Reasoning and
Planning in ArmarX

—

Mario Gianni, Fiora Pirri and Francesco Puja
ALCOR Laboratory, DIAG, Sapienza University Of Rome

E|'_|EA:|\?EI|\]E? Integration Meeting — November 17, 2016 — Rome, Italy



SEI:I:INED

Outline

e Reasoning

® Structures

N ENEC EEEEEEEELERE
Feulhlc Br2ne 20

® Relations
e |_evels of reasoning
e | ogical

e Statistical

[ RERECEFCFEEEEELERE
& @ Npss @3

® Temporal

e |_earning

e Planning Library

® Execution

SRR RO EEEEELEEE
& B 0 e jn.e'gpagﬂ,;

SAPIENZA

QU7  UNIVERSITA DI ROMA




SEI:I:INED

Reasoning in ArmarX

Structures

Features

b
XA SAPTENZA
QA UNIVERSITA DI ROMA



SEI:I:INED

Reasoning in ArmarX

Structures

Probabilities

b
XA SAPTENZA
QA UNIVERSITA DI ROMA



SEI:I:INED

Reasoning in ArmarX

Structures

Time

b
XA SAPTENZA
QA UNIVERSITA DI ROMA



SEI:I:INED

Reasoning in ArmarX
Structures
Probabilities

Features Time

Representation |
Association |

Update |
Consistency |

b
XA SAPTENZA
% ;ma\‘s UNIVERSITA DI ROMA




SEI:EINEI”

Structures

example

tool
screwdriver

00000001

blue
+5.7500e-01
+1.6750e+00
+9.2000e-01
+9.0000e+01
-8.6000e+01
+1.6234e+02
0.25

(O)
SiF SAPIENZA
7  UNIVERSITA DI ROMA




SEI:EINEI”

Structures

example

tool
screwdriver

00000002

Light-green

+4.0000e-01

+1.5750e+00
+9.2000e-01

+3.6718e-05

-8.6000e+01

+1.6234e+02
0.98

SAPIENZA

UNIVERSITA DI ROMA




Structures

Aot B X FE AL TR

WA

V 1

WE

wo

\I/-"l

do ) HH 0 lx_

M1

a%n ‘V:b‘ oy ”-'2,‘ @?

\IL

ME HE

RO YO MO HO NO

fém@

CHI SHI

> 9 L

TsuU

'(ﬁ'

TE

TO SO

é“b\\

Jif:\)‘y -

1(j-’ ‘*1
%z 2 X EIF o & <-%> J

ez
mg-g-mqu

class

type

color

alpha
beta
gamma

prob

EEEDNED
(HANDS
.l

Grounding

Object

tool
screwdriver
00000002
Light-green
+4.0000e-01
+1.5750e+00
+9.2000e-01
+3.6718e-05
-8.6000e+01
+1.6234e+02
0.98



SEI:I:INED

Structures

Association

bd SR FLE TR B B

N WA RA YA MA HA NA 1A

= = = s . ] }

g L) X OIS B L &Y
RI -

wI M1 HI CHI SHI K1

I

Lo . 4 Lt & 1 ) 1 e 4 21;=
GO " &

LDy SO TG LS
RU YU u
—

7
»
MU FU NU TsU SU KU

A2Hh SHANFRTHIY R
NE

i
WE RE ME HE TE = SE gl

E
z2relEoE 2B

wo RO YO MO HO NO TO SO KO &

Object
\cliss tool

typ\ screwdriver
id 00000002
color Light-green
X +4.0000e-01
y +1.5750e+00
V4 +9.2000e-01
alpha +3.6718e-05
beta -8.6000e+01

gamma +1.6234e+02
prob 0.98
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screwdriver
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Light-green
+4.0000e-01
+1.5750e+00
+9.2000e-01
+3.6718e-05
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tool furniture
screwdriver table
00000002 00000005
Light-green wood
+4.0000e-01 +4.0000e-01

+1.5750e+00 +1.6500e+00

+9.2000e-01 +4.5000e-01
+3.6718e|;05 +0.0000€+00
-8.6000e}+01 +9.0000€+01
+1.6234¢+02 -9.0003e}01
0.98 1

The ligth-green screwdriver is|ON |the table
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Reasoning in ArmarX

Reasoning Levels

Logical

OnTopOf (screwdriver2:tool, tableb5: furniture, thresh:number) <«
getZCoord (screwdriver2:tool,zl) AND
getZCoord (tableb5:furniture, Z2) AND
getDistance (Z1l,7Z2,Distance) AND
Distance <= thresh
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Reasoning Levels

Logical
Feature extractors

OnTopOf (screwdriver2:tool, tableb5: furniture, thresh:number) <«
getZCoord (screwdriver2:tool,Z1) AND
getZCoord (tableb: furniture,z2) AND
getDistance(Z1,Z2,Distance) AND
Distance <= thresh




SEI:I:INED

Reasoning in ArmarX

Reasoning Levels

Statistical

What 1s the probability that the
object detected by Armarx on the
ground 1s a screwdriver? Moreover,
what 1s the probability that this
screwdriver 1s the blue one that
was previously on table?
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Reasoning in ArmarX

Reasoning Levels

>
Tem pOFa| TSTART1 TEND1 TSTART2 TEND2 ¢
P(X,:t,,X,:t,,...,X :tn, TSTART : time, TEND, : time)

BEFORE
Q(Y,:t,,Y,:t,...,Y :t_,TSTART,: time, TEND,: time)
A

TEND, < TSTART,

Es:

OnTopOf (X:tool,Y:furniture, TSTART,: time, TEND, : time)
BEFORE

On (X:tool,Z:structural, TSTART2:time, TEND2 : time)

= TEND1 < TSTARTZ2
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Planning&Execution in Armar

main reasoning cycle

task specification
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