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k k k
E(x") = E(x{")% . E.(2") (4.4)

DDDDCCDDDDDDDDDE(:ng))D ogb1g0bouoobbbobooobd
10b0boogogboobooad

4.3.3 O0O0O0O0OOOOODLDOOO0OOOOOO0

gogbbbuooobobobuoooobboooobbbuooobbbooogbo
gogbbobooobbbuooobbbuooobbboooobobbuooobood
gooooououooooouoooooobbobbbbbbbibboooooogo
ggbbobuooobbboooobbbuooobo

gboobgbuoooobobooboobuoobobogbobooobobogn
0000000000000 000000000000000000n Tlframel00
0000000000000 00000000000000000000 T+1[frame|
ggobbobbudo44 000bbbooooobobboooobboobod
gobboboooobbboooobbbuooobboboooobbboogbood
gogbbobugoobbboooobobobogogboogao

4.3.4 0O0UOU0OO0OOOUOOLOOOOOOObObOOOOOoOn

gobooboboobuoobbuogbboobboobboobboobboobo
gobbobooobbbuooooboboooobboooobbbooooboog
ggbbbuoooobbuooobobb42Db00b00oobbboooobboog
gogbbobuoooobbbooooobbboooobobbuooobbooboboog
gogbbboooobobuooooboboboooobboooobbboooobobooa
gogbboboooobbbooooboboboooobobboooooboobo

gobogoodbboobooboobbuoobobuoobobooobbooobo
gboobobboboobooboobobooboobobbobbobon



— U040 0 0000000000oooaodgooooogd — 91

gbbbuooobboooobbbooobbbuooobbbuooobbboo
gbbbuoooobboooobbboooobbbuooobbbooobbboo
gbobbbuooogobobooooobbobbouooooobbboooobobo
0000O000U00ooooooO0oU0UoUuooooooOOoU0OUUn (vyy) DOOOO
gboooboooon

00000000420 B)00000000C0COOOODODODODDOOOOOOOO
gbobbuooobobobuoooobboooobbbuooobbbooobobboo
gbbbuoooobboooobbbooobbbooobbbooobbboo
gbobbuooobboboooobboooobbbooobbbooobobboo
gboboboooobbbuooooboobboboooobbbuoooobboao
gbbooobogoboogboboobbuoobbuogbboobbooboboon
gbobobooogbbobuoooobobooooboobbbuoooobobogao
gbbbuooooboboooobboooobbbuooobbbooooboboo
00000000420 A00000C00DOOCO0ODOOOODOOOODOOOOOO
gbobbooooboboooobboooobbbogobbboooboboboo
gbbbuooooboboooobbboooobbbuogobbboooooboboo
gbbooobogobuogbobuoobbodgbbogbobbuoobbodboon

gbobobgboougboobobbgbooboobobooobogobaon
gboboboooobbbuoooobbbooooooboboood

4.4 0O0O00O0OO0OOOOOOOOOOOOO

gbobobuogobboboooobbbuooobobboooobbboooonbon
gbbbuooobobobuoooobboooobbbuooobbboooooboboo
gbbbuoooboboboooobbboooobbbuooobbboooboboboo
gbobobooogbbobuooooboobboboooobbbuoooobobogan
gobobogo



92 — U040 0 00000000000000000000000  —

A) B)
Tracking with Tracking with
Modified templates fixed templates

Input image

042 0000000000000000000000000000000000
00000A)00000O0B) 000000000000 00000000000
000 [53)000000



— U040 0 0000000000oooaodgooooogd — 93

4.4.1 0O000O0O0OO0OO0OOO

goodoooooooobbbbbbbooooooooooobooooboobn
g430000oooooobbobboooooooooooooooooboon
gobbobboboboobbbtbodoooooooobbbuoudoooooon
000000000000 0000000 I,olilg(t)yDOOODDODOOOOOO
0000000000000 00000w (), vg()0OOODODOOODODODOODOO

00000000000 00000000000 L(O0¢)000000 S,(t) €
{“Independent”, “Coveredd One-way 0000”7, “Mutual”} 0000000000
gogodooooooobobbbbboooooooooooboobooooboobon
0000000000000 000000000D0000000 va(t), ve(t)00O
000 S.(t) € {“Unclear”, “No”, “Yes”"} OO O 0O0O0ODOOOOOOODOOODODOO

guoddouoooboobobobbbbtoooooooooouoobooooboooboobo
goooooooooobbbbbboooooooouoooboboooobooboboo
gdooooooooobbbboboooooooouoooooboobobooboobbon
gooooooooobbbbbboooooooooouooboooooobobon
gdodoooooboobobbbbbooooooooouooobooboobooboobobon
goddooooooobbbbbboooooooououooooooooboon
goodoooooobobbbbbbooooooouooooboooobobon
goooooooboboood

Cut (/Insert)
goobbbbbudougoonoooboonbbboboodooooobooon
gogbobobbobbbbbodgoooboonboobbobbbooooogn
guoodooboobobbbbooooooooon

Move
0000000000000 oooooooouooo
o0Odno

Fork
0000000000000 oooooooooooo



94 — U040 0 0000000000 0000000000000

gogbbobuoooobbbuoooob

nil

gogbboboooobbboooobobboooooon

gbooboo44i10bobobooboobooboobuooboon

St(t) € {“Cut”, “Move”, “Fork”, “nil”} D00 OO0DO0O

Camera

Initial tool
region/coordinates

-T-

Initial object
. region/coordinates
Input|image 1

T

CH,R,07

§TTTTHLR,O)

Covered
region Ru
Tool Tracker [€&— Object Tracker
\ Hle.rarchy |
Tool region [ Estimator Object region /
T‘?ZI velocity Hicrarchy Ss Object Velocl:;ty
\ Accompanlment <
Estimator
A 4
I Function
Estimat
Accompaniment S 4 stimator

lTool function § 7

043 00000000000 bO0bObDOobDOobOObOO0bOobOobDOobDOoObDO
0000000000000 02000



— U040 0 0000000000oooaodgooooogd — 95

041 0000000000000 0O0O000obn

Superposition
Independent | Covered | Mutual
Unclear nil nil Cut
Accompaniment No nil nil Cut
Yes |[Move, ifcontiguous] Move Fork

4.4.2 O0O0O0O0OOOO

000000000000 tframe] 0000000000000 00 I(t), Ip(t) C
NZ x [0,255 000000000000 Ra(t),Re(t) ¢ N2 000OODOO
Rap(t) = Ra(t) " Rp(t) ¢ NNOODOOD 44 00000000000 Rap
00000000 D000000 I$)D00000 L(#DI)00000000
000000000000 (0440000)000000000000OOO00OOO
godddoooooobbbbbboooooooooooooobbobn
0000000000000 0 400000000000 oooooooooo
gdodououotuotdotdoiouotoooouoouoooo

0000000000000000000 (45 00000000I(p) € 0,255
000000 /000 p0000000 (R,GB)D0D0D ||z—||00000 2,y
gdodotudoootdooooooouoobouoouoouoooouooooad
dodooooooobodovoooooooooooooo

SS(t):
( “Independent”, if R4 5 = 0.

“Covered”, if

(Vp € Rap;s(p, A, B)) V (Vp € Rap; s(p, B, A)) . (4.5)

“Mutual”, if
( (3p € Rap;s(p, A, B)) A (3p € Rap; s(p, B, A)).

s(p, X,Y) £ ||I(p) — Ix(p)|| > || 1(p) — Iy (p)]|

00000000000 0000000 T+ 1frame]00000000O0OOO
Tiframe| 00000000000 00O0O0ODO0O0OO044000000000000




96 — U040 0 00000000000000000000000  —

1(T) L(T+]) LT+
NN~

I(T)

Y

0D 44: 00000000000000000000000000O0O0000000
00000 (33000

I[(T+1)

gobbboooobbbooooboobbboooobbbooon

443 UO0OOOOOOOO

000000000000000000000000000000000000
0000000000000000000000([1360000000000000
0000000000000000000000000000000000000
00000000000000000000000000000 tframef 0000
000000 v,()000000000 vp(t)00000 Tlrame] 0000000
0000 Nframe] 00000000000 (46)000000000

Eacmm:exp{c‘a; > ||vA<t>—vB<t>||} (16)

t=T—-—N+1

0000C,,,000000000E,.(t) 00000 10000000000000
gboobgobooboobon



— U040 0 0000000000oooaodgooooogd — 97

0000000000000000000000000000000000000
0000 (47)0000000 [jux(@)||0000000000000000000
0oo

T

@l =+ > lex(l (47)

t=T—-N+1
O000000¢t0000000 S,(t) € {“Unclear”, “No”, “Yes”} 00O (4.8)
goddooooouooooddouooooooooboooouoooooooa
00000 (“Yes”)DOOODOOOOODOOOOOOODOODODOOO (“Unclear”)d O

0000000000000 (“No”)ODoOoOO

Sa(t) =
( “Yes”, if h(A,t) Ah(B,t) Aal(t).
“No”, if (h(A,t) A h(B,t) A —a(t))
v (h(A,t) A=h(B,1)
V (=h(A,t) A h(B,t)).
[ “Unclear”, if (=h(A,t) A =h(B,t)).
h(X,t) = lox (t)|] > vinr
a(t) é Eacm(t> Z Eacm,thr

0000w, 000 Epnse 0000000

(4.8)

4.5 UU0O0O0OO0O0OOO0OOO0OO0O0OO0

gbbbuoodgbbboooobbooodgbbbuoooobbbooobon
gbbboodobbboooobbbooobbbooobbbooobboboo
gbbboooobbbuooobobbbooodn

4.5.1 O0O0O0OOOO0OUObOOOgod

gboogobobboogoobbbooooobobuoooobbbooooboon
gboodbodgboogbooboobuobobobobobobuoobogouboo
O0000000000Oeuslisp[6l, 116) 0000000000000 OOOOO
gboboboooobobboooobbbooobbobuooobbbooobobooboo



98 — U040 0 00000000000000000000000  —

00000000000000000000000000000000000000
00000000000 L0z 000000000 va(H)0vp(t)00000
0oooooo

00000000000000000004500004.6000000 A0OO
0BOOOOOOO0O0000000O0O0O0O0OOOOOO0O00000000000
0000000000000000 “CUT’00000000000000 c00O0
DOOOO00000O0O00OOO0O00000000000000000000000
000000000“MOVE'0000000000000000000EDDOO
0000000000000000000000000000000000000
0000000000 “CUT"00000000000000000000 “FORK
(SKEWER)’ 0 000000000000000000000000000000
0oo

4.5.2 O0O0OOOOOOOOOO

000000000000000000000000000000000000
0000000 640 [pixel]x480 [pixel]d 15 [fps] 00 0000000000000
0000100000000000002000000000000000000
0000000000000000000000000000000000000
000000000 10200000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000 (11,137 00000000000000000000000
D000000000000000000000000000000000000
000000000000000000000000000

0000000Graph-crt0 0 00000000000000000000000
00000000000000([11,137)0000000000000000000
D00000000000000000000000000000000 [103]00
D000000000000000000000 [760000000000000



— U040 0 0000000000oooaodgooooogd — 99

O 45 0000000000000 000O000O0O0O0OODODO1



100 — U040 0 00000000000000000000000 —

mmu- sxEWER

U 46 DO000dooooouoooobbbbbboooooo 200040oaggd
“Fork” 0 “SKEWER" OO OOOOOODO

FUNCTION= CUT
L o
i



— U040 0 0000000000oooaodgooooogd — 101

0000000000000000000000000'000000000000
000000000000

0000000009 0000000000000000000000000
00000 (1370

E(X)=> gu(Xo)+ Y hu(Xu, X,) (4.9)
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hoyoia) (1 1) = Aexp{ii?éfi?z(q))2(l7élv (4.12)

000 I(p) 000 p00000I0000000010000200000000
a(I(p),) 0000 I(p) 0000000000AD kO0O00O0O0O0OOO
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Input images Tracking result
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Co-Movements
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Algorithm 1 Algorithm for Op. 1 - Op. 6
01: ©® <« @0

02: while true do

03:  executeTask(©)

04: S, § < checkState()

05:#if Op. 1, 3, 5

06: if S = “One-way, down” and |d] < do

07: then return

08:#else

09: if S = “Independent” and |§| > dy
10: then return

11:#endif

122 0«0 —n-0

13:  endif

14: end while

Algorithm 2 Algorithm for Op. 7 and Op. 8

01: ® <= O, ¢ < g

02: while true do

03:  executeTask(®)

04: S, & < checkState()

05: if S = “Mutual” and |d] < dg

06: then return

07:  else if S = “One-way, down” then ® <= © +& —1;-d
08: else if S = “One-way, up” then ® <= O —e —1ns-9
09:  endif

10: & < max(&min, Ne - €)

11: end while
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(k)

Ty, | = a:l@l + dx;. (4.13)
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Initial state

State “s”
Nt = 11427
No= 3733
State “u”
Nt =319
No= 10695
State “d”
Nt = 14084
No=0
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042: 0000000000000000000000000000000000
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5.2 U000 0O0O0O0O0O0O0O0O V-FESOOO

gbobobogoobbbooogoboboooobbbooobbbuooonoon
gbobbuooooboboooobbuoooobboogobbbooobbboo
gbsa1gugobboogobuogbboooobuoobbogboooboonn
gbobbuoodgboboboooobboooobbbuogobbboooboboboo
gbobboooobboooobbboogbbbogobbbooooobooboo
gbobboogogbobuooooboboooobbbooobobbboooon

0000000000000 0000000b00obD0ob0obOobOoDbDOmNON-
VISIBLE- 1D OOODOOOOODOOOOOOOOODOODOD OO NON-VISIBLE-
00gobodgboboobooobuooouboooboobbooboboon
000 VISIBLE+UNRECOGNIZEDO OO OOOODODOOODOOODOODODOOD0OO
gbobodgobobbuogbobobboobbooobboooooobooooon
O0OO000Db000bO0o0ObObOOoOoobobboOoobbooVISIBLE+WRONGLY
RECOGNIZEDIDOOOGOGOOODODODOOOOODOOOO0OO000oooOmVIS-
IBLE+WRONGLY RECOGNIZED20 OO O0DOO00O0OOD0OOD0ODOODOOOODO
0000000000000 0D000000Db0OD0ObO00ODbDODODONON-
VISIBLE2OOOODOOOODODODOOOOOOOO0ODOO0OOobOOoOobooooooon
OO0O0ODOOOOONON-VISIBLE-1OOODOODOOOOODOODOODOOD VISI-
BLE+UNRECOGNIZEDO OO OOOOOOODO

gboboboobooboobobbobooboobobbobooboobo
O0000000000000000000O000000O0 [37,83]00000000
O0000000000000000 4600000000000 DOOOOOOOO0
O000OO0000D0O0O0O000ONON-VISIBLE-1O0OONON-VISIBLE-200 00O
000000000000 00000000O00O0O00DO0ODOOoOoOOO [30,119]
gbbbouoooooodobbboooobbboooobbbuoooobbooo
gbbboooobbbuoooobbbuooobobbouooobbn

00000 NON-VISIBLE-100 00 VISIBLE+UNRECOGNIZEDOO OO OO O
O0000000000000000000000000SIFT[46]0 LINE-MOD([31]0
gooOoOoooooooooooooboooobooooOoboboo VISIBLE+WRONGLY



132— 050 0 00000000000000o00d0o0oo0gooodn —

RECOGNIZED10O 0O O VISIBLE+WRONGLY RECOGNIZED20 00 00O0OOO
goooooouououoooobboobbobbbbbbbbbibbooodooogo
O0000b0O0o0ogVISIBLE+UNRECOGNIZEDODODOODODOOOOOOOOO
ggbbbooobbobuoobbbooobobbooobobboooobood
ggbbobuoogbbbuoobbbuooobbbuoooobobbooogbood
gogbboboogbbobuoobbbuooobbbuooobobboooobood
goon

oo0obOoooo V-FESODOOOOOOOoDbOoDooooDbOgs3b000gyv-
FESOOOOOODOODOODOODOOobOOobOoboboboboboboD s3,0
O0000O0OV-FESOO 1)00000000002)00000000000000O
000000000000 00000000000 STRIPS[25) 00000000
00000000 [44]0 prj00000000000000O00O0O0OOOOO0O0
ggbbobooogbbbuooobbbuooobbboooobboooobood
gobbobuoooobbbuoooobbobuoooboogao

V-FESOOODOOOOOOOOOOO0bOoooobooooboooobooboo
goooodg

. 00000oo0oboboooog “MAT?0O000

2. 00000000DO0O0DOOO “TRAYODO

3. 00000000D00Db0ODbDO “STORAGE"O DO

4. 0000000OCOO0ODOO0ODO “CONTAINER” OO
gobbobouogobbbooooboