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Why Democratizing?

* Accessibility: technology (and robotics)
extends to an ever-broader audience, and
INn some cases to the entire society

» User-friendliness: easier to use so that
more people can use them (correctly and
confidently) without needing advanced
skills or training

G|S




Robots in hotels

* Hotel concierge: specifying
what the robot should do

* Hotel guests: interact with the
robots to give feedback or to
make additional requests

* Humans in the hotel: share the r 1
environment with robots 1

Flyzoo Hotel - Alibaba Future
https://flvzoo—hotel.hangzhouhd’gel-,; ro/e



https://flyzoo-hotel.hangzhouhotel.org/en/
https://flyzoo-hotel.hangzhouhotel.org/en/
https://flyzoo-hotel.hangzhouhotel.org/en/
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Industrial
Robots

* Experts in satellite
production: specifying
what the robot should do

* Customization in the
production islands: self-
contained, flexible
manufacturing unit with its
own specificity that
operates independently
while still integrating with
the larger smart factory
ecosystem

www.thalesaleniaspace.com/en

PRESS RELEASES

Thales Alenia Space unveils project

: |
to develop Space Smart Factory, one | o
of the largest facilities of its kind in r”’ ‘
Europe | A
' 11 A ] ‘,“' ‘ :
Availablein IT FR ES IMG PDF
NOV 9 2023 f¥in

At the Tecnopolo Tiburtino hub in Rome, Thales Alenia Space's all-digital factory will employ advanced technologies for the production of satellites
* The factory will be built thanks to an important investment by Thales Alenia Space and co-funded by the Italian Space Agency (ASI) through the National
Recovery and Resilience Plan (PNRR) funds
* [t will make intensive use of digital and Industry 4.0 technologies
» The factory will feature the Space JOINTLAB, an innovative and collaborative space with SMEs and research centers

» Total surface area 21,000 sq.m, 5,000 sq.m of reconfigurable clean rooms, 1,900 sq.m of office space and co-working areas, 1,800 sq.m of technical support
areas

ress-releases/thales-alenia-space-unveils-project-develop-space-smart-factor
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Why democratization and not
just user friendliness?

Different degree and complexity of interaction
that get close to programming

G

S




Robotic Mission

* A mission requirement describes the high-level tasks
that a robotic software must accomplish.

* A mission specification is a formal and precise
description of what robots should do in terms of
movements and actions.

* Robotic mission engineering concerns expressing
robotic missions in high-level and user-friendly notation
(mission requirements), and then translating mission
requirements into more precise mission specifications.




Robots programming: beyond production environment

mission requirements and
specification

production mission execution

fim ‘ﬁ*/a\@ ’ﬁ*/a\@

Different stakeholders
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Need of Turn-key solutions

The definition of the mission should be
done in an easy and user-friendly way,
accessible by users without expertise In
ICT or robotic

Different stakeholders, experts of
the domain but not in robotics G|S




Example of mission requirement  oiferent modes, plus dealing with

the variability of the real world

During night-time a service robot
performs a cleaning protocol with the UV-lamp on the exposed surfaces (e.g. table and chairs), possibly in
coordination with automatic cleaners that wash the floor.

+ recharge battery when needed, deal with

. Exemplars: https://github.com/Askarpour/RoboMAX
obstacles, presence of humans, failures, etc.

Video: https://www.youtube.com/watch?v=txZCcABkycQ



https://github.com/Askarpour/RoboMAX
https://www.youtube.com/watch?v=txZCcABkycQ

What we learn from
practitioners

Variability and uncertainty

It’s not difficult to specify what the
robot should do, i.e., the “normal”
behavior.

The difficult part is to deal with
uncertainty and exceptional
behaviors while guaranteeing
safety and the mission satisfaction.



Which type of variability?

______________________________________________________________________________________ ____RQl:Drivers of variability |
- Environment A Robot Hardware Mission
Obs 1: Environment events Obs 4: Services and capabilities Obs 6: Expertise of human operators
Obs 2: Environment features Obs 5: Hardware customization impact Obs 7: Human-robot interaction
\_ Obs 3: Inclusion of humans Y Obs 8: Comparison in drivers of variability -
|| RQ2: Variability management practices ||
Strategies Mechanisms Strategies Mechanisms Strategies Mechanisms
Obs 9: Installation Obs 12: Scenario Obs 17: Community- Obs 22: Middleware || Obs 27: Generic Obs 28: Mission-
process configuration and based S=—=2—"—""fication|| missions specification
Obs 10: Scenario  parameters Obs 18 ; mechanisms
modelling Obs 13: Operator- with cL POte N tl d | on
Obs 11: Generic ~ driven map Obs 19 .
configurations configuration interfa fa | | ures c
Obs 14: Mechanisms Obs 20: MIET=PTUJECS : :
for customers communication Obs 26: Libraries
Obs 15: Mechanisms || Obs 21: Unify codebases &
for adaptation rules || harmonize interfaces
Obs 16: Contextual
navigation Obs 29: Comparison in variability management
RQ3: Variability-Related Challenges
Obs 30: Generic solutions Obs 32: Generic solutions among robots Obs 36: Mission specification
Obs 31: Parametric configuration Obs 33: Testing variant-rich systems Obs 37: User-friendly tools
Obs 34: Integration and lack of standards
Obs 35: Trade-offs

Obs 39: Comparison in variability challenges



https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5
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1. Democratization
2. Need of Turn-key solutions
3. Variability of the real world

How to specify missions?
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Means to specify robotic
missions

Temporal logic: ®1=<>((rin 11) && <>(r in 12))

G

S




" Clear semantics and unambiguous
specification

" Can be directly used by planners to
generate plans or synthesis approaches to

Logic-based generate controllers
Specification of " Enable automatic verification
robotic missions

" Require specific competencies and error-
prone

" Impossible or difficult to specify missions
that are complex and with high variability



The logic of bugs

Author: @ Gerard J. Holzmann Authors Info & Claims

SIGSOFT '02/FSE-10: Proceedings of the 10th ACM SIGSOFT symposium on Foundations of software engineering
Pages 81 - 87 » https://doi.org/10.1145/587051.587064

Published: 18 November 2002 Publication History M) Check for updates

Logic-based
specification of
robotic missions I Abstract

99 51 A 738 A 59 E

Real-life bugs are successful because of their unfailing ability to adapt. In particular this
applies to their ability to adapt to strategies that are meant to eradicate them as a species.
Software bugs have some of these same traits. We will discuss these traits, and consider

what we can do about them.



