformation

more & more executable

abstraction level
design space

Run-Time
Dynamic
reconfiguration

concrete
narrow

Real-world robot

Run-Time
Simulation

variability for run-time decisions by cognitive robot

* use models for the entire lifecyle of the robot Hochschule Ulm
= models are refined step-by-step until finally they become executable \((("
* variation points: design-time (component builder, system integrator), runtime (robot) é —
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Managing Execution-Variants at Run-Time
Sequencer Orchestrates the System

Sensors,
Actuators

P3DX, SICK,
Segway, ...

o
SLAM, Speech| g
7p)

Interaction,
Object Recog- Gazebo,
nition, motion OpenRAVE,

control, ... 20sim, ...

21.08.2012 Talk Schlegel @ Willow Garage

Sequencing Layer with SmartTCL:

« bridges between continuous
processing and event-driven task
execution

« orchestrates the software
components in the system

« assign decision spaces to
components

« involve dedicated experts for run-
time binding of designed
variability

« coordinate analysis, simulation
and planning capabilities

- send parameters and configurations

- switch components on/off to
manage resources

- change the wiring between the
components

- query information and wait for

events
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assign decision spaces

Overall Architecture
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The Robotics Butler Scenario
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Detalls Task-Nets and Task Execution: SmartTCL

Use Cases? Task-nets for

conditional reative task
ds? execution
Needs:

Benefits?

Technology?
Goals?

Approach?

servicerobotik
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Details Task-Nets and Task Execution: SmartTCL

Composability, Reusability, Separation of roles (designer, robot)

approach
kitchen

L |
N
task-net
navigation
Hochschule Ulm
A
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Detalls Task-Nets and Task Execution: SmartTCL

Composability, Reusability, Separation of roles (designer, robot)

;<\ ./T\.

approach
kitchen
' pour
sugar
task-net
pour something

servicerobotik
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Details Task-Nets and Task Execution: SmartTCL

Composability, Reusability, Separation of roles (designer, robot)

task-net

approach manipulation

kitchen

L 5

pour
sugar

;{
Hochschule Ulm
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Details Task-Nets and Task Execution: SmartTCL

Composability, Reusability, Separation of roles (designer, robot)

%
approach e approach
k|t1(|:hen s coffee machine
e
{ pour
sugar

servicerobotik

reuse navigation
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Details Task-Nets and Task Execution: SmartTCL

Composability, Reusability, Separation of roles (designer, robot)

task-net
make coffee
approach approach make coffee
kitchen coffee machine
"
g pour
ugar

servicerobotik

reuse nav:gatlon
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Details Task-Nets and Task Execution: SmartTCL

Composability, Reusability, Separation of roles (designer, robot)

approach
knchen

approach
coffee machine

L 5

make coffee

reuse manipulation

Hochschule Ulm
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Details Task-Nets and Task Execution: SmartTCL

Composability, Reusability, Separation of roles (designer, robot)

| | ;
[ 7
composes complex tasks
by reuse

deliver coffee

approach ~',;-
knchen

approach

coffee machine make coffee

sugar : :
reuse manipulation

reuse nav:gatlon
Hochschule Ulm
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Details Task-Nets and Task Execution: SmartTCL
Run-time: managing execution variants, TCB selection, late binding

Knowledge Base

TCBs

| -

rules

OOCOO

event-handler

OO0

| Model of Components |

Model of World

Rooms, Locations,
Objects, Persons, ...

= at runtime a task-tree is dynamically created, modified and executed

unification
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select between alternatives (c)

= composes reusable action-plots to complex behaviors
" manages execution variants and contingencies of real world environments

servicerobotik
| |

21.08.2012

= provides context and situation-driven task execution
mediates between symbolic and subsymbolic mechanisms of information processing

Talk Schlegel @ Willow Garage

(a) select between
alternatives at runtime

(b) handle contingencies

(c) delete, add or replace
parts of the task-tree
at runtime

Hochschule Ulm
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Details Task-Nets and Task Execution: SmartTCL

Run-time: managing execution variants, TCB selection, late binding

the number of different variants how to stack
the different objects is huge

- calling a symbolic planner in that

_ specific situation helps to manage
stores recognized the combinatorial explosion
objects in KB

recognize
objects

servicerobotik
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Details Task-Nets and Task Execution: SmartTCL

Run-time: managing execution variants, symbolic planner

recognize
objects

this is encoded within the action plot of the TCB stack:
transform knowledge

about recognized
objects into PDDL

symbolic planne

the SmartSymbolicPlanner component
provides the service to call symbolic
planners like ff, metric-ff, lama, ...

Hochschule Ulm
A
21.08.2012

o/ NS
Talk Schlegel @ Willow Garage d))? 19-85

* the recognized objects are queried from the KB
* the stable domain description (PDDL) as well as the

situation specific fact description (PDDL) are created
and forwarded to the symbolic planner

servicerobotik



Details Task-Nets and Task Execution: SmartTCL

Run-time: managing execution variants, symbolic planner

recognize
objects

transform knowledge
about recognized
objects into PDDL

symbolic planner

generate plan
(metric-ff)

the generated plan is returned
to the stack TCB

J
(grasp cup-1)
(stack cup-1 cup-3)

(grasp cup-2) o
(stack cup-2 cup-3) Hochschule Ulm
@ (grasp cup-3) &\((f,/";
21.08.2012
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Details Task-Nets and Task Execution: SmartTCL
Run-time: managing execution variants, symbolic planner

recognize

) recognize
objects

objects

grasb stack-into grasp | |stack-into g?asp trénsport
cup-1 cup-3 cup-2 cup-3 cup-3 pose

/ add TCBs to
task-tree

the knowledge how to
transform the plan steps into

transform knowledge
about recognized
objects into PDDL

symbolic planner

TCBs is encoded within the
generate plan\ (grasp cup-1) action plot of the TCB stack
(metric-ff) (stack cup-1 cup-3)
N (grasp cup-2) transform plan steps into
5 (stack cup-2 cup-3) SmartTCL Task Coordination H““&F'e .
(grasp cup-3) Blocks (TCBs) S'a
3 21.08.2012
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Details Task-Nets and Task Execution: SmartTCL

Run-time: managing execution variants, symbolic planner

recognize
objects

grasp | |stack-into|| gras stack-into| [ gras transport
cup-1 cup-3 cup- cup-3 cup- pose

servicerobotik

Hochschule Ulm
A
21.08.2012

o/ NS
Talk Schlegel @ Willow Garage d))? 22 -85



Details Task-Nets and Task Execution: SmartTCL
Run-time: managing execution variants,

rules to recover from contingencies

Knowledge Base cleanup
rules reo%c;_ggge stack
QOO

event-handler

grasp | |stack-into|[| grasp ||stack-into|| grasp ||[transport

Model of Components cup-1 cup-3 cup-2 cup-3 cup-3 pose

Model of World

Rooms, Locations,
Objects, Persons, ...

service robotik
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Details Task-Nets and Task Execution: SmartTCL
Run-time: managing execution variants,

rules to recover from contingencies

Knowledge Base cleanup
rules reo%c;_ggge stack
QOO

event-handler

grasp | [stack-into| [ grasp |[stack-into|| grasp |[[|transport

Model of Components cup-1 cup-3 cup-2 cup-3 cup-3 pose

Model of World

Rooms, Locations,
Objects, Persons, ...

service robotik
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Details Task-Nets and Task Execution: SmartTCL
Run-time: managing execution variants,

rules to recover from contingencies

Knowledge Base

TCBs

rules

OO

event-handler

OOOO

| Model of Components |

Model of World

Rooms, Locations,
Objects, Persons, ...

service robotik

21.08.2012

cleanup

recognize
objects

grasp
cup-1

stack-into
cup-3

/\

stack

(ERROR
(COLLISION))
/ \

ras
up-2

stack-into

cup-3

ras
eUp:3

transport
pose

Error

e.g. collision

from the concrete plan which was generated
" rules “know” whether to repair the plan locally or to delete the plan and generate a new one.

