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Autonomous Systems
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Interacting with humans

Aufonomous Systems
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Interacting with humans
Aufonomous Systems

Service Robots
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Interacting with humans

AUTonomous systems

Companion Robofs
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o AL LU A

e problem

To improve the dependability of Autonomous robots
and systems

Large number of functional subsystems
— Sensors/Effectors

Decisional capabilities

— planning/scheduling, supervision and plan execution
control

~ Evolve in the real world...
o) @ ;
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Dependability

Availability
Reliability
Safety
Confidentiality
Integrity
Maintainability

— Attributes —

Faults
Dependability —— Threats — Errors
Failures

Fault Prevention
Fault Tolerance
Fault Removal
Fault Forecasting

[ALR 04] A. Avizienis, J.C. Laprie & B. Randell, Dependability and its Threats : A Taxonomy.
o 18™ IFIP World Congress, 2004
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Dependability

Availability I |
Reliability === confinuity of correct service

Safely - m—— OPsence of catastrophic consequences
Confidentiality on the user(s) and the environment
Integrity

Maintainability

— Attributes —

Faults

Dependability —— Threats — Errors
Failures

Fault Prevention

Fault Tolerance
Fault Removal
Fault Forecasting

[ALR 04] A. Avizienis, J.C. Laprie & B. Randell, Dependability and its Threats : A Taxonomy.
18" IFIP World Congress, 2004
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Dependability

Availability I |
Reliability === confinuity of correct service

Safet :
LH] | JAMESAEREEAEN a e.y & absence of catastrophic consequences
Confidentiality on the user(s) and the environment
Integrity
Maintainability

Faults
Dependability —— Threats — Errors
Failures

Fault Prevention
Fault Tolerance <=
Fault Removal

Fault Forecasting

means to avoid service failures in the
presence of faults

[ALR 04] A. Avizienis, J.C. Laprie & B. Randell, Dependability and its Threats : A Taxonomy.
18" IFIP World Congress, 2004
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Objectives

To offer some guarantees on the dependability of

autonomous systems (reliability and safety)

" Choice of architecture : Hierarchical Architecture

~Mean : Online execution control (fault tolerance)

e f
.'I 1 rill | ‘
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Why anarchifecture?.

~ Robots are complex systems

— numerous sensors and effectors

~ Various fype of processing

— functional / decisional

— real time / exponential complexity

' Sharing information and codes
— inferoperability

IFIP Working Group 10.4, Winter meeting, Tucson, AZ, February 16-17, 2006



Lroperties

~ Programmability

— multiple environments
or tasks,

— different abstract
levels

' Adaptability

' Reacfivity

" Consistent behavior

- Extensibility /
Reusability

'~ Robustness /
Dependability
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Architectures

Remote Agent (Nasa)
[Ps J Agent

Exec| Modéles

4
v

Composants fonctionnels

[Bernard 00] D. Bernard et al., Remote Agent Experiment.
Rapport technique Nasa ARC & JPL, 2000
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Architectures
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[Muscettola 02] N. Muscettola et al., IDEA : Planning at the Core of Autonomous Reactive Agents.
3rd Int. NASA Workshop on Planning & Scheduling for Space, 2002
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Architectures
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[NWBSE 03] I.A. Nesnas et al., CLARAty and Challenges of Developing Interoperable Robotic Software.
IROS 2003
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Architectures
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[he' LAAS Architecture




The LAAS Archltecture




Functional'Level

. Decisional Level

GenoM independant modules ot e

| E Executive
corresponding fo a group of _(openPrRs) 77 (XTeTeXe®)
fU n di onda IiﬁeS. Execuhon Control leveI\A

Each module provides a service e ';‘jii R
Real Time aspect @

Algorithm are broken down in L BB B
pieces T q | ) @

Each task has its own priority/ ' ENVIRONVENT =
frequency




Functional'Level

. Decisional Level
Procedural

Planner

Executive . Decisional Level

__(openpry) 77 (XTeTeXeO) s Procedural (. Plame

Executive

 Execution Contro Lovel __(openPrRy) T (XTeTeXeq)