Problem space

e Temporal Properties are typically specified
as formulae in suitable temporal logics

How to make logic
more accessible

. ? The inherent complexity of Temporal Logic
and user friendly: formulae may induce to specify properties
In @ wrong way

Let’s take :
the formal e Languages to facilitate the temporal
verification world properties specification

e Property Specification Patterns



Main idea

Reduce the expressivity to what is really
needed and simplify

G
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Properties Sequence Chart (PSC)

Fail Parallel operator Alternative operator Unwanted Message
Component message Constraint
Instance c1 f:a - par alt \ . C'b el G .
GGy Chln Cf * Extensions and uses of PSC
c1:C1 Required ST T : Wanted ~nain « Timed Property Sequence Chart (TPSC) -
. message I e | ] 0 n=S;ra|nt : .org/10.1016/}.js5.2009.09.013
| ra 9 * Probabilistic Timed Property Sequence Chart
I > g_(CI'H'Cj"'"Ck'ln'Ct) (PTPSC) = http://dx.doi.org/10.1109/ASE.2009.56
Unwanted Chain * Monitoring of PSC and TPSC properties -
| rSeeS?Sualgg | Loo(p operator Constraint http://dx.doi.org/10.10§7/978-3-642-16612-9 39 prop
- oop(x,y), A .
I . T|me'l|ne I Stpctt r p Y) lg? i M0n|t0 rlng Of PTPSC =~ http://onlinelibrary.wiley.com/doi/10.1002/spe.1038/abstract
€a o flt-—————- > ||§OPera g=(Cil1.Cj.....CkIn.Ct)
PSC is one of the notations adopted within the
Presto project (ARTEMIS-2010-1-269362)
Speed® Lane@ep.H Driverf Alertf http://www.presto-embedded.eu/
controllert controllerf controllerf systemp

PSC is the notation used by MSC Tracer to
express temporal properties

http://www.pragmadev.com/product/tracing.html
e:@istance@lecreasesl

. > PSC is the notation used by SDL-RT V2.3
speed@=BH0km/hE . r:@lerted® R s ii D i L standard to express temporal properties

s\r')/eed@=|$okm/h specification & description language - real time http://www.ﬂl-ft-%gl

g
e:BpeedB5km/h

P
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Property specification patterns

Property patterns

An example: Response pattern /\

. . . Occurrence Order
To describe cause-effect relationships between a
pair of events/states. An occurrence of the first,
the cause, must be followed by an occurrence of
the Second, the effect. Absence Bounded Precedence Chain
Existence Response
AISO known ds FOIIOWS and LeadS'tO. Universality  Existence Response Chain
Precedence
5 responds to B . Global - >
Globally [1(F => <>5) Before R + J >
(*) Before R <»*R => (P => (IR U (5 & IR))) UR R R
After Q [1(Q -> [1(P -> <>5)) After Q ) cz Q ”
(*) Between Qg and R [1((Q & IR & <=R) => (P => (IR U (5 & [R))) UR)
: Between QandR = : .l ‘. T >
(*) After @ until r [1(Q & IR => ((P => (IR U (5 & lR))) W R) Q Q R R Q Q R
After Q until R - l r l >




Real-time specification Probabilistic Property
patterns patterns

spectics Probabilistic Property Patterns
e —— Probabilistic Occurence

Classification by ] ] . .
Type Dwyeret. al. St e —— Transient State Probability
“““““““““ s e e Steady State Probability
Category Qccurrence Order Duration Periodic Order cia . .
________________________________________________________ — =< Praobabilistic Invariance
iiiiiiii ty Existence Response |- ﬁsgoqs: || F;T‘s?ur;.f-.: lanl'linim_um lgaxlrr!um RandEd ::unded IEour_w.‘led anﬂhlllﬂtlc EIIEtEnE.E
ain 1= ain uration | | Duration ecurrence | | Response | | invariance - .
patterm | 1 | e 1| | s — Probabilistic Order
attern | | spsence || | Bounded | . edence | | | Precedence | | Precedence - . .
******* e | [Frece cha - Probabilistic Until
et —— Probabilistic Precedence

—— Probabilistic Response
—— Probabilistic Const. Response




Unified catalogue of Property specification patterns

Legend —
C] From Dwyer et al. L I From Grunske [:] New ones > Inheritance Inter catalogues

=

o———
l__ _J From Konrad et al. - From Bellini ef al. - == Inheritance Intra catalogues
Occurrence Order
oottt TT T T T mE A AT T EE A I I 1
r ~ 1
Existence [ Absence ] Universality ) !
- g > Precedence [€ = ===____ _| Constrained
T T : \Ta —> Response = Response
i - Precedence i
Existence constrained constrained 1 Chain: N _———— Eonﬂ;a'md (™ resoonse ) | (" Constrained I! Time-constrained 1
Absence \_ Universality —t> €|~ —> r'ece ence P . ! I Response Invariance |
- / causes - 1 hain: Chain: N 1 Response < ; |
sira ¢ ¢ : effect chars I\Iff':auseS stimuli- 1 <_|_ -TTTT T Chain: N stimuli I\- (Bounded Invariance) _»
constrained . -—- " e mm o ommw . - N— \ - 1 effect J - ' - e
Exist: r N ! —————— \_ response : \____lresponse
bl .| Probabilistic Probabilistic | : Prgﬁe.deqce Constrained M) ! oo ) .
Absence Universalit - ain: Precedence esponse | | m— - I t t f
I :-p - cause - N é hain: €< > Chain: 1 J > Response n eg ra I O n O
/ 10 .- ; | - Chemn: Lcause- stimulus- N <--- Chain: 1 stimulus Probabilistic
+  Probabilistic [ | Probabilistic Invariance ) \___effects N effects N r.es onses Response . .
- responses -
| ostence . — \_responses J \——responses invariance existing cata |Ogues
LN _ ——— -
;IF Tlme:— { Time-constrained <-- A Time-constrained
o Ir constrained N p— -—: Response i 1--- Constrained +
:f Transient | i Erecedence Imé;:;::;:z:?e \_ (Bounded Response) _J Response
1 State . ! ! Precedence Chain: N < N N
ili | ° . - . - . . ] [}
» _Probabilit Time- constrained T Time- constrained Time-constrained Constrained || 40 I d t f d
e e 1 s causes — 1 effect
[ Time-constrained : Precedence Chain: N i / 1 Response Chain: N «€—~ = 11 Response Chain: N stimuli-1 €= n eW y I e n I I e
1 Recurrence I _ stimuli — 1 response response
l\ (Bounded Recurrence) : 1 e e Timce- Cotns_"aicrl‘f-‘d . / d d
! Time- constrained | €+t “ Precedence Chain: -Rner:e;;::?;;li:?i . Time-constrained Constrained ) — O r eX e n e
t = Precedence Chain: 1 cause — N effects p_ ’ €=l —  Response Chain: 1 stimulus -  €— .
PEE_RE IR 1 cause — N effects stimulus — N __. e Until tt
» Steady State | Probabilistic ‘ ¥ responses J o J/ p a e rn S
1 Probability = Recurrence Q
L J F Y F 2 PR
* Probabilistic | = Probabilistic | i Probabl!lshc ! Time-
I Precedence * e ™ I  Response = =~ ~-, Constrained s
L Probabilistic Constrained I€-—--- Response 1 iUl
- s s s == s . L - a mmm 2 = s 1
f-------\ r_______‘ |==—====-= -~ - Precedence Chain: N e ntil
- @ pr— T
j  Minimum I, Maximum | s v N \ Sauses sl sfiedt g/ Probabilistic ) 4 N— . 2
| Duration 1 | Duration I Response Chain: N Probabilistic Constrained R -
\ oy ) Probabilistic Precedence | | ( probablliskicConstrained N — €= == Response Chain: N stimuli r y
iy TR Chain: N causes - 1 effect ha stmufl = - 1 response * Probabilistic |
L Precedence Chain: 1 % response y \_ I Until J
— — + . cause - N effects ) . J
Probabilistic Probabilistic 1 y- Probabilistic R - ~
Minimum Maximum | | Probabilistic Precedence €---—————- 1 Response Chain: 1 Probabilistic Constrained
Duration Duration Chain: 1 cause - N effects sl::'imulus e : €-=-=-=-- Response Chain: 1
& J stimulus =N responses

\_ responses Y,




Property Specification Patterns and Structured English grammar

Precedence:
Globally 1:= O (Qbmie(M] p _, ole=r(P)] g)
Before {R} 1:= O R — (Qlmizer(P] p _, (ole=e(P)] g glelar==d(P)] BY)Y 14 R
After {Q} 1= O(Q — O (¢lemiee=r(P] p _, ole=r(P)] gy
Between {Q} and {R} ::= O ((QA-RAQ R) — (Qlme=r(Pl p _, (ple=e(P] g pleter=ed(P)] BYy 1y R)

After {Q} until {R} ::= O((QA-R)— (olmie=s("l p _, (slew(P)] g letar=ed(PI] Rpyy W R)
PrecedenceChainin:

Globally 1:= O (QI=er(D] (g [Ch(1)]) — oPxer)] py

Before {R} ::= O R — (oUFE=()] (g [Ch(1)])) — (o= p v ole=e(N-1.5)] By iy R)

After {Q} 1= O(Q — O (P — (oI=e==(3)] (g [Ch(1)]))))

Between {Q} and {R} ::= O ((Q A-RA{ R) — ((QItmiee=r(5)] (S [Ch(1)])) — (Ql=xe=p()] py olee(N—1.5]] B)) U R)

After {Q} until {R} ::= O ((QA-R) — ((¢Imieeer()] (S [Ch(1)])) — (¢=e(5)] py olee(N=1.5] R)) W R)

with [Ch(i)] = A O (OE=TII (T, [Ch(i + 1)]))
ConstrainedPrecedenceChainin:

Globally = O ([ent(S)Julree=r] (S [¢ property ::= Scope, Pattern.
Before {R} 11— O R — ([ent(S)uIEriezer(5)]
After {Q} c:= O(Q — O (P — ([eat(S)U4 Scope ::= Globally | Before {R} | After {Q?} | Between {(J} and {R} | After {Q} until {R}
Between {Q} and {R} ::= D ((QA=RAQR)— ((Ient( pattern ::= Occurrence | Order
After {Q} until {R} - O((Q A—R) — (([ent(S)|U
with lCh(q',)l=Alcnt(Ti)lAD([[cnt(T‘-)]L{[“tb(T" Jcocurrence ::= Universality | Absence | Existence | BoundedExistence | TransientState | SteadyState |
PrecedenceChainwg: MinimumDuration | MaximumDuration | Becurrence
Globally 1= O (obee(Pl p, (plee(® , o : 1
Before {R} . OR—k(((}l“imr(F" P Universality ::= it is always the case that {P} [holds] [Time (P)] [Probability]
After {Q} 1= O(Q — O (ol=ie=(Pl p _; Absence ::= it is never the case that {P} [holds] [Time (P)] [Probability]
Between {Q} and {R} ::= O((QA-RAQR) [_’_((O(T Existence ::= {P} [holds] eventually [Time (P)] [Probability]
After {Q} until {R} ::= O ((QA —R) — ((¢lrizeer(P) , o . . .
with [Ch(i)] = A O (OE=P-1 (T, [Ch(i + 1)])) BoundedExistence ::= {P} [holds] at most n times [Time (P)] [Probability]
TransientState ::= {P} [holds] after tf TimeUnits [Probability]
SteadyState ::= {P} [holds] in the long run [Probability]
MinimumDuration ::= once {P} [becomes satisfied] it remains so for at least tf TimeUnits [Probability]
MaximumDuration ::= once {P} [becomes satisfied] it remains so for less than tf TimeUnits [Probability]
Recurrence ::= {P} [holds] repeatedly [every tf TimeUnits] [Probability]
Order ::= Precedence | PrecedenceChainyny | PrecedenceChainpng | Until| Response| ResponseChaingpy|

FEesponseChainyy| Responselnvariance

Precedence ::= if {P} [holds] then it must have been the case that {S} [has occurred] [Interval(P)] before {P}
[holds] [Probability]

if {S} [has occurred] and afterwards ({T;} [UpperTimeBound (T;)] [Constraint (T})]
[hold] then it must have been the case that {P} [has occurred] [Interval(S)] before {S} [holds]
[Constraint (S)] [Probability]

T L& 1
PrecedenceChainyy }(151-:_:!4—1, )




Property Specification Patterns and Structured English grammar

s

1

1

1

and

and

.|'_.l' . 1 ]

Property

. Scope

© Pattern

Jccurrence

Universality

Bbsence

" Existence

BoundedExistence
TransientState
SteadyState
MinimumDuration
MaximumDuration

Fecurrence

Order

Precedence

PrecedenceChainyy

Scope, Pattern.
Globally | Before {R} | After {Q} | Between {Q} and {R} | After {Q} until {R}
Occurrence | Order

Universality | Absence | Existence | BoundedExistence | TransientState | SteadyState |

MinimumDuration | MaximumDuration | Recurrence

it is always the case that {P} [holds] [Time (P)] [Probability]

it is never the case that {P} [holds] [Time (P)] [Probability]

{P} [holds] eventually [Time (P)] [Probability]

{P} [holds] at most n times [Time (P)] [Probability]

{P} [holds] after tf TimeUnits [Probability]

{P} [holds] in the long run [Probability]

once {P} [becomes satisfied] it remains so for at least tf TimeUnits [Probability]
once {P} [becomes satisfied] it remains so for less than tf TimeUnits [Probability]

{P} [holds] repeatedly [every tf TimeUnits] [Probability]

Precedence | PrecedenceChainyy | PrecedenceChainwyg | Until| Response| ResponseChainggy|

FEesponseChainyy| Responselnvariance

if {P} [holds] then it must have been the case that {S} [has occurred] [Interval(FP)] before {P}
[holds] [Probability]

if {S} [has occurred] and afterwards ({T;} [UpperTimeBound (T;)] [Constraint (T})]
[hold] then it must have been the case that {P} [has occurred] [Interval(S)] before {S} [holds]
[Constraint (S)] [Probability]

) (I<iSN-13%7)




Can we define similar
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Let’s first discuss another
Important aspect

Simplicity but keeping rigorousness

In this context, Ambiguity is evil!

