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goboooboogoboboobbooboooboobbooboooboobboooboon
gobooobogbboobbooobooboboobboobooobooboboooboon
odoobooboobboobbooboo0oboobobooboooboobobooobooon
gooooboobboobbooboooboobbooboooboobbooboon
gdoddoooooobooboooooooooobbobobbbobobobbobbobobbbobbobn
gddddddooooooooooooooooooooooooooooooooDDD
goo
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googoobog

ooooobooobooboboobboooboooboobboooboooboobooboo
oo DD DODO
0000000000000 [8oOoO0o0oo0oo0o0o0oUo0o0oo0o0oo0ooooooo
000000000000 00000000009 0000000000000 ifthen 00
odooboobooboboobbooboooboobobo0obooobooboboobooon
goboooboobboobboobooboboobbooboooboobbooboon
goboogobogbooboobboooboooboobboobooobooboboooboon
oo DD DD
goobooboobboobboobooboboobbooboooboobobooboon
oL oo DD D ODbDDbDDE
00000000000 00D00O00000DOoo00O0 iRecbotO00OOO0O0OODOOOOO
Roomba OO OOO0DODOOOODOOODDOOODOOODOOODDOOODOODOOODOOODO
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogooboobbooobooboboobboobooobooboboooboon
gbobooobogbbdoobobooboobobuodbboobooobooboboooboon
odooboobooboboobbooboooboobobo0obooobooboboobooon
gobooobooboboobbooobooboboobbooboooboobboooboon
goboogobogbooboobboooboooboobboobooobooboboooboon
gbboggbogbbduoobbooboobobuodbboobuoobobuoobobooboon
gooboobooobooboboobboobboobooobooboboooboo

gobogooboooboobbooboooboobboobooobooobooboo
goboobogboboobbooobooboboobboobooobooboboooboon
oooboobooboboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
goboogobogbooboobbooobooboboobbooboooboobooboooboon
gbobooobogbbdoobobooobooboboobboobooobooboboooboon
ooboobobooobooo
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ooooobooobooboboobboooboooboobboooboooboobooboo
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
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0900000000000 0000000000000000O0O00DO0OOO0O0OO
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gododoooooobbooooboobooboobobobobbobbooobobobobobobobooooobobon
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
goboooo

O0O0O0ooooOo STRIPSOOO0ODOOOO0OOOOOOOOODOOOOOOOOOOOOO
00000000000 0000 (Precondition) 000000 (Effects) 000000000
gbboggbogbbduoobbooboobobuodbboobuoobobuoobobooboon
000000000 [20000000000000000000000DO0DOO0ODOODOO
goobooboogooboobboooboooboobbooboooboobboooboon
goobogobogbobooboboobooboboobboobooobooboboooboon
odo0oboobooboboobboobooobooboboobooobooboboboobooon
0[200000000000000000000000D0000000O0O0DO0O0O0O00O0
gobgobogoobooboboobboobooobuooboboobboooboo
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goboobogoobuoobbooboooboobboobooobooobooboo
gogboboggobobogooobbbooooobobbogoobobboooooboon
goobooboobboobbooboooboobbooboooboobobooboon
gbodobolgooobobooboooboobobooooobOoboboobooobOoboooo
googo

gobogbogoboobobuoooboboobooobuoobobooboooboon
gbbggboobobuoobbooboobobuoobboobon
goboobobooobooboboobbooboooboobbooboo
goboodboooobooobooboboonoboon

gooooboooboobboobboooboobobooboooboobobooboo
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
gbooooboooboobboobboobooobuooboboooo

go0d0o0o0oboO0O0ooOOoUobo0OoOoOoboO0Ooo0UobDoUOooOoUbDboOooOOg 5O
O00DO00oOoooOoooD (210
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0000: 00000000 00000000000000000000000000000
000000000000000000000000000 MLOO (220000
000 1: 00000000 00000000000000000000000000000
00000000000000000000000000000000000 VALDO
0 [23]0000

0002 00000000 00000000000000000000000000000
000000000000000000000000000000000000000
0000D00000000000000000000000000000000000
0 RAPTODO [24/0000

000300000000 00000000000000000000000000000
000000000000000000000000000000000000000
00000000000000

0004 0000000 000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000

gooboobooboboobboobbooobooboboobboooboobobooboboo
goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
goboooobbooobboooobbooobobooooboboobbooobbooon
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
goboooboobboobboobooboboobbooboooboobboooboon
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
O000o0o0bOoOdoooobD 210000000000

goboobogobuoobboobooobuoobbooboooboobbooboo
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
goboooboobboobboobooboboobbooboooboobboooboon
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
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0210000000000 00O000DOObOOO0ODOO

ud dddoooooooooooono
ooooo O (tidyup-room)
000 OJdO00ooooooooooobon

aad ogoooooooooooooooooooooooooon
googd ooooooooooo

0 (forall ?7item (on 7item 7usual-spot))

000 oOooooooooooboooad

g gogbogoobaobbooboo
ooooooo 0 (and (in bottle fridge) (on tray kitchen))
goo oOooog

g ggboooboobbooboooboon
oooboooog O (in bottle fridge)
gboo oOobooobog

oo goo0ooooooooooooooooao
oo0oooo0on O #<coords :camera->bottle 770 0 800 / 0.0 0.0 0.0>
ooad oooo

g gogbooobooboboobbooboooboobo
oooboooog O #<coords :rarm 370 -197 782 / 0.904 -0.947 2.073>
gboo Oo0booo

g gogbogoobaobbooboo
ad #£(10.0 0.0 20.0 0.0 12.0 9.0 -2.0)

gooogooo

gbobogoogooooo
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02410000000000000000DO000OOCDOOOOOOOOOODOOO
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
0000000000000 D000D00000 (Situation Theory) 00000000000
[25,26,27,28|0 00 0000000000000 0U0OOOOODOOOOOOOOODOOOOD
gooooboobboobboobooboboobbooboooboobbooboon
00000000 (2900000000000 0000000o0O0 26000000000
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doodoooooooooboboboboobooon
Vzfly(x) C bird(x) (2.1)

goboobbooobooooboonoo

sird = (f1y)) (2.2)

U0000D00DmbODOoOonD s DOO0OOO0DODODOO0OOOODODOODLDDOO
goooobogn

gboobooooboobooboobooboooboob0oobooboobooobooDbo
goboboo¢+ooooobbdn0 s oobboooobobobooooobobboooon
gdoddoooooooooobooooooboboboboooobobobobobobobooobDbobDn
goo

on(cup, kitchen) (2.3)

goboobogobuoobboobooobuoobbooboooboobbooboo
ooooobogoo
U000 s 0000000 DO0ODLO0O0OO0DbO0ObODbOOo0ODOOn

on(cup, dishwasher) (2.4)

goobooboboobobobOobUobUobUobUobUobUobOobOobgbogogoooog
gbooooooooon

0000000000000 bO0bO0b0oDbO0DbOO0ODbOoDbOOoDbOOoDbDOobOOoDOOoDOOoDOonDOg
go0oob0b0ooobObooo0obObOo0ooobOooooDbUoOoOobDbOoUoobDbOoUobooOoo
kitchen dishwasher U0 OO OOOOOOOO0O0O00000 cupdOO0O0000 peyp O
oooon

s = on(cup, peup) S.t. $1,82 € s (2.5)

goooooboodooouobooooodoooooodoodooodoioodn pew
goobooboobboobboobooboboobbooboooboobobooboon
gobooooboogboboobbooboooboobboobooobooboboooboon
ggodooboooobobobooooooooooooooooobobooboobobobbobbbbn
oooboobooboboobbooboooboobobo0oboooboobobooboon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogooboobbooobooboboobboobooobooboboooboon
goooooooOooo0ooboUobobOoboboooDboOob 2500000 6ODOOOODO
good
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gooboobooboboobboobboooboooboobboooboooboobooboo
gooooboog

022000000000000000DO00DOODOODOODODOOODO0OODOOD
gD DD D DO
oo UL DO
000 (spot) 0000000 DO0OUOOOODDOOOODOOOODOOOOODOOOOO
0000000 [6|0spot 00000000000 ODOOOOODOOODOODOOODOODOO
000000 “c00”’000000D000spot000000DODOODOO0OODODOODOOO
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gobooobogobooboo

oo UUUU o
ddoddoooooobooooooobbbbbbbbobobobobobbobobboboDbbobnb
oD LDL D O
gbobuogogbboobbuogobboob spetb0gbboonoboooobbogn
goo

goboooboooboobbooboooboobbooboooboooboobooo
goobogobogbbooboboobooboboobboobooobooboboooboon
ooooobogooo

gbog ogbb boobbuodboboobuoobobuoobbooboooboon
0000 Jobbooboobbo0oboobbooboobobooboonon spot
gboboooboogooog
U goboobboobooobuoobboobooooboon
oobooobobO booooooobobobbbobobooooooobobobbooooon
ooboobbooobbooobooboboobbooboooboooboooo
Jubooon
gbooooono bogoboobbodbb boobbooboooboobobooboon
ooboooboogn
go0booboo0ob00 obobuobuobobg spot0ooonoonoon
goo
gboboobogobioo goguuoooooobbbbbb spet00OO0OO0ODODOO
goo
goboobooobi0 ooooooooobobobbbbboboooooooon
goboobogoboobbog spet0ognoooonoogn
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goobooboonbD obooobooboboobbooboooboooo
goboobooo gbbspot0bogoboobboobooobogon
o0ooobo0ob0 obbooboooboobbooboooboooo

oo UUUU
go0o0o0ooO0O0ooObooobObOo0ooo0bOooo0bU0OoOobOo 200bO0o0OO0bDOOODOO
20000000000 bOobOU0oO0UOobO0ObOobDOODO0bOObOobDODOoOobOUObOoDO
gobooobogbboobbooobooboboobboobooobooboboooboon
goo

25 JO00O0OO0OoOOobObOOobobOobooO

gobooogoboobgooboobooboobodobooboobooobooboo
ooobobooooobbooooooooobboooooob oo bboboooooo
Anderson 0000000000000 DOOOO00ODOODOOOOODOOOOOOOOOO
gobooobogbooboobbooobooboboobbooboooboobooboooboon
gddddddoooooooooooooooooooooooooooooooDDD
dooboobooboboobbooboooboobobo0oboooboobobooboon
gooboobooboboobboobooboboobboobooobooboboooboon
gobooobogboobooboboooboooboobbooboooboobooboooboon
gbobogobogbobggbooobuoobobogn

0000000000000 0o0oDoO0DO0o0ooOoOooOoooOnD 24300000000
00000000000000000000000000O0O0O0D (0D 21) 00000000
gobooobogbboobbooobooboboobboobooobooboboooboon
oo0oboobOboo0oboobobooobooboboon

gbooob bobogoboobbuoobboobuoooboobobooboo

dooo0obD oDoObobODbODbDoO spotgoobobobobbObODbOOO0O0O0O0O0OUOOoUoOoOon
good

gobooobognbD ooobbobobbDbb spet0dddgoooooooooonn
ooboooobooobooo
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gooooboooboobboobboooboobobooboooboobobooboo
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
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Spot
N .S
SF
§
ltem H Person
ltem
Preference

021:0000000000C00DO0OO0O0O0ODO

REIE
(~ 1sec)

KRR
(Life-time)

|

Fr=eE
(RFIL, B1F)

| |

IE‘/_I“EE'IE ?\ ,’é‘\ﬂﬁigﬂ'lfé
ARV BB — | EX #2)

022 0000000000000 O0O0O0O0O00b00On

coooooobooobooooobooobooboooooooOooobboooooobbooobooOooonn

261 J0OO0DO0OODOODOOOOOO

00000000000000000000000000000000000
Atkinson O Shiffrin 0000 000000000000000000000000000
0000000000 3000000 ([30], 0 2.2)0

goo0o doogoobbbooooobbbbooooobobboooooobobboooon
0OooOOd0O 1000b0odb0o0oo0bO0boooo0obooUoogboobooDboooo
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[30] OO sensory register 00 00 0000000000000 0O0O00O0O0OO0O0OO
goboobogoboobbuoobboobooobuoobbooboooboon
oooooboooboboobooooo

