Classical Planning: Limits

Instantaneous actions
No temporal constraints

No concurrent actions

No continuous quantities




Spacecraft Domain

Observation-1
priority
time window
target
instruments
duration

Observation-2
Observation-3

Observation-4

Objective:
maximize science return




Spacecraft Domain

Observation-1
priority

time winduy
target
instruments —
duration
Obsewatiun-Z\

Observation-3

linked

Observation-4

. angle between targets

— turn duration

- calibration
target1
target2

Based on slides by Dave Smith, NASA Ames

consumables:

fuel
power

data storage

Objective:
maximize science return

cryogen




Time
Resources
Constraints
Uncertainty
Utility

Extensions



Model

State-centric (Mc Carthy):
for each time describe propositions that are true

Pointing(Earth)
Status(Cam2, Calibrated)

= Image(AT)

Pointing(A7)
| Status(Camz, Calibrated)
= Image(AT)

Turn(A7)

History-based (Hayes):
for each proposition describe times it is true

Pointing(Earth) Turn(A7) Pointing(A7)

Status(Camz2, Calibrated)

Based on slides by Dave Smith, NASA Ames



Temporal Interval Relations

A before B A B
A meets B A B
A
A overlaps B
B
_ A
A contains B
B
A
A=B
B
A
A starts B
B
A
A ends B
Based on slides by Dave Smith, NASA Ames B




Interval Algebra (aka Allen Algebra) [Allen 83]

Relation Symbol Inverse lllustration
X before Y b bi | X | | y |
X equal Y = i

a Yy
X meets 'Y m mi | X | y |
X overlaps Y 0 oi | |X Vl |

. . L x|
X during Y d di | v |
X starts Y S Si X |
y |

X finishes Y f fi v | X

Topic 60




Interval Algebra: Qualitative TN

* Variables
— An interval represent an event with some duration

* Constraints
— Intervals /, J are related by a binary constraint
— The constraint is a subset of the 13 basic relations
r={b, m o,s,d,f bi, mioi sidifi =}
— Example: I'{rr,,...,r}J < (Ir; v {Ir,))v..v (IrJ)
— Enumerate atomic relations between two variables
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Interval Algebra Constraint Network

Variables: temporal intervals / and J
Domain: set of ordered pairs of real numbers
Constraints are subsets of the 13 relations

— How many distinct relations?

A solution is an assignment of a pair of
numbers to each variable such that no
constraint is violated

62



Interval Algebra: Example

Story:

John was not in the room when | touched
the switch to turn on the light but John was
in the room later when the light was on.

CSP model:

Variables:

Switch — the time of touching the switch

Light — the light was on {o, m}
Room — the time that John was in the room

Constraints:

Switch overlaps or meets Light: S {0, m} L

Switch is before, meets, is met by or after
Room: S {b, m, mi, bi} R

Light overlaps, starts or is during Room: L {o,
s, d}R
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The Task: Get the Minimal Network

{0, m} {0, s}

Constraint
{0, s, d} Tightening

{o, m}
e
b, m, mi, a w tb, m} @

A unique network equivalent to original network
All constraints are subsets of original constraints
Provides a more explicit representation

Useful in answering many types of queries

64



Temporal Operators

Takelmage (?target, ?instr):
Pre: Status(?instr, Calibrated), Pointing(?target)

Eff: Image(?target)

Takelmage (?target, ?instr)
contained-by Status(?instr, Calibrated)
contained-by Pointing(?target)
meets Image(“target)

Bazed on slides by Dave Smith, HAZA Ames



Temporal Operators

Takelmage (?target, ?instr)

contained-by Status(?instr, Calibrated)
contained-by Pointing(”?target)
meets Image(?target)

Pointing(?target)

l contains

Takelmage(?target, 7instr)

T contains

meets

Status(?instr, Calibrated)

Based on slides by Dave Smith, NASA Ames

Image(?target)




Temporal Operators

Takelmage (?target, ?instr)
contained-by Status(?instr, Calibrated)
contained-by Pointing(?target)
meets Image(?target)

!