G

S




Intuitive and Simple Rigorous

“A robot r shall visit the two locations |11 and 12 in this order”



Intuitive and Simple Rigorous

“A robot r shall visit the two locations |11 and 12 in this order”

|11 and then |2



Intuitive and Simple Rigorous

“A robot r shall visit the two locations |11 and 12 in this order”
|1 and then |2

Is it possible to visit |2 before |1 and then to visit 127



Intuitive and Simple Rigorous

“A robot r shall visit the two locations |1 and 12 in this order”

|11 and then |2

Is it possible to visit |2 before |1 and then to visit 127

D1l=<>((rin 11) && <>(rin 12)) 2 =01 && ((!Irin[2)U(rin I1))



Intuitive and Simple Rigorous

If we allow an ambiguous specification,
which behavior will have the robot,
and who will decide it?



Mission specification
patterns for robots




Specification Patterns
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http://roboticpatterns.com/

Specification Patterns

Description Example Formula (l1,12,... are location
propositions)
n
8 Visit a set of locations in an  Locations Iy, I3, and I3 must be visited. I; — 4 — I3 — |1 — N F(l;)
= unspecified order. lg — la — (lx)“ is an example trace that satisfies the mission =1
requirement.

= Visit a set of locations in sequence, Locations I, I3, I3 must be covered following this sequence. The  F(l1 A F(l2 A...F(ln)))
§ one after the other. trace l; — Iy — I3 = I3 = 1y — lo — (ly\3)” violates the
S8 mission since I3 does not follow l5. The trace Iy — I3 — 1 —
SN lo = 1y — I3 — (I4 )" satisfies the mission requirement.

The sequenced visit pattern doesnot ~ Locations l1, I3, I3 must be covered following this order. The trace ~ F(I1 A F(la A ... F(l,)))
= forbid to visit a successor location I3 — Iz — 1 — la — I3 — (l4)® does not satisfy the mission 71 l l
S & before its predecessor, but only that  requirement since /3 preceeds l2. The trace [ — l4 = I3 — 2 — 'i,/=\1 (Rlip) UL
S ¢ after the predecessor is visited the 14 — I3 — (Ix)” satisfies the mission requirement.

successor is also visited. Ordered

visit forbids a successor to be visited

before its predecessor.
T The ordered visit pattern does not Locations Iy, l2, [3 must be covered following the strict order l1, l2, F(li A F(la A...F(ln)))
= avoid a predecessor location to be I3. Thetracel; — ly — 13 = lo = Iy — I3 — (1%)® doesnot 71
S visited multiple times before its  satisfy the mission requirement since I; occurs twice before l5. The z'/—\l (Slip1) UL
B x successor. Strict ordered visit forbids  trace Iy — l4 — lo — ly — I3 — (lx)* satisfies the mission 1
S&  this behavior. requirement. A (=I)U (L A X (=l Uiv1)))

n

The difference among the number  Locations 1, l2, [3 must be covered in a fair way. The trace {1 — N F(l;)

of times locations within a set are Iy — I3 — I3 = 1 — la = l2 = (lgx\{1,2,3})" does not i1
_ = Visited is at most one. perform a fair visit since it visits I; three times while I3 and I3 are A Gl = X((L)Wlit1y%n))
E § visited once. The trace l; — Iy = I3 = 1l = 14 = s — I3 — i=1

lg = (Ig\{1,2,3}y)" performs a fair visit since it visits locations /1,
l2, and I3 twice.

http://roboticpatterns.com
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An example of pattern

Name: Strict Ordered Patrolling
Intent: A robot must patrol a set of locations following a strict sequence ordering. Such locations can be, e.g., areas in a building to be
surveyed.
Template: The following formula encodes the mission in LTL for n locations and a robot r (% is the modulo arithmetic operator):

1

(

:g(}“(ll AF(la A F(ln)) A

(i) U 1) A Gaanygon = X(larnyzn) U 1)

Example with two locations.

GFULLANFL)A((=l2) U L)NANG(l2 = X((—l2) U 1) ANG(l1 — X((—l1) U 1))

where [ and [ are expressions that indicate that a robot 7 is in locations /1 and [2, respectively.

Variations: A developer may want to allow traces in which sequences of consecutive 11 (l2) are allowed, that is strict ordering is applied on
sequences of non consecutive 1 (I2). In this case, traces in the form ;1 — (— I1 — 1 — I3 — l2)% are admitted, while traces in the form
l1 = (=11 = I3 = 11 — l2)¥ are not admitted. This variation can be encoded using the following specification:

G(F(la ANF(l2)) A ((Hl2) U L)) ANG((I2 A X (=l2)) = X((l2) U 1)) AG((LL A X (=) = X((l) U 12))

This specification allows for sequences of consecutive I; (I2) since the left side of the implication I; A X(—l1) (I2 A X(—l2)) is only triggered
when [ (I2) is exited.

Examples and Known Uses: A common usage example of the Strict Ordered Patrolling pattern is a scenario where a robot is performing
surveillance in a building during night hours. Strict Sequence Patrolling and Avoidance often go together. Avoidance patterns are used to
force robots to avoid obstacles as they guard a location. Triggers can also be used in combination with the Strict Sequence Patrolling pattern
to specify conditions upon which Patrolling should start or stop.

Relationships: The Strict Ordered Patrolling pattern is a specialisation of the Ordered Patrolling pattern, forcing the strict ordering.
Occurrences: Smith et. al. [74] proposed a mission specification forcing a robot to not visit a location twice in a row before a target location is
reached.




Further info about specification patterns

Specification Patterns for Robotic Missions

SPECIFICATION PATTERNS FOR ROBOTIC MISSIONS o oo T, b, oGt oo e

Pattern Catalog Research PsALM Requirements Collection  Evaluation  Authors e o st e ol S,

SPECIFICATION PATTERNS FOR ROBOTIC
MISSIONS

Coecinss i e At et O 10

Claudio Menghi, Christos Tsigkanos, Patrizio Pelliccione, Carlo Ghezzi, and
Thorsten Berger, Specification Patterns for Robotic Missions, Transactions on
Software Engineering (TSE), 2019

This page complements the paper "Specification Patterns for Robotic Missions" and is an online repository

of a specification pattern catalog for missions of mobile robots. The pattern system is not intended to be JOU rnal Fl rSt_t raCk at ICSE 2020

exhaustive or complete, and the repository is not intended to be static. The set of patterns will grow over

time as designers specify missions that do not belong to the provided patterns.