= contingencies are handled by the parent node

" return-values (e.g. errors) are passed along the node
hierarchy similar as it is done by catch-throw mechanisms

* rules can modify the task-tree by adding or deleting nodes
= principle of subsidiarity

Talk Schlegel @ Willow Garage

" as rules are associated to the parent node (stack), the contingency handling works independent
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The Robotics Butler Scenario

,A coffee

with sugatr,

please”
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Example: Pour sugar into coffee mug

(define-rule (rule-sugar-position-object-failed)

(tcb (tcb-position-object real 7obj-id 7x 7y 7z 7roll 7open 7level))

; tcb-pour-sugar (return-value (ERROR (POSITIONING FAILED)))
(define-tcb (tcb-pour-sugar => 7cupld) (action (
(rules (rule-get-obj-no-obj-pour-sugar (format t "RULE: (ERROR (POSITIONING FAILED)) ~%")
rule-sugar-grasp-obj-failed (tcl-delete-plan)
rule-sugar-grasp-obj-collision (tcl-push-plan :plan ~(
rule-sugar-position-object-failed (tcb-clear-env-openrave)
rule-trigger-sugar-position-object-failed (tcb-load-env-into-openrave-location kitchen-coffee-1)
rule-manipulator-transport-no-path (tcb-get-obj-pose-kb 7sugarld => 7x2 7y2 7z2)
rule-manipulator-transport-collision)) (tcb-position-object real 7sugarId ?x2 7y2 7z2 0 t t)
(action ( (tcb-trigger-return (ERROR (POUR-SUGAR-FAILED)))))
(format t "=== >>> tcb-pour-sugar ~%"))) ' (ERROR (POUR-SUGAR-FAILED)))))
(plan (

(tcb-load-env-into-openrave-location kitchen-unit-1)
(tcb-obj-recog-setup kitchen-unit-1)

(tcb-obj-recog kitchen-unit-1 => 7envID)

(tcb-get-obj-id 7envID SUGAR-DISPENSER => 7sugarId)
(tcb-get-obj-id 7envID IKEA-CUP-SOLBRAEND => ?cupld)
(tcb-say "I pour the sugar into the cup.")
(tcb-grasp-object real ?sugarId)

(tcb-get-sugar-cup-pose 7cupld => 7x1 7yl 7z1)
(tcb-position-object real 7sugarId ?x1 7yl ?z1 -20 nil t)
(tcb-manipulator-angles => 7j1 7j2 7j3 7j4 7j5)
(tcb-manipulator-pose-direct 7j1 ?7j2 7j3 7j4 5.5 NO_OP) ;; 5.5 = 315 Grad
(tcb-get-obj-pose-kb 7sugarId => 7x2 7y2 7z2)
(tcb-position-object real 7sugarId ?x2 ?y2 ?z2 0 t t)
(tcb-grasp-object real 7cupld)

(tcb-manipulator-pose transport))))

Hochschule Ulm
A

IS
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Example: Pour sugar into coffee mug

;; handler-grasping

(define-event-handler (handler-grasping)

(action (
(format t " >>> HANDLER GRASPING ~s ~%~%" (tcl-event-message))
;; tcb-grasp-object (cond
(define-tcb (tcb-grasp-object real 7obj-id) ;5 ok
(action ( ((equal (tcl-event-message) '(goal reached))
(format t "==========>>> tcb-grasp-object real ~d ~%" '?obj-id) (format t " >>> goal reached !!! obj-id ~s ~%" '?7obj-id)
(let* ((obj (tcl-kb-query :key '(is-a id) (tcl-state :server 'openrave :state "neutral")
:value '((is-a object) (id 7obj-id)))) (tcl-param :server 'openrave :slot 'OPENRAVE_GRASPOBJ :value '7obj-id)
(pose (get-value obj 'pose)) (tcl-kb-update :key '(is-a id)
(simple-grasping (get-value obj 'simple-grasping)) :value ~((is-a OBJECT) (id ,7obj-id) (status IN_GRIPPER)))
(speech (get-value obj 'speech))) (tcl-abort)
(tcl-state :server 'openrave :state "neutral") " (SUCCESS (0))
(format t "simple grasping ~s~%" simple-grasping)
(tcl-param :server 'openrave :slot 'GRASPING_SIMPLE ;; slipped out
:value simple-grasping) ((equal (tcl-event-message) '(goal reached gripper empty))
(tcl-param :server 'openrave :slot 'PARALLELIZATION_ON) (format t " >>> goal reached gripper empty !!! obj-id ~s ~}%" '
(tcl-state :server 'manipulator :state "trajectory") (tcl-send :server 'tts
(tcl-state :server 'openrave :state "trajectory") :service 'say
(tcl-activate-event :name 'evt-traj :param (format nil "Oh sorry, it seems that the object slipped out of my gri
:handler 'handler-grasping (tcl-state :server 'openrave :state "neutral")
:server 'manipulator (tcl-param :server 'openrave :slot 'OBJ_DELETE :value '7obj-id)
:service 'manipulatorevent (tcl-kb-update :key '(is-a id)
:mode 'continuous) :value ~((is-a OBJECT) (id ,7obj-id) (status NOT_GRASPABLE)))
(tcl-activate-event :name 'evt-grasp-openrave (tcl-abort)
:handler 'handler-grasping-openrave ' (ERROR (GRASPING FAILED)))
:server 'openrave
:service 'trajectoryevent ;5 collision
:mode 'continuous) ((equal (tcl-event-message) '(collision))
(format t "pose: ~s ~%" pose) (format t " >>> collision detected !!! obj-id ~s ~%" '7obj-id)
(tcl-send :server 'openrave (tcl-send :server 'tts

:service 'trajectory :service 'say
:param (append (list 'POSE) pose (list 'OPEN_BEFORE_CLOSE_AFTER))) :param (format nil "Oh sorry, it seems that I collided with an object." ))

" (SUCCESS (0))))) (tcl-kb-update :key '(is-a id)

X~ :value ~((is-a OBJECT) (id ,7obj-id) (status NOTFFRA PARLE)))

z ochschulé’Ulm

8 (tcl-abort) K(r

e ' (ERROR (GRASPING COLLISION

3 ( ( ))) &} &

5 - DN
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Example: World model / Update / Management