Takelmage(?target, ?instr),
— Jp {Status(?instr, Calibrated), A Contains(p, A)}

A da {Pointing(?target), A Contains(q, A)}

A JR {Image(?target)s A Meets(A, R)}

Baszed on slides by Dave Smith, MASA Ames



Temporal Operators

Turn (?target)

met-by Pointing(”direction)
meets Pointing(“target)
Pointing(?direction) meets, Turn(?target) mees, Pointing(?target)




Bas

Temporal Operators

Calibrate (?instr)
met-by Status(?instr, On)
contained-by CalibrationTarget(?target)
contained-by Pointing(?target)
meets Status(?instr, Calibrated)
Pointing(7target)
contains
Status(Zinstr, On) =2 Calibrate(Zinstr) oo Status(7instr, Calibrated)
ncontains

CalibrationTarget(?target)

ed on slides by Dave Smith, MASA Ames



Temporal Planning Problem

Pointing(Earth)

Status(Cam1, Off)

Past eets

Ba

Image(?target)

meeis

—oo \ Status(Cam2, On)

CalibrationTarget(T17)

sed on slides by Dave Smith, NASA Ames

b

Future




Consistent Complete Plan

Pointing{Earth)

Turm{T17)

Status({Cami, Off)

Past §

t

Tumi{A7) [Peek

Pointing (A7)

Mees

Pointing({T 17}

y contains

J, contains

Takelmage(AT, Cam2)

Image(AT) -

Futurs

contains

i\

Status(Cam2, On)

| ceadE

Calibrate{Cam2)

Status({Cam2, Calibrated)

contains

Calibraticn Target(T17)

Bazed on slides by Dave Smith, HASA Ames




CBI-Planning

Choose:

Introduce an action & instantiate constraints
coalesce propositions

Propagate constraints

Basad on slides by Dave Smith, NASA Ames



Past

eels

Initial Plan

Pointing(Earth)

Status(Cam1, Off)

Image(?target)

meels

Status(Camz, On)

CalibrationTarget(T17)

Future

==



eets

Expansion

Pointing(Earth) before

Status(Cam1, Off)

Status(Cam2, On)

CalibrationTarget(T17)

> Pointing(A7)
contains
| Takelmage(A7, ?instr) |ﬁ>‘ats
contains

Status(?instr, Calibrated)

Image(AT)

meeis

Future




Expansion

ing(Earth)

tus(Cam1, Off)

tus(Cam2, On)

rationTarget(T17)

before

Status(?instr,
On)

Bazed on slides by Dave Smith, HASA Ames

meets meets
Pointing( ?direction) Turn(A7)

Pointing(?caltarget)

contains

Calibrate(?instr)

contains

CalibrationTarget(?caltarget
)

Pointing(AT)

contains

meets

Takelmage(A7, ?instr)

F 1

contains

Status(?instr, Calibrated)

Imag




Coalescing

1g(Earth)

before

us(Cam, Off)

meels

FPointing(?direction)

before

Pointing(T17)

contains

meets

Status(Camz2, On)

b

Calibrate(Cam2)

Pointing(AT)

meels

l contains

meels

Takelmage(A7, Cam2)

&

contains

-~

contains

CalibrationTarget(T17)

Status(Cam2, Calibrated)

Image|




Coalescing

ting(Earth)

atus(Cam1, Off)

meetsL

Tum(AT)

meets

Pointing(T17)

contains

Status(Camz2, On)

Calibrate(Cam?2)

Pointing(AT)

ITIEEtE_:

contains
L J

meets

Takelmage(A7, Cam2)

contains

&

contains

CalibrationTarget(T17)

Status(Cam2, Calibrated)

Imag




Expansion

Pointing(?direction)
ing(Earth) I

Turn(A7T)

meets

meeis

Pointing(A7)

Pointing(T17)

itus(Cam1, Off)

ITIEEtEl:

contains

k.

Status(Cam2, On)

Calibrate(Cam2)

meetg

contains

v

meets

Takelmage(A7, Cam2) [—*

[

contains

b

contains

CalibrationTarget(T17)

Status(Camz2, Calibrated)

Imag:




nting(Earth) %ets‘
Tum(T17)

Coalescing

Tum(AT)

meets

meels

Pointing(AT7)

meets

tatus(Cam1, Off)

Pointing(T17)

Status(Cam2, On)

meels

3

contains

W

Calibrate(Cam2)

meets

contains
v

L3

contains

meets [
Takelmage(A7, Cam2) —*

1|.

contains

CalibrationTarget(T17)

Status(Cam2, Calibrated)




CBI-Algorithm

Expand(TQAs. constraints)

. If the constraints are inconsistent, fail
_If all TQAS have causal explanations, returni TQAS, constraints)

1
2
3. Select a g = TQAs with no causal explanation
4. Choose:

Choose another p £ TQAS such that g can be coalesced with p under constraints C
Expand( TQAs-g, constraints . C)
Choose an action that would provide a causal explanation for g

Let A be a new TQA for the action,
and let R be the set of new TQAs implied by the axioms for A

Let C be the constraints between A and R
Expand( TQAs w {A} w R, constraints v C)




CBI-Planners

Zeno (Penberthy)
Trains (Allen)
Descartes (Joslin)
IXTeT (Ghallab)

HSTS (Muscettola)

EUROPA (Jonsson)

intervals, no CSP

extreme least commitment

functional rep.

functional rep., activities

functional rep., activities




CBI vs POP

CBl is similar to POP because least
commitment and partial order

But, temporal constraints in CBI ...

Contraints Temporal Network associated with
a plan

Constraint propagation



Planning and Scheduling

When and how
What to do to do it
. Set of . Scheduled
Goal mp| Planning |mp aetions #@:hedulln@» lan

* Scheduling has usually been addressed separately
from planning

* Thus, will give an overview of scheduling
algorithms

* |n some cases, cannot decompose planning and
scheduling so cleanly



Temporal Constraints

y after x

shefoey IS

X meets y

covetlapsy | X [N v overlapped-by X
X during y - x[ * y contains X

X finishes y

y met-by x

y started-by x

y fiished-by x

X equals y

y equals x




RAX Example: DS1

L
SEP &tk contained_by N

contained_by

contained_ |
Accum I |
equals

| q ) | 7 ,

SEP Actioh < |
' [ ]

| Start Up Shut_Down Start_Up ontajrned\ by Shut Down !

I |

Attitude | Tve) I
I I

' [ |

Poke

Baszed on slides by Dave Smith, MASA Ames



Temporal Constraints as Inequalities

* X beforey X <Y

* Xmeetsy X =Y

* xoverlapsy (Y <=X)&(X <Y
*+ xduringy (Y <=X)&(X"<Y")
* Xstarts y (X =Y)& (X" =Y
* X finishesy (X =<Y) &X' =Y
* Xequalsy (X =Y)&(X"'=Y)

Inequalities may be expressed as binary interval relations:
X" -Y" < [-nf, 0]



Metric Constraints

* Going to the store takes at least 10 minutes and at most 30 minutes.
— 10 < [T (store) — T-(store)] < 30

* Bread should be eaten within a day of baking.
— 0 < [T*(baking) — T-(eating)] < 1 day

* Inequalities. X™ < Y. may be expressed as binary interval relations:
— -mf<[X7-Y]<0



Temporal Constraint Networks

* A set of time poits X, at which events occur.

« Unary constraints

(a,=X.<by)or(a, =X.<b,)or..

* Binary constraints

(ap = X;-X;=by)or(a; =X;-X;<b;) or



Temporal Constraint Satisfaction

Problem
130.40]
[10.20] _ [60.inf]




Simple Temporal Networks

Simple Temporal Networks:

» A set of time poimts X. at which events occur.

¢ LTllElI'V CGll‘jtf“iilltS
(3, < X;<b,)

* Binary constraints
(8, = X;-X;=by)

Sufficient to represent:
* most Allen relations

* simple metric constraints

Can’t represent:
* Disjoint activities




Simple Temporal Networks

[30,40]

[10,20]




Simple Temporal Network (STP)

A special class of temporal problems
Can be solved in polynomial time
An edge e;: i—j is labeled by a single interval

[aj, b;]
@ [10, 20] @

Constraint (a;< x;- x;< b;; ) expressed by

(x;- X;< b;; )/\(x X;< -0
Example (x; - x<20)/\(x x< 10)

ij?
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Distance Graph of an STP

 The STP is transformed into an all-pairs-
shortest-paths problem on a distance graph

* Each constraint is replaced by two edges: one

+ and one - 0
20
D

* Constraint graph — directed cyclic graph

93



Solving the Distance Graph of the STP

40

Run Floyd-Warshall all pairs shortest path
If any pair of nodes has a negative cycle = inconsistency
If consistent after F-W = minimal & decomposable

Once d-graph formed, assembling a solution by checking
against the previous labeling

Total time: F-W O(n3) + Assembling O(n?) = O(n?).
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Example

Eve nt| : I. Twas in Houghton at 8:30.

