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!ﬁ MOTIVATION
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most of the existing robotic task models

I ? « are not based on formal approaches
* concern a small number of behaviors
Syetems and « are tailored to the task at hand
Robotics
O

systems-theory-based task design methods for general
- robotic tasks can enable
|

 systematic approach to modeling, analysis and design
» scaling up to realistic applications

 analysis of formal properties

* design from specifications

A\‘t
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How to design the “right” behavior?

lost_ball

TakeBal2Goal
unreachable_ball OR

1051:_13‘3'1/v

GetClose2Ball

§8320ns

success OR
unreachable_posture

1TRq OU

success OR
unreachable posture\ OR
(saw_ball AND
NOT ShouldIGo)

undribbab le

ClearBall

success OR (NOT can_shoot_safely)
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success OR lost_ball
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!ﬁ RELATION TO SIG TOPICS
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I coordination and cooperation among multiple types of robots
Q also tackling

ngttute or « common testbed, common research platform for
Robotics benchmarking (RoboCup MSL)
« formal models and performance metrics (plan reliability,
o O robustness)
L ;:*'_"% « applications of network robot systems (search and rescue,
o UM urban scenarios, soccer robots)

* inclusion of humans in robot teams (Institutional Robotics)
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DISCRETE EVENT MODELS OF ROBOTIC TASKS

Finite State Automata

Petri Nets

Formal Verification Tools available

Performance Analysis in the presence of uncertainties possible

Pedro Lima, ISR/IST



!ﬁ PN MODEL OF ROBOTIC TASKS

(Lima et al, 1998) (Milutinovic, Lima, 2002)
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I ? Places with tokens represent
» predicates

Institute for * primitive actions running

Systems and
Robotics

State is distributed over the places with tokens

Events assigned to transitions:
(X =ide » Controllable events: decision to start an action

oK) /4 » Uncontrollable events: failure, environment change not
provoked by the robot (could be by a teammate, or a human)

Transition fires when it is enabled and the labeling event occurs

CR SIG, Lisbon
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!ﬁ PN MODEL OF ROBOTIC TASKS
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Petri Net N
SUPERIOR

recnico  Petri Nets (PN) Robotic Task Model £ =ts.nf bl.rae.bey
I(t,)=s,1(ty) = nf,1(t;) = bl,...

vision ready2locate ball % locating ball Xo =Ij 0 00 O O]
> X =4{x,J0 1 01 0 O
=) N }
standby ) new_ frame Ps

Institute for
Systems and

moving2ball
Robotics

catching ball

g ts | ball catched

Py ball located Ps readyZcatch Pe
Nl
= . :
v, i
it "/ 2 x=[l 0 0 0o o o] marking or state

Generated and Marked Languages
L(N)={¢g,s,snf,snf blnf..}
%3425 0108 L,,(G) ={e,s,s nf bl r2c bc} C L(G) Pedro Lima, ISR/IST




!ﬁ MODELS FOR COOPERATIVE ROBOTS
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|S? RELATIONAL BEHAVIORS

temporary behaviors involving 2 or more team members
e.g., group of friends moving to a location to meet there
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Messages between teammates create new controllable
- events and predicates

]*4/",,.,:“ Communication is used for commitments and

i ‘ P

= synchronization
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!ﬁ MODELS FOR COOPERATIVE ROBOTS

INSTITUTO Commitments
SUPERIOR . . . .
TECNICO EndCommitmR1_msg-step_1-R1side | EndCommitmR1_msg-step_1-R2side
msg_sent /) R2
- EndCommitmR2-step_1_msg-R2side

4 EndCommitmR2-step_1_msg-R1side

? R2NotCommited < O

msg_sent R1NotCommited

A

Institute for

A
A

Commitment
Failure

Systems and RitmentR2-step |1
: |
Robotics S i EndCommitn
Commitment i Y
Failure i T4
L CommitmentR2 I
. O step_1 ! CommitmentR1
= B Unsuc :
. ° n £ AR1-PA i sfulR2
W X failed ;
Ushuh, 107 /080 ! AR2-PA
X /1 - ! failed
N Runnin I
- PAi1 9 ssfulRf
i Success .
: Running
! AR2-PA PAi2
! done
CommitmentR2 ! CommitmentR1
step_2 ' step_2
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MODELS FOR COOPERATIVE ROBOTS

