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* Papyrus Papyrus(4Robotics)

® One-liners —— ?j _ RobMoSys
* industrial-grade open source Model-Based Engineering tool | I’
= o
® Standard based (UML, fUML, SysML, MARTE, FMI 2.0, ...) (i —
A GﬂLUtB(lRATIl]N PLATFORM
® Customizable to address domain-specific concerns (model explorer, FORAVIDNICS SYSTEMS

ytos: WS oot o

diagram notation and style, properties views, palette,... GUNGBRTHTOSIFERGBOTS
g y'e, prop 1P ree) AHUMAN'S BEST FRIENDS i

® Get started: https://www.eclipse.org/papyrus/documentation.html |

FROM DOCUMENT-CENTRIC

® More on successful use-case stories: TOMODEL-CENTRIC

https://www.eclipse.org/papyrus/testimonials.html

® Papyrus Industry Consortium: W s
https://www.polarsys.org/papyrus-ic/about e

® Papyrus4Robotics—customization of Papyrus for the robotics domain

® feature a RobMoSys-aligned modeling front-end and a collection of DSLs and tools for
thorough assessment of multiple design criteria (functional V&V, safety, performance, ...)

® https://robmosys.eu/wiki/baseline:environment tools:papyrus4robotics
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https://www.eclipse.org/papyrus/documentation.html
https://www.eclipse.org/papyrus/testimonials.html
https://www.polarsys.org/papyrus-ic/about
https://robmosys.eu/wiki/baseline:environment_tools:papyrus4robotics

Focus of the talk «

® Asystem builder has just built the component-based architecture for his specific  pobMosys
use-case: area monitoring against intrusions using a UAV quadrotor

® How he did it? What is (roughly) the work behind the QuadrotorCtrl component he selected?

“P AcmeUAVSystemCdef.di & ] = B
) 4
AcmeUAVSystem
EEN B fm: FaultMitigator
DetectedFault
B i DetectedFau
setpoint E E
E DesiredTraj
p: Planner c: QuadrotorCtricdef q: Quadroto.. ate
RotorVelCommand
W
QuadrotorState

Welcome | B AcmeUAVSystemComponentAssembly 2




Component Development

RobMoSys
® QuadrotorCtrl, part 1: ComponentDefinition, ports, services

«binds» 7
- ~ <Message -> QuadrotorSpeedVector>

E QuadrotorCtriCdef QuadrotorCommand @ = [ ------mmmmm e e e S = <5 Send

DesiredTraj E] ‘{)4)? r 1 «bind» L]
J <Message -> TimeStampedFlyTrajectory>

[3 RotorVelCommand QuadrotorFlyTrajectory [ ------------------------- - = 3 Push

QuadrotorState D - - 1 | «binds L]
[ Activityl <Message -> QuadrotorStatelnfo>
QuadrotorState @ = f--------------"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-“"-~-"-"-"-"-"-~---~ = 5 Push
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RobMoSys

Component Development (cont'd)

® Part 2: algorithm (WiP) and parameters

QuadrotorCtriCdef
DesiredTraj m
- N
_} X PositionLoop
) Ry
=4
pr_d
au_pr
AttitudeLoop|
X tau_pr
DesiredTraj m
= RotorVelComman
E} '_r}j y_d RY .
YawLoop .
x i | tau_‘ftrmm
Ij_ﬂ L1
tau_y
DesiredTraj «Ma
pToDBlock»
z—ﬁ %ﬂ thrust
S
7 zd hrust
AltitudeLoop
I_lﬂ X

Quadrotorstatg




Validation by Simulation (z2/2)

® Fast transition between system definition and simulation models for RobMoSys
the verification of performances against requirements

B ELE S

@® [*a|S|_QuadrotorCtrlAlgorithm_Autogen »

I
g i’ pitch/roll error
atlitude
x p.-'tihfroﬂ foop

M pitch/roll rates

attitude rafe
loop

® Algorithm structure and parameters are generated; the control expert fills the
functions with control logics?

¢ 5| QuadrotorCtrlAlgorithm Autogen :

G ———d Ry

yaw_d

YawlLoop

state vector

PositionLoop
AttitudeLoop

»pr d

tau_pr

T e tal pr

z.d

riau vy

thrust

W—D

RotorvelCommand

CtriMix

AltitudeLoop

x |=|




Validation by Simulation (2/2)

® The generated algorithm is instantiated in a test model as RobMoSys
ModelReference block

® The control engineers validate/refine the algorithm against different
quadrotor dynamics and under different scenarios

" S|_QuadrotorCtriAlgorithm_Autogen

»xy d state
- X
g 3
yaw_d 3"
Quadrotor o
RotorVelCommand p—my z
T 2.
zd £
A
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SetPointGen N
x
QuadrotorCtrl Telemetry
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Safety Analysis with Papyrus4Robotics

® Rationale RobMoSys

® demonstrating conformance to safety standards can become a functional and legal
requirement for robot technology to be put in operation

® Papyrus links architecture descriptions with dedicated concepts for safety analysis