0000 00000 workingmemory 00D O0D0O000OO0O0DOO (immediate memory)
gobogboogoboobobooboboobooobuoobbooboooboon
gbobgobogoboobbuodobboobooobuoobbooboooboon
ooboobobooobooboboobobo0obbooobuooboboobboooboon
goboobooobooboboobboobooobuoobobooboooboon
goboobboooboobbuoobobooboooboo

gboobg gogogobobobooooobbobbuooooobbooooobobobboooon
goboobobooobooboboobobo0obbooobuooboboobboboobboon
gobooobooooooobooooog

000 SquireO [31] 0 Tulving O [32|0 0000000000000 OOOOOOOOO

0000 000000000000000000000000000000000000
0000 0000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000
0000000 0000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000 00000000000000000000000
000000000000 0000000000000000000000
00000 0000000000000 00000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
33]0

0100000000 Anderson 000 0000000000000 O0O0O00O0OOO0O0O0
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gobooboooboooo
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27 OJ000O0O0oOoooooooooooooooooog
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271 ODO0ODOOO0OOOODOODOOOOODOObDOODbOObDOO

gboboobogobuoobbooboooboobbooboooboobbooboo
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
gooooboobboobboobooboboobbooboooboobbooboon
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gobooboooboooobooooo

gobooobogobuoobbooboooboobboobooobooobooboo
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
goo

goboobogoobuoobbooboooboobboobooobooobooboo
ooo0oo0ooOoboOoboUoboUoboOoboUoboUoboUobOoOo0obobDUobOUOoOUbDObOg TsoO
00000 (34000000000

System Level Fault
0o0o00oooobooooobooooooooooooooooooooooooooa
dooooooooooooooood

Task Level Fault
O0o0o0ooooboooooboooooooooooooooooooooooooa
doodooobooooobooooooooooooooooooon

O000000000 Task Level Fault OO O OOO0O Task Level Faut DO OO O OO
O000O0 TsoOOOOOoOooooooog

Retry
000000000o0ooo0ooooooooooooooo 10DoDooDooDooOooDg
Jdoddoooooobobobobobbooooododdooooooooooo oo
Jdoooooooobobobobobobbobobobbdddddooooooooooono
godooooobobobobooboobo



27 0O0O0OOUOUUODOODOCOOOUOUOUOODDOCOCOOOOUOOOOD 21

New Parameters
gbdboggbboobbdodobboobboobuooobuoobbuoobbUoOobob
dodooopoooODoOoOoOoOoOoOoOoOoODODODODODO 10000000000 OODOO
god

Corrective Actions
ydddoooooobobbbobobboboobobbtbdddddouoooooL b
0doddoooooobobobobobbobooboododdooooooooooooo
doooooooobobobobobobbbobobbobddddoooooooooooo
doooooooooboboboboobooo

World Model Update
Jooooooooobobobobobobbboobobobbooddooooooooooooo
goo. oobo,0b0o0d0bbodg, g oooboooobooooon
udddoooooobobobobbboobobbooboooooga

Replan
Jooooooooooboboboboboboobobbobddoddooooooooooon
ggd

Reconfiguration
000000000000, 000000000000 oooooo. oo
U 000ddbooodbobooobooobboooo,gobooo0bboooboogon
gogoooooooo.

00 35000000000 TsoOOODOOOOOOOOOODOODOO

Global Error Recovery Strategy
O0000000000000 Global Error Recovery Strategy 00 0. OO Global
Error Recovery Strategy 000 0000000000000 O0OO0OOOCOOOOOOO
OO000000. TsoOOOOOO World Model Update 100 Replan 0O OO0 .
Local Error Recovery Strategy
0000000000000 0000 Local Error Recovery Strategy 0 0 0. Local
FError Recovery OO0 00000000 DDODDODDOODODOODODOOOOOODOO.
Local Error Recovery Strategy 0 0 O O O O Error Recovery Strategy O 0O 0O O
0.Tso 0O 0O0OOO Retry, Corrective Actions 0 0 00 New Parameters 00 0 00O
gdd

gboboobooboboobbooboooboobbooboooboobbooboo
oooooboooo.

ooboogon
goboobooobooboboobboobooobuoobboobboooboon
gobogboogoboobobooboboobooobuoobobooboooboon
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000000 Gobal Error Recovery Strategy 00000 O

ggooooon
0000000000000 ooooooooooooogon
go0o0doooooobboooboooboooboooboooobooooboooono
0000000000000 00000000000000d0 Local Error Recovery
Strategy 0 0 0 O

ooooooono
doooooooobobobobobobbbobobbobddddoooooooooooo
dodoooooobobobbobbboboobobbtbdddddooooooo b
ggooooon
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gobogooboooboobbooboooboobboobooobooobooboo
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
0000000000000 000000000000Ruwssel0 0000000 OOOOO
0000000000oooooo [36]0

oo gobooobooobooooo

gbooboooboo bogoooobobbougoooobbbboooooobobboooooon
goo

0o0oo0 obbooboooboobbooboooboo

gboobo0 gobbooboooboobboobboobooooboon

gobooobogobuoobbooboooboobboobooobooobooboo
goobogo

oo goboboboboooooobobboooobbbooooooobobbooooon
ooboobooobooobooobo0obooobooboboobboooboon
goboobooobooboboobboobooobuoobboobboooboon
goooooogno

oo gobobbobodooooobbbooooobbbooooobobbooooon
ooboobbooobooboboobobo0obooobuooboboobboooboon
gobooobooooboooog
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goooooo bogooobbobbooooobobobbooooooobobbooooon
goboobogoboobbuoobboobooobuoobbooboooboon
ooboobooooboooboooboon

goobo0 oobbobboooooobbbbooooobobobboooobbbooooon
gobgobogobogobuooboboobboobooobogon

gobogooboooboobbooboooboobboobooobooobooboo
goooobogobbooboon

28 ODODOUO0OOO0DbDbUOOUOUobDbOoOoOoUbbboOoOooo
odoouoooon

02300000000000000000O0000D0D0O0O0O00O0OO0ODOODOODOODOOd
good

e (OI0IDODOOODOODDOUODDOOO
gobooboogoboobobooboboobooobuoobobooboooboon
goboobogoboobbuoobboobooobuoobbooboooboon
ooboobooobooobooobo0obooobooboboobboooboon
goboobooobooboboobboobooobuoobboobboooboon
gooogn

e OU0IDDOOODLOOODOUODDUODDOODLDOODLO
ooboobbooobooboboobobo0obooobuooboboobboooboon
gobooboooobooboboobbooboooboobbooboo

e OU0ODDOOODOODDUODDOODLDOODLOUOODDOODLDOODLOO
gbobggbogoboobbuodgbboobooobuoobbooboooboon
goboobobooobooboboobobo0obbooobuooboboobboboobboon
gobooboogoboobobooboboobooobuoobobooboooboon
goboobogoboobbuoobboobooobuoobbooboooboon
ooboobooobooobooobo0obooobooboboobboooboon
googoooog

e OUI0ODODOOODUOODDUODLDOODLOUODDOODLDOODLOO
gboboobogoboobbuoobboobooobuoobbooboooboon
ooboobbooobooboboobobo0obooobuooboboobboooboon
goboobooobooboboobboobooobuoobbooboooboon
gobogbogoboobobuoooboboobooobuoobobooboooboon
gbobggbogoboobbuodgbboobooobuoobbooboooboon
good



24 020 0O00OUOUOOODOOOCOOOUOOUOOOODODOCCOOOUOUOUOOODDOOO

29 0O0O0OO

gbobogobogbbuoobbogbooobuoobbooboooboobbooboo
goobooboobboobbooboooboobbooboooboobobooboon
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Joint Name Type Limit(+) Limit(-) Velocity Torque (Nm or N)
torso_lift joint prismatic 310mm Omm 0.013 10000
laser tilt joint revolute 85° —45° 10.00 0.65
head pan joint revolute 168° —168° 6.00 2.65
head tilt joint revolute 60° —30° 5.00 15.00
1 shoulder pan joint revolute 130° 40° 2.10 30.00
r_shoulder pan joint revolute 40° —130° 2.10 30.00
{Lr} shoulder lift joint revolute 80° -30° 2.10 30.00
1 upper arm roll joint revolute 224° —44° 3.27 30.00
r_upper arm_roll joint revolute —44° 224° 3.27 30.00
{Lr} elbow flex joint revolute 133° 0° 3.30 30.00
{Lr} forearm roll joint continuous - - 3.60 30.00
{Lr} wrist flex joint revolute 130° 0° 3.10 10.00
{L,r} wrist_roll joint continuous - - 3.60 10.00
{L,r} gripper joint prismatic 86mm Omm 0.20 1000
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{
_id: "554a56878e8b843665000c6b",
header: {
frame_id : "eng2/7f",
stamp: 1540478457515947103,
},
child_frame_id: "base_link",
transform: A
translation: { x: 0.0, y: 1.0, z: 0.5 },
rotation: { x: 0.0, y: 0.0, z: 0.0, w: 1.0 }
+,
_meta: {
state: [{predicate: "AT", operands: ["FRIDGE"]1}],
action: {predicate: "OPEN-DOOR", operands: ["RARM", "FRIDGE"]},
task: {_id: "5be4922d80b94dafal04dcf6"},
type: "geometry_msgs/TransformStamped",
robot: { name: "pr1012", type: "pr2" },
}
}
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O 5.4: Openpose 00O OOO0OODODO
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1. Excuse me. What is that?
2. Please, point out the left upper corner of the object.
3. Please, point out the right bottom corner of the object.

gbobogobogbbuoobbogbooobuoobbooboooboobbooboo
gooboobooboboobbooboooboobbooboooboobobooboon
gobooobogbooboobbooobooboboobbooboooboobbooboon



70 Oos50 0ODO0bOOoOooOOoOobobOOoOoOooobDOoOobooboboobooboOooo

Algorithm 1 0000000000 ODODOO

Input: geom : Geometric model of the manipulable object

Input: state : Initial state
Output: states : States of the manipulated object
img < getImage()
mask < getMask(img, geom)
flow < calcFlow(img, mask)
flowThreshold «+ estimate FlowT hreshold( flow)
while manipulating the object do
img <+ getImage()
mask < getMask(img, geom)
flow <+ calcFlow(img, mask)
if flow < flowThreshold then
nextState < estimateState( flow, state)
if nextState != state then
states < append(states, (state, nextState))
end if
end if

end while
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gboooobogoboobbooboobon
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Algorithm 2 000000000000 DOCOCDOOOO0O0OOODOOOOOOOOO

previmg < null > Color image on previous time step

prevMask < null > Mask image on previous time step
function caLcFLow(img, mask)
if previmgisnull then
prevIimg < img
prevMask < mask
return null
else
flows < calcOptical Flow(img, previmg)
factor < sizeof(mask)/sizeof(img)
velocities < []
for each flow € flows do
if pointInMask(mask, flow)pointInM ask(prevMask, flow) then
velocity < getVelocity(flow)
velocities < append(velocities, norm(velocity))
end if
end for
nVelocities < sizeof(velocities)
velocities < sort(velocities)[: nVelocities /2]
return get Average(velocities)
end if

end function

odooboobooboboobbooboo0oboobobo0obooobooboboobooon
gobooboboooooboobboooobobooooboobooooobbobboooooooo
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goo
gooooboooboobboobooobooboboobooobooobooobooo
000000000000 0000000000oDDO 532000 Openpose J0000
oooooboooboobboobboooboooboobboooboooboobooboo
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogoboboobbooobooboboobbooboooboobboooboon
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Algorithm 3 00000000000D0ODOODOOOOO

Input: matchPointMax : The maximum number of matches used
Input: stateThreshold : Threshold for matching states
Output: states : States of the manipulable object
function ESTIMATESTATE(img, mask)
keypoints < detect K eypoints(img, mask)
description < extractPoints(img, keypoints)
averageDists < [|
for each rImg,rKey,rDesc € states do
matches <— matchKeypoints(keypoints, rKey)
matches < sort ByDistance(matches)
matches < subseq(matches, matchPoint M ax)
distances < computeDistance(matches)
averageDist < average(distances)
averageDists < append(averageDists, averageDist)
end for
minDist < min(averageDists)
if minDist < stateThreshold then
stateIndex < argmin(averageDists)
return stateIndex
else
stateIndex < sizeof(states)
states < append(states, (img, keypoints, description))
return stateIndex
end if

end function

Algorithm 4 0000000000 OODODOOO

Input: trajectory : Trajectory during manipulation
line,lineError < fitToLine(trajectory)
circle, circleError < fitToCircle(trajectory)
if lineError < circleError then
return line
else
return circle

end if
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goboooboooboobbooboooboobbooboooboooboobooo
goobogobogbbooboboobooboboobboobooobooboboooboon
oo0oooboobboobobooboooboon