2. I left home between 8:05 and 8:10.

(ad

. It takes me 20 minutes to drive to the bridge.

4. Twaited 5-10 minutes at the bridge.

[5. 10] [20, 20] [5, 10]
—~ - g o ~ - =N
Kq/l \__]T/J l"\__B/l . ;\I_L’



Example

Eve nt| : I. Twas in Houghton at 8:30.

2. I left home between 8:05 and 8:10.

(ad

. It takes me 20 minutes to drive to the bridge.

4. Twaited 5-10 minutes at the bridge.

[5. 10] [20, 20] [5, 10]
—~ - g o ~ - =N
Kq/l \__]T/J l"\__B/l . ;\I_L’



Eventi:

2.

4.

Example

. I'was in Houghton at 8:30.

[ left home between 8:05 and 8:10.

. It takes me 20 minutes to drive to the bridge.

[ waited 5-10 minutes at the bridge.

b P = D

LI 1 — O

0
0
5

99
-30

1
10
0
-20
99

()
(ad

99 30
20 99

0 10
S0

Floyd-Warshall

0

5
25
230

2 3
25 30
20 25

0 5



STN example

430,340




A Complete CBI-Plan is a STN
o [N petta_V(@irection=b, magnitude=200)
Goals

Attitude

Engine




A Complete CBI-Planis a STN

[1035, 1035]

<0, 0>




DS1: Remote Agent
Remote Agent on Deep Space 1

16.412]/6.834J, Fall 03



Remote Agent Experiment: RAX

Remote Agent Experiment

See rax.arc.nasa.gov
May 17-18th experiment

Generate plan for course correction and thrust
Diagnose camera as stuck on
— Power constraints violated, abort current plan and replan
Perform optical navigation
Perform ion propulsion thrust

May 21th experiment.
Diagnose faulty device and
— Repair by issuing reset.
Diagnose switch sensor failure.
— Determine harmless, and continue plan.
Diagnose thruster stuck closed and
— Repair by switching to alternate method of thrusting.
Back to back planning

Copynight B. Williams 16.4121/6.834], Fall 03




Remote Agent

Remote Agent

Mission
Maﬂ

Planner/

Scheduler DiﬂBﬂOS_iE
& Repair

Planning Experts
‘incl. Navigation

Copynght B. Williams 16.412J/6. 8347, Fall 03




Remote Agent

Thrust
Goals

Attitude

16.412J/6.834], Fall 03




Remote Agent

* Mission Manager

Thrust
Goals Delta V(direction=b, magnitude=200)

Attitude

Copyright B. Williams 16.412/6.834], Fall 03




Remote Agent

 Constraints:

Delta V(direction=b, magnitude=200)

Engine

Copyright B. Williams 16.4121/6.8347, Fall 03




Remote Agent

* Planner starts

Thrust
Goals Delta V(direction=b, magnitude=200)

Attitude

Copyright B. Williams 16.4121/6 8341, Fall 03




Remote Agent

* Planning

Thrust — .
Goals Delta V(direction=b, magnitude=200)

Attitude

Copyright B. Williams 16.4121/6.8347, Fall 03



Remote Agent

 Final Plan

Thrust
Goals Delta V(direction=b, magnitude=200)

Attitude

Copyright B. Williams 16.4121/6 8341, Fall 03



Remote Agent

* Constraints

Thrust : : .
Goals Delta V(direction=b, magnitude=200)