Synchronization

Pedro Lima, ISR/IST



!ﬁ MODELS FOR COOPERATIVE ROBOTS

Breaking a Commitment

INSTITUTO
.sl.Lé PCEI\T II gg EndCommitmR1_msg-step_2-R1side | EndCommitmR1_msg-step_2-R2side
msg_sent /) R2
- EndCommitmR2-step_2_msg-R2side

4 EndCommitmR2-step_2_msg-R1side

? R2NotCommited < Q

A

i msg_sent R1NotCommited
i
Institute for . :
Systems and RitmentR2-step |2
; [
Robotics S i EndCommitn
Commitment | v
Failure i A
g CommitmentR2 I Commitment
. O step_2 ' CommitmentR1 Failure
= B Unsuc :
. J L] n £ AR1-PA | sfulR2
(M failed I
\ i, V0% 1200 AR2-PA
X /1 - I failed
Sl Runnin I
- PAi1 9 ssfulRf
i Success .
: Running
! AR2-PA PAi2
! done
CommitmentR2 ! CommitmentR1
step_3 ' step_3
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!ﬁ MODELS FOR COOPERATIVE ROBOTS

INSTITUTO Breaking a Commitment
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EXAMPLE IN SOCCER ROBOTS

2

\

Programmed using Petri nets

SYNCHRONIZATION

Ob

Free Kick (simulated vs real)



EXAMPLE IN SOCCER ROBOTS

Programmed using Petri nets

(Palamara et al, 2008)

SYNCHRONIZATION

NSTITUTO
SUPERIOR
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J
int.{R1llostBall)

R1.
getReadyToPass — 'S
O—[-O<~0-, < h_synclidLio2)
- - int.(R1Fallure
ine
e

O-f—

nelid R2 intercept

RELATIONAL BEHAVIOR - PASS
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EXAMPLE IN SOCCER ROBOTS

Programmed using Petri nets

(Palamara et al, 2008)

SYNCHRONIZATION + COMMITMENT
~ ]

RELATIONAL BEHAVIOR - PASS
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TASK + ENVIRONMENT MODEL

INSTITUTO standBy standBy
SUPERIOR ) N
TECNICO (@) j\J]
SEEBALL 7 gemal S NOT_ ~3_ S_BALL| SEEBALL 7 geBall . NOT SEZ BALL
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-—oo—u ( } — )
\_/ t I Ay t \_/ (A [} __,:&_4 . _/
HAS_BALL , "=-e8all76cra|  NOT_HAS_BALL| HAS_BALL t, .,E ega"_‘o‘. ‘ NOT_HAS_BALL
- BT e N N S
8 - () O ( \" ’{r VAR WERNEN PRV
NP | Py } )\_ N U, P AL
Institute for shoot2Goal X ' \ U shoo2Goal t

Systems and
Robotics
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: /¢ | running=oaditans .\ ~failure
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| 1 1 \ /
! \ 1 Nfailure
(- X W : ~ !
| SEE_BALL ()i ~sezman(

N A . S

CAL  BALL_NEAR_CWN_GOAL
'/ \

BALL_MID_FIELD BALL_NEAR_OPP_GOAL

BALL_OPP_GOAL

[

N\
9

BALL_OPP_GOAL

QAL

-BALL_NEAR_OWN_

GOAL -BALL_MID_FIELD

(Costelha, Lima, IROS 2007, AAMAS 2008)

task model
(2 alternatives)

action model

environment model
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DES SUPERVISION USING LOGIC SPECIFICATIONS

(Lacerda, Lima, 2008)

receiving-ball

pass(j,i)
—s(without ball

moveto_ball(i)

(moving_to_ball)

close_to_ball(i)

start_receiving(i)

pass(i, j)

passing-ball

start_passing(i, J)

Q)re‘pu ring-to_get -bnll) ({_'/1(,)()31'/1;1-/'& ceive r) blocked.path(i)

get_ball()