(x = z)? + (y — ye)* =1 (5.1)

222 + 2yoy + 12 — 22 —y? =2 497 (5.2)
Ac=1b (5.3)

¢ = argmin || Ac — b||? (5.4)

£, = ¢(0.5,0,0)T (5.5)

j. = ¢(0,0.5,0) (5.6)

7 =1/80,0,1)T + 2.2 + g, (5.7)

where A = [z, y,1]7
c=[2w¢,2ye,? — 22 — 2"

b=[2* +y]"
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Algorithm 5 00 0000000000000 0O0DO0ODO0OOD0OODOOO(ES|ODOOOO
1: maxVel: threshold for filtering by the velcity of camera device

2: minPos: threshold for filtering duplicated images captured in the same camera pose
. hasImagelnPos < false > Implicit False
. dataset < Empty

: camPose < pose(robot, map)

: while image < annotator do

3

4

5

6: prevCamPose < camPose
7

8 camPose < pose(robot, map)
9

if abs(camVel) < mazxVel then

10: if hasImagelnPos = false then

11: dataset < append(dataset, image)

12: prevCamPose < camPose

13: hasImagelnPos < true

14: else

15: diffPose <— norm(camPose - prevCamPose)
16: if diffPose > minPos then

17: dataset < append(dataset, image)
18: prevCamPose < camPose

19: hasImagelnPos < false

20: end if

21: end if

22: end if

23: end while

24: return dataset
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Labeling Success Labeling Failure
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052 00000000000000C0O0OOOOO98ODOOOO

Object Name Number of Images Rate

Background 417  100.0%
Refrigerator 162 38.85%
Drawer 119  28.54%
Table 81 19.42%
Door 63 15.10%
All class 417  100.0%
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Prediction with Test Image Result
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000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000000000000000000000000kd-tree[105] 00
000000000000000000000000000000000000000000
000000000000

000 SShOOO0 MS-COCOOODODODODOONODODOOODODOOODDOOOoO
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0000000000 30000000000000000000000000000004
00 (Multi-Variate Gaussian Mixture Model, MVGMM) 00 0000000000000
d000000000000000O0O0O0OOOOOOOODOOOO0O0O0OonO NOO
0:00000000000000000000000000 pu; €eRES;eRX40000
Oooo0d

N
P(x) = szpz(fc) (5.15)
pi(x) = N(z|pi, i) (5.16)
_ 1 exp(— S — p) TS (2 — p, 5.17
ESTE p(—5 (@ — i) B (x — 1)) (5.17)
n;—1
i = ni Y x, (5.18)
L,
n;—1
=) (Xig—p) (X — i) (5.19)
=0

goboobooobooboboobbodb noobbo0oboooDbOoOon

D—-1
In P(z|w, n,X) = In( [ [ plailw, u, X)) (5.20)
=0
n—1
= lnp(mj‘wvy'vz) (521)
7=0
n—1 N
= > wiN (aj]pi, X)) (5.22)
j=0 i=0

0000000000000000000000000000000O0O00000000
000000000000 o0o0 EM(Expectation-Maximization) 0000000000
000000000000 wy,pw;,%, 000000000000000000000000
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Algorithm 6 EM OO0 0O0O0O0000ODOOOODOOOOOOODODOOOOOOOOOOO
ooooooooe3|oooon

1. procedure FITMVGMM (data, maxComponents)

2: bestModel < Null

3: minBIC <+ infinity

4: modelTypes < [“full”, “diag”, “spherical”, “tied"|
5: for each N in 1..maxComponents do

6: for each T in modelTypes do

7: params < random(N,T)

8: model <~ GMM (N, T, params)

9: model < EM Fitting(model, data)
10: bic < BIC(model, data)

11: if bic < minBIC then

12: minBIC' < bic

13: best M odel < model

14: end if

15: end for

16: end for

17: return bestModel

18: end procedure

00 (Bayesian Information Criterion, BIC) 00 0000000000000 O0OOO0OO
mazxComponents 100000000100 maxzComponents 0000000000000
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ted 0000000000000 O000000OOO0OO0ODOOOOOOOO0O

000 400000 3 0000000000000 00 30000000
numComponents 0 50000000000
542 0000
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Wre frigerator = [0.519,0.187,0.170, 0.083, 0.0408] (5.23)

0 52800000000000000D0O0O0 200000000 DOOODOOOO
d=300000000000000000000000O

z= Z WiN ((pis pyis 0), Ti) (5.24)
i=0

I A A A 9027
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000000000000 00000000 300000000 7.3.1 00000 deliver,
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00000000000 iemon, georgia, wanda, boss, manju, bigmac, morinaga, merit [
0000000000000000000000000D00DO0D0 (Color) O green, blue,
red, whiteD 0 0 00 OO (Shape) O 00O box, circleD 00 00O (Volume) 00 OO short,
small, big, tall 00 0000000000000

0000000000000 000O s3000000D000D000DOD0O0ODODOO0ODbOODOd
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053 00000D000DOO0O0ODOODbDOObOOOOn

Robot | Hi, may I help you?

User Coffee, please. Robot | Hi, may I help you?
Robot | You want Georgia, Wonda or Boss? || User Coffee, please.

User Wonda please. Robot | OK, wait a moment...
Robot | OK, wait a moment... (b)) 00DDO0OODD0OOOODO

() D0DDODODOOO00O0O0OOOO

054: 000000000000 00O0ODO0ODO0OO0O0O0ODO0ODO0O0O0 temOOOOOO
goo

No. | Symbol Probability

1 georgia 0.80
2 wanda 0.10
3 boss 0.10
4 iemon 0.00
)

morinaga | 0.00
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Description 00000000000

Domain Description 000000000000

O (Objecttypes) 000 0O0O0OOOOOO0OO0OOOODODDDDODUODODODODODOOOOOO
g

00 (Predicates) 0000000000 DOO0ODOOO

00000 (Actions) 0000000000 OOO0ODO0OOD0OOOOOOOOOOOOOO
googno

O 0 Problem Description 0000000000 O0O0O

000000 (Objects) 000000 0ODOODUOOOODOOOODOODOOOODOOO
Domain Description 0000000000 O0O0OOO

0000 (Initial condition) 000000000000 0D0OO0ODOOOOOODOOODOODOO
gdoooooooooon

0000 (Goal condition) DO O0O0OD0O0OOOOOOO

OO0 pPDDLOOCOOOOODOOODOODOOODOOOODOOODOOODOOD
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Uo0o0ob0obo0o0obo0o0ob0o0bOobbO MOVE, PICK, PLACELU D OODODODODO
gooobobooboobobooboobobooboobooboboobon
(precondition)J 0000000000000 D0O000O0DDDOO0OOOOOO (effect)
OO00D0D0000OO00D0OO0OO00O0OO0 (AT TABLESIDE) OO O0ODOOODOOOODOO
(ON BOTTLE TABLESIDE) 0000000000000 DOOOOOOOOOOOOOOODO
0000 (ON BOTTLE KITCHEN) O0OO0OOO0OO0O0O0O0OOOOOOOOODOOOOOOOO
odooboobooboboobbooboooboobobo0obooobooboboobooon
gobobobooooobobobooooobbbooooobobobooooobobbooooooo
gobogoobogbooboobboooboooboobboobooobooboboooboon
gbboogobogbboobbooboobobuodbboobuooboboobbooboon
gooboobooobooboboobboobobuooboboobbooobooo

DOMAIN:
name: TIDYUP
type: (ITEM SPOT)
predicates: ((ON ?0BJ - ITEM ?SPOT - SPOT)
(ONHAND ?0BJ - ITEM)
(AT ?SPOT - SPOT))
actions:
- (MOVE ?FROM - SPOT ?TO - SPOT)
precondition: ((NOT (AT ?T0)))
effect: ((NOT (AT ?FROM))
(AT ?TO0))
- (PICK ?70BJ - ITEM ?7AT - SPOT)
precondition: ((AT 7AT)
(ON ?0BJ 7AT)
(FORALL (?70BJ2 - ITEM) (NOT (ONHAND ?0BJ2))))
effect: ((NOT (ON ?0BJ ?7AT))
(ONHAND ?0BJ))
- (PLACE ?0BJ - ITEM ?AT - SPOT)
precondition: ((AT 7AT)
(ONHAND ?0BJ))
effect: ((NOT (ONHAND 70BJ))
(ON ?0BJ 7?7AT))
PROBLEM :

objects:
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BOTTLE - ITEM
TABLESIDE - SPOT
KITCHEN - SPOT
initial condition: ((AT TABLESIDE)
(ON BOTTLE TABLESIDE))
goal condition: (ON BOTTLE KITCHEN)

gbooboobogboboobbooboonobuodbbooboooboobo

1. (PICK BOTTLE TABLESIDE)
2. (MOVE TABLESIDE KITCHEN)
3. (PLACE BOTTLE KITCHEN)

gooboobooboboobboobboooboooboobboooboooboobooboo
gooooboobboobboobooboboobbooboooboobbooboon
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
0000000 (effect) 000000000 DO0O0O0OOD0ODOOOOOODOODOOODOO
goobooboogooboobboooboooboobbooboooboobboooboon
goobogobogbobooboboobooboboobboobooobooboboooboon
odo0oboobooboboobboobooobooboboobooobooboboboobooon
000000000 000O0o0oOoooo (200

2002000000 PDDL2.1{122]000000000000D0OOO0OOOOOOOOO
gbobooobogbbdoobobooboobobuodbboobooobooboboooboon
googn

goobooboooboobboobboooboobboobboooboobobooboo
goooobogboboobooon

622 0DO0O0OO0ODOO

goguooobodguoobbobooouguoobbboooooboboooobobooooon
Fikes OO STRIPSOOO000OO0OOOODODOOOOODOOOODOOOODOOOOO
gobooobobooooooooobobooobooboobboooboobobooboobn
0000000000000 0000000000000O0000DO0OOOoOoOODO 123]0
Mokhtari 00 000000000000 DO0ODOODOODOOOODOOOOODOOOOOO
gooooboobboobbooboooboobbooboooboobbooboon
000000000000000000000 [124|00000000000000000O0
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
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goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
oo0oboobobooobooobobooobooboboon
goooobooboboobboobboooboobobuoobboooboobobooboboo
0000000 HTN(Hierarchical Task Network) 0O 0O [125|0HTNODO0O0OOOOOO
gbobooobogbbdoobobooboobobuodbboobooobooboboooboon
odooboobooboboobbooboooboobobo0obooobooboboobooon
goboooboobboobboobooboboobbooboooboobbooboon
goboogobogbooboobboooboooboobboobooobooboboooboon
gooooooooooooboOoooyooooooobboOoobo0ooDbDboOoDbOooDo
goobooboobboobbooboooboobbooboooboobobooboon
gbooooboogoo
goboobogoboobbooboooboobboobooobooobbooboo
oobooobooboboobobooboooboo

6.3 00000000 0O0OODOOn

goboobogoboobboobooobuoobboobooobooobbooboo
000000O0bOO00O00O00O00000 2400000000000000000D00O000O0O
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
goboooboobboobboobooboboobbooboooboobboooboon
gobooboogoooobobooooobbboooooobobboooooooboboooooboobo
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
sUb0db0Ud000ObUObObDUObDUOUbOObObUODOObOUObObDUODUOObOUODbODO
gboobooobogooboobobooboooboobboobuoooboooboo

ooooobooobooboboobboooboooboobboooboooboobooboo
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
googo

O0000000 s>000000000bO00DO00bO0bO0bOO0ObO0bO0ObOOobOOobDOoODOg
googn

USUALOOD 0O00000000D00000O0000000000D0000 5400000
gbobogobogoobdoobbooboooboobboobooobogooo
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IN-PLACEO OO ODO0OO0OO0DO0OO0O00000O0OO0ODDO0O0OOO0OO000000 5300000
gboboobogobooobuoobboobbooboooboon