Attitude

Engine

Copyright B. Williams 16.4121/6.8347, Fall 03




Remote Agent

* Flexible Temporal Plan through least
commitment




Remote Agent

* Executive system dispatch tasks

Remote Agent

Mission
Maﬂ
Planner/ a .
Scheduler Dlagﬂﬂs_l 3
& Repair

Planning Experts
incl. Navigation

Copyright B. Williams 16.4121/6.834], Fall 03



Remote Agent

* Planning

ristics

No
» Plan
— Plan has flaws o _
. Uninstantiated
- T temporal subgoal
Unscheduled ~ [SHHPOILe =
goal token —
e _ -~
"
d o Instantiate
. Underconstraine temporal Heu
parameter subgoal
L]
. o | =
N,
\ , Y
Backtrack \ Schedule
\‘x token on
\ state variable
\ T T
- o~ e —~
No - , _ T o
—_ Plan is consistent 4
H,,_ __J___.a-""-.j
Yes ~._




Remote Agent

* Planning to plan

Goal Cruise _to_ Target(t)
Planning Idle Planning
/ before
Nav Dead Reckoning Orbit Calc | Idle
/ before
Imaging Idle Imaging Idle

¢ contained by

Attitude | Pomnt(a) | Turn(a.b) Point(b) Turn(b.a)




Remote Agent

* Periodic planning and replanning

Plan
failure
y ™
‘ Standby 1 Standby o et plan
- Mode J plan request from Planner
T 1
Plammg \/ Next horizon Plan
assumptions ™ lan request readv
violated P e "
Plan
failure \H_____-" Running 1‘_ J p,
aplan e




Remote Agent

* Executive system dispatch tasks

Remote Agent

Mission
Maﬂ
Planner/ a .
Scheduler Dlagﬂﬂs_l 3
& Repair

Planning Experts
incl. Navigation

Copyright B. Williams 16.4121/6.834], Fall 03



Remote Agent

* The Plan Executor has two duties:
— Select and Schedule activities for execution

— Update the network (constraint propagation) after the
action execution or execution step (latency)

e Executor Cycle:
— Activity Graph (STN) from Planner
— Propagate with latency

— Enabled time points = scheduled parents (fixed time
points)

— Select and Schedule enabled time points
— Propagate constraint network given the new binds



Remote Agent
* Executing Flexible Plans

* Propagate temporal constraints
* Select enabled events

« Terminate preceding activities
* Run next activities

16.412)/6.834J, Fall 03




Remote Agent

* Constraint propagation can be costly

CONTROLLED SYSTEM

16.412)/6.834J, Fall 03



Remote Agent

* Constraint Propagation can be costly

CONTROLLED SYSTEM

Copyright B. Williams 16.4121/6.834J, Fall 03



Remote Agent

e Solution: compile temporal constraints to an
efficient network

CONTROLLED SYSTEM

Copyright B. Williams 16.412J/6.834J, Fall 03




Remote Agent

* Dispatchability e o0 B2
— Alcuni vincoli non J J
visibili a tempo di o T O
esecuzione; |~

— Occorre rendere la
rete dispatchable aggiungendo vincoli impliciti (e.g. D

prima di B)
— Compilare la rete in ” A
forma dispatchable: : .~
* Introdotti vincoli
|mpI|C|t| A |~ . L. 1010 h i
(.1 T Hu,

* Tolti vincoli ridondanti 5



Dispatchability

A Sample Execution™

E E
LI SRR | 5o gl
ol B = N R I N
w0 9 vl g 5 »'D
0 L 0 a2
C i

After executing B at time 5, it turns out that C
must be executed at time 4 (which is already past).

Yl Muscettals, Morris, & Tsamardinos 1993




Dispatcher

Greedy Dispatcher”

While some time-paoints not yet executed:

Wait until same time-paoint is executable.
If more than one, pick one to execute.

Propagate updates only to neighboring time-
points (i.e., do not fully update T7).

*ihusoettola, Mors, & Tsamardings 1902



Dispatcher

TIME DISPATCHING ALGORITHM:
L. Let
A = {start time point}
current time = 0
5 = {}

2. Arbitrarily pick a time point TP in A such
that current time belongs to TP's time bound;

3. Set TP's execution time to current time and add
TP to 5;

4. Propagate the time of execution
to its IMMEDIATE NEIGHEDRS in the distance
graph;

5. Put in A all time points TPx such that all
negative edges starting from TPx have a
destination that is already in 5;

6. Wait uwntil current time has advanced to
some time between

min{lower bound(TP) : TP in A}
and
min{upper bound (TP} : TP in AF
7. Go te 2 until every time point is in 5.