Functional Level 5 E Execution Control leveI\A
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Decisional Level : l a ’I ' c) J\ J‘
Procedural
Executive <:> Planner

(open-PRS) (IxTeT-eXeC)

Execution Control Level
Execution Controller

Functional Level

17
POM

NDD @
8 =
St.
Aspect

Scorrel

Camera @ Platine

IFIP Working Group 10.4, Winter meefing, Tucson, AZ, February 16-17, 2006



Functional Level
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GenoM
— Each module is an instance
of this one

) e
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| Requests:

Request T Take Image
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) GenoM

@ — Each module is an instance

of this one

é: — Each activity runs an
R ; -
T automaton such as this one

1

Request T Take Image

Services Interf [
S LR Save—l%uge to Disk

Report
]

SR

N\
— > request(arg)/_ _/started
poster |
abort/_ b

\
\
_ <

_/interrupted abort/_

_/OK(ret)
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events :
input / output




Genom

' Provides a “software engineering” framework

" Many implementation aspects are relieved from the
programmer (communication, threading, efc)

" Internal automaton for the internal activities

s
¥ W sk
_-l"F. e @k:r.f
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Level ([TaskiPlanning

r .......................................................................................
Decisional Level

— Action representation Procedural Planner

Executive <:>
(open-PRS) (IXTeT-eXeC)

—Given a goal and a state
. - Execution Control Level
produce a plan to reach it TR e
—Repulr und replun Funciional Level — ~ L

' ™y

task TAKE PICTURE(?obij, ?x, ?y) (t_start,t_end) { TAKE_PICTURE (?obj, ?x, ?y)
?ob]j in OBJECTS;
?X in ]-o00,+o00[; ?y in ]-o0o0,+00][;

t_start t_end

hold (AT_ROBOT_X():?x, (t_start,t_end));

hold (AT ROBOT ¥ ():?y, (t_start,t_end)); AT ROBOT X() 2=
hold (PTU_POSITION() :downward, (t_start,t_end)); 5
AT ROBOT Y () =
event (PICTURE ( Pobj, ?x, ?y) : (none,doing) ,t_start); AnnEd
hold (PICTURE ( ?ob]j, ?x, ?y) :doing, (t_start,t_end)); PTU_POSITION()
event (PICTURE ( Pobj, ?x, ?y) : (doing,done) ,t_end) ; e
o1ng

: nonei
variable ?cr; : :
compression_rate(?cr) ; CAMERA () ‘r .i&
?image_size = 175610 * ?cr; -1: RS

consume(STOR;LGE() :?image_size,t_start); STORAGE () V ENV|RONMENT

-?image size |

use (CAMERA() :1, (t_start,t_end)); _ ' . )
variable ?image_size; PICTURE (?ob], ?x, ?y) J_ _sl_done | * ]})

(t_end - t_start) in ]0,60];

|nonPreemptive
L "

s
'l | W
_-"'F. e @:r;’




Jecisiont Ll_dug]@

— Action representation

—Given a goal and a state
produce a plan to reach it
—Repair and replan

tsts t te ts tets ts te ti ti te te ts t_ t_ t_ tg tg
MO G5 M9 T4 T4 M7 C6 M7 G5 Q6 Q5 g6 P3 P1 P3P 1 2
AT_ROBOT() r_cl_d B B : :ﬂ-j—' le s P o o PRPH PO e rrree
\ OBJECT(mL & TocH e ROt e B
all dl
Lo aoadlstan d5a0a0 HF — -|-_- ---------------