PREFERO OO OO0OO00O0OOO0OOODOOOODOOOOODOOOOMSODOO0OOODOO
gooboobobooobooboboobboobbooobooboboooo

6.3.1 USUALO OO

UstALO 0O OooooOooOoOoOoOoObbbobbbbbboooooouoooooooooo
ooboobobooobooo

(defoperator USUAL (ITEM SPOT &key AFTER BEFORE))

gooooboooboobbooboooboobbooboooboobobooboo
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbooobogbbuoobbogbooobuoobbooboooboobbooboo

000 (USUAL CUP 7SPOT) OO O0ODOOOOOOODOO0ODODOOODOOODOOOODO
goopboooogespOTO ctpUOOO0DODODODOOOO0OO0OOOOODODOOOOOOOOoOn
000000 (USUAL 7ITEM TABLE) 0 OO0O00OO0OO0OOCOOOOOOOOOOOOO
O0O00D0O0OITEMO TABLEOOODODDODDODOOOOODODODODOOOOODODODOOOOOOO
o000 0O 2000000000 00000DO0DOO0ODODODODODODOOO
00000000000000000000000000000O0OR)00DO0ODODOOUOO
gbobooobogbbdoobobooboobobuodbboobooobooboboooboon
000000000000 (AND)OODOOODODoDOooOo

O O:AFTER O:BEFORE D0 0O OO0 OO0oO0boOobOobooDobooboboodn
(USUAL ?ITEM TABLE :AFTER MORNING) OO OO0 O OO0OOOOOOOOOODOOOO
gbbooobogoboobbuoobboobboobuooobuoobbogoobo

6.3.2 IN-PLACEC OO

IN-PLACE0 D DO0OO0O0DDOUOOO0ODOO0ODDbOO0O0bLbOoo0obbooooboooobn
gooooboog

(defoperator IN-PLACE (SPOT))

gooooboooboobbooboooboobbooboooboobobooboo
g00Ood0oO0o0oDOOoUobOoUobO0bObOO00oOUo0oDOoU0oDoOUOoDbDoOOobbOODb b330
gbobogobogbbuoobbooboobobuodbboobuooboboobboooboon
gooogn
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6.3.3 PREFERO OO

PREFERO0U00O0O0ODOOOO0ODODOOOODODODOOOODODOOOO0ObbOOoOoobDbOoo
googn

(defoperator PREFER (CATEGORY PERSON))

gobooobogoboobbooboooboobboobooobooobooboo
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
gooooboog

634 O0O000OOOOODOOOO

goooobooboboobboobbooobooboboobboooboobobooboboo
gooobobO0O000oobobO TABLEQUOUOODODODOOOOOoooooDooboooooooo
goboobboobboobbogbroBJ00O000DO0O0 TABLEODDOOODOODO
000000000 00D0O0OD0O000D00OD0O00 (USUAL 70BJ 7SPOT) DOODOOOCOOO
goobodrzoBJU000O0DODOOOO0ODODOOOsPOTHOOODDOOOODDOOOO
gooooboogboooobooooo

(:INIT

(ROBOT-AT START)
(ON ?0BJ TABLE))
(:GOAL

(USUAL ?70BJ ?SPOT)
(ON ?0BJ ?SPOT))

goboooboooboobbooboobon

64 OD0O0O0O0O0OOOOOOOO0OODOOOUObDbOOOOO0
00

oo UUU U
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
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goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
0000000 b0o0o0ob0o0o0bobO00OUbDIN-PLACEODODOOODODOOODODOOO
gboboobooooboog

gobooobobgobo FRIDGEODUOODDOODDOODODODOODODOO0ObODbOOODOO
000000 PLACABLEN U UUUOUUUO0OO0UO0OO0O0OO0OODODDDODODOD OPENABLE U O
00000 (IN-PLACE FRIDGE) D000 OOOOOOO FRIDGEODODOODODOODOOODOO
00 (PLACABLE FRIDGE) (OPENABLE FRIDGE) 000D UOU0O0OOOOOOOOOOOO
gobooobogoobooobooo

OPENABLEU OO DOOUODDODUOOUOOLDDOOODDLOOOObDbOOoobbuooobboon
goboboooobobbbooooobobbooooobobboooobobbeoPENDDDOOOOO
goboooboogoboboobbooboooboobbooboooboobboooboon
gobooobogbboobbooobooboboobboobooobooboboooboon
odoobooboobboobbooboo0oboobobooboooboobobooobooon
oo0obOooOo s32000000b00b00o00o0bDooooboobUoboDoboboobOoDoo
gobooobogbooboobbooobooboboobbooboooboobooboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
dooboobooboboobbooboooboobobo0oboooboobobooboon
goboobooobooobooobobga

65 J0000000O0000O00O0UOOUOUOUOUOUOOOoa

(PREFER 7CATEGORY ?7PERSON) 0000000 O0ODOOODOODODO K50000000
0000000000 UserOOODOOOOOOYPERSONO OO OOOOODOOODOOODOO
00000000 Category 0OOOOOYCATEGORY 000000000 OOOOOOOO
000000oooooD temO0OODOOOOOO0OOOODDOODOOOO

000 (PREFER COFFEE FURUTA) 00 0O0OO0OOCUOOOOOOOCOFFEENDOOOOODO
000000 GEcRGIADDOODOODO

6.6 DDODO0OO0ODODOOOO0O0OO0DODOOO0OUbObDOoOoOooo
Ood

goboobogoboobboobooobuoobboobooobooobbooboo
ooooboooobobobooooobobboooooobbooooobobobbooooooobo
0540000000000000000000D00D000DO00O0O0DOO0O0ODO0OOODODO0O
gobooobogoboobboobobooboooboooboooo

gboboobogoboobboobboobooobuooboboobbooboo
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p(x) = EfwN (| pi, ;) (6.1)

000 ;000000000 GMMOUOOOY;00000w; 00000000OOONO
gbobogobogbobgobogon
MVGMMOOOOOOOOO30000000000000000000000O0O 300
gboooobogobobooobboooboonoboon

00o0o0odooooooooo GMMOOD w; 0000000D0D0O0OCOOOO0O0OO
O0000000oooooooooooooGMMUOOOOOOoOoOooooooOoOOoOooog
o00o00ooooboooood0r#n0O2000000000DO0DO0ODODODODODOOOO
gobooobogbooboobbooobooboboobbooboooboobboooboon
000000000000000000 PDDL21 000000000 numeric fluents O O
gooboobooobooboboobboobbooobuoooboobbooboo

costopi(x) = floor(k(1.0 — p(x))) (6.2)

gobooobogobuoobbooboooboobboobooobooobooboo
gboboobogbboobobooboobobodbbooboooboobbooboon
oo bobooooobobobobobobooooDbooboboboboboOoOOoDoobon
goooobooooboonoo

ggoooboogoooboboobbooodooobboooooboooooobobooooon
gbobogbuooodogobobuooboboboobobobuooboboboobobgan
(BoundingBox) 0 0000000000000 0O0O0DOO0OD0OOODOODDOOODOOOOO
goboooboogooboobboooboooboobbooboooboobobooobnoon
go0ood0oO0oU0oboUoboUobOo0bOboO0OoOo0o0oDOOoU0DOoUOD 62000DOODO
oooboobooboboobbooboooboobobo0oboooboobobooboon
gooooboobboobbooboooboobbooboooboobbooboon
googno

6/ DOO0OO0O0OODOOOOOUDbObOOoOoUobLbbOOoOon
HEN

oooooboooboobboobboooboooboobboooboooboobooboo
gooboobooobooboobboobooboboobbooboooboobbooboon
goboboboooobobobooooo™@ooobobboooobbbooooobboooon
gboogoobogbog

621 00000000000000O00DO0DOODODODODODOn

(:INIT (AND (AT TABLESIDE)
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(ON BOTTLE TABLESIDE))
:GOAL (ON BOTTLE KITCHEN))

doboobooooboobobooboboon

e [1[J TABLESIDEOKITCHENO OO DOOOOUOO BOTTLEOD OO OOOOOODOODOO

goooobooooboobbooboooboobobooboooboooo

UO0000b000b TABLESIDEO D DUOOODOOOODOOOOoODOOOoO

BOTTLEU U D DUOO TABLESIDEU U D ODUOUOODOUOODDOODDOOO

e BOTTLEU U D DUOOUODDOOD KITCHENOODODODOUODODDOOODOOUOBOTTLE D
KITCHENOD OODOOOODDOOOooDDbooooooooa

gooooboooboobboobboooboobbooboooboobobooboo
goobogoo

(:INIT (ROBOT-AT ?SPOT)
(IN-PLACE ?SPOT)
(ON ?0BJ ?SPOT))

(:GOAL (USUAL ?70BJ ?DEST)
(IN-PLACE ?DEST)
(ON ?0BJ ?DEST))

goodoooooooooobbboobobbobbbbespOoTOOOOOPOBIODDOOOO
gobobodgrzoBJU000000OO0OYDESTLOUOOOODOOOO0OODOOO0O0ODODOOO0O0
dooboobooboboobboobooobooboboobooobooboboobooon
gooooboogn

gobooooboobooobooobooobooboooobbooboobooboo
gguoobobiboooguobbbooouuobbbiooouobb?SPOT O TABLEU 70BJ O
BOTTLEO OO OOODOOO

(:INIT (ROBOT-AT TABLE)
(IN-PLACE TABLE)
(ON BOTTLE TABLE))
(:GOAL (USUAL BOTTLE ?DEST)
(IN-PLACE ?DEST)
(ON BOTTLE ?DEST))

00000 0o0o0bO0oO0oOoob usitALO0000O0OO00o0DoOoOspESTOOOODODOOO
OBOTTLEOUOOOODDODODODODODOO0OOOO0OO0U00oOoOoOooooooboDbDO BOTTLE O
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O0000O0000000 bottle00OO0ODOD0 3000000000 ?DESTON ?DEST10
?DEST2 000 0000000000000 00O0O0O0O0000D wOODOOOOOOOO
00000000000000000000000000000 660000000000
7,2,100000

(:INIT (ROBOT-AT TABLE)
(IN-PLACE TABLE)
(ON BOTTLE TABLE)
(= (0BJ-COST BOTTLE ?DESTO) 30)
(= (0BJ-COST BOTTLE ?DEST1) 80)
(= (0OBJ-COST BOTTLE ?DEST2) 90))
(:GOAL (IN-PLACE ?DESTO)
(IN-PLACE ?DEST1)
(IN-PLACE ?DEST2)
(OR (ON BOTTLE ?DESTO)
(ON BOTTLE ?DEST1)
(ON BOTTLE ?DEST2)))

gooboooboboooooooooobobbboOddDESTON ?DEST10 ?DEST2 U U
gbooboobogbboobboobooboboobboobooobooboboooboon
gooooboog

(:INIT (ROBOT-AT TABLE)
(IN-PLACE TABLE)
(ON BOTTLE TABLE)
(= (0BJ-COST BOTTLE FRIDGE) 30)
(= (0OBJ-COST BOTTLE COUNTER) 80)
(= (OBJ-COST BOTTLE SINK) 90))
(:GOAL (IN-PLACE FRIDGE)
(IN-PLACE COUNTER)
(IN-PLACE SINK)
(OR (ON BOTTLE FRIDGE)
(ON BOTTLE COUNTER)
(ON BOTTLE SINK)))

go0 IN-PLACEDO0ODOODOODODO0ODOOODDO0ObLO0ObDDbOoObOObDbO
gbobooobooboboobooobooboboobobooboo
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(:INIT (ROBOT-AT TABLE)
(PLACABLE TABLE)
(PLACABLE FRIDGE)
(OPENABLE FRIDGE)
(PLACABLE COUNTER)
(PLACABLE SINK)
(ON BOTTLE TABLE)
(= (0BJ-COST BOTTLE FRIDGE) 30)
(= (0OBJ-COST BOTTLE COUNTER) 80)
(= (OBJ-COST BOTTLE SINK) 90))
(:GOAL (OR (ON BOTTLE FRIDGE)
(ON BOTTLE COUNTER)
(ON BOTTLE SINK)))

gooboobooboboobboobbooobooboboobboooboobobooboboo
costey,; 0000000 KOO0OOD 100000000000000000DO00000O0O00
OO00OO00DOO00OOO0bOO0O0DbDOoOooOgoboBIJ-cosTOOODOO 6.1 O00000DO0OCODO
ooogn