| context expected objecis viewing directions world model update as world mode! |
| [ib <kitchen—unit—1> <kitchen—unit—1> <Kitchen—unit—1> <envld> <envld> update |
s <= <=> <=> <=> <obyf types> <obj id> |
! equencer <model hame> <object types> <pan lift pose 1> <6d pose> === <=> |
| Knowledge IKEA-CUP—-SOLBRAEND <pan titt pose 2> <> <oby o> IN_GRIPPER |
| | Base SUGAR-DISPENSER <pan lilt pose ...> M M |
| N |
! (tcb—load—env-into—openrave—location kitchen—unit-1) |
tcb—obj-recog kitchen—-ygnif—1 => “env
| = — ® b—obj g kitch itt—1 ZenvID |
I A
| @1 (tcb—obj-recog-setup kitchen-unit-1) @ |
S % parameter setting, region of interest, b4 ) N |
| E component wiring,  <object typess O (tcb—obj—recognition—captiire—scene ?ptu-pose) |
| e © |
| | SmartTCL v
| & Y (tcb—object-recognition £ 7envID 7objs) |
O S Object- [:} @ |
| & @ recognition o> |
| o) P pject D Y
g oed ® 8 VID?, 40 j . . I |
| % '&e@ s MRPT zen (tcb—store-objects—in—kb 7objs)
| f':?/gof"@““ |
Op. A
| R=oP s tcb-load-env-into—openrave 7envld |
/@O// ° query (enviD) @ (teb-load-env-into-op ' ) |
| load J’,OG,‘S'A 0 0 | | object properties A Y |
| kitchen model ° (tcb—get—obj-id ?envID SUGAR-DISPENSER => ?sugarld)
<modef name> <type> <6 pose> = @
| (coliision model) OpenCV 5 (tch—get—obj-id 7envID IKEA-CUP-SOLBRAEND => 7cupld) |
v |
|  J
query (enviD) .
| @ % Motion E:}x object properties @ (tcb—grasp-object real 7sugarld}) :
| @ §; zlanmng <type> <6d pose> > EVENT HANDLER with status report -« | |
| load Rave . g -
| object models i ‘/ P !
| <model name> — |
__ (collision model) - ]
~ - OpenRAVE_GRASPOBJ - -
Order ™~ <oby id> -
"Coffee with sugar" ~—~ — ._ -7 - |
Time Bor (D (- rmrmrmm e OF ‘ Time
approach kitchen | pour sugar into coffee mug I get coffee from coffee machine deliver coffee

Hochschule Ulm
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Details Active Object Recognition

servicerobotik

Use Cases?

Benefits?

Goals?

21.08.2012

Needs?

Approach?

Talk Schlegel @ Willow Garage

Technology?

Active object recognition with
information-driven sensor
placement

Hochschule Ulm
S
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Multi-Modal Object Recognition

Robust object recognition is a mandatory prerequisite
for many applications

* Object recognition means...

— Detecting possible objects

— ldentifying objects

— Know their position and orientation
* Robust in our terms means...

— Reliable

— Fast (enough)

— Situation dependent
« Difficult in everyday environments

— Real challenge: similar objects

Combining algorithms
« Recognition by comparing features
— Color
— Texture
— Shape
« Many different classes of objects
— Requires many different features
« Recognition by combining features
— Improves robustness

Color: Red

2=

. \ Shape: Cup

, Hochschule Ulm
L CA
; Y
Talk Schlegel @ Willow Garage _ { J))\ 31-85
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Multi-Modal Object Recognition

« Microsoft Kinect Kamera
— Depth information for every pixel
(3D pointcloud)

— Color image
— Cheap %’
£
« Detecting objects %
— Detecting table top in % '|
pointcloud =6ene
— Cluster points above table top Segmel ntation g:rr‘]glr:?izen
— Cut objects from RGB
scene image d
S
©
C
S
XBOX 360 g
O
@)

Hochschule Ulm
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Multi-Modal Object Recognition

Combining algorithms

service robotik

Run multiple algorithms on every
object candidate

— Many algorithms available

— Reduces recognition problem for
the single algorithm

— Requires an interface to collect
and interpret the results

Algorithms report recognition
result as probability

— Tells how reliable recognition is
— Semantic interface

Fusing the single hypotheses
to a final result

— Probabilistic
— Use established probabilistic methods

RGBD camera I

» Color
. : algorithm
.-,I. '_.._.'J P (B\

Geometric Texture
algorithm algorithm
P(x)

\ /P(x) /ﬁ‘x)

21.08.2012 Talk Schlegel @ Willow Garage
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Multi-Modal Object Recognition

Combining Algorithms

« A measure of quality is required
— Defines the quality of an algorithm

— How useful is an algorithm to recognize an object?
— Probabilistic

— Depending on the object

Fusing the algorithm results considering the recognition probability and algorithm quality

Pcl(X) PCZ(X)

Hochschule Ulm

A
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Multi-Modal Object Recognition - Results
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Active Object Recognition: Motivation

Performance of “scene recognition”
often not enough

— Low / insufficient quality of sensor data,
— Bad perspective,
— Occlusion, etc.

"i ire tsaft
. - -3
 |dea

— Active acquisition of new sensor data from other views on the object
— Use images from camera mounted on manipulator

Hochschule Ulm
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Active Object Recognition: Structural Overview

Mobile
Sensors
Kinect, RGB, ...

[

¢ Sensor data

Object
Recognition

Recognition algorithms
Segmentation

6D Pose estimation
Classification

Probabilistic fusion of
algorithm results

Recognition algorithms:

Ransac, SURF, Bow, MOPED, PCL,
Colorhistogramm, Model matcher,
Barcode, QR-Code, OCR, ...

service robotik

21.08.2012

configure

result

—m

Motion [::}3 Manipulator IZEJ
Planning P

Open E Katana,

Rave ¢ 4 d z = |UR :

A

-

L

Active Object
Recognition

Inspection planning

Configuration of manipulation
for inspection

Configuration of ObjRec.
for inspection

Probabilistic fusion of
inspection results

Viewpoint generation / evaluation
Viewpoint utility:

feature quality
feature observation angle
manipulator distance

algorithm execution time
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Sequencer

Knowledge
Base

[ Task Net Library

[ Rules

| Event Handler

[ Component Model
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Active Object Recognition

Extending object recognition by manipulation
Requires taking the environment into account
Recognition process:

service robotik

Probabilistic fusion of results
Repeats as necessary

Required certainty configurable
— e.g. juice vs. medicine

1:
2:
3:
4.
S:

6:

Object recognition on full scene
Generate viewpoints

Select one viewpoint

Simulate and manipulate

Run object recognition on new
data

Include new observation

Viewpoint generation and selection

Generating camera positions to point
at features on the object

— Barcodes
— Texts/labels
Evaluate viewpoints
— The quality of a feature seen from viewpoint
— Estimated quality of sensor data
— Effort for manipulation
Camera is positioned at “best” viewpoint with the highest utility

All objects in the scene are considered for manipulation
21.08.2012 Talk Schlegel @ Willow Garage

Evaluated viewpoints
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Active Object Recognition: Experiment

_ Object 2-  Obj

servicerobotik

-
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object 2 %

>
=2 - I RIOGRANDE-APPLEJUICE =
Q0
S ,al | |RIOGRANDE-GRAPEFRUIT |
g_ ' I R OGRANDE-PINEAPPLE 0.68
S 06 | |SUN-SNACKS 0.53 ]
S o4t :
=
)]
& o2 0.130.15 1
© o_0.000.000.000.00 0.000.000.000.00 o.ooﬁ‘ 0.00 0.00 |JMo.00

1 2 3 4

observations

Observation 1: look at object 1 => manipulator collision

Observation 2: look at object 1 => successfully classified
Observation 3: look at object 2 => not sufficient classification quality
Observation 4: look at object 2 => now sufficient classification quality

Hochschule Ulm
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Overview

Use Cases?
?
Needs: Model-driven software
) development for robotics
Benefits?
Technology?
Goals?
Approach?

Hochschule Ulm
A
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Software Concepts for Service Robots:

Model-Driven Software Development

servicerobotik

Component Shelf
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Software Concepts for Service Robots: r?
Current Situation / State-of-the-art

Properties

Source Code

..........

Ports

Information
(Interfaces)

g, System Integrator
(composes systems)

Component Developer
(creates components)

The robot has no access
[lnte gimter] Lol e to that (hidden) information

to reason on it at run-time.