LOC1 LOCA

AT_OBJECT(02)| | m gl LI Y
LOC4

AT_OBJECT(O

ocB 8 ¥,
ON(O1) ';_E' idle i

saspasssfinanngnnn = PP TrTe YT PPPPT TYPTI STITI TTITI T ofE— PR CETTTY FYPTes I

od1 RH ! LOC4
ON(O02 idle

®3 S A T YYTTT T T T T TTTTT FTTTT T IO Ay yus [T s ] EPPYPTR) PPPPS s
LH LoCé

ON(03)

LOC3
AVAILABLE(R T b ochomndbaradboamedlinond b roadhanadboanafianans .

borbanedhoooodioas ¥ = L
AVA"_ABLE(LH) ssssnguesnnjssnnnpnnnny EEENEEEEgEEEENEEEEEjE RSN sessgunsunjesnnnnnennnnnnnn .-“_T

Decisional Level
Procedural

(open-PRS)

Planner

Executive <:> (IXTeT-eXeC)

" Execution Control Level

Execution Controller

Functional Level

-
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ENVIRONMENT
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Decisional Level

—Action representation Procedural Planner

Executive <:>
(open-PRS) (IxXTeT-eXeC)

—Given a goal and a state
. - Execution Control Level
pI'OdUCG 0 plﬂn IO I'G(l(h “ E B |.Execution Controller
—Repair and replan

visibility window
[L20,120] 1' , ,
Py Ccommuianlication

3‘ : Communicate : cgﬁa‘lct?
N oy trz e -

.....

_ tg
S cog 1221 @
o £y t1g Lo E1p L1g t D -------- B3 t14 J: location
H--H ﬁ }'H A }'""M g':'a-]_-.-"" tl @

Functional Level —— ~ |

MovePTU Take- .. MovePTD Move
image .
1mage
a- I .‘.'1-* gl::)a_l '..-'.
O st® or et® 0 eeees P precedence constraint AO_..O
m—pm o ction duration tg ta

O st? or =t9 —p other constraint

. timepoint of a contingent proposition




OpenPRS

_Manip Loop

INVOCATION:
— (1 (MANIP-LOOP $x $4d)

{1 (PEI-ADIWAYPOINT
(P3DWayPaint (x $x) (y F4i)0)

CONTEXT:
9]

{1 {SUCCEED})

Refine high level “task”

Some local recoveries

Goal and Data driven procedures
Use procedural reasoning

START

{™» (STOP-DEHO} ) =123

{1 (POM-RUN_(PomAction POM_STARTI)) ¢

[rzt]

{1 (CAMERA-OMESHOT |
(CameraBark Inage
(bank CAMERA_BAMK_A)
{image CAMERA_STEREDY)))

{1 (SCORREL-SCORREL))

Y

——— = [hz2]( 1 (SUCCEED) ) —ee-{Ei]

/\

? = (LANE-REALDY))

@ {~ (* (DETECTED-OBJECT}))

M2 |————

{1 (RFLEX-TRACKSPEEDSTART
(RFLEX_POSTER_MAME
{name "p3dSpeedRef"))))

Y
[nz]

{7 (11 (DETEETED—DBJEET)

{~ (STOP-TEHD)) - 1420]
{1 (SUCCEED}) _ T
{RFLEH-SETHODE {1 (RFLEx-5TOP)) (! (RFLEX-SONARDFF])
(RFLEX_MOTE AUTO_MODE})) *"7 \
(* (HONITOR-SONAR-BUMPERS ON) (9]
(> (LANE-READY}) '
(1 (RFLEW-SETHODE
(1 (RELEN-SONGRONY) © (BT LRFLE¥_MODE HAMUAL_HOTE}) )
-~ P _ ! = - CED-
(1 (SUCCEED)) {* (LANE-READY)) '

(TIMEY 533
g

{1 (AWAY-HONITORBUMPERS ) ) {1 (FAILED))

{=» (DETECTED-OBJECT))

{1 {SUCCEED))

{1 (TAKE-CARE-OF
@ (WAL Ebmp)
‘ (VAL Bdist)))

{1 (RFLEX-STOP))