061 00000000DOO

goood gd
OBJ-COST %0bj ?place | OO0 O0O0OOOOOOOO
MOVE-COST ?from %to | DOO0OO0O0OOOOOOOO

ARM-COST ?Zarm gobooobooooboobobooobooooon
FIND-COST gboooobooooboooboo
MANIP-COST oooo0oboobobooobooooo

MOVE-COSTO O OO OO (MOVE-COST 7FROM 7T0) OO0 0OO0ODOOOOOODOOOOODO
000 2000000000C0000000C000DOOO00OO00DOOO0ODOO0ODOO0ODO
0000000 0DOO0ODO00OOO0O0O0OO0OUObOOARM-COSTOOOOODOOODOODO
000000000 00o00ooo0oooooooooooooo0ooooooooooono
0000000000000 00O00000O0DO000000D000000 larmO00OO0O0O
Orarm0 00000 arms D000 01larm,rarm 0000000 100arms OO 000 30O
OO0O0O0O0OO0DODODOFIND-COSTUOODOOOOOOUOOUOOODODODODODOO
0000000000000 0DO00DO00DO0DbO0bO0obO0U0DO0OODOD AODDbODbOobOOOO
MANIP-COSTOUODOUODOODOODOOOODOOOOOOOOODOODODODODObDObOOC
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gooboobobOob oobobobooooooo
goboobogoboobbooboooboobboobooobooobbooboo
000000000oooooooO0oooonD Alooooogo

06200000000000D0000O0O00O0ODOODOODOOODOOODOOOODOOOOO
gobbobooooobobobboooobbbibdooopbbbbidoddn find-object
U000 find-object_f 0000000 _£f00000000000000DOO0O0O0OO0O
good

g0oobOoOo0oob0doDO0o0oOoU0obU0bDUbOU0oOobUOUooObOODUObLbOO 6300
ggbobooboobbbobobbboooooooooooooooooooooooboboobobDbn
goobooboooboobobooboboobg

1. 064a: 0O00DDOODODOO0ODOO0ODOOOOO0OOOODOODODOOOOOODO
goo

2.064b: DOD0O0ODOOOO0OOOODODOOODOO

3.0 64c: OO0O0OOOO0ODOODOOOODOOODOODOOOOD

4.0 64d: OO0DODOOODOOOO

5.0 64e: OO ODOOODOOOOOOOOO0ODOOODOODOOOOOOOOODOO
gbobgoboooboooo

6. 0 64f: OO0 OOOOOO

6.6 OOOO

gooooboooboobboobboooboobobooboooboobobooboo
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogoboobboobooood
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0 6.1: 000D00ODO0ODOODOO

(define (problem tidyup)
(:domain room—domain)
(:objects (counter kitchen ... fridge — spot)
(bottle — item)
(larm rarm — arm))
(:init
(

;; cost functions
find—cost) 50)

(

(manip—cost) 10)
(total—cost) 0)
(
(

move—cost fridge sink) 3)

A~ o~ I~~~ .

move—cost fridge drawer) 30)

(= (move—cost counter fridge) 30)
(= (obj—cost bottle fridge) 30)
(= (obj—cost bottle counter) 90)

obj—cost bottle sink) 80)

(
(arm—cost rarm) 10)
(

arm—cost larm) 10)

~ o~~~ .

(arm—cost arms) 30)
initial states
robot—at table)
on bottle table)

openable dishwasher)
placable dishwasher)
openable fridge)

placable sink)
placable counter)
placable kitchen)
placable table)
placable bookshelf)
(placable drawer)))

(
(
(
(
(
(placable fridge)
(
(
(
(
(

(:goal

(and
(or (on bottle fridge) (on bottle counter) (on bottle sink))
(forall (7at — spot) (not (open 7at)))))

(: metric minimize (total—cost)))

123
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((available counter)
(available sink)
(on bottle table)
(robot-at table)

(sure-on bottle table))

(pick bottle larm table) \(pick_f bottle larm table)\(find-object bottle table)

‘move-to table fridge)

((available counter)
(available sink)
(onhand bottle larm)
(robot-at table))

((available counter)
(available sink)
(onhand bottle larm)
(robot-at fridge))

((available counter)
(available sink)
(on bottle table)
(robot-at table))

find-object_f bottle table)

((available counter)
(available sink)
(robot-at table))

open-door rarm fridge)

((available counter)
(available fridge)
(available sink)
(onhand bottle larm)
(open fridge)
(robot-at fridge))

(find-placement_f bottle larm fridge)\(find-placement bottle larm fridge)

((available counter)
(available sink)
(occupied fridge)
(onhand bottle larm)
(open fridge)
(robot-at fridge))

close-door rarm fridge)

((available counter)
(available sink)
(occupied fridge)
(onhand bottle larm)
(robot-at fridge))

move-to fridge sink)

((available counter)
(available sink)
(occupied fridge)
(onhand bottle larm)
(robot-at sink))

((available counter)
(available fridge)
(available sink)
(onhand bottle larm)
(open fridge)
(placable bottle fridge)
(robot-at fridge))

place bottle larm fridge)

((available counter)
(available fridge)
(available sink)
(on bottle fridge)
(open fridge)
(robot-at fridge))

close-door rarm fridge)

((available counter)
(available sink)
(on bottle fridge)
(robot-at fridge))

(find-placement_f bottle larm sink)\(find-placement bottle larm sink)

((available counter)
(occupied fridge)
(occupied sink)
(onhand bottle larm)
(robot-at sink))

(onhand bottle

move-to sink counter)

((available counter)
(occupied fridge)
(occupied sink)
(onhand bottle larm)
(robot-at counter))

((available counter)
(available sink)
(occupied fridge)

(placable bottle sink)
(robot-at sink))

((available counter)
(available sink)
(occupied fridge)

(on bottle sink)
(robot-at sink))

larm)

place bottle larm sink)

(find-placement_f bottle larm counter)\(find-placement bottle larm counter)

((available counter)
(occupied fridge)
(occupied sink)
(onhand bottle larm)
(placable bottle counter)
(robot-at counter))

((occupied counter)
(occupied fridge)
(occupied sink)
(onhand bottle larm)
(robot-at counter))

place bottle larm counter)

((available counter)
(occupied fridge)
(occupied sink)
(on bottle counter)
(robot-at counter))

062 00000000O0ODOO
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SM_ROOT

(find-object bottle table)

(pick bottle larm table)

ISUCCESS

@ble fridge)

[SUCCESS

@rﬂm fridge)
y

UCCESS

(find-placement bottle larm fridge)

FAIL

ISUCCESS

(find-placement bottle larm sink)

(place bottle larm fridge)

(close-door rarm fridge) (place bottle larm sink) FAIL (place bottle larm counter)

SUCCESS SUCCESS SUCCESS

@) () ) (@) )

0 6.3: task compiler 0000000000 COCOOOOO0OODOO
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goboogobogbooboobboooboooboobboobooobooboboooboon
gbogobogbobgobooobuoobobogn

0000000000000 000O0O HTN(Hierarchical Task Network) 0 00 00O
000000000000000000000OO0 (137. 00D0OD00DOD0D0DO0D0ODO0OUOOO
gobooobogbboobbooobooboboobboobooobooboboooboon
oooboobooboboobbooboooboobobo0oboooboobobooboon
goboobogooboobboobbooboobobuoobbooboooboon

ooy oooboooo
gobooogoboobbooboooobouoboooboobboobooobogbn
good

(3 ODO0O0OOODOOObOOObOO0ObOOobOooboooboo
oog

goooooboooobooobooobbooobooob oo booobooooono
godgooooobobobobobobobobbobobbbuodddddooooooooo b
goggdogoobobobobboooobo
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godoooobooobooobooobbooobooob oo booobooooo
000000000 (Voice Activity Detection, VAD) DO OOOOOOOOOOOOOO
(Speech Recognition, SR)OVAD OO OO W3COOOODOODODODOODOOOO WebRTC
O00000000000000000000000000 SROOOODO GoogleOO OO
00000000000 Google Speech Recognition 00 0000
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gobogooboooboobbooboooboobboobooobooobooboo
goobOoOoO0ofoOoOobOOU0oobOOdbUOUODUOobOOOobOoOUbObOobDOo 710000
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Algorithm 7 0000000000 OODOOOO
Input: Audio : Input audio data

Input: AS : Audio Segments
Input: ST : Statements
Input: CMD : Parsed Instructions
1. AS + vad(Audio)
2: for all as € AS do
3 ST < speech _recognition(as)
4: for all st € ST do

5: found,act < find _action(inst)

6: if found then

T args < find_arguments(st, act)
8: if —arg satisfied(act,args) then
9: cand, likelihood < disambiguate(st)
10: if likelihood < threshold then
11: cand <+ ask(act, cand)

12: end if

13: args < merge(args, cand)

14: end if

15: CMD < (act,args)

16: end if

17: end for

18: end for

19: CMD < reason(CMD)

ooobooboooooobboooobobbboooobobbooooobobboooooobo
000000000000 %ec00000000000000O0%0 00000000000
ppl 0000000000000 DO0O0O0DO0O0O00O00000000O0000O00000O0
gbobooobogbbdoobobooboobobuodbboobooobooboboooboon
odooboobooboboobbooboooboobobo0obooobooboboobooon
gooooboogobooooo

732 O0O00ODOODOOODOOOOOO

000000000000000000000000000000 (Language Understand-
ing) 0000000000000 00O00O00O00O0OO0O0O0O0O0OOOUOOUOUOOUOOO
vbobobodbdoboboboboboboboboboboobooboboooooooon
0 Microsoft 0 LUIS[139| 0000 O
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Action

Description

Synsets

‘ Precondition

‘ Effect

move-to ?to
find-object ?0bj
?loc
find-person ?ppl

?loc

ask ?ppl ?loc

pick %obj ?loc

place ?0bj ?loc

deliver ?0bj ?ppl

Move robot base
to the location
Find object near
the location

Find person near
the location

Ask the person at

the location

Grasp the object

Put the object

Deliver the object
to the person

navigate, en-
ter
find,
look for

find, look for

locate,

answer, tell,

say

take, get, pick

up, grasp
put

hand,
bring

give,

(not (at ?to))

(not (on  Zobj
?loc)) (at ?loc)
(not (see  Zppl

?loc)) (at ?loc)
(not (asked
?ppl)) (see ?ppl
?loc) (at ?loc)
(on ?0bj ?loc) (at

?loc)

(onhand ?0bj) (at
?loc)

(onhand 20bj)
(see ?Zppl “loc)
(at ?loc)

(at 2to)
(on %obj ?loc)
(see ?ppl ?loc)

(asked #ppl)

(onhand ?0bj)
(on %obj ?loc)

(delivered
?ppl)

20bj

g00o00ob0obOOobOO0obO0obD0o0O0o0oo0o0ob0ob0obOobOobOOoDO r1bOO0bOoDbDOoDOO
00 (find_action)000000000000000O00O0O0O0O0OOOO0ODO0OOODOOOO
0000000000000 (find_arguments) 0000000000000 0O0O0OO0O
gbbogbogobuoobbuogboboobuoobobuoobbooboooboon
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gobogooboooboobbooboooboobboobooobooobooboo
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
oL b bbb DDDO
Grapheme-to-Phoneme 0 0 00 0000000000000 Transformer 00 O [140] O
goboOooobooOoboobOobooUooooo0bbogbDOooboOoboooobobogDn 7.2

good

goobooobooboooboboooboboobobooboboobobooobo
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072 000000([138)00000

Symbol Phonemes
Symbol Phonemes
living room | L IH1 VIHO
green tea GRIYIN
NG R UW1
T IY1
M
) chewing gum | CH UWI1
kitchen K IH1 CH
IHO NG G
AHO N
) AH1 M
fridge F R IH1 JH
hair spray HH EH1 R
sofa S OW1 F
SPREY1
AHO
manju M AEl1 N
entrance EHINTR
JH UW1
AHO N S

REEEEErEE (b) DOODODOO
a

0000000000000 000000000 Term Frequency Inverse Document
Frequency(TF-IDF) 000000000000 OOOOOOOOOOOOOOOOOO
TF-IDFOOOO0OODODOOOOOO000000ODO0O0OO0OOOO00ooooooooooO
000000000000o0o0o00000o0oo0ooo0o0o00ooooooooooogoo
0000000000000 000000000000000000o0oooo0ooOooono
0000000o0ooooo0o0o000oooDooooo0o0ooooooooooOoOoo
0o0oo00dooooooooo0oO0ooooooooooO0ooooooooooOogoo
ooo

O00000000oo0oooooo00ooooooooo0o0oooooooooooooo
ooooooooo

734 0ODO00O0OOOOODOOOO

goboobogoobuoobbooboooboobboobooobooobooboo
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
gbooooboooboobboobboobooobuooboboooo

goboobogoboobboobooobuoobboobooobooobbooboo
odoobooboobboobboobooobooboboobooobooboboobooon
gooooboobboobbooboooboobbooboooboobbooboon
goboooboogoboobobooboooon
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0000D0000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000

0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
00000000000 00000000000000000000000000000
SSD(Single-shot multibox Detector)[60] 00 000 000000000000000000
0000D00000000000000000000000000000000000000
000000000D00000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000D00000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000 [570000000000000
0000D00000000000000000000000000000000000000
00000000000D00000000000000000000000000000

000000000000 00000000000000000000000000000
000000000000000000000000000000000000000000
0000D00000000000000000000000000000000000000
000000000000000000000000000000000 100000000
00000000000000

00000000000000000000000000000000000000000
300000000000000000000000300000000000000000
00000000D0D00000000000000 RANSACOOODODOOO0O000000
000 [141]0

goooobooooboooog

0000 30000000000000000HLSODOO0O0000O0OHLSODOOOOO0
(Hue)O O O (Luminance)0 0 O (Saturation) 00000000000 3600000000
goo00o0ooboobooboo o0o0o~10000000000O0DODOIODOODOODOODOOO
01200000000000000000C00000 400000000000DOOO0ODOO
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071:0000000000000000O000O0DOO0O(188)000OO

gooooboobboobbooboooboobbooboooboobboooboon
gboobooboooboooobooboooobooboooDoOo 0lopoo9ooDOoO
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00000000ob0o0O0o0obO0obO0ob0b00 30bD0o0obOooDOoo30boboooDbOo3n
goooobogbooboobboooboooboobbooboooboobbooboon
goboodbooU0bo0obOoOoboOooD3oo0oOoboOooodooUoboOoUoboOUDbOoUoDo
oboooobooobooboobooboooboboboboooboobooboboooDboon
RANSACODODOOOOOODODOOOOOOODODOOOOODOODOOOOOOOOoOoOoOO
000000 “round”, “cube” 00000000

ooooood

00000000000000000000000000000000000000000
000000300000000000000000000000000000000000
0000000000 30000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000000000000000000000000000 30000
000000000000000000 (all’D0000 (“short”)DODDDOD000O0O0DO0
(“big”\ 0 OO0 (“small”) 000 O%all” 0 “short”0 “big” 0 “short” 00000000000
0000000000000000000000000000000000000 04,00
00.1m3 0000000000



136 o700 OOOOOOOOO0OOO0OOODOODOODOODOObDbOObObOOObODO
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736 ODO00ODOODODOOOODDODOODOODOODOOOO

dooooooooobobobobobobobobobbobbboddddoooooooooo oo
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0oooobooboooooobooboboobooboobobooobooboo
Robocup@Home 2017000000 00O General Purpose Service Robot 0000000 O
000000000000000 [142]0000000000000000000O0O0O0O0
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073 0000000000000000D000DO0OODOOODO(138)0DOOODOO

Ground Truth

Recognized Text

Pick up the green tea from
the fridge

tell me how many tea
there are on the kitchen
table

find the Pringles in the
bedroom

find the Manju in the
kitchen

pick up the green T from
the fritz
tell me how many teeth

are on the kitchen table

find the Rings in the bed-
room
find the man dew in the

kitchen

137

0000000000 26000 (074 048000000000000000000O00O0
OO0O0oOoOoob 1280000000900 000000DOOOO0OODODODOOOODO

074 000000000000000(138)oO0OOO

ggoddgooooobobbbboboboobobobobbtbodddoooooooon b
oo0oooooooooo 730000

0000000000000 000 “Pick up the green tea from the fridge” 00 00 O
0000000000000 00000000000000 “pick up the green T from the
fritz” 00000000000 71000000000000 “pickup”’0000 “pick”00
00000000000 ick”0 %0bj0 ?loc0 200 00000000000000000
godooobboootbobooobotboooboobb oo oobbuoobboogooo
00000000000 0000000 Grapheme-to-Phoneme 0000000000000
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T-Hdf 0O ODO00OO000000000000000000D00oooooooooooon
00000000000 DOO0DOD o50000000000

000 “green 0000 “GRIYINTIYI"OO*ritz’0 “FRIH1 T S’000000
00000000000 0DO00000O000 740000%reen T7"O000000000O0
“green tea” O O“fritz” 0000000000 “fridge’” 000000000000 OCOOO0O
000000000 “ick’000000000000000 %0bj 00 “green tea’d ?loc O O
“fridge”’ 000000000

O0000 “pick’ 00000000000 O0OO0DOOOODODODOOOOOOOODOOn
ggad

(move-to fridge)
(find-object green-tea fridge)

(pick green-tea fridge)

goooboboboooooopbobbbo0oooobobbbidddddU manjudggg
000000000000 00 75000000000%anju”000 “M AE1 N D UW1”
ooooooooooooooooobobO "4c0000000OO0ODODOOODOOO 050
00000000 0“manju”’ 000000000000 O0ODOOCODODOOOOO0OOOODOO
0000000000000 “white’0000000000 “small”’0000

gboboobogoboobbooboooobao

(move-to living-drawer)
(find-object manju living-drawer)
(pick manju living-drawer)
(move-to start)

(deliver manju me)

OO0 find-object 0O ODOOODOOOOODOOOODOODOvSO000000O
goobooboobboobboobooboboobbooboooboobobooboon
gobooooboogboboobbooboooboobboobooobooboboooboon
gobooobogbboobbooobooboboobboobooobooboboooboon
oooboobooboboobbooboooboobobo0oboooboobobooboon
O00o000o0ooO0ooOo0oooOooOoOooooooooooO 7s00000 20000000
000 “white’0 “smal’ 0000000000000 O0OOOOOO0OOOOOOOOOO0O
gbobooobogbbdoobobooboobobuodbboobooobooboboooboon
odooboobooboboobbooboooboobobo0obooobooboboobooon
gooooboobooobooonoo
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/4 JUooooooooooooouooouoouoooooog

No. | Symbol Phoneme Similarity
1 green tea GRIYINTIY1 0.70
2 fries FR AY1 Z 0.04
3 cleaning stuff | K L IY1 N IHO NG ST AH1 F | 0.03
4 snack SN AE1 K 0.03
) plate PLEY1T 0.03
(a) green T
No. | Symbol Phoneme Similarity
1 fridge F R IH1 JH 0.54
2 bed BD 0.21
3 mini desk MIHI NIY0OD EH1 S K 0.07
4 microwave MAY1 KROWOWEY2V 0.03
5 kitchen sink | K IH1 CH AHO N S TH1 NG K | 0.03
(b) fritz

No. | Symbol Phoneme Similarity

1 snack SN AELl K 0.34

2 cold brew | KOW1 LD BR UWI1 | 0.17

3 apple AE1 P AHO L 0.12

4 fruit FRUWLIT 0.10

5 spoon SPUWILN 0.09

(¢) manju

139
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075 00000000000000O[138)0000ODO

Robot | Hi, may I help you?

User Please give me the manju from the living drawer.
Robot | Now I'm thinking...

Robot | Sorry, I don’t know the manju. What is manju?
User It’s white, small sweets.

Robot | OK.

075 0000000000(138)0000O0

741 DOODOOO

oo ooooooo
gobooobogboobooboboooboooboobboobooobooboboooboon
gbooboooobobobobobobobobobobOoboDOobobooooboobooboon
gdoobooboobboobboobooboboobbooboooboobDbooboon
goboooboogobobooboboooboooboobboobooobooboboooboon
gboboobogbbdoobbooobooboboobbooboooboobboooboon
gbobooboobobobobobobobobobobobooboobooooooooobon
gooboboobobobbobbbobobboboboobobobbboboboobobobobobobobobooooobobonb
gobogobogboboobboobooboboobbooboooboobbooboon
gooboobooboboobobobobobobUobobOoboDOobooooooooboobooo
oodoboooooooooobbbobobobobobobobObobooooobbobbobobobobobobobon
ggoddooooboboobooooooooooooooooooLooDoD b o
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(c) (d)

076:0000000000000000000O0O0OOO0ODOOOI38ODODOOO
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START

’
El

077 0000000000000000D000OOOO138)0DOOOD

gobooobogboobooboboooboooboobboobooobooboboooboon
gboboogobogbboobboobooboboobboobuoooboobbooboon
gdoobooboobboobboobooboboobbooboooboobDbooboon
goboooboogooboobboooboooboobbooboooboobobooobnoon
gboooobogoboobobooboboobooobuoobbooobo

l.00ooooooooooooooooooooooooooooon

2. 000000000000 O00DOO0DOO0ODOODOObDOOODO

. 0000d0oOobOOoboOooooOooooooooooooooo

4. 00000000OOCO0OO0O0ODOOOOOO00ODOOOOOO0ODOoOoOOoOOoOOOg

gooooboooboobboobboooboobboobooobooobooboo
gobooobogboobooboboooboooboobboobooobooboboooboon
gboboogobogbboobboobooboboobboobuoooboobbooboon
gooooboobobobobbobobbbbbbbbbbbbbobobobobobbobobooobobobon
goboooboogooboobboooboooboobbooboooboobobooobnoon
gobooobogbboobobooobooboboobboobooboboobboooboon
oooooboooboboobbooboooboobobooboooboobobooboon
goooobogoo

gobobmooobooooooboboboooooobbboooobboooooobooboo
gboboobogbboobobooboobobodbbooboooboobbooboon
oobooobooboboobobooboooboo

(:init
(andO O
= (move-cost start table) 1)00
= (move-cost start counter) 4)00
= (move-cost start kitchen) 7)00

= (move-cost start fridge) 4)00O
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((placable kitchen)
(placable table)
(robot-at table)

(sure-on tray table))

((placable kitchen)
(placable table)
(on tray table)
(robot-at start))

(pick tray arms table) (pick_f tray arms table) \ (find-object tray table) (move-to start table)

((placable kitchen)
(placable table)
(onhand tray arms)
(robot-at table))

((placable kitchen)
(placable table)
(on tray table)
(robot-at table))

move-to table kitchen) (find-object_f tray table)

((placable kitchen)
(placable table)
(onhand tray arms)
(robot-at kitchen))

((placable kitchen)
(placable table)
(robot-at table))

(find-placement_f tray arms kitchen)\ (find-placement tray arms kitchen)

((placable kitchen)
(placable table)
(onhand tray arms)
(sure-placable tray kitchen)

(robot-at kitchen))

((occupied kitchen)
(placable table)
(onhand tray arms)
(robot-at kitchen))

place tray arms Kitchen)

((placable kitchen)
(placable table)
(on tray kitchen)

(robot-at kitchen))

078 00000D0OO0O0DOOOODOOOO

;;, oooooooooooobobobobooobooooo
(at start)
(on tray table)))
(:goal

(on tray kitchen))

U000 tray0 0000000000 OkitchenD tabledstart 0000000000
O000000000000000 (at 7spot) 0000000 OODOOOOOOOOOOO
O000000000000000000000 (on ?obj ?spot) D0OOO0OOO0OOOO
000000 D0O00000000bOOOmove-cost 0 OOOOODODODOOOOOOOOO
goooboboO0ooooobbboooooobbbbb0ooonoD start g
gobogoobogboobooboboooboooboobboobooobooboboooboon
goog

goo0ob0oboboobobOobobob vguooooUoooooobooobooo

gooboobooooboobboobooboooog
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(move-to start table)

(find-object tray table)

(pick tray arms table)

(move-to table kitchen)
(find-placement tray arms kitchen)

(place tray arms kitchen)

00000000 (move-to table kitchen) 00O OODDOOOOOCODOOOOOOOO
gooooboooboobboobooobooboboooo