System Component
Integrator Developer

* relevant information is hidden in source files (parameters, properties, ports, resource information)
=> source code has to be analyzed

* no explicit descriptions of properties of software building blocks
=> no black box reuse possible

* domain experts (e.g. cleaning business)

) ] Hochschule Ulm
need to become robotics experts (or vice versa)

A
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Software Concepts for Service Robots:
Current Situation / State-of-the-art

No separation of concerns (in order to reduce complexity)

- computation,
communication,

configuration (parameters at component and system level),
coordination (orchestration, resource management)

No separation of roles (in order to support specialization)

- end users, system integrators,
component developers, framework developers

Academia so far circumvented this challenge by not separating between component
builders and system integrators

Separation of roles and separation of concerns is essential for successful markets

* lower risks, share efforts, provide second source, reduce costs,

reduce development time, reduce time-to-market, increase robustness,
increase quality, ...

Hochschule Ulm
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Software Concepts for Service Robots:
What we want to have: separation of roles, concerns

~Jfreedom from choice”
—_ =" T TN in order to ensure
7 system-level conformity
/7 Component /
s Builder / 7

Jnner view"

V

N specialist with deep expertise
navi- \ )
gation return-of-investment
) based on multiple use

of components
/ p

Component

\' Builder V
N o e - - /

service robotik
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Software Concepts for Service Robots:
What we want to have: separation of roles, concerns

-_ =" TN black-box view
7 / ;- - -_— TN Louter view"“
/ Component L
7 Builder

make system-level bindings
and adjustments

DS
F~—
NV B
& | V

application domain
experts

[ B

Component / NN
‘ .
\BUI/der _ / >>& \ ﬁ%ﬁg?rlgtor
@4&\ - -
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Software Concepts for Service Robots:
What we want to have: separatlon of roles, concerns

Component Shelf Component

- System ]
D) e Builder In};egrator = ~
ol g
1 1 > N
o
Y T /; Q
*_1} ﬁ% QK L Vi Jes } A
= —
— ~— — _
Name. planner
Parameters, Properties Ports:
’ P ’ mapClient . pushNewestClient<gridmap>
Ports (Interfaces), Resource goalServer  : pushNewestServer<goal>
Information, ... plannerEvent : eventServer<goalStatus>
state . stateServer
ARE EXPLICATED IN THE MODELS param . parameterServer
AND ARE NOT HIDDEN IN THE SOURCE FILES
States:
active, neutral, ...

Hochschule Ulm
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Software Concepts for Service Robots:
Where to start?

* CBSE (Component Based Software Development)
= SOA (Service-Oriented Architecture)
= MDSD (Model-Driven Software Development)

==Component== -~

=<Component=> 5 ==Component>> =<Component>> -5
Laser Server

Self Localization Map Building Path Planning

=<Component=> 5 ==Component>> -5
Motion Execution Base Server 0=

veus® N 4 4 =5 x>
it L R R 3 v, A A ety
<) r}'”_::'—ﬁ 4 __Q% &f" 5 g q’ﬁ' S ﬂ;&gﬂf
Y - el .q? " "'??a e ) 4 e m s - = Q’gf _e=I= i
ﬂquea; R Y oy z % B *ﬂ’%!'@?;,e‘ &
N Rt L e e e SR T

= Separating the roles of the component builder, system integrator and the robot requires to identify, specify and
explicate stable structures as well as variation points each role can rely on.

* These stable structures and variation points build the ground for a model-based representation. Representing

the structure of the component as meta-model enforces compliance of components with the meta-model via a
MDSD-toolchain.

We identified the component hull as the key structure to address the above challenges.

Hochschule Ulm
S
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Approach: service-oriented component model
=> master component hull by MDSD

— Separate inside view (component builder) from outside view (system integrator)
— Separate stable execution container from implementational technologies (middleware, OS)

— MDSD to generate component hull ensures compliance at the component and system level while giving
freedom within a component

Difference in robotics:
stable interface to runtime reconfiguration
user code inside due to open-ended

component -
environments
@ stable interface

‘Send __ ®
_______ - /10 other components
N

<<Component>>

component lifecycle

can have any number of ports but each port
O 4— is based on one of the communication patterns
© """" (send, query, push newest, push timed, event).

s e = .. abstraction of operating system resources

Threads / Mutex / Timer
Interface Execution Environment

Middleware

stable interface {(framework internal)
to middleware and
operating system

- Services are defined by a Communication Pattern and Communication Objects
- Communication Objects are communicated between components: platform-independent, by-value
- Services are offered / used by components via Ports

The SmartSoft Communication Patterns The SmartSoft Services

send one-way communication param component configuration

query two-way request/response state activate/deactivate component services
o push newest |1-to-n distribution wiring dynamic component wiring
3 push timed  |1-to-n distribution diagnose introspection of components Hochschule Ulm
g event asynchronous conditioned notification (internally based on communication patterns) g((/\
9 =,
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The SmartSoft Component Model:
Excerpt of the SmartMARS Meta Model

servicerobotik

aelement>>|| <<metaelement>> | <<metaelement>> || <<metaelement>> <<enumeration>> <<da_tat§ge>> <<dataty
artMutex SmartTask SmartTimer SmartSemaphore TimeUnitKind int uin
scge:lPolicyé sclhedPolicyKind timei.-Unit:ggneUnitKind s <<datatype>> <<datat)e
isRealtime: boolean cycle: uin us
isPeriodic: baclean = v / he boolean stri
period: uint32 \
wcet: uint32 e w
prioriy:int8 - S<<metgelement>>
timeUnit: TimeUnitKin martComponent
a : SmartDisgnoseServer (> <gmetastern
af SmartMon
' \
<<metaelement>> .
<<metaelement>> |/ SmartPort <<metaelement>> & pe
SmartPortClient serviceName: strin ]s< o
, : SmartPortServer || gmartStateServer .. <<metaelement>>
Seueee ey SmartMainState
] <<metaelement>> ps
taclements> ng ry!;'aﬂzzn A <<metagiement>> o ol TeESAIANES Ar
! requestObject: CommObject
@rtQuewClaent answerObject: CommObiect SmartQueryServer SmartQueryHandler | oo ciements>
T SmartSubState
|
SmarttARS i | CorbaSmartSoft . c<Componantss
i i el CORBA bazed implementation M2T po
(iilrg g pnes o s =
AceSmartSoht )_H
ACE based implementation Hiats ="
Uiz eyl of SmartSoft
legacy code ahy other middleware )
MATLAE / Simulink o1 Hochschule Ulm

PGL

MEPT HTAl-Lab

OpenCy
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PIM

service robotik

The SmartSoft Component Model
Mapping to different Middlewares

o

Fital <<Components>>
Alve O @
r i
Push User Space Neutral - Ff.ltal _______
Event , Lc—*
Alive

meta—information for user—code

; Threads / Mutex / Timer
e.g. platform constraints Interface Execution Environment
—> runs only on QNX | Middieware
—> runs only on RTAI-Linux

@/ stable interface towards user—code

( stable interface towards
. &= other components

internal implementation of the
component hull is generated
depending on the parameters

<<Components>

Threads / Mutex / Timer

Threads / Mutex / Timer
Interface Execution Em.rlronment

Interface Execution Environment
ACE

interoperable

21.08.2012 Talk Schlegel @ Willow Garage
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Model-Driven Software Development:
Component Builder View
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Model-Driven Software Development:
System Integrator View

Papyrus - DeployNavTask/model/DeployNavTask.di2 - itemis openArchitectureWare distribution
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Model-Driven Software Development: o
System Integrator View )
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Model-Driven Software Development

System Integrator View - Butler Scenario

Task Coordination Human Robot Interaction
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Model-Driven Software Development
System Integrator View - Butler Scenario

Object Recognition
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Model-Driven Software Development:
The future of a service robotics market

significant savings in terms of man power for setting new and different robots into service

“separation of roles and concerns” supported by a model-driven software approach can initiate a

shift in robotics from technology driven exploitation to use-case driven exploitation of robotics
technology

design-abstraction can bridge the gap between academia and industry => future perspective:
- collaborate at the level of meta-models, models, software tools, etc.