{1 (STEO-UPDATEIMAGES)) (! (LAME-UPDATEIMAGES)) {STOP-DEMD) ) )
!///A/ as
{ (STED—CDHPUTEHUTIDN—REPURT'. O (STOP-DEMD)————  [T)ma|Fl— (7 (rp-quTpLT
Breport)) 4 ~ (" (DETECTED-ORJECT}))) Al (% (FR-OUTRLT]
{1 (LAME-FUSE
[Hz2s] {LareSDIFuss AIAY_MONTTOREUMPERS AllAY
iy grid | AUAY_HONTTOREUMPERS
L E— LANE_NO_POSE_ESTIMATIONY))) | (2 (DETECTED-ORIECT)) (QMQ\EEIEEEEEEEBE%E?ER ;‘jghm@;;ﬁ’
(whic'hBumper @bmpla))
(1] [ra [F} M—
/] 0l (PRIIEITF {1 (PRINTF |
FORMAT
l 7 . ) Y T|[nza] (FORMAT
1] (ELTEEE Steo failed ¥d... keep going.n Dlﬂ "Sonar-Bumper #d detected object at &d.%n"
Breport) ) Bbmp
Bdist])))

H1§

Decisional Level
Procedural

Executive
(open-PRS)

" Execution Control Level

Execution Controller

Functional Level

.]}))

ENVIRONMENT

Planner
(IxXTeT-eXeC)




Decisional Level

'~ Brings some operational “robustness”
— Plan repair

— Failure recovery from the Procedural Executive
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Dallalllllilllliiy gj/l 1tonome ﬁy’ﬂﬂﬂﬁ

~ Functional level hard to validate :

—  we may validate 1 module (synchronous language, UPPAAL, Spin ...)

—  but hard to validate tens and their concurrent interactions...

Decisional based on Al concept (complex formalism, ...)

Environment can hardly be modeled (unforeseen
evolutions, ...)
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Dependabilify or/Autonomous Systems

~ Functional level hard to validate :

—  we may validate 1 module (synchronous language, UPPAAL, Spin ...)

—  but hard to validate tens and their concurrent interactions...

Decisional based on Al concept (complex formalism, ...)

Environment can hardly be modeled (unforeseen
evolutions, ...)

Such a system offers little guarantee w.r.1
reliability and safety
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Proposed Solutio

. Decisional Level
' Procedural

01142 0111| - knowledge at all time of the events which Executve () PlaMmer
may change the state of the system. _(open-PRy) 7 (XTETeXeO)

Control ability to act upon these events to maintain
the system in a safe and consistent state.

Functional Leve

0 decide and act in real-time.

1 use formal method.

7111/11 - |ease of use to program the
constraints and the rules.

ENVIRONMENT

11100001 (- | well integrated in the rest of the
architecture.
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Ihe Requestiand Report Checker

A

requests s

State
Checker =

rl

Input Buffer
Output Buffer

lE-

/ | System State
Database

N

events actions
(reports,...) (launch,

kill, ..) Y
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Ihe Requestiand Report Checker

| |Events Capture L tlly

State -
Checker - I

s
\
P
\
\
N\

Input Buffer
Output Buffer

S

/ System State
Database

levents actions
(reports,...) (launch,

kill, ..) ©

IFIP Working Group 10.4, Winter meeting, Tucson, AZ, February 16-17, 2006



Ihe Requestiand Report Checker

| |Events Capture i iy

State -
Checker - I

State Update Z a8 |if

- 7 -

N 7z -

S P
8t

~

System State
Database

a0 e

Input Buffer
Output Buffer

S

levents actions
(reports,...) (launch,

kill, ...)
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Ihe Requestiand Report Checker

| |Events Capture A S

State g —

Checker ,© T
State Update . TﬁT
p g |

write

. State Checker

Input Buffer
Output Buffer

S

System State
Database

a0 e

levents actions
(reports,...) (launch,

kill, ...) ©
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Ihe Requestiand Report Checker

| |Events Capture

State Update

. State Checker

" Actions Exec.

requests

Al

gthate ——
ecker ,fif
/\\\ \) /\

e

R

reports %

Input Buffer

write

System State

events
(reports,...)