You can further find the patterns, information on evaluation, requirements collection and tool support

Companion P

through PsALM. Reproduction kits, specifications and accompanying code can be found in experiments. By
PsALM: Specification of Dependable
Robotic Missions

Pattern Catalog

o o Claudio Menghi, Christos Tsigkanos, Thorsten Berger, and Patrizio

et Pelliccione, PsALM: Specification of Dependable Robotic Missions. IEEE/ACM

Conditional/Limited Avoidance .
- = - — ids pper
' Bind Robotic Missions Specification Patterns A]‘.”ﬁff{f?ﬁf’ &esgﬁ%&d ICSE De mO, 20 19.
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https://github.com/claudiomenghi/PsAlM
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Are these patterns enough?
Example of mission requirement

“After closure, the robots shall clean the electronics store. After cleaning, they
shall visit a set of predefined store locations, each at least once, to record the
items present on shelves after closure. The robots must

. The robots should also patrol the store for

security purposes, . The robots
should so that intruders do not remain

undetected while the robots are cleaning continually for long periods of time.

The robots should
. They should



Support for
guantitative
aspects

Users and operators of robotic
systems often require behaviors
that ensure quantitative constraints
such as upper bounds on the time a
robot takes to perform an action,
the energy consumption to
complete that action, or the
probability of failing to achieve a
mission goal.




We extended previous patterns to support the
specification of quantitative properties

(Confidently ) Reliability) (Accrue)

(Maximize) (Minimize) \P f &%Simultaneously]
T sl — errormance —————
[Objective] Strictly Within' (Trail) LDepmdabilityJ (Timeout) |Repeat

Elementary n) (Composite )
[Pmblems l [Il‘lt&l‘VﬂlS] @HE) LPmb}iems ) \

(At most)—(Bounds }—{Exactly | (Within) (Equidistance] (Resource) (Proportionality) (Pause)
______ L PN

~

‘Less than, (At least) ' Greater than, (Conservation)  (Preservation)

s — — — — My e = = o = = == =

(a) Elementary mission specification problems. (b) Composite mission specification problems.




Domain Specific Language (DSL) including
orevious patterns

Mission

miss »=miss andmiss|miss ormiss |not miss |rob shall pat | e_gpat | c_gpat

Pattern

Previous
patterns

—

pat ::=visit (in sequence | in order | in strict order | fairly)? locs |

patrol (in sequence | in order | in strict order | fairly)? locs |

visit (more than | less than | exactly) n times loc |

avoid (loc until cond | loc | loc after cond) |

react (instantly | with a delay | promptly) to cond by (exec act | pat | reach loc) |
counteract (instantly | with a delay) when reach loc by cond

wait in location loc until cond

Elementary
Patterns

e_gpat = maximize mmiss |minimizemmiss |mat most vmiss |mless than vmiss |mat least vmiss

m greater than vmiss |mexactly vmiss |mwithin v, and vy miss |
m strictly within vy and vo miss

New C :
— omposite
ones Patterns

c_gpat :

conserve mwhile miss | preserve mwithin [v;,vy| while miss | pause vmiss | timeout vmiss |
repeat miss every v | end miss exactly at v |time of miss; proportional tomisss by factor v |
execute rob actions actj,acts,...act, | rob accrue mwhile miss |

achieve miss with reliability m (greater | less) than v |

achieve miss with confidence m (greater | less) than v | rob miss equidistance rob; robg |

rob trail o with distance v

Condition
Locations

cond
locs

condition is true|act is ended | rob in loc
{loc (,1oc)*}

*miss, missy, missg are missions; v, v1, vo are values; rob is a robot, o is an object, m is the name of the quantitative measure.




New “quantitative” patterns

Problem Description DSL

Maximize Maximize m while performing the mission miss. maximize mmiss

Minimize Minimize m while performing the mission miss. minimize mmiss

At most Keep m lower than or equal to v while performing miss. mat most vmiss

Less than Keep m strictly lower than v while performing miss. m less than vmiss

At least Keep m greater than or equal to v while performing miss. mat least vmiss

Greater than Keep m strictly greater than v while performing miss. m greater than vmiss

Exactly Keep m exactly v while performing miss. m exactly vmiss

Within Keep m within the (closed) interval [v1, v2] while performing miss. mwithin vy and vo miss

Strictly Within Keep m within the (open) interval (v1, v2) while performing miss. m strictly within vi and v2 miss
Conservation Minimize the value of m performing miss. conserve mwhile miss

Preservation Keep the value of m within interval [b;,b,] while performing miss. preserve mwithin [vy,va] while miss
Pause Pause the mission miss for v time instants. Then, resume it. pause vmiss

Timeout-deadline Execute miss. Stop the the execution when the timeout v is reached. timeout vmiss

Repeat Repeat the mission miss every v time units. repeat miss every v

End Terminate mission miss exactly at time v. end miss exactly at v

Proportionality Keep the time to perform miss; and missy proportional by a factor v.  time of miss; proportional to [...]
Simultaneously Execute the actions actj,acty,..., acty, simultaneously. execute rob actions actj,acts,...actp
Accrue Maximize the performance m while performing miss. rob accrue mwhile miss

Reliably Ensure that the measure m is higher/lower than the value v. achieve miss with reliabilitym |[...]
Confidently Achieve miss and ensure that confidence m is higher/lower than v. achieve miss with confidencem |...]
Equidistance rob performs miss by keeping rob; and robs at the same distance. robmiss equidistance robj robs
Trail rob follows object o keeping a distance v. robtrail owith distance v

*miss, missi, missy are missions; v, vi, vo are values; rob is a robot, o is an object, m is the name of the quantitative measure.
[...] represents portions of the DSL of Figure 4 omitted for graphical reasons.




Translation to Probabilistic Reward
Computation Tree Logic (PRCTL)

Mission

T(missl andmiss2)=7(missl) AT(miss2) 7(misslormiss2)=7(missl)V 7(miss2)

Elementary
Patterns

T(not miss) = -7(miss) rob shall pat = 7(pat[r < rob))

T(maximize mmiss) = Ppmaz=2(7(miss)) 7(minimizemmiss) = Ppin=2(7(miss))
T(mat most vmiss) = P<,(7(miss)) 7(m less than vmiss) = P« (7(miss))

Prob T(mat least vmiss) = P>,(r(miss)) T(m greater than vmiss) = Py (7(miss))

. T(m exactly vmiss) = P>, (7(miss)) A P<,(7(miss))

7(mwithin vi and vz miss) = P>, (T(miss)) A P<,,(T(miss))
7(m strictly within vi and va miss) = P>y, (T(miss)) A Py, (T(miss))
T(maximize mmiss) = Emar=7(7(miss)) 7T(minimize mmiss)= Enin=2(7(miss))
T(mat most vmiss) = g ,(T(miss)) 7(m less thanvmiss) = &g ,)(T(miss))

Rewards T(mat least vmiss) = & 0)(T(miss)) 7(mgreater thanvmiss) = & o0)(T(miss))

T(mexactly vmiss) = E>,(7(miss)) A E<,(T(miss))
T(mwithin vy and vy miss) = &, o) (T(miss)) A € ., (T(miss))
T(m strictly withinv; and va miss) = €, ) (T(miss)) A€y, ) (T(miss))