- compete at the level of implementations, specialized frameworks, proprietary functionalities, etc.
- allow for a symbiotic eco-system of large companies and SMES, specialists and integrators

D.J. Hoch, W. Huhn, U. Naeher, A.E. Zielke: Total Effort A
The Race to Master Automotive Embedded Programming Effort
Systems Development, McKinsey, 2006

* productivity gain in model-based software
engineering is estimated to be about 30%
MBD is one of the most influential levers
and can lead to step-change increase in
both productivity and quality

Abstraction

e " Hochschule Ulm
Machine Assembly . m Modeling
Programming Programming
Code Language Languages Languages Languages l&((ﬁ/\
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Summary

Open-ended environments: a tremendous amount of situations
* how to spend scarce resources in a most appropriate way?
— acting efficiently
— achieve a high degree of robustness
— maintain a high success rate in task fulfillment
Goal
« flexible response to dynamic environments
« complexity and variety of tasks: multi-purpose robot
* be able to put in as much knowledge about tasks as possible
Challenges: always deviation between design-time/run-time optimality
« even most skilled robotics engineer is not able at design-time to
— identify and enumerate all eventualities in advance
— properly code configurations, resource assignments, reactions : . :
(even not efficient at all due to the combinatoric explosion of possible situations and skill parametenzatlons)
« not possible just to (re)plan at run time in order to take into account latest information as soon as it becomes available

(computational complexity of planning far too high when it comes to real-world problems, i.e. generate action plots given partial
information while taking into account additional properties like safety and resources)

Motivation for a different approach:
 make it as simple as possible for the designer to express variability at design time
« robot needs to be able to bind variability at run time based on the then available information

« At design time, we also specify which problem solver (symbolic planner, constraint solver, etc.) to use to bind which variation
point.

« At run time, the robot then involves the prearranged and dedicated problem solvers.

Overall, this improves task execution quality,
optimizes robot performance and cleverly arranges

. . ) . Hochschule Ulm
complexity & efforts between design time and run time.
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Handling of intellectual property rights YouED
Available as Open Source Sourceforge

& vM-amartse® - ViBwane Server Console =lo [mm)
Efe Edit Wew Hoet WM Tals Help
subs o oa O Ready to run VMWare image
J} SmartSoft- Mozilla Firefox =2>
Datei Bearbeiten Ansicht Chrorile | asamaichan Euvbene Ll LT e e——— —lo) (x| N ey [p— _jo |x
@ http Ilsmart robotics.sourceforge.net/ ' U T
[opensUSE #Getting Started [5) Latest Headlines fa lwdﬂm ch}: WPAING: pervice carenticidie in ortiep

- d -
(@ Deaktivieren~ £ Cookies+ [1Keine CSS-Fehlerr ) Formularer (¥ Grafiken~ @ Informationen~ ()\/erschiedenes- .~Heworhebenr .4 GroBer J°Extras~ Qouelﬂ' [quary): WPAIRG: pervice LisiridHepluery in artHepper
idapluary in martisppar

chata in ma-tHappar rabound |

Tl

} YouTube - Kanal von RoboticsAtHsUIm - Mozilla Firefox

smart Datei Bearheiten Ansicht Chronik Lesezeichen Extras Hilfe
Thradhald = o

componsnizana| http Ilwww.youtube. comlrobotlcsAtHsUImﬂ'*‘""’

f R b otif [)openSUSE M Gettin a

(@ Deaktivieren 2 Cookies~ [ IKeine CSS-Fehler- ] Formularer [# Grafiken- @ Informationen- _V_JVersch\edenes = Hervorheben- GroBe l,‘bExtras QQuelltextv

Yu“ A — B 352,32 5 837

a Startseite Videos
Uploads Favorites
T LI L Ll

- ROS-Gateway / Care-O-Bot Demo

, a E
O @ 16m H
2y = ) | Lol rast II

SmartSoft navigation components: Mapper, F’lanner and
CDL (collision avoidance based on Curvature Distance Lookup)
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- Investition in - i
Europaische Union aden-Wiirttembe
Européischer Foids fur regionale Entwicklung I h re ZU ku nﬁ ! rg

MINISTERIUM FUR WISSENSCHAFT, FORSCHUNG UND KUNST

ZAFH Servicerobotik — what is that?

Center for Applied Research at Universities for Applied Sciences
« University of Applied Sciences Ulm
« Prof. Schlegel
University of Applied Sciences Ravensburg-Weingarten
« Prof. Ertel, Prof. Voos

« University of Applied Sciences Mannheim
« Prof. Inme, Prof. Wirnitzer

http://www.zafh-servicerobotik.de/

http://www.zafh-servicerobotik.de/ULM/publikationen.php
http://servicerobotik.hs-weingarten.de/publikationen.php
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What is different in robotics?

» The difference of robotics compared to other disciplines (e.g. automotive, avionics) is

neither the huge variety of different sensors, actuators, hardware platforms
nor the number of different disciplines being involved.

« We are convinced that differences of robotics compared to other domains originate
from the need of a robot to cope with open-ended environments
while having only limited resources at its disposal.

=> The best matching between current situation, proper robot behavior and

ressource assignment becomes overwhelming even for the most skilled robot
engineer!

» Limited resources require decisions: when to assign which resources to what activity
taking into account perceived situation, current context and tasks to be fulfilled.

* Due to open-ended real-world environments, it is impossible to statically assign resources in
advance in such a way that all potential situations arising at runtime are properly covered.

* Due to the enormeous sizes of the problem space and the solution space in robotics, there will
always be a deviation between design-time and run-time optimality.

Therefore, there is a need for dynamic resource assignments at runtime: managing variants /

variability at runtime by late bindings of purposefully left-open variation points (models@runtime,
accessible via MDSD + DSLs)
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mailto:models@runtime

Active Object Recognition: Structural Overview

« Extending object recognition by manipulation
— Requires taking the environment into account

» Recognition process:
— 1: Object recognition on full scene

— 2: Generate Viewpoints Object Recognition Inspection Planning Manipulation
: . v
— 3: Select one viewpoint * X x
— 4: Simulate and manipulate N\~
| P B,
— 5: Run object recognition on new View- Best next ==
Scene Viewpoint | points Viewpoint |Viewpoint Viewpoint
. datla q o —>Recognition | ||| Generation [ 2| Selection ; S Simulation
— 6: Include new observation = A A A
E \Object \Best ;
: Emodel Ehypothesis | :
« Probabilistic fusion of results | Scene Model | Environmept _
E ; bbjects
o Repeats asS necessary : Object ”
. . . : Datab
— Required certainty configurable o L :ﬂl : 1
o o Initial L _ _____ Il [— > Viewpoints \
— e.g. juice vs. medicine hypotheses © A
Eg New % o
s====0 opbservation > Observation Hypothesis
= Fusion update Y
=——- |Inspection Sensor
=" |Recognition [§ Placement
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Software Concepts for Service Robots:
Motivation and goals of research/development efforts

Motivation: Extensive software costs and high risks

<—— (see EFFIROB study / Fraunhofer IPA:
“efficient software engineering is decisive to lower
development costs of service robotic applications™)
Wirtschaftlichkesitsanalysen

_ i " => SWE already is bottleneck towards implementing service
LI VIR on robotic applications in an economic and feasible way
nwendungen und ihre Bedeutung

flr die Robatik-Entwicklung => SWE is a major hurdle when it comes to developing

markets for service robots and economic success of
service robotic applications

T T T T e T Y

R B TE )

s

Goal:

e reduce risks and costs of software development for
advanced service robotic systems in order to make a step

ahead towards economically feasible service robotic
applications

e allow for re-use of software components
e plan ability of software components

Hochschule Ulm
S
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Software Concepts for Service Robots:
What we want to have: separation of roles, concerns