Database

a0 e
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Output Buffer

actions
(launch,
kill, ..)




Principle

Formal model of the system (automates, RdP, ...)
Desired properties

Reachable states

Desired with system alone
roperties 11 0

() Valid State
@® Invalid State
@ Invalid Successor(s)

A LA AT
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Principle

Formal model of the system (automates, RdP, ...)
Desired properties

Reachable states

Ejesire;s :& with system alone
properties 0 10

Model-checking :
- 0K
-NO + counter example(s)

() Valid State
@® Invalid State
@ Invalid Successor(s)
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J) = ey B .

principle
Formal model of the system (automates, RdP, ...)
Desired properties

Reachable states

Ejesire;s :& with system alone
properties 0 10

Controller synthesis

- detect dangerous
A transitions w.r.t P
s e - generate a component

with controlled system

i i which blocks them

() Valid State
@® Invalid State
@ Invalid Successor(s)
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EXpression o e prof

(TL : Computational Tree Logic

—— fime is seen as the tree @
of possible future (R)

/ \ / \ / \ / \ / \ / \ / \ / \
g ] ] ) | g N 7 (- \ / \ / \ /7 \

—— Operators :

— Xp (next p), G p (always p), F p (p will be true), p U q (p until q),
p W q (p weak until q)

— with quantifiers A (all) or E (eventually)

—— Exemple: AG( (®) = A(®)W (@)
{""-—[ Formalism well known and mastered by

IFIP Working Group 10.4, Winter meeting, Tucson, AZ, February 16

the model checking community,
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EXpression ot the properfies G
(TL : Computational Tree Logic

—— fime is seen as the tree o
of possible future (@) (R)

O 06 0 O

4 ofolololololofo
—— Operators :

— Xp (nextp), G p (always p), F p (p will be true), p U q (p until g),
p W q (p weak until q)

— with quantifiers A (all) or E (eventually)

——1 Exemple A6 ® = Al®W @)
{"'"‘-—[ Formalism well known and mastered by
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EXpression o e prof

(TL : Computational Tree Logic
—— fime is seen as the tree
of possible future

— Xp (next p), G p (always p), F p (p will be true), p U q (p until q),
p W q (p weak until q)

— with quantifiers A (all) or E (eventually)

| Exemple: AG(R)= A@W @)

{ﬂh—[ Formalism well known and musiered by the model checking community,
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Expression or thelproperfiess CI1

(TL : Computational Tree Logic
—— fime is seen as the tree

of possible future

—— Operators :

— Xp (next p), G p (always p), F p (p will be true), p U q (p until q),
p W q (p weak until q)

— with quantifiers A (all) or E (eventually)

—— Exemple: AH@"Q\(@W@D) n\uﬂrlimﬁlyzwl

{"‘h—[ Formalism well known and mastered by

IFIP Working Group 10.4, Winter meeting, Tucson, AZ, February 16

the model checking community,

2006



UBDDS

~ 0BDD : Ordered Binary Decision Diagram

' Binary graph where nodes correspond o o
binary test

" Canonical and compact form

" Drawbacks -

— sensitive to variables order (a=b) a(bv(c=>d))

— only symbolic variables

[Bryant 86] R.E. Bryant, Graph-Based Algorithms for Boolean Function Manipulation. Transactions on Computers, 1986.
{'-'-r [Burch 92] J.R. Burch et al., Symbolic Model (hecklng 1020 States and Beyond. Information & Computing, 1992.
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UBDDS