Dispatchability

Lower and Upper Dominance”

J!hf.--i'c:il .;'.I: u, i =1 f:”w
¢<0 ™ _rpip oy DIV w20
B W

The negative adge AC is lower-dominated if:
¢ =g+ DB,

The non-negative edge UW s upper-domin’d if;
¢ = TN V) + b

Y (Muscettola, Momis, & Tsamardines 1992)




Dispatchability

Dispatchability™

An 5THN that is guaranteed to be satisfied by the
Greedy Dispatcher is called dispatchable.

Any consistent 5THN can be transformed into an
equivalent dispatchable STHN.

Step |1 The corresponding AlFairs graph is
equivalent and dispatchable.

Step II: Remove bwer- and wpper-dominated
edges (does not affect dispatchability).
| Muscetbala, Moris, & Tsamardinos 1903
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Dispatchability

All pair graph

Filtered graph

OO O=O



Controllability

Alcune attivita non sono controllabili, ma solo
osservabili

E.g. after start_turn, end _turn ? Quando
finisce?

Il grafo delle attivita STN contiene time point
controllabili e non controllabili

Le attivita non controllabili non possono
essere schedulate, ma solo osservate

Propagazione??



Controllability

Controllability lssues™

o In reabworld zpplications, an agent may anly
control same time-points directly; others may
be controlled by other agents or Mature,

o  Such 2 network is called controflable if there ax-

ists a strategy for the agent to execute the
time-paints under its direct control that will en-
sure the consistency of the network—no matter
how the other agents or Mature execute their
time-points.

Y {Vida & Ghallab 1995 Vidal & Fargier )




Controllability

Gestire eventi non controllabili

Es. Se B schedulato
prima di X, B

vincola X A
— Soluzione Dinamica:
B dopo X
A
— Soluzione Forte:
Ba99
|

L,

[0, =



Controllability

* Weak Controllability: per ogni evento
incontrollabile esiste uno scheduling che
permette l'esecuzione;

e Strong Controllability: esiste uno scheduling
robusto qualungque siano gli eventi non
controllabili;

 Dynamic Controllability: per ogni evento
incontrollabile passato esiste uno scheduling
che permette I'esecuzione.



Controllability

Checking Dynamic Controllability”

Maorris et al. (2001) present 2 sound and com-
plete algorithm for checking dynamic contralla-

bility using:
e Trianguiar Reductions
o Wait Fropagation




Controllability

Triangular Reductions

bey] ) Durzation
A XY C controlled
. ' 4 by Mature
Pal™  uw]
A
E

If v < 0 then B follows C — no reduction.

If u = 0, then B precedes C. Must tighten

bounds on interval AB to: [y-v, x-ul.




Controllability

Triangular Reductions (ctd.)

o [fu-0Oandv =0, then the order of B and

C is not yet determined. Derive 3 WAIT:

If C has not yet been executed, B must
walt 1o be executed until (y-v) after A

Waits can be propagated much like binary con
straints.




IDEA Architecture

e Evoluzione del RA: reactive and deliberative

planning
Controlling Controlling
System * s " System
CORBA TpeQ
(transport layet) Goal | Execution Feedback (transport layer)
Execution
Controlled| Fedbak
System [T Geal
MDB MP = NModel

Controlled
System [

PC
(transport layer)




IDEA Architecture

Controlling Controlling
System = s System
CORBA

* Muti-agent architecture: = Sljeeee ][ e

Execution|
Feedback

Controlled
System Goal

MDB MP = Model

* Reactive

Controlling Controlling Planner
coRpA System =t System 1 .
tayen) Goal | TExecution Feedbact (saneport ayer) Controlled | -
Exccution| System
Controlled| et e lay

System Goal

f N
= Model
Reactive

Planner

Controlled
System

PC
(transport layer)

Controlled
System Goal

Reactive
Planner

Controlled
System

PC
(transport layer)




IDEA Architecture

* Reactive planning come controllo
* Interazione deliberative and reactive planning

Reactive planner 1s
actrvated withan a plan
runner cycle

el Dol el bk

‘ = Goal register

Control planner activation 1n
Plan Database the same way as for external
controllers