Composite
Patterns

T(conserve mwhile miss) = &,,;n—7(T(miss))
T(preserve mwithin [vi,ve| while miss) = &, v,)(T(miss))
7(pause vmiss) = Gl%% 7(-miss) A (F[V+1’V+IH(T(miss)))

r(timeout v miss) = Gl (=7 (niss))

7(repeat miss every v) = 7(miss) A Gl%®l(r(miss) = (GILv—U(=r(niss)) A (FI"? (r(miss)))))
T(end miss exactly at v) = GOV (r(miss)) A GI"®l(=r(miss))

7(time of missi proportional tomissg by factor v)=NA (Not Available in PRCTL)

™"
T(execute rob actions actj,acta,..., acty)=F (A act;)
1=1

T(r accrue mwhile miss)= Epqz=7(7(miss))

T(achieve miss with reliability m(greater | less)than v)= £}, o) (7(miss))/&jg ) (T(miss))
T(achieve miss with confidence m (greater | less) than v)=L~(7(miss))/L<(T(miss))
T(rob miss equidistance rob; rob2)=NA (Not Available in PRCTL)

T(rob trail o with distance v)=NA (Not Available in PRCTL)




Further info about specification patterns

QUARTET: QUANTITATIVE ROBOTIC SPECIFICATION PATTERNS

PATTERN CATALOG QUARTETDSL QUARTETTOOL REQUIREMENTS COLLECTION  EVALUATION AUTHORS Missiop Specification PaﬂernslfO( Mobile Hopots:
Providing Support for Quantitative Properties

Claudio Menghi, Christos Tsighanos, Mehmoosh Askarpour, Patrizio Peliccione,
joel Vazquez, Radu Calinescy, and Sergio Garcia

Claudio Menghi, Christos Tsigkanos, Mehrnoosh Askarpour , Patrizio
Pelliccione, Gricel Vazquez , Radu Calinescu, and Sergio Garcia "Mission
Specification Patterns for Mobile Robots: Providing Support for Quantitative

QUANTITATIVE SPECIFICATION PATTERNS FOR ROBOTIC MISSIONS Properties,” in IEEE Transactions on Software Engineering (TSE), doi:
10.1109/TSE.2022.3230059.

This page complements the manuscript "Robotic Mission Specification Patterns: Providing Support for Quantitative Properties"

and is an online repository of a quantitative specification pattern catalog for missions of mobile robots, along with an accompanying DSL and tool

support: QuaRTET . The pattern system is not intended to be exhaustive or complete, and the repository is not intended to be static. The set of

patterns will grow over time as designers specify missions that do not belong to the provided patterns.

You can further find the patterns, information on requirements collection as well as DSL and tool support through QUARTET. Reproduction kits,

specifications and accompanying code can be found in evaluation. See also an introductory video to QUARTET.

https://github.com/Gricel-lee/Quartet-MRS-DSL

https://roboticpatterns.com/quantitative i L
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Mission specification
patterns for robots simplify
and makes the specification

accessible.

What’s missing?




Mission specification
patterns for robots simplify
and makes the specification

accessible.

What’s missing?

» Single robots

 Focus on movements

 How to deal with variability of the real world? /g
d |



What kind of missions are specified in practice?

e |dentification of missions already specified in practice (i.e.
papers, documents of robotic companies)

e Definition of a catalogue of mission specification patterns

e Tool support for assisting users in the specification of
missions via the use and instantiation of patterns

Two steps

How to use these patterns to specify complex

missions?

e Definition of operators to combine the mission
specification patterns

e Definition of a Domain Specific Language (DSL) with
graphical and textual syntax

e Definition of a tool support for the DSL
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What kind of missions are specified in practice?

e |dentification of missions already specified in practice (i.e.
papers, documents of robotic companies)

e Definition of a catalogue of mission specification patterns

e Tool support for assisting users in the specification of
missions via the use and instantiation of patterns

Two steps

How to use these patterns to specify complex

missions?

e Definition of operators to combine the mission
specification patterns

» e Definition of a Domain Specific Language (DSL) with
graphical and textual syntax

e Definition of a tool support for the DSL



Domain Specific Language to specify missions

* PROMISE (simPle RObot Mission SpEcification)

e Patterns are basic building blocks

* Operators enable the composition of patterns towards the
specification of complex missions for multi-robots




Operators of
the DSL

else return L

Name Description Semantics Syntax Intermediate
language
=  Always the root of the mission. The {res;, resy, - - -, res,}={01, 02, - -+, 0n} ‘ ‘ rifo1]
o
: operators 01, 02, - - - , op are executed in  if (res; == T A ---Ares,==T) then rl n r2(o2]
< - arallel, each by a different robot—i.e., return T - e
= < P ) y \% \%rz \%
5 5 assigns one branch to each robot. Returns  else return L rn[on]
- . success when all operators return success, 0o, 0O, o
= failure otherwise. parallelfr1(o,), . . ., rn(o,,)}
Delegates execution of a task # to a execute(&E, 1) I | LTL formula
specific robot (specified by the Parallel vl s I/ D of the pattern
1 ¥] . . .
*@D = operator). Tasks are specified using a1, Az - Gp ¢ specified by the
< w3 patterns for robotic missions that take as task ¢.
A A  input parameters as loc?ttmnf; (u:ldlcated delegate(t locations Iy, ..., I,)
as Iy, I, ..., [,)and actions (indicated as delegate(t actions ay, ..., an)
ap, az, ..., an)-
=~  Executes the first operator; if it is executed  if ({01,02,- - -,0n } # 0) then ‘7 parent[fb]
» 3"- successfully, ends with success. If the res = o01; . fb_1[o1]
g execution of the first operator fails, tries if(res == 1) then fb_2[02]
% & to execute the second operator. This ({02, ---,0n}) .
* &  procedure is repeated for all the other else return T 0p 0 On fb_n[on]
=  operators. Returns failure if all operators  else return L fallback (0;, 05, . . ., 0,)
fail.
’:‘E Executes all the operators from the first  if({0;,02, ---,0,} # 0) then q [01,02....,0n]
o -  tothe last. If an operator returns success res = og;
E f executes the subsequent operator. If an if(res == T) then
2. &  operator returns a failure returns failure. — ({02, ---,0n})
A &  Returns success if and only if all the else return L O, 0O, O,
T

operators return success.

sequence (01, 02, . .., 0p)




Operators of
the DSL

On)

Executes a by default operator o. Once res = L; parent[eh]
= an event e; occurs, executes operator o;  while(res # T) eh_default[o]
Q
- in response. Once the execution of o; is resi=.o; eh_el1[o1]
: ; ; e
© . finished, resumes the operator o. Returns if(res == T) then . ©n eh_e2[02]
E f success if the operator o succeeds and return T O 01 coe On e
L - all the events that occurred during the if(ej == T), theni=1,...,n — -~y eh_en[on]
8 execution of o are correctly handled. resint = 0;; .
> . . default(o)
S if(resint == 1), then except e; (01)
i return, L except ez (02)...
res = resume(0); except e, (0p))
return res
Evaluates the conditions from the first if(e; == T) then @ parent|[cond]
to the last. If the evaluation of one or res = 0, cond_e1[o1]
more conditions is true, executes the if(res == L) then D @ cond_e2[02]
: . . 1 e,
2 5—';‘ corresponding operators. Returns L if an return L i ...
£ : S operation is not successful, i.e., either it - -- 01 02 On cond_en[on]
< - - i .
S o fails or an event occurs. Returns T when if(e,, == T) then fition(
. , condition
O g 5 all the executed operations return T. res = op e i (o)
if(res == 1) then i :
( cdtarn _)L if ez then (02)...
—— if e,, then (0,,))
Allows the composition of a core movement res = 01 && 02 && ... op & [01 && 02 && ...
-‘g ~~  task with one or more avoidance tasks if(res == T) then on|
S % and with one or more trigger tasks. The return T o i A
~% 2 composition is performed by means of the  else return L % e e 5
S , combination(o; and o2 and ...
= and logical operator.




Mission:

"mission " "{'

('conditions ' '{' ('events' events+=Event ( "," events+=Event)s)?
('actions ' actions+=Action ( "," actions+=Action)=«)? '} ")?
‘robots ' robots+=Robot ( "." robots+=Robot)«

('locations ' locations+=Location ( ".," locations+=Location)+)?
"operators ' '{' operator+=Operator ( "." operator+=Operator)+ '}’
SF

Operator:

FallBackOp | SequenceOp | ParallelOp | EventHandlerOp
ConditionOp | DelegateOp | TaskCombinationOp;
Tasks:
List of tasks from the provided catalog
Robot:
name=EString ;
Location:
name=EString ;

Event:

name=ID ':' description=EString ;
Action:

name=ID ':' description=EString;
FallBackOp:

"fallback ' '"(' inputOperators+=Operator
(".," inputOperators+=0Operator)= ') "';

SequenceOp:
"sequence ' ‘(' inputOperators+=Operator
("." inputOperators+=Operator )+ ") ";
ParallelOp:
"parallel’

"{'"(inputRobots+=[Robot | EString] '(' inputOperators+=Operator"')’
("." inputRobots+=[Robot|EString] '( 'inputOperators+=Operator’) ")

)7
EventHandlerOp
"eventHandler' "('
"default’ '"(' inputOperators+=Operator ')’
("except' inputEvents+=EventAssignment)+"')":

ConditionOp:

"condition ' ('

("if " inputEvents+=EventAssignment )+')"';
TaskCombinationOp:

"combination” (' inputOperators+=Operator

(('&" | '"AND' | 'and') inputOperators+=Operator)+ ')";
DelegateOp :

"delegate ' '(' task=Tasks

('locations ' inputLocations+=[Location|EString]

("." inputLocations+=[Location |EString])« )?

('actions ' inputAction+=[Action|EString]

( "." inputAction+=[Action|EString])+)?

('stoppingEvents ' stoppingEvent+=[Event|EString]

( "." stoppingEvent+=[Event|EString])=«)? ")";
EventAssignment:

inputEvent=[Event | EString] '(° inputOperators=Operator

")

Grammar
(Abstract syntax)

@o;n /\&

Default /

111213

Stop if: finish 1 \
;“e"t Op1 Event Op 2

raise_alarm

Event Op 3
request_help

Op1 Op2
charglngdock charge_battery

OB

%
l

E

Op2
charglngdock charge_battery

P
office1

Events. intruder: "unknown person detected",

found_object: "object detected",

help_requested: "rl requests help”,

rl_low_battery: "r1 low battery",
r2_low_battery: "r2 low battery”,
finish: “stop requested by user”

Actions. raise_alarm: "raise the alarm!", Locations. |1, 12, I3, 14: list of areas,
request_help: "request help from r2", officel: office number 1,
grasp_object: "grasp the object", office2: office number 2,
release_object: "release the object”, chargingdock: the

charge_battery: "charge the battery" charging dock

operators{ parallel{
riCeventHandler( @
default(delegate ( SequencedPatrolling locations 11, 12, 13

stoppingEvents finish))
except intruder (delegate (SimpleAction actions raise_alarm)) Q
except found_object (delegate (SimpleAction actions request_hel )@
except rl_low_battery (sequence( b
delegate(Visit locations charglngc
ry))))) .

delegate(SimpleAction actions charge_ ba
r2(eventHandler(

default(delegate(Wait locations 1 .
except help_requested( sequence(

delegate(Visit locations 12), @

delegate(Siction actions grasp= ject),@

fallback (

delegate(Visit locations officel), °
delegate(Visit locations office2)), e
delegate ( SimpleAction actions release_object ) ) )@

except r‘Z_low_batter'y(sequence(‘
delegate(Visit locations chargingdock),

delegate (SimpleAction actions charge_battery)))))
}
}

Two concrete syntaxes

(Graphical — behaviour tree style - and Textual)



Further info about Promise

SINC MISIE: |1 an-lLeve
Mission Specification for

Multiple Robots

Watch later

In this page, we present PROMISE (simPle RObot Mlssion SpEcification), a mission specification language and tool for teams of multiple robots, which is developed as an Eclipse

plugin. With our research, we aim at providing a simple yet powerful and rigorous tool to specify, generate, and decompose missions for robotic teams. With this in mind, we
integrated PROMISE into a software framework that allows not only mission specification but also execution. This framework is introduced here.

PROMISE was developed to support both developers—i.e., users with programming skills—and non-technical end users—i.e., users who are not necesserely knowledgeable on

programming languages—in mission specification.

behaviour tree operators [1], which are used in computer science, robotics, control systems and video games for structuring and model behaviors directed toward achieving
goals. In turn, the tasks are implemented from an existing catalog of mission specification patterns. To illustrate the mission specification syntaxes of PROMISE we provide a

detailed example in this website,

This page also provides details on the validation processes we followed during the study and development of PROMISE.

https://sites.gsoogle.com/view/promise-dsl/home

1"5"- e
'_.'_h;'rl.lﬁ :..:i
EE?I.}'I-.J‘-

A

High-Level Mission Specification for Multiple Robots

Garcia, S., Pelliccione, P, Menghi, C., Berger, T., & Bures, T. (2019, October).
High-level mission specification for multiple robots. In Proceedings of the 12th
ACM SIGPLAN International Conference on Software Language Engineering
(SLE) (pp. 127-140). ACM.