® Integrated approach to address safety concerns in the early phases of design

® Hazard Analysis

® Failure Mode & Effect Analysis NORMS SAFETY
® FaultTree Analysis Safety A
|EC 61508 :::::;nsiirslary Hazard Concept & Acceptance &
L N~ . gener ic standard on Requirements aintenance
® Property Verification N | i
Isopls ! K
® Safety Guidelines s =
e N ([ . _
® |SO-DIS 13482 S = =S S S T | A
(Safety of Personal Care Robots) e ﬁ
coe nﬁ:. ‘o J
‘ﬁ‘ Implementation
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Model-based Safety Analysis (FMEA)

RobMoSys

® FMEA Analysis context, definition of FMEA table and failure modes?
—> effects and their criticality (automatically computed)

v 4% «ComponentDefinitionModel, SModel» Quadrotorctrl
v @ «SSafetyArtifacts» SafetyArtifacts
v 4 «SFMEA» FMEA
v 1 «5BlockFMEA» QuadrotorCtriCdef

() FMEAActuatorFMDeadband
) FMEAActuatorFMFloatSurf
£ Table FMEATableo
» =] «ComponentDefinition, SBlock» Quadrotorctricdef
»E} «EPackage, ModelLibrary» UML Primitive Types
» B «ModelLibrary» Ecore Primitive Types

[t5 Project Explorer %: Model Explorer 2 = B ||”? QuadrotorCtricdef.di 23]

EEERES T

FMEAActuatorFMOscillMode

DE'].

2 @

FMEAActuatorFMFloatSurf

FMEAActuatorFMFloatSurf

& welcome |&|‘ QuadrotorCtrlcdef_ESFArchitectureDiagram0 \E FMEATable0 2 |

Actuator floating surface

Broken linkage; Broken servo...

A B (c D E
Name Description Causes Local Effects System Effects
0 ' FMEAActuatorFMOscillMode | FMEAActuatorFMOscillMode | Actuator oscillatory mode  Software bug; Faulted RxMux Limited pitch control; Induce... LOM, LOV
1 @ FMEAActuatorFMDeadband FMEAActuatorFMDeadband Actuator increased deadban... Damaged servo driveshaft  Slow actuator dynamics; Lim... LOM

Limited pitch control; LOC

LOM, LOV

G

H

I

dl

K

Initial Severity

Initial Occurence

Is Detectable

Initial Detectability

Initial Criticality

0 @ FMEAActuatorFMOsciliMode

1 @ FMEAActuatorFMDeadband
[ B B |

2 @  FMEAActuatorFMFloatSurf
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Model-based Safety Analysis (LA)
RobMoSys

® Local Analysis (LA) consists in linking the failures modes of the block stream
output with the failure modes of its input stream (or with internal failures)

[t5 Project Explorer & Model Explorer 2 = 0O ||“? QuadrotorCtriCdef.di & l = B8
= - B 1% & - 52 Palette b
v 48 «ComponentDefinitionModel, SModel» QuadrotorCt heaei:.B.
v @ «SSafetyArtifacts» SafetyArtifacts » = Nodes ad
b 7 «SFMEA» FMEA i (P Bl Gt % Local Event
¥ -/ «SLocalAnalysis» Localanalysis L DesiredTraj /- System Event
P - «SSystemEventsLibrary» SystemEventsLibrary @ Absent Failure Mode
> «SBlockLAnalysis» QuadrotorCtriCdef . @ Erroneous Failure Mode
v |= «SFearedEventsLibrary» FearedEventsLibrary jﬂ-. I _0_ @ Untimely Failure Mode
@ «SFearedEvent» SFearedEventLOC |_ 2 Barrier
= «SPropagationLink» <Dependency> SPropagatio -
= uSPruzaga tionLink» -:Des end en::i:- SPruEagatim ;:?:Egt?cﬁ:m o D : And Gate
Or gate
= «SPropagationLink» <Dependency> SPropagatiol T ._
v = ]«ComponentDefinition, SBlock» QuadrotorctriCdef ] & Edges . “
= DesiredTraj QuadrotorState =+ Propagation Link
= Quadrotorstate " Dysfunctional Association
o RotorvelCommand
- Diagram QuadrotorCtrlCdef_ESFArchitectureDiag Welcome || = QuadrotorCtricdef ESFArchik... |E FMEATable0 |-’ff‘3 ESFLocalAnalysis Diagramo &2 | SystemEventsLibraryTableO|

» ¥ «EPackage, ModelLibrary» UML Primitive Types

, . O Properties 22 Model validation %’ References A =
» Bz «ModelLibrary» Ecore Primitive Types

® SErroneousFailureMode1
|

UML | Feared Events List X))
ESFLocalAnalysis @ SFearedEventLOC
Comments |
Profile
-




Failure Mode Assessment by Simulation

RobMoSys

® LA failure modes can be translated to Simulink blocks = effects of LA failure

B ELE S

o]