~ 0BDD : Ordered Binary Decision Diagram

' Binary graph where nodes correspond o o
binary test

" Canonical and compact form

" Drawbacks -

— sensitive to variables order (a=b) A(bv(c=

— only symbolic variables

[Bryant 86] R.E. Bryant, Graph-Based Algorithms for Boolean Function Manipulation. Transactions on Computers, 1986.
{'-'-r [Burch 92] J.R. Burch et al., Symbolic Model (hecklng 1020 States and Beyond. Information & Computing, 1992.
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JURDS

' Similar to OBDDs

' variables have a fixed constraint associated :
e.g.yin [0.0, +oo]

- for each variable we create a partition w.r.t. the -5
constraints CTEvCR W

' result is equivalent to an OBDD

IFIP Working Group 10.4, Winter meefing, Tucson, AZ, February 16-17, 2006



JURDS

' Similar to OBDDs

' variables have a fixed constraint associated :
e.g.yin [0.0, +oo]

- for each variable we create a partition w.r.t. the -5
constraints CTEvCR W

' result is equivalent to an OBDD
We can express fixed
constraints on request
arguments and report values.
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EXample

check {
never: running(camera.takeshot()) && !last(camera.init(?”mode));
always: last(camera.init(?mode) with ?mode!=LOW)
=> |( running(platine.move(?pos))
&& running(camera.takeshot()) );

}

camera

platine
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EXample

check {
never: running(camera.takeshot()) && !last(camera.init(?”mode));
always: last(camera.init(?mode) with ?mode!=LOW)
=> |( running(platine.move(?pos))
&& running(camera.takeshot()) );

(running(platine.move) )
&
s

camera Hil

”

' [past(camera.init with ] [past(camera.init with ]
', _ arg.status in {HIGH,‘MIDDLE} ) ar%status in {HIGH, MIDDLE} )
- | A Y -
4| (past(camera.init with arg.status==LOW) )
~

-li ‘ ~

R\

(runninggzamera.takeshot))

platine

®
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Example

check {
never: running(camera.takeshot()) && !last(camera.init(?”mode));
always: last(camera.init(?mode) with ?mode!=LOW)
=> |( running(platine.move(?pos))
&& running(camera.takeshot()) );

((runni/ng{(platine.move)))( co n'l'rouuble
camerd Hil

”

[past(camera.init with ] [past(camera.init with ]
arg.status in {HIGH,‘MIDDLE} ) ar%status in {HIGH, MIDDLE} )
~ -
~~A Pl
(past(camera.init with arg.status==LOW) )
N

- -
( (runningigamera.takeshot))
-

platine

®
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State Checker

(running(platine.move) )

”~
”
”~

”~
”~

[past(camera.init with ] [past(camera.init with J
arg.status in {HIGH, MIDDLE} )
- ] ]
A V- -
F (past(camera.init with a\rg.status::LOW))

arg.status in {HIGH, MIDDLE} )
-

=
-

N
N
N

R\

(runningﬁ:amera.takeshot) )
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State Checker

(running(platine.move) )

”~
”
”~
”~

A ”
[past(camera.init with ] [past(camera.init with J
arg.status in {HIGH, MIDDLE} ) arg.status in {HIGH, MIDDLE} )

F

(runningﬁ:amera.takeshot) )

®

1- We set the non controllable predicates

IFIP Working Group 10.4, Winter meefing, Tucson, AZ, February 16-17, 2006



State Checker

(running(platine.move) )

1- We set the non controllable predicates
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State Checker

(running(platine.move) )

2- We evaluate the cost of various solution
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State Checker

(running(platine.move) )

2- We evaluate the cost of various solution
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State Checker

running(platine.move) )

0+min(p2, ) = p2

(running&camera.takeshot) )

3- We choose the less expensive solution (p1<p2)
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Plan (IxTeT-Exec) :