PROMISE: High-Level Mission Specification for Multiple
Robots

Garcia, S., Pelliccione, P, Menghi, C., Berger, T., & Bures, T. (2020,). PROMISE: High-Level
Mission Specification for Multiple Robots. In 2nd International Conference on Software
Engineering Companion (ICSE 20 Demo).

https://github.com/SergioGarG/PROMISE implementation

HO|
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"


https://sites.google.com/view/promise-dsl/home
https://sites.google.com/view/promise-dsl/home
https://sites.google.com/view/promise-dsl/home
https://github.com/SergioGarG/PROMISE_implementation

SERA (Self- adaptive dEcentralized Robotic
Architecture)

— robot status
Central | High level ) 8 A Robot — i
station | specification manager » local mission]r C:bOt 1] [robot state, mission status ‘ Mission
high level specification X . environment] Communication & )
( . ‘#) ) \ ‘\% Local mission manager j«---------- ?( collaboration manager J Management
| Global mission manager | @ FH local mission | Layer
global mission v Y e ot ———— - ——— - J:- -——————— - deube
Global mission decomposer Adaptation manager Information manager
\ [ P A 9 J‘! [ 9 J‘ Change
foall status] plan y 4 plan status] [gestures Management
R *[ Plan executor J robot state Layer
: lenvironment]
Legend T ——— ettt et ——_————_-r———- T T
p N :408// : v
; method Motion planning & control Gestures recognition SLAM Component
—_— e > ————> : “a v | L
. : - | ayer
[componenj‘ unit g Detection executor }‘
\. J 4 ; T N\
Robot interface J [ Sensors interface
) i X d
\ Hardware & drivers ) i

https://co4robots.eu/

S. Garcia, C. Menghi, P. Pelliccione, T. Berger and R. Wohlrab, "An Architecture for Decentralized, Collaborative, and Autonomous Robots,"
2018 IEEE International Conference on Software Architecture (ICSA), Seattle, WA, 2018, pp. 75-75009.


https://co4robots.eu/

Instantiated Hierarchical Task Networks (iIHTN)

Hierarchical Task Networks is a

formalism for task planning.
The Instantiated HTN (iHTN) e Lab Samples Logistics
formalism formalizes a multi-robot e

collaborative mission.

navto_pharmacy unload_sample
. &« . &«
v v

r1, nurse r1, pickup arm

. r r m_upload

Tasks ((E(IIIpres) arehefforts )that a set of <> >

age nts ro Ots Or umans mUSt .wait_in_queue .approach_arm .unload_sample
undertake. . pcpam ™ H

. - ‘r‘ nurse pickup arm

A task can be abstract or concrete. : : | o

Abstract tasks are refined by methods. CDICTD O
Methods are linked to tasks of a lower v y — v ; i T ppam g :
level and a type of ordering. oot [/ m-so_sepasi )/

. . confirm

The ordering can be sequential
diamond) or unordered i nurse v v

parallelogram). . pokap




Behavior trees

|

Find Ball J [ Pick Ball J [ Place Ball

|

(a) A high level BT carrying out a task consisting of first finding, then picking and finally

placing a ball.

|

|

_}
Find Ball } [ Place Ball
_)
? ?

Pick Ball

{ Ball Close ] [Appr()a('h Ball} [Ball Grasp(*d} { Grasp Ball }
(. S

Chapman & Hall/CRC Artificial Intelligence and Robotics Series

Behavior Trees
|n Robotlcs and Al

INTR[]I]UETI[]N

Michele Colledanchise
Petter Ogren

Node type | Symbol Succeeds Fails Running
Fallback ? If one child succeeds If all children fail If one child returns Running
Sequence — If all children succeed If one child fails If one child returns Running
Parallel = If > M children succeed If > N — M children fail else
Action text Upon completion If impossible to complete During completion
Condition [lext} If true If false Never
Decorator ) Custom Custom Custom

(b) The Action Pick Ball from the BT in Figure 1.1(a) 1s expanded into a sub-BT. The Ball is
approached until it is considered close, and then the Action Grasp is executed until the Ball is
securely grasped.




Democratizing the
programming and use of
Industrial Robots




Democratization of Robot Engineering for Advanced
Manufacturing (manufacturing satellites)

* Accessible by users without expertise in ICT or
robotic

* Coordination of multi and heterogeneous robots
and human operators

* [t forces modularity and programming with reuse
(parametric APIs)




Domain Specific Language components

Agents (Robots & Operators):
- Robot1, Robot2, HumanOP1, AMR1

Locations:
- Quality Control, Assembly Location, Warehouse, Stacking Platform, Buffer Area

Trays & Components:
- AOCS Tray, DHC Tray, Components (CMG, MTQ, MAG, screws)

Mission Tasks:
- Moving, Picking, Placing, Screwing, Assembling




Workflow

Domain Specific Language
Interpreter (RobotManager)

Function Calls (Custom interface)

Simulation/Robots

Finanziato 475, Ministero
dall'Unione europea %T' dell’Universita
P

NextGenerationEU “5& edella Ricerca



Video



What's next?

Anomalous and premature wheel wear

Caused by sharp rocks in Mars terrain

Wheel design was made according to the current
knowledge

Engineers adapted navigation to solve the issue
Different navigation for different terrains
Required a software patch

NASA's MSL "Curiosity" rover issues



Lack of precise and complete
knowledge at design time:
(a face of) uncertainty




Effects of events/conditions may be unknown at runtime

Self-adaptation is needed to handle uncertainties at runtime

Impractical to specify all the alternative behaviors in a unique model
Sometimes it impossible (they are not known!)



Behavior Trees
enable
reactiveness, but... °= E
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Introducing adaptable nodes

Abstract nodes that model points of uncertainty
Manage known-unknowns
Placeholder for alternatives

low_battery nav_to_base

Goals
Avoid hard-coding of the alternatives
Increase modularity and flexibility
Allow behaviors addition/update

Adaptable BT

What's missing?
Specification of the conditions for alternatives G
Runtime support



What about the unknown
unknown?

Can LLMs help on that?




Domain Specific Languages

Are the patterns domain specific?

We are not reusing them for the Smart factory
We probably need another step of abstraction
In specific domains, like agriculture, space

exploration, manufacturing

...plus patterns not focusing only on
movements (In a map)

G

S




ummary

Mission Specification

oo
—_

Production
environment .
{ﬁ’

E /N 1

In the field

How to ask the
robot to make a
coffe and clean
the kitchen?

Unified catalogue of Property specification patterns

Legend i
C] FromDyeretal . _ 1 From Gunske B e > iheritance Inter catalogues

1 romkonotors. ([ FomBeticioal R TO——

Integration of
existing catalogues
+
40 newly identified
or extended
patterns

e procedarce
Olm Iwu Neffects <

o 4

‘ Team of developers produce I
</> SASs that might include | 75,
hardware, software, and 459
mechanics Ug

Specification Patterns
Past

e
Avoidance

Avoidance/
Invariant

Vi T I
:RBeglClttlIgn “ | (Core Movement Patterns) .
___________ G T (Surveillance)

Ordered Visit

Visit

R i
a
= Patrolling

isit

\
Visit [ uenced] [OrderedJ Strict Fair Patrol [Srsg&eltl!mg]

Visit

http://roboticpatterns.com

Democratization of Robot Engineering for Advanced
Manufacturing (manufacturing satellites)

* Accessible by users without expertise in ICT or
robotic

* Coordination of multi and heterogeneous robots
and human operators

* It forces modularity and programming with reuse
(parametric APIs)
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