(with_ball)

moving-to-goa

move_to_goal (i)
close_to_goal(i)

blocked_path(i)

@r(" paring_t o_l;ir}D

kick _ball(i)

close_to_goal (i’

» model for 1 robot + environment
 several models can be composed
« controllable events are

* start_receiving

*» move to ball

* pass

* start_passing

*» move to goal

* kick _ball
* unsupervised behavior enables
several robots going to the ball or a
robot start receiving a pass without a
pass being made

temporal logic specifications disable those undesired behaviors

p1 = (G(\/ moving2ball(i) vV \/hasball(i)) = (X(ﬂ(\/ move_to_ball(i)))))

2. = ((—start_receiving(i)) N (G[(\/ start_passing(j,i)) < (X start_receiving(i))]))

j#i
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ROBOTIC TASK MODELS WITH UNCERTAINTY

Untimed

Stochastic Timed
€159 50005€) 5. stochastic time associated to events
_FSA " |— STA |—
X s Xy geees X geee x(?)
p(x(?))
stochastic time associated to
transitions/events duration
€],€ 5.0y 5. N
random switches
—>

PN —

XO 9 Xl 9eeey Xk 9eee

— SPN —’X(t)

p(x(2))

exponential

stochastic time

|:> EQUIVALENT

MARKOV CHAINS
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|ﬁ ANALYSIS AND DESIGN

INSTITUTO

surerion . otochastic models enable answering analysis questions such as:
e » what is the probability of success of a task plan?
* given a desired probability of success for the plan, what is the

I Q accumulated action cost (e.g., time, energy) to accomplish the
task?

- « what is the sensitivity of a plan to over- or under-estimation of

S Roboties the probability of success of one of its composing actions?

'\

|

@ Stochastic models enable designing plans from specifications:

:«j‘;"‘ '  given some desired probability of success, determine the plan
T‘“" > that minimizes the accumulated action cost
e « design a robust plan, in the sense of keeping its reliability

above some threshold, in the presence of over-estimation of the
probability of success of one of its composing actions?

CR SIG, Lisbon
24-26 Oct 08 Pedro Lima, ISR/IST
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ANALYSIS AND DESIGN

« environment + controller composition
» stochastic model - equivalent Markov Chain
» some of the events are controllable and represent decisions on starting actions —

controllable Markov Chain

MARKOV DECISION PROCESSES (MDP)

object

E! grasped

release

0.5

» effects of robot actions are uncertain but environment states are fully observable
* can be solved by Reinforcement Learning algorithms

Pedro Lima, ISR/IST



!ﬁ DECENTRALIZED PLANNING UNDER UNCERTAINTY

APPLICATION TO
{Urtnion COOPERATIVE PLAN EXECUTION
TECNICO N SEARCH AND RESCUE

(Spaan, 2008)

S1 S1'

S2 S2'

Institute for
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S3
PN
a3
’ 7 - | \
'l E
et
Sy 7
[ NS
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DECENTRALIZED PLANNING UNDER UNCERTAINTY

APPLICATION TO

ACTIVE COOPERATIVE PERCEPTION

‘W

Cooperative perception using:
» embedded and own sensors
» fusion techniques and technologies

EC FP7 URUS Project

Cooperative
environment
perception

=
==
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INSTITUTIONAL ROBOTICS

» Decisions are not always necessarily based on rational principles,
e.g., like with (PO)DMPs

* Inspiration from social sciences (namely Institutional Economics) to
handle robotic collectives

* Robots are situated, embodied and social agents

 Their behavior is neither pre-programmed nor does it simply emerge

* Emergence is regulated by existing institutional norms

By using institutional norms similar to those of humans, we expect this
approach to simplify human-robot interaction, e.g., in search and rescue

teams
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INSTITUTO
SUPERIOR
TECNICO

)R

Institute for
Systems and
Robotics

physical properties — > drivers must slow down and go left or right
BUT...

CR SIG, Lisbon How to choose the appropriate direction not to crash one with the other?
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!ﬁ CONCLUSIONS
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ettt for * systematic approach to modeling, analysis and design
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 scaling up to realistic applications
* design from specifications
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