Functional Layer

* GenoM (LAAS)

LANE Map @HP%T Speed
Local Env. Motion Planner
ages

Speed clence

Detect




PRS Controller

Visit Way Points and Monitor Rocks

IMNYOCATION:
C1 CWTSTT-WF-ANT-HOW I TOR) )

START {0 SUCCEEDY
.-"".
- i
<7 (L CELLLEED]

o

-~ Iﬁ_.q

i1 (SUCCEED) )
01 (CAYERR-ONESHOT
L Lanarabanklnage
(bank. CAHERA_BAME_A)
{image CAHERG_STEREO) DY)

M1

Lt 0 (DETECTED-ROCK D)
{1 (SCORREL-SCORRELYY

L
M1 [SUCCEED) - 0]
'
{1 {LANE-READ}Y
[LAME-FLIEE
sn=slIFuge [:]

Lo )
LAKE_NO_POSE_ESTIMATION) )

* A procedural controller (vedi dopo ...)

- [HE|~[~ (EL&PSEI-TINE (TIHED 511—[wa

k

0! (RFLEX-STHRT])
[ (MOWITOR-SCIEMCE Or))

\ e
H26 l
("% (DETECTED-ROCKD)
{1 CSCIENCE-HOMITOR ) »
Y [ri2s]
'Y

N4

L CAMERA-SRNE
{CamersBank Inage
(bark CAHERA_BANE_A)
[image CAHERA_STEREO0))))

(=» (IETECTED-ROCK))

H1d
3T
(! CRFLEE-5TDMY) I—if

Ol (CAERE-ORESHOT
(Camarakank [nags
tbank CAHERA_BAME_A)

{image CAHERA_STEREON YY)

E



IDEA Architecture

Attivita pianificate (plan database):

meets »  _.__contained-by
CAMERA - : 3
camera_sv |'™ et idle Jenct| idle J‘“"‘| idle M
| 4 \ A / ) i
| i |l
\ i / / ! A
SCORREL [ : i i g T
SR [ide Y scorrel l'| |¢3Ie M scorrel | f|| ..I.gll-:- I|T scorrel |II
| / I ! II |
; / Al ! | |
mh:"ﬁ idle Y- fuse | idle | |||'! fuse | idle Vs
- I' |II | I \ |
\ ! |
. i \
23 idle = [ idle]| %ol idle
B | { ! j ] T
| / | -
| I.' | | |
RFLEX — 1 5
speed_sv idle ﬂsitshsg#tshshshdtdtsltlﬁstshsltsltsltshlﬁltshs?tstsltsltsheJ
. i , ||
Science : i : + L :
science_sv monitor | picture Y science | monitor |




IDEA Architecture

Reactive Planning
goal I?.Q.S.tf'd
o Long Reactive

I
i before [d D]
horizon

lmet by icnntained by
v Current
time R
dle —Traptl] e [map i
A/ before0.0.
idle

Goal
Map .
before0.0
LAN idle ‘ [idle *
|| :I | IiI
| : [
| / ' | ;'I
scorae. | SCOBIAY ide [ [scorrel@) Y die
f - | .E : -"'r‘
~ |I : !R. & o
| H\I :n'
idle

shot(1) beforelD, lﬁﬂ!}mwp (23 _
i" idle e

CAMERA'_.. =
[ science | monitor|
n

r
picture

science | I oRitOR
g::rali-’pc sted ‘heforeD,0
_ idle

die ]

o
kLIS

Goal
Ohserve




l met by

! contained by

IDEA Architecture

Reactive and De

iberative planning

hefare [d D]

v W .
CI-“”"E'“‘ Reactive shart Delibera.
fime end horizon end horip.
Goal — - E
mapl__idle  [nap(t] idle [map(2)] .
before0,0 befor0.0 ;
. i |
o : W _I
Lanel fuse(1) idle =i |fuse(2)] i
]
|
SCORREL idle J smnjell'g}"""f idle
- - *II . ; .
CAMERA idle k| idlle [shet] idle | idle]
Science monitor . picture lscience] manitor
A
goal Josted before0.0
 Goal idle - | observe | idle
Ohserve — 7
Blanner planner | icle