@ [*alS|_QuadrotorCtriAlgorithm_FM_Autogen b

modes can be assessed by simulation—> fault detection and mitigation
strategies can be designed

S|_QuadrotorCtrlAlgorithm_FM_Autogen

» pr_d
tau_pr p——r, tau_pr
AftitudeLoop
Htau_y
RotogfelCommand
2 >——F—*y.d R_y
yaw_d
_ thrust
YawLoop
AltitudeLoop CtriMix
state vector
D
| [a]»
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Failure Mode Assessment by Simulation (cont'd)

RobMoSys
® Safety and control engineers work together to design fault detection and

mitigation strategies

S|_QuadrotorCtrlAlgerithm_FM_Autogen
® [*aS|_QuadrotorCtrlAlgorithm_FM_Autogen » hd
| OOy d
& wo” — D
|- = RotorvelCommand
=
tau_pr
/
fau_y w w_all W
(Z)>——F—yd Ry
yaw d
— 2.d thrust EIX f detect )
DetectedFault
YawlLoop
AltitudeLoo CtriMix . -
state vector P ’\ FaultDetectio =
=S —-——— ~"————— " IEB» —]
N’ 1 (b
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Collaborative Workflow between Different Roles

Incremental update to reflect changes Robotic Component developer RobMoSys
made to the other model

DetectedFault
E QuadrotorCtrilef

DesiredTraj E] +$?

QuadrotorState Ef

S

[2 RotorvelCommand

Models evolve (concurrently): refinements—add/remove
ports, components, connections, change interface types, etc.
(can) occur (on both sides)

Incremental on-demand synchronization maintains the
consistency between (relevant part of) models—
structural and behavioral features of models

s @ (Incremental update to reflect changes

made to the other model)

Control engineer
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Round-trip engineering

Batch generation of Simulink model from a SysML model of SW systems.

Matlab | EMF

Control engineer

Acceleo

sIx
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Round-trip engineering
Evolution of Simulink model and generation of synchronization artifact.
Matlab : EMF

RobMoSys

Control engineer Software engineer/architect tjme

—Na -

essif sysml

sIx

EMF
exporter

> t=t

sIx essif’

Hochschule Ulm

g R T @ 2)L@ semens EU Seclpse

b/ N
\‘/).)W MUNCHEN coMAU Association




Round-trip engineering
Evolution of SysML model; preparation to the generation of the synchroniz.
artifact.

RobMoSys

Matlab : EMF

Control engineer : Software engineer/architect tjme
[
I 1

< : < =t°
I | |
| -
six : essif sysml
[
[
:> t=t
l sysml?
1 | ;
sIx 1 essif?

| / t=t?
[
[
[
[
[
[
[
[
[
I
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Round-trip engineering
Operation of 3-way comparison process.
Matlab | EMF

RobMoSys

Control engineer Software engineer/architect tjme

I
I
I
I
! —\
I
< : < =fo
I
I -
slx : essif sysml
I A
I I
Ly 1 =t
I I .
l \  essif? sysml?3
I ‘L\
six! | essif' ¥ t QVTo
| diff/ ™ <€ t=t2
: merge /
I
I
I
I
I
I
I
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Round-trip engineering

Achievi hronization th hi tal model updates.
chieving synchronization through incremental model updates RobMoSys

Matlab ' EMF
Control engineer : Software engineer/architect ¢jme
I
I N
I
< : <€ =t°
I
I .
slx : essn‘ sysml
I
I |
N I t=t*
— I .
! |\ essif? sysml?
1 |
sIx . essif’ T~V
| diff/ ™ €« t=t2
: merge
I _— .
Incremental
Acc:eleo updates QVTo
| —43
| t=t
|

3
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That's All For Now (o

® Thisis only part of the story: rapid control prototyping and test of QuadrotorCtrl RobMoSys
logics, dysfunctional analysis to early address safety concerns (fault detection & mitigation)

Other paths for a complete story include: interfacing with task-level behavior (for multiple
operating modes), performance analysis (how to map functions into threads, deploy using
resource reservation

79 AcmeUAVSystemCdef.di 5:3-] oo
schemes), deploy 1 q
to a concrete target AcmeUAVSystem
platform, ... cue (B

fm: FaultMitigator

DetectedFault

B 1 DetectedFau

setpoint B B

DesiredTraj

p: Planner c: QuadrotorcCtricdef q: Quadrutu..itate
RotorvelCommand

» ) I

QuadrotorState

i) Welcome | & AcmeUAVSystemComponentAssembly 5
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Recap

® Papyrus4Robotics RobMoSys

“umbrella framework that collects a set of Papyrus-based DSLs and tools and supports the
design of robotic systems in conformance with the RobMoSys approach”

® Support
® Fundamental roles such as component developer, service designer, system builder, etc.

® Simulation in Simulink—rapid control prototyping and test; grounds in a formal MoC
(logical time, causal, deterministic simulations)

® Model-Based safety analysis (FMEA, LA, FTA)
® Integration between roles/views
® Next version

® new release coming soon
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