(onhand tray arms)

(robot-at start)

00 start 0000000000 O0OO0OODOOO0OODODODOOODODOOOODODOO
ggodooooooboooooboooboobobobbobbboooboobobbobobooooboobon
goo

gooboobooboboobboobbooobooboboobbooboobobooboboo
goboooboogooboobboooboooboobbooboooboobobooobnoon
gobogoo

s J0000o0o0o0o0oooooboobbbb doooooooouooooooooooo
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
gbooooboooboobboobboobooobuooboboooo

uad
(= (move-cost start table) 2)00
(= (move-cost start counter) 3)00
(= (move-cost start kitchen) 6)00
(= (move-cost start fridge) 5)00
;;, ooooooooooooboboboooooooog
(onhand tray arms)

(robot-at start)

gboboobogoboobboobbooboobobuoobbooboooboon

(move-to start table)

(find-placement tray arms table)
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(place tray arms table)

;; DOoOobOOoOobobOoOobooooo

(move-to table fridge)

(open-door rarm fridge)
(find-object coffee fridge)

(pick coffee larm fridge)
(close-door rarm fridge)

(move-to fridge table)
(find-placement coffee larm table)
(place coffee larm table)

;; booboooboobboobboobooboobOoon
;;, DOoooooooogon

(find-object tray table)

(pick tray arms table)

(move-to table kitchen)
(find-placement tray arms kitchen)

(place tray arms kitchen)

oo UUUo
oooooboooboboobbooboooboobobooboooboobobooboon
goobooboooboobbooboooboobboobooobogoon

mJ00000oooooboobbo0obbo oboooboobbooboooboboooboo
gbooboobogoboobbuoobboobbooboooboobobgooobo

(= (move-cost start table) 3)
(= (move-cost start counter) 1)
(= (move-cost start kitchen) 3)
(= (move-cost start fridge) 6)
;;, oooooooooooboboboboooooooog
(onhand tray arms)

(robot-at start)

gboboobogoboobboobboobooobuoobbooboooboon

(move-to start counter)
(find-placement tray arms counter)

(place tray arms counter)
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079 000000000C00DOO0O0OOO0ODOOODOOOOOOD
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;;, DO0Oo0oDOoobooboooobooon

(move-to table fridge)

(open-door rarm fridge)
(find-object coffee fridge)

(pick coffee larm fridge)
(close-door rarm fridge)

(move-to fridge table)
(find-placement coffee larm table)
(place coffee larm table)

;;, 0O0O00bO00O0ObOO0O0ObObOOoU0bObooboboooboo
;; DO0O0ooOOo0obOogon

(move-to table counter)
(find-object tray counter)

(pick tray arms counter)

(move-to counter kitchen)
(find-placement tray arms kitchen)

(place tray arms kitchen)

gboobobobobuoooooobobobuobi0obog table D ODDOODOODOO
kitchenUOUOOUOODDOOOO0DO0OO000DO0OO00DO0 counterJJ0O000O0O0O00OO0O
oo boboboboooooooobbbbobobobobDbobon
UoobooDDobDb0O000000 tray counter 00000000 O0O0O0O0O0O0OO
000000 counter U0 tray 00 00O0O0O0O0OOO0OO

000000000 oboobobo0obob0 oboooboobbooboooboboooboo
gboobooobogooboobobooboooboobboobuoooboooboo

(= (move-cost start table) 5)
(= (move-cost start counter) 3)
(= (move-cost start kitchen) 1)
(= (move-cost start fridge) 10)
;;, oooooooooooboboboboooooooog
(onhand tray arms)

(robot-at start)

goboobooobooboboobboobooobuoobbooboooboon

(move-to start kitchen)
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(2) (h)
0710: 0O00O0OO0ODOOOOOOOOOUODOODOOOODOUODOOO
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(find-placement tray arms kitchen)
(place tray arms kitchen)

;; Dogoouobboooboobbuobobon
;; DO0ooDOoobooooobogon

(move-to kitchen fridge)

(open-door rarm fridge)
(find-object coffee fridge)

(pick coffee larm fridge)
(close-door rarm fridge)

(move-to fridge table)
(find-placement coffee larm table)
(place coffee larm table)

;;, 0DOoo0obO0O0obbOOo0obbOoobbooobooboboo

gooboobooboboobboobbooobooboboobboooboobobooboboo
U000 kitchenOOODODOODODOOODDOODLOOODODDOODODOOODOOD kitchen[
gobooobogbboobbooobooboboobboobooobooboboooboon
oo0oboobboooboooboobobooboboobboooboo

742 DO0O0OOODO

gbobogobogbbuoobbogbooobuoobbooboooboobbooboo
goobooboobboobbooboooboobbooboooboobobooboon
000000000 false-positive00 000000000000 OCOCDOOOO0DO0OOO0O0OO
gobobobooooooobooooobbooooooobboooooobobboooooobo
odoobooboobboobboobooobooboboobooobooboboobooon
gobobboooobobbooooobobobooooobobobboooooobobboooooboobo
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
gooooboobboobboobooboboobbooboooboobbooboon
goobogo

gbboobogbbuoobboobooobuoobbooboooboobbooboo
000 7120000

gobogooboooboobbooboooboobboobooobooobooboo
goobogobogbbooboboobooboboobboobooobooboboooboon
odoobooboobboobboobooobooboboobooobooboboobooon
0000000000000 00000 (pick coffee larm fridge) DO ODODOOOOO
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(a) (b)

0 711: 000000000000 0000O0OOOODOOOOOOO0OO

gobooboooooogon

((openable fridge)
(placable fridge)
(placable table)
(sure-placable fridge)
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((openable fridge)
(placable fridge)
(placable table)
(on coffee fridge)
(robot-at start))

(move-to start fridge)

((openable fridge)
(placable fridge)
(placable table)
(on coffee fridge)
(robot-at fridge))

((open-door rarm fridge)

((openable fridge)
(placable fridge)
(placable table)
(sure-placable fridge)
(on coffee fridge)
(open fridge)
(robot-at fridge))

(find-object coffee fridge) /(pick_f coffee larm fridge) \(find-object_f coffee fridge)

((openable fridge)

((pllacal;)lle fﬁsi;e)) (Eo})enilileflﬁidgi)

placable table placable fridge

(sure-placable fridge) (placable table)
(open fridge) (open fridge)

(robot-at fridge)
(sure-on coffee fridge))

(robot-at fridge))

pick coffee larm fridge)

((openable fridge)
(placable fridge)
(placable table)

(sure-placable fridge)
(onhand coffee larm)

(open fridge)

(robot-at fridge))

close-door rarm fridge)

((openable fridge)
(placable fridge)
(placable table)

(onhand coffee larm)

(robot-at fridge))

move-to fridge table)

((openable fridge)
(placable fridge)
(placable table)
(onhand coffee larm)
(robot-at table))

find-placement coffee larm table)

((openable fridge)
(placable fridge)
(placable table)
(onhand coffee larm)
(placable coffee table)
(robot-at table))

place coffee larm table)

((openable fridge)
(placable fridge)
(placable table)
(on coffee table)

(robot-at table))

712: 0000000000000 0DObOOobOoOoo

151
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(onhand coffee larm)
(open fridge)
(robot-at fridge))

00000000 (close-door rarm fridge) 00O 0OOO

743 ODOO0OOODOO

gboboobogobuoobbooboooboobbooboooboobbooboo
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
goboooboobboobboobooboboobbooboooboobboooboon
gobooobogboobooboboooboooboobboobooobooboboooboon

Or74200000000000000000000O00O0DOOODOOOODOOODOOO
goobooboobboobbooboooboobbooboooboobobooboon
gobooboooboobobooboboooboonoboon

/44 OU00O0OQ0DOOOOODDOOODODDOOOOODODO

gooooboooboobboobboooboobobooboooboobobooboo
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
gooboobooobooboboobboobbooobuoooboobbooboo
goboobogoobooboboobboo

oooooboooog

goooobooboboobboobboooboobobuoobboooboobobooboboo
gobooobogbooboobbooobooboboobbooboooboobboooboon
gD DD DD DD O
odooboobooboboobbooboo0oboobobo0obooobooboboobooon
gooooboooboobbooboobon

gbogobogbod
gooboobooboboobboobbooobooboboobboooboobobooboboo
goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
000000000O00000 (033.70)0000000O00O0O0OOO0ODOOODOOODOO
gbbooboooboooboobbuoobbooboooboo
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(b)

(a)

(8)

0713 0000000000000 0000O0OOODOO0OOOOOODDOODODBOO0O00O

gooooboogn
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|

|

0714 0000000000000000O0O0DDOODOOO

(5 OO0OO

gooboobooboobobobobobobobobobobobobobobooboooDo
gooboobooboboobbooboooboobbooboooboobobooboon
gobooobogbooboobbooobooboboobbooboooboobbooboon
goobogobogbbooboboobooboboobboobooobooboboooboon
gbooboooobobobobobobobobobobOoboDOobobooooboobooboon
gooooboobboobbooboooboobbooboooboobbooboon
gobooobogbooboobbooobooboboobbooboooboobboooboon
gboboobogbbdoobbooobooboboobbooboooboobboooboon
gbobooboobooboboboboboboboboboboobooooon
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0 30

Jddddobobobooobobnd
Jddddobobobooobobnd
Joddduooon

g.1 OODOO

goooobooboboobboobboooboobobuoobboooboobobooboboo
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon
gooboobooobooboboobbooboooboobboooboooboooo

g2 00O0DOODObOO0ObOUObUOUObUOUObUOUObbOObDO
ooooon

gooooboooboobboobboooboobobooboooboobobooboo
gobooobogboobooboboooboooboobboobooobooboboooboon
gbbogobogbbdoobbooobuoobobuodbboobuoobobuoobbooboon
goobooboobboobbooboooboobbooboooboobobooboon
goboooboogooboobboooboooboobbooboooboobobooobnoon
goobogobogbbooboboobooboboobboobooobooboboooboon
ooo0ooboobobooobooooo

goooobooboboobboobboooboobobuoobboooboobobooboboo
gboogoobogbobooboooboonoobooon

(:INIT
(ROBOT-AT START)
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(IN-PLACE ?SPOT)
(USUAL 70BJ ?SPOT :BEFORE ?STAMP)
(ON ?70BJ ?7SPOT))

(:GOAL
(IN-PLACE TABLE)
(USUAL 70BJ TABLE :AFTER ?STAMP)
(ON 70BJ TABLE))

O0OO0O0O0O70BJO (USUAL 70BJ TABLE :AFTER 7STAMP) 00O OO00O0O0OOOOO
O00D000000O0ODOOO0O?sPOTOOOOODOODOO (ON ?70BJ ?SPOT) OO OO OOO
0000000000000 0000000000000000O000 (USUAL 70BJ 7SPOT
:BEFORE 7STAMP) 000 0J?0BJU0000000OO0OOOOODOOOO?STAMP O70BJ OO
gbboobogobuoobbogbboobuoobobogn

STAMPOUODODODOOODODOOOO0OODOOOODDOOUODDbDDbDOOOODDDbDOOOn
goobooboogoboboobbooobooboboobbooboooboobobooobnoon
gbobooobogoboobboobobon

821 OOOOO

PSTAMPO0O0C000OO0O0O0OO0OO0O00000000O0DODOOOOOO (USUAL 70BJ TABLE
:AFTER 7STAMP) 0000000 O0OODODOO0OO TABLEOUOOOODOODOODOOODOOO
gobobz0BJO000000O0DOO0O0ODODOOO0O0ODODOO0O0OUTABLEOOODODOOOO
O000000070BJ 0 BOWL, SERIAL, MILKO O OOOOOOOOOOOOO (O 81b, O
82b,0 83b) 00000000000 O0OUDOOOUSVALO0DOOOODOOOOOOO
gobogroBJOU0OO0ODOO0ODOOOODOOOO

(:INIT

(ROBOT-AT START)

(IN-PLACE ?SPOTO)

(IN-PLACE ?SPOT1)

(IN-PLACE ?7SPOT2)

(USUAL BOWL ?SPOTO :BEFORE BREAKFAST)
(USUAL SERIAL ?SPOT1 :BEFORE BREAKFAST)
(USUAL MILK ?SPOT2 :BEFORE BREAKFAST)
(ON BOWL ?SPOTO)