Objective : take science
pictures in a time frame

Repair or replan when
problems occur

Adding goal during
communication window

tmux
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1sion Dalc

#define refME "rflex"

check {

always: ( running(pom.addME) | | running(pom.addSE) ) => last(pom.SetModel);

never: running(pom.SetRefME with arg.name!=refME);

always: running(pom.setRetME) => last(pom.addME with arg.name==refME);

always: running(pom.Run) => last(pom.seiRefME);

always: running(ndd.GoTo) => last(pom.Run);

always: running(ndd.GoTo) => ( last(ndd.SetParams) && last(ndd.SetSpeed with arg.linear<1.0) );

always: running(ndd.GoTo) => running(aspect.AspectFromPosterConfig);
always: running(aspect. AspectFromPosterConfig) => last{aspect.SetViewParameters);
always: running(aspect.AspectFromPosterConfig with
arg.posPosterName.name.name=="pomSickFramePos") => last(sick.SetPomTagging with arg==SICK_TRUE);
always: running(aspect.AspectFromPosterConfig with
arg.posPosterName.name.name=="pomSickFramePos") => last(sick.ContinuousShot);
never: running(antenna.Comunicate) && running(rflex.TrackSpeedStart);
never: running(rflex.TrackSpeedStart) && ( running(platine.CmdPosCoord) | | running(platine.CmdPosPan)
| | running(platine.CmdPosTilt) | | running(platine.TrackPos) );
never: running(rflex.TrackSpeedStart with arg.name.value.v>0.9);
always: running(antenna.Comunicate) => last(antenna.AddWindow);
always: running(antenna.AddWindow) => last(antenna. nit);
always: running(camera.OneShot) => last(camera.Initialize);
never: running(camera.OneShot) &&( running(platine.CmdPosCoord) | | running(platine.CmdPosPan)
| | running(platine.CmdPosTilt) | | running(platine.TrackPos) );
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1sion Dalc

#define refME "rflex"

check {

always: ( running(pom.addME) | | running(pom.addSE) ) => last(pom.SetModel);

never: running(pom.SetRefME with arg.name!=refME);

always: running(pom.setRetME) => last(pom.addME with arg.name==refME);

always: running(pom.Run) => last(pom.seiRefME);

always: running(ndd.GoTo) => last(pom.Run);

always: running(ndd.GoTo) => ( last(ndd.SetParams) && last(ndd.SetSpeed with arg.linear<1.0) );

always: running(ndd.GoTo) => running(aspect.AspectFromPosterConfig);
always: running(aspect. AspectFromPosterConfig) => last{aspect.SetViewParameters);
always: running(aspect.AspectFromPosterConfig with

arg.posPosterName.name.name=="pomSickFramePos") => last(sick.SetPomTagging with arg==SICK_TRUE);
always: running(aspect.AspectFromPosterConfig with

arg.posPosterName.name.name=="pomSickFramePos") => last(sick.ContinuousShot);
never: running(antenna.Comunicate) && running(rflex.TrackSpeedStart);
never: running(rflex.TrackSpeedStart) && ( running(platine.CmdPosCoord) | | running(platine.CmdPosPan)

| | running(platine.CmdPosTilt) | | running(platine.TrackPos) ); |
never: running(rflex.TrackSpeedStart with arg.name.value.v>0.9); ]7 Fuies
always: running(antenna.Comunicate) => last(antenna.AddWindow); .
always: running(antenna.AddWindow) => last(antenna.lnit); ] 1'0 5 predlcutes per rU|es
always: running(camera.OneShot) => last(camera.Initialize);
never: running(camera.OneShot) &&( running(platine.CmdPosCoord) | | running(platine.CmdPosPan)
| | running(platine.CmdPosTilt) | | running(platine.TrackPos) );
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' y v ' 1 4 /past(antennaflnit)
A ! Ar,::::::]
\ [running(antenna_AddWindow)]
- B ~ ‘
past(antenna_AddWindow)