/7 Component
’ Builder

Component /

\' Builder
< /

System
Integrator

- -

Hochschule Ulm
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T
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s, Model-Driven Software Development
SO ’ -
%, ~SmartMARS UML Profiles (PIM, PSM)
S
PIM | PSM (uml)
genumeration» : Class
(umi) TimeUnitKind
Class ‘
=] 5 |
*‘ El ms «stereotype»
: =l us Task {abstract}
uastereotype» f_*'_ ns
SmartTask = isPeriodic: Boolean [1]
=] period: double [1]
= timeUnit: TimeUnitKind [1] =] priority: Integer [1]
=] isRealtime: Boolean [1] «enumeration» =] wcet: double [1]
= isPeriodic: Boolean [1] SchedPolicyKind /r;f s
= period: Integer [1] ‘
E_,'J: priority: Integer [1] = FIFO _ astereotype» uste;\ntype»
= wecet: Integer [1] Z£] round_robin RTAITask SmartCorbaTask
=

schedPolicy: SchedPolicyKind [1]

= ftimer: Class [0..1]

excerpts of UML Profile created with Papyrus UML (left PIM, right PSM)

service robotik
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S

\ /”/Z%SO
Sp 7
<<enumeration>> <<metaclement>>

SchedPolicyKind SmartTask

EIFO schedPolicy : SchedPolicyKind

round-robin isRealtime - Boolean

sporadic isPernodic : Boolean
priority : Integer
timeUnit : TimeUnitType
period : Integer

I PIM weet : Integer

\/.l.. E SN EEEEEEEENEENR
isRealtime i i
<<metaclement>> <<metaelement>>
SmartCorbaTask RTAITask
. schedPolicy : SchedPolicyKind schedPolicy : SchedPolicyKind
timer[0.1] _ |isPeriodic - Boolean isPeriodic : Boolean
priority : Integer priority : Integer
period : Integer period : Integer
weet : Integer
| <<metaglement=> T T 1 e
isP?ritadic 'SmartCorbaCondMutex ; i
51"~ |
|
| <<mefaelement> | <<melaelement>> !
. SmartCorbaTimer_ _ . SmartCorbaMutex |
| period : Integer : condMutex [0..1] ] :

Transformation PIM into PSM

service robotik

21.08.2012

Model-Driven Software Development
%, Model Transformation + Code Generation

T ' Provided by E _ "
i ACE 2! Framework :r:.r.:meta element>> @
| Task &1 Builder ; e -4
R @' : s
1| <<class>> | @i [RTAI ‘k<meta-element>>| i
\|SmartTask | 5! [Task | [SmartTask |5
LT e A EE Fe -
| ﬁi |
it a__..~ b |

-l <<Class>> | JII.__________'

s .|MyTaskCore [wge, !

= loge | <<model-element>>
|

a f‘ i MyTask
|

o — —

&i[ <<class>> | shedPolicy, SchedPolicyking

c MyTask @ 1| 1sPeriodic; true

oy ___ Y1 _ |0 o0 P 11| prionty: Integer

= L ! Q.{\ﬂﬂ 1| tlime 1|}: TimelUnitKind

: L e

< User Code }|--—---- : AL

O
~,

PSI PIM

Generation Gap Pattern
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s, Model-Driven Software Development
Sp 7t

%, PIMtoPSM/[SmartTask /isRealtime

[Ej task_mutex.ext i3

create uml::Class this addSmartTask(SmartMARS::SmartTask tsk, uml::Component cmp) :

cmp.packagedElement.add(this) -=

this.setName(tsk.name) -=

if( tsk.isRealtime == true) then

{
this.applyStereotype("CorbaSmartSoft: :RTAITask") -=
setTaggedValue(this, "CorbaSmartSoft::RTAITask", "isPeriodic", tsk.isPeriodic) -=
setTaggedvValue(this, "CorbaSmartSoft::RTAITask", "wcet", tsk.wcet.toSecond(tsk.timeUnit.pame)) -=
setTaggedvValue(this, "CorbaSmartSoft::RTAITask", "period", tsk.period.toSecond(tsk.timeUnit.name)) -=
setTaggedvValue(this, "CorbaSmartSoft::RTAITask", "priority", tsk.priority)

}

else

{
this.applyStereotype("CorbaSmartSoft::SmartCorbaTask") -=
setTaggedValue(this, "CorbaSmartSoft::SmartCorbaTask", "isPeriodic", tsk.isPeriodic) -=
setTaggedValue(this, "CorbaSmartSoft::SmartCorbaTask", "wcet", tsk.wcet.toSecond(tsk.timeUnit.name)) -=
setTaggedvValue(this, "CorbaSmartSoft::SmartCorbaTask", "period", tsk.period.toSecond(tsk.timeUnit.name)) -=
setTaggedvValue(this, "CorbaSmartSoft::SmartCorbaTask", "priority", tsk.priority) -=
if( tsk.isPeriocdic == true ) then
{

setTaggedValue(this, "CorbaSmartSoft::SmartCorbaTask", "timer", cmp.addTimer(tsk.name, tsk.period, tsk.timeUnit.name})

}

ki

Xtend Transformation Rule (M2M):
PIM to PSM model transformation of the SmartTask depending on the attribute “isRealtime”
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S

. Model-Driven Software Development
(O

%, PSM to PSI

smartTaskxpt 2 . PSM — PSI| Template

«DEFINE TaskUserSourceFile FOR CorbaSmartSoft::Task-=»
«FILE this.getUserSourceFilename() writeOnce-=»
«getCopyrightWriteOnce( )=

#include "«this.getUserHeaderFilename()=»"

#include "gen/«((CorbaSmartSoft::SmartCorbaComponent)this.eContainer()).getCoreHeaderFilename()="

#include <iostream=

«this.getName()»: :«this.getName ()»() | ServoTask.cc 5 PSI (user code .ccfile)
{ 3 n n
std::cout << "constructor «this.getName()»\n"; #?nclude servoTask.hh
} #include "gen/SmartServo.hh"
int «this.getName()»::svc() #include <iostream>
{
// do something -- put your code here !1!!} ServoTask: :ServoTask()
while(1) {
{ std::cout << "constructor ServoTask\yn";
«IF this.isPeriodic == true-=» }
std::cout == "Hello from «this.getName()» - periodic\n"; .
smart task wait period(); int ServoTask::svc()
«ELSE-» { :
std::cout << "Hello from «this.getName()»\n"; // do something -- put your code here !!!
sleep(1); while (1)
«ENDIF-» { o
} std::cout =< "Hello from ServoTask - periodichn®;
return @: smart task wait period();
} }
«ENDFILE=» return @;
«ENDDEFINE» }
= Xpand / Xtend Transformation (M2T): PSM to PSI model transformation  Hochschule Ulm
o)
o
3 A
: 5
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gy Where to start?
“roe?  CBSE — Component Based SWE

60/7

~

“A software component is a unit of composition with contractually specified interfaces and explicit context

dependencies only. A software component can be developed independently and is subject to composition by
third parties.” (Szyperski, 2002).

— explicitly consider reusable pieces of software including notions of independence and late composition
— composition can take place during different stages of the lifecycle of components:

» design phase (design and implementation)

» deployment phase (system integration)

» runtime phase (dynamic wiring of data flow according to situation and context).

— CBSE is based on the explication of all relevant information of a component to make it usable by other
software elements whose authors are not known.