(ON SERIAL ?SPOT1)

(ON MILK ?SP0OT2))
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(a) BEFORE (b) AFTER

08.1: BOWLOOOOUOOOOOODOOOOOoooooooo 2000000000

(a) BEFORE (b) AFTER

0 82: SERIALODOODOOOO00DONOODDOOOOOOOODOO 2000000000

(:GOAL

(IN-PLACE TABLE)
(ON BOWL TABLE)
(ON SERIAL TABLE)
(ON MILK TABLE))

gogoobobbooggustALO0DOooogooooobobbooooooooooboboogo
00000000000 D00O0OBOWL, SERTAL, MILKOUO DO O OO O BREAKFASTO OO O OO
000000b0oOo0bO0o00bbO00bbO0 KITCHEND KITCHEND FRIDGEO D DO OO
0 (O 8.1a, O 8.2a, O 8.3a)0

goboobogobuoobboobooobuoobbooboooboobbooboo
oboboobobooobooo

(:INIT
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(a) BEFORE (b) AFTER

083 MILKOOOOOOOOODOUODODOOOOOUODOO 20000000000

(ROBOT-AT START)
(PLACABLE KITCHEN)
(PLACABLE FRIDGE)
(OPENABLE FRIDGE)
(PLACABLE TABLE)
(ON BOWL KITCHEN)
(ON SERIAL KITCHEN)
(ON MILK FRIDGE))
(:GOAL

(ON BOWL TABLE)
(ON SERIAL TABLE)
(ON MILK TABLE))

822 0O0OOODO

0821000007STAMP 0000000 OOONONDONONONOONONDONOOOOODOOO
00000000000000000000000000000TABLEDOOOOOOOOO
000000 7?08J 0 BOTTLE,BOWL,CUP O OO OO OO (O 8.6b, 0 8.7b, O 8.8b)0
082100000000000000000000O0O00O00OODNDOOONDOOOO0
0000000

(:INIT
(ROBOT-AT START)
(PLACABLE FRIDGE)
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(OPENABLE FRIDGE)
(PLACABLE DISHWASHER)
(OPENABLE DISHWASHER)
(PLACABLE KITCHEN)
(PLACABLE TABLE)

(ON BOTTLE FRIDGE)
(ON BOWL DISHWASHER)
(ON CUP KITCHEN))
(:GOAL

(ON BOTTLE TABLE)

(ON BOWL TABLE)

(ON CUP TABLE))

823 OOOODO

0821000007STAMPOOIODOD0ODOOOODOODODODODOODOODOOOOODOOD
ooooobo0bboooboobobo0oboobbo0obogTABLED OO DOOODOOn
000O00D07?0BJO NOODLESO OO OOOO (O 8.11b)0

0g82100000000D00O0O0O0OO0ODOODOOODOOODOOOODDOODOOD
goooooo

(:INIT

(ROBOT-AT START)
(PLACABLE COUNTER)
(PLACABLE TABLE)

(ON NOODLES COUNTER))
(:GOAL

(ON NOODLES TABLE))

g3 UOOO

goooobooboboobboobboooboobobuoobboooboobobooboboo
gobooobogbooboobbooobooboboobbooboooboobboooboon
gbobooobogbbdoobboooboobobuoobboobooobooboboooboon



160

Tpick 1 bowl larm Kitchen)

(on bow kitchen)

(on milk rid

(on seralKichen)
able ble)

(oboat sa)

080 0O00U0U0U0U0UOOUOUOUOUUOUOOOCODOUOOOCOOOOODDDDOODOOOOOOO

(on milk fridee)

(ure-on seial Kitchen)

pick bowl lam Kitchen)

(o milk fidee)

)
lee)

i v Kichg

(on bow Kichen)
(on milk rdee)
(onband seial larm)
(placable table)
(rbotatKitchen))

[
(robocat kitchen))

ok fbowl crm Kichen) i object_rbowl ki

en)

(on milk fridge)
(onhand serial lam)
(placable table)

(o milk fidge)
(onhand seral

(placable able)

(robot-a Kitchen))

(on milk fidge)
(on seralKichen)
(placable able)
(rbot-a Kitchen)

(robotat Ktchen)
(sure-on bow itchen)
pick bowl ram kitcher)

(on milk fridge)

(obotat Kitchen))

(move-toKichen fidge)

((on milk Fidge)
onhand bowl rarm)

(@obotat fridge))

(move-to fidge able)

(on milk fidze)

(rubot.at able)
(sure-placable bowl able))

(robocat abley)

(rbotat able))

(find-placement seial larm table) \(fnd-placement_ seral lam tble)

o ol bl

(onm ey (ocapid ble
(onhand el Lonbow bl
: on il )

fwetied (oohand e )

(ure placable srial table) (bt able))

(qloce sriallam tabie)

((on bow uble)

ablc)
(roboca fdge))

(on bow able)
(on milk rdze)
(onhund

(placable bl
(robotat sbley)

i placement_ serial ras tble) - placement seia arm able)

atable)
(sure-placable srial table))

(on milk fidge) (on milk fidge)
(on seral Kichea)
(onhand seial

(placable able)
(robo-at Kitchen))

(placable able)
(robot-a Kitchen))

Fobjectbow Kichen) move.to ithen fridge)

(on il fidge) (on milk fridge)
(on seral Kichen) (on lam
(placable able)
(robota Kitchen)
(sure-on bowl ktchen))

(on ik fidge)
(onhand bowl larm)
(placable able)

(borat idge) (robota Kichen)

i bject_f srial Kithen) move 1o fidge able)

(on ik fidge)
bow lam)
(onhand sril arm)
(placable able)
(robotat tabley)

on il fidee)
(placable able)
(roboa kitchen)

sure-on bowl ki

ffind-placemes ableN\find-placement._f bow! arm table)

((on milk fidge)
(on

o larm) (oceupied tble)

on milk fridge)
(onhand
(onhand seral r

ol (obotat able)

)
table))

(robovat
(sure-placabe bowl

(lsce bow
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(define (domain room-domain)
(:requirements :adl :typing :action-costs :negative-preconditions)
(:types spot arm item person)
(:constants cleaner - item somewhere - spot someone - person)
(:predicates

(robot-at 7at - spot)

(sure-on 7obj - item 7at - spot)

(on 7obj - item 7at - spot)

(sure-see ?7who - person 7at - spot)
(see ?who - person 7at - spot)
(delivered 7obj - item ?who - person)
(asked 7who - person)

(onhand 7obj - item 7arm - arm)

(open 7at - spot)

(placable 7at - spot)

(occupied 7at - spot)

(sure-placable 7obj - item 7at - spot)
(openable 7arm - arm 7at - spot)
(clean))

(:functions
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21 (total-cost)

22 (move-cost ?7from ?to - spot)

23 (arm-cost 7arm - arm)

24 (obj-cost 7obj - item 7at - spot)
25 (find-cost)

26 (manip-cost))

27 (:action

28 "move-to"

29 :parameters

30 (?7from ?7to - spot)

31 :precondition

32 (and (robot-at 7from) (not (open ?7from)))

33 reffect

34 (and

35 (not (robot-at 7from))

36 (robot-at 7to)

37 (forall (7obj - item) (not (sure-on 7obj 7from)))
38 (increase (total-cost) (move-cost ?from ?7to))))

39 (:action

40 "find-object"

41 :parameters

42 (?7obj - item 7at - spot)

43 :precondition

44 (and (robot-at 7at) (on 7obj 7at) (placable 7at))
45 teffect

46 (and

47 (sure-on 7obj 7at)

48 (not (on ?7o0bj 7at))

49 (increase (total-cost) (find-cost))))

50 (:action

51 "pick™"

52 :parameters

53 (?7obj - item 7arm - arm 7at - spot)
54 :precondition

55 (and
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(forall (7other - item) (not (onhand 7other 7arm)))
(robot-at 7at)
(sure-on ?7o0bj 7at)
(placable 7at))
:effect
(and
(onhand 7obj ?7arm)
(not (sure-on 7obj 7at))
(not (on 7obj 7at))
(not (occupied 7at))
(increase (total-cost) (arm-cost 7arm))
(increase (total-cost) (obj-cost 7obj 7at))))
(raction
"find-placement"
:parameters
(?70bj - item 7arm - arm 7at - spot)
:precondition
(and (onhand ?7obj 7arm) (robot-at 7at) (placable 7at))
:effect
(and (sure-placable ?obj 7at) (increase (total-cost) (find-cost))))
(raction
"place"
:parameters
(?obj - item 7arm - arm 7at - spot)
:precondition
(and
(onhand 7obj ?7arm)
(robot-at 7at)
(placable 7at)
(sure-placable 7obj 7at)
(not (occupied 7at)))
:effect
(and
(not (onhand ?7obj 7arm))

(on ?7obj 7at)
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91 (not (sure-placable 7obj 7at))
92 (increase (total-cost) (arm-cost 7arm))
93 (increase (total-cost) (obj-cost 7obj 7at))))

94 (:action

95 "open-door"

96 :parameters

97 (?7arm - arm 7at - spot)

98 :precondition

99 (and

100 (forall (7obj - item) (not (onhand 7obj 7arm)))
101 (robot-at 7at)

102 (not (placable 7at))

103 (not (open 7at))

104 (openable 7arm 7at))

105 reffect

106 (and (placable 7at) (open 7at) (increase (total-cost) (manip-cost))))

107 (:action

108 "close-door"

109 :parameters

110 (?arm - arm 7at - spot)

111 :precondition

112 (and

113 (forall (7obj - item) (not (onhand 7obj 7arm)))
114 (robot-at 7at)

115 (openable 7arm 7at)

116 (open 7at))

117 reffect

118 (and

119 (not (placable 7at))

120 (not (open 7at))

121 (increase (total-cost) (manip-cost))))

122 (:action
123 "clean-room"
124 :parameters

125 (?arm - arm 7at - spot)
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:precondition
(and (onhand cleaner 7arm) (robot-at 7at))
effect
(and (clean) (not (robot-at 7at)) (robot-at somewhere)))
(:action
"find-person"
:parameters
(?who - person 7at - spot)
:precondition
(and (robot-at 7at) (see 7who 7at) (placable 7at))
reffect
(and (sure-see ?7who 7at) (not (see 7who 7at))))
(:action
"deliver"
:parameters
(?0bj - item 7arm - arm 7who - person 7at - spot)
:precondition
(and
(onhand 7obj ?7arm)
(robot-at 7at)
(sure-see 7who 7at)
(placable 7at))
:effect
(and (not (onhand 7obj 7arm)) (delivered 7obj ?who)))
(raction
"ask"
:parameters
(?who - person 7at - spot)
:precondition
(and (robot-at 7at) (sure-see 7who 7at) (placable 7at))
:effect
(and (asked 7?who)))
(:action
"find-object_f"

:parameters

193
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161 (7obj - item 7at - spot)

162 :precondition

163 (and (robot-at ?7at) (on 7obj 7at) (placable 7at))

164 reffect

165 (and (not (on ?7obj 7at)) (increase (total-cost) (find-cost))))

166 (:action

167 "pick_f"

168 :parameters

169 (?obj - item 7arm - arm 7at - spot)

170 :precondition

171 (and

172 (forall (7other - item) (not (onhand 7other 7arm)))
173 (robot-at 7at)

174 (sure-on ?7o0bj 7at)

175 (placable 7at))

176 :effect

177 (and

178 (on ?7obj 7at)

179 (not (sure-on 7obj 7at))

180 (increase (total-cost) (arm-cost 7arm))

181 (increase (total-cost) (obj-cost 7obj 7at))))

182 (:action

183 "find-placement_£f"

184 :parameters

185 (?70bj - item 7arm - arm 7at - spot)

186 :precondition

187 (and (onhand 7obj 7arm) (robot-at 7at) (placable 7at))
188 teffect

189 (and

190 (not (placable 7at))

191 (not (openable 7arm 7at))

192 (occupied 7at)

193 (increase (total-cost) (find-cost))))

194 (:action

195 "find-person_f"



196
197
198
199
200
201

:parameters
(?who - person
:precondition
(and (robot-at
:effect

(and (not (see
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7at - spot)

7at) (see 7who 7at) (placable 7at))

?who 7at)))))
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