[running(antennafComunicate) ] [running(antennafComunicate) ]
1
v v

[running(platine_Cmd PosTilt) ]‘ [running(platine_CmdPosTiIt) ]
7

» P
[running(platine_CmdPosPan) ] [running(platine_CmdPosPan)]
7 7

¥ 4

[running(platineﬁCmdPosCoord) ] [running(platine,CmdPosCoord)

ITisil AR LT [ naiza Al

N [running(rflex_TrackSpeedStart).arg.name.value.v<=0.9] [running(rflex_TrackSpeedStart).arg.name.value.v<=0.9]
~

N

A
[past(camera_lnitialize) ]4—
~
~ - v
[running(camera,OneShot) ]

-~
\/ yad
lpast(aspect_SetViewParameters) ]

\

[running(aspect_AspectFromPosterConfig).arg.posPosterName.name.name="pom$ickFramePos“ ] [past(sick_SetPomTagging).arg::Sch_TRUE ]

| ~ <
v ~
~
\\

[running(aspecLAspectFrom PosterConfig).arg.posPosterName.name.name!="pomSickFramePos" ] [past(sick,ContinuousShot) ] ]

=
/ ~§~§§‘ v

[running(aspect_AspectFromPosterConfig).arg.posPosterName.name.name=="pomSickFramePos" ] [running(aspect_AspectFromPosterConfig).arg.posPosterName.name.name=="pomSickFramePos"

= —
- =
- -
D ——
- =

—n - =
[running(aspect_AspectFromPosterConfig).arg.posPosterName.name.name!="pomSickFramePos" ]

— -

WE
-

[past(ndd,SetSpeed).arg.Iinear<1 ]

~

Depth : 28 =
| -~
# of nodes : 33 LD

-
-

Processing time of the R%C < 0.4ms™ oo

”~

running(pom_addSE)
v
running(pom_addME)

DY
[running(rerx_TrackSpeedStart).arg.name.value.v>0.9]

T
v

®
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Demonstration

ANTET ALETATRR Y
ALFECT ASFECTEROMFCSTERCONFID

LEE TR T
ARITERRIA CORMCATE
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Demonstration ..

refect(antena.communicate)

= - kill(rﬂex.tfuckipeed)'
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R<Con Dalo: Usage Analysis

Detected “real” problems in the Procedural Executive

procedures

Online control => enforces some dependability af all time

No noticeable effect on the performance of the system

— F ah
S i
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Gonclusion

Decisional Level

5 Riocedual Planner
: Executive | |
Execution Control Level

Functional Leve|
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Gonclusion

— Functiona
semi formal framework

reusability
ease of integration

Tool: GenoM
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Gonclusion

— Functiona
semi formal framework

reusability

ease of integration
Tool: GenoM

— Execution Control

— Fault tolerance (safety bag)
— Tools: R2C

A LA AT
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[onclusion

— Functional

— Decisional

semi formal framework

reusability

ease of integration
Tool: GenoM

— Execution Control

— Fault tolerance (safety bag)
— Tools: R2(
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bring the autonomy
procedural executive
planning possible...

... plan execution
control is then desirable

Tools: OpenPRS, IxTeT




(onclusion

— Functional

reusability

ease of integration
Tool: GenoM

— Execution Control

— Decisional
semi formal framework 1l

— Fault tolerance (safety bag)

—  Tools: R2(

bring the autonomy
procedural executive
planning possible...

... plan execution
control is then desirable

Tools: OpenPRS, IxTeT

hitp: / /sofis.laas.fr/
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http://softs.laas.fr
http://softs.laas.fr
http://softs.laas.fr

Related Ongoing Works (LAKS)
SAC (Critical Autonomous System) project (presented by David
Powell)

Safety Bag “rules” specifications (PhD LAAS)

AMAES (Advanced Methods for Autonomous Embedded Systems,
LAAS, Verimag), timed automata (functional and decisional
level)

 AGATA (architecture for autonomous satellite)
|

s COGNIRON (Cognitive Robo’r EEC FP6 Project)
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Ihanks
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