Encapsulation / Composability (Meyer 2000):
— may be used by other software elements (clients),

— may be used by clients without the intervention of the component’s developers,
— includes a specification of all dependencies
(hardware and software platform, versions, other components),
— Includes a precise specification of the functionalities it offers,
— is usable on the sole basis of that specification,
— IS composable with other components,
— can be integrated into a system quickly and smoothly

Hochschule Ulm
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s, Where to start?

W, 6§,

Dp~ Ok - - -

%,  SOA — Service-Oriented Architecture

SOA are “the policies, practices, frameworks that enable application functionality to be provided and consumed
as sets of services published at a granularity relevant to the service consumer. Services can be invoked,

published and discovered, and are abstracted away from the implementation using a single, standards-based
form of interface” (Sprott& Wilkes, 2004).

~

A SOA has to ensure hat services don’t get reduced to the status of interfaces, rather they have an identity of
their own.

With SOA, it is critical to implement processes that ensure that there are at least two different and separate
processes - for providers and consumers (Sprott & Wilkes, 2004).

reusable |use of service, not reuse by copying of code/implementation
abstracted |service is abstracted from the implementation

published |precise, published specification functionality of service interface, not
implementation

formal formal contract between endpoints places obligations on provider and
consumer

relevant |functionality is presented at a granularity recognized by the user as a
meaningful service

Principles of good service design enabled by characteristics of SOA (Sprott & Wilkes, 2004)
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%, Where to start?

service robotik

%"%/; MDSD - Model-Driven SW Development

make software development more domain related as opposed to computing related

it is also about making software development in a certain domain more efficient and more robust due to
design abstraction

Analysis / requirements models are non-computational, MDSD models are computational
MDSD models are no ,paperwork®, they are the solution which is translated into code automatically

Domain Concepts Domain Conce
s menial work of
. j domain experts
mental work of developers without MDSD ~>_with MDSD like roboticists
Modeling
u software experts
and tool support
Software Technology Concepts
e, E-ﬁ'" ‘;\d
e 9'3 W@
o (i ﬁ“ ﬁ‘ 't"'
e s Ve V| B \lr
% aJ % t
Ides ‘ PSI Qo‘# psi Deployable
pim Binaries, ol Auntime
Computation Platfarm F’Iatfnrm Platfarm Platfarm Parametar and N Binariac
Independent  Independent Description Specific Specific Initialization Files :
Model Model Model Model Implementation
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s, The SmartSoft Component Model
o Stable Interfaces

compose _
<<Deployment:> components System-Level (S)
stable Beee 2 ] Motion 8] Planher =— — build system
rovided / required ,_, Contral - reuse components
Eorls q ““----__.,j" - bIack—boxTView on
, {7} components
Laser = Mapper =] =] Application
Builder
=== integrate Component-Level
libraries - build component
User—Code - use framework
algorithms, libraries, ... - ?’Er%keﬁgr)liwew on

stable interface E/_,. OpenCV, PCL, MRPT, OpenRAVE, ...

to user-code

Inside component Framework Component

Builder
<<Component>> map component- Framework-Level (F)
medel onto specific _ build framework
target platform - abstract middleware
@ and OS details
- - black-box view on
middleware / OS
k S
Framework
ROS, OpenBRTM, SmartSoft, ... Framework
\ Middleware \ Operating System | Builder
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service robotik

09

%oy The SmartSoft Component Model

Stable Interfaces

User Space Query Query User Space
Server Client

______________ S nchronous/
TS b S a)s/ynchronous

handler
up—call —

C-» query

optional

Hochschule Ulm
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%mdor  The SmartSoft Component Model

servicerobotik

Stable Interfaces

Query Client

L — — —

+ QueryClient(:SmartComponent*) throw(SmartError)

+ QueryClient(:SmartComponent*, server:const string&, service:const string&) throw(SmartError)
+ QueryClient(:SmartComponent*, port.const string&, slave:WiringSlave*) throw(SmartError)

+ ~QueryClient() throw() [virtual]

=+

add(:WiringSlave*, port:.const string&) : StatusCode throw()
+ remove() : StatusCode throw()

+ connect(server:const string&, service:const string&) : StatusCode throw()
+ disconnect() : StatusCode throw()

+ blocking(flag:const bool) : StatusCode throw()

+ query(request.const R&, answer:A&) : StatusCode throw()

+ queryRequest(request:const R&, id:Queryld&) : StatusCode throw()

+ queryReceive(id:const Queryld, answer:A&) : StatusCode throw()

+ queryReceiveWait(id:const Queryld, answer:A&) : StatusCode throw()
+ queryDiscard(id:const Queryld) : StatusCode throw()

21.08.2012 Talk Schlegel @ Willow Garage
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S
agj* o SmartSoft Component Model

Stable Interfaces

GHHHEFIFH['JE'E[ ﬂﬂ'ﬂw Builder

Component Builder
#position, 8zE, resoltion ] ® E
= query (FL&A) - gﬂaﬁgw (1d, R}
regpests spectic part 0l P MY o aryRlequast (AL &ld) ) e
oy, 5 L
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S
OZ; R SmartSoft

Technical Detalls

User Space - user view: transmitted by-value - User Space
CommLaserScan :Q: CommLaserScan
(7}internal data structure /. ( } E -g (7) internal data structure

i P

(2} getf) / set() / identifier) - \ i . ‘s g (2) get(} / sel(} / identifier()
(3} user interfzce ’ E Us<er _g A E g (3) user interface

i B tser

w ﬂ, gel() a §

] L]

= Y Framework E ﬂ' set()

PR - d Framework
Middleware S Joirts Middleware

middieware transmission of data part of communication obfect

Hochschule Ulm
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S,
n
%S0 SMartSoft

) Technical Detalls

" void Com mLaser3can: get{ACE Message Block *&data) const | ] StructScanPoint
ACE_OutputCDR outiACE_DEFAULT CDR_BUFSIZE], \ +index ' ACE_CDR:UZShort
ACE CDR::Ulong size = laser_scan.scan. sizel); +distance : ACE_CDH::UShort SRk :
out =< laser scan.start_angle; !
2:: : !;:I;'_s::an.resolutnn, StructLaserScan
std: list«StructScanPoint= const_iterator iter; start_angle: ACE_CDR:UShort
for (iter=laser_scan.scan.begin(); iter |= lazer_scan.scan.end(); iter++) resolution: ﬁGE_GDHﬁUShDI’T
out =< iter-=index; out == iter->distance; #laser scan scan | std:listStructscanPoint>
5 data = out begin(l—=clonel); 1 -
., CommLaserScan
{7) internai data structure — # laser scan : StructlaserScan )
+ getiout data - ACE Message Dlock) + getfout data | CORBA: Any)
@ framework interface é + setidata - ACE Message Biock) + setidata | CORBA: Any)
+ idertifier]) : std: stnng + idertifer() st stnng

+get_scanpoint_polarfout B : unsigned short, out Theta : unzigned short) : int
+get_scanpoint_cartesian{out X : unsigned short, out ¥ : unsigned short): int

+ set_scanpoint_polar(H : unsigned short, Theta : unsigned short) :int

+ zet_scanpoint_caresian(X :unsigned short, ¥ :unsigned short) :int
+get_scan_parameter{out start_angle :unsigned short, out resolution : unsigned short) © int
+set_scan_parameteristart_angle : unsigned short, resolution : unsigned short) © int

@ user inferface @ ——— =
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e, SmartSoft

Technical Detalls

% G/]S O

Query: client side state automaton (per request)
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SmartSoft

Technical Detalils

‘Queny Client

il

|

hist of monitors 7

ves s,

receiveWait
weer intefac

M2 Recursivellute:x

Cidentfierin

Client Side
Query Monitor [

wrong idertifier
cancelied

suspended while waiting - - -

21.08.2012

...........................................

Talk Schlegel @ Willow Garage

-

1

-

available when
query identifier valid,
keeps validdue to
smar pointer

must not be hold while
method blocks on wait;

must thus be released prior to
acquiring the monitor mutex

blocks only if blocking is
allowed and state is pending

vahicd answer —= imvalid B
return: ok and answer
gt dizconnected — Insalid
return: disconnected
invalicl —= invalicf
return: wrong idertiiier

removwve this maonitor from
Nzt of monitors

always ignore errors caused

1 by already removed monitor
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— | ldea / Requirement | User|
m MHeta-Model = -
b < PIM—-akmeant ==
= SmartComponent = ]
Transformation == PM—almeniz> [Jpon cornected fo;
SmartTask Lrkncn =
isFehbjiEI_:I:rLE o
priory . Lrkncen
Model pariod ;1000 ms requirad dewices :
= woal L 100 ms (requirsment) RS2E2 : wknowin
o BRzalima : frua
-|: -
L Transformation F
— < PSM-alemariz {l
= smartComponent
f) <= PEM-alament-» pfom . []pon cornectad o: E
- RTATask Linue: {FITA] ki o
3 Components || [sremdr: e =
priorily ;. unknown _ ) )
o] pariod : 1000 ms required davices o
= woal 50 me festimalion) RSS2 Lrknown PDM
[— : PEM . | | PSM
— Transformation F h I 1
— =< PEM-alemanis> pS N psl
= SmarntComponent = |l P =
0 :
] <o PEM-alemen 1= F'El_ﬂ':'"'" g ] T ]
() RTATa=k 'EEULD: FIE!IH-.I} po i connacladio: E.
i Pariodic : 1rua T ArotherComponent |
Code priority 7 fanconding 1o AMS) - 121831002 1 gtauiy o
pariod : 1000 ms requirad davices [T
woel ;35 ms [meas urement] Ro232  idewAnss o
Lo I
= O . r
== Transformation <<Solrecods Brans» =5 || Penomectos | @
|_| uE SmartComponent gmfr%ﬁ Snamicaly | E
- E deperdrgonine |E
J = | k¢ [|:|I{:.;||J”m's Lmip';] EE
0" of) WEITIC Wil
Feal-woHd robot |Toolchain
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Glueing User Code | Legacy Code

-

Aagulary prowldes
baze ztale [pos, .

— raqulany upcall 1o
uzar code [A)

— g1 cumeni =lake
oul ol Aayer [C)

#include =1ostream=

void PlayerPushTimedHandler: :handlePushTimer(
CHS: :PushTimedServer<Smart: :CommBaseState= & server) throw()
{
COMP-=>PlayerClientMutex.acquire();
COMP-=robot-=ReadIfWaiting();

double xPos = COMP-=position_2d proxy-=GetXPos(); — padk sRie Ino
double yPos = COMP-=position_2d proxy-=GetYPos(); _aﬁ"ﬁﬁﬁﬁuﬂl
double aPos = COMP-=position_2d proxy-=GetYawl); Fu

Tarvar (A

double xSpeed = COMP-=position_2d proxy-=GetXSpeed();
double ySpeed = COMP-=position_2d proxy-=GetYSpeed();
double yawSpeed = COMP-=position_2d proxy-=GetYawSpeed(];
COMP-=>PlayerClientMutex.release(];

base positiocn.set x(xPos, 1.0);

base position.set yl(yPos, 1.0);

base position.set base_alphalaPos);

base velocity.set v(((xSpeed + ySpeed] / 2.0) * 1000.0);

base velocity.set omega base(yawSpeed);
base state.set _base position(base_ p051t10n)

base_state.set_base velocity(base velocity);
Hochschule Ulm
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Model-Driven Software Development
System-Integrator View | Deployment

System Level Properties / Bindings / Conformance Checks

Resource Awareness and Quality of Service
- Example: Schedulability Analysis (CHEDDAR)

Cheddar : a free real time scheduling simulator
DeployRTAI-Cheddar-Test !
_ File Edit Tools Help
[ =
SampleRTAIComp ‘ 0 ? 9 ﬁ = @g Eﬁl;l 9 —
Q » & isRealtime: Boolean [1..1] = true

RiTask1

RtTask3

Task2

Q\Qj
| Ngsk1 |
|

b

. ——+—
» (= period: Integer [1..1] = 1000 Task name=RtTask? Feriod= 1000; Capacity= 25; Deadline= 1000, Start time= G; Priority= 1, (
» & priority: Integer [1..1]=1

o — e —
» (= isPeriodic: Boolean [1..1] = true Task name=FRtTaske Feriod= 25, Capacity= 3, Deadline= 25, Start time= 0, Prionity= 2, Cpu=d
» & wecet: Integer [1..1]=25

N\

servicerobotik

21.08.2012

— i ————————— ——————— {—
\ » B timeUnit: TimeUnitkind [1..1] = ms Task naime=RtTasks Feriod= 100, Capacitv= 2, Deadiine= 10, Slart lime= 0, Priority= 3; Cpui=d
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“" SmartMDSD

lllustration of the Development Process

— Implemented as UML 2.0-Profile for Robotics Software Components
— supports Component Development, System Integration, Deployment
— based on standards: UML 2.0, Papyrus, Eclipe Modeling Project, etc.
— different Runtime-Platforms, Middleware-Systems etc.

SmartMARS CorbaSmartSoft

(Modeling and Analysis of | |M2M CORBA based implementation | ||M2T <<Component-> g

Robotics Systems) of SmartSoft
AcaSmartSot | |/ O V| | S Tyl
ACE based implementation || ™ Sere - Bend __
of SmatScft 0000000 || @ ¢ Mm-S opllaa el o 0 gl oo

User Code

'.E.l;'l‘y' other micddleware |V | /A .. ] et

leqacy code
MATLAB f Simulink

LT —

Threads §f Mutex f Timer
Interface Execution Environment

Middleware

PCL

MRPT HTAl-Lab OpenCy o CpenHave

2-step transformation workflow (framework builder view)
Hochschule Ulm
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o  Run-Time: Managing Execution Variants

The SmartTCL Meta-Model

plan

V

TCB

+name
+in-vars
+out-vars
+precondition
+priority

*

rules

Rule

+name
+return-value

servicerobotik

@ 21.08.2012

events
>

EventHandler

f

abort-action

action

action

ActionPlot

action

0\>

defines the
action-plot

Talk Schlegel @ Willow Garage

/
Lisp code (with restrictions):
= actions should not invoke
blocking calls that take a long
time relative to the reactivity
which is expected from

<

SmartTCL

= SmartTCL specific function:
- tcl-param, tcl-state
- tcl-wm_ng, tcl-queHr A
- tcl-activate-event

A
\_ tcl-delete-event :3))\@ -
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", Run-Time: Managing Execution Variants

The SmartTCL Meta-Model

- ~_defines the hull Actions are encapsulated by
plan v a hull:
t = TCB
TCB - SYei > EventHandler = EventHandler
* +name [ RU'G
+in-vars
+out-vars u _ _ o
+precondition — Lisp code (with restrictions):
+priorit abort-action _ - - -
P y \ action actions should not invoke
Ules _ blocking calls that take a long
action time relative to the reactivity
which is expected from
Rule ActionPlot SmartTCL
+name action N < B .
+return-value = SmartTCL specific function:
- tcl-param, tcl-state
% dEfines the ) :g:-\év(l;t[l|?/g”[écg\?eur1et[|r chschule Ulm
E ion- Tt i {
£ @ action-plot - tcl-delete-event :‘?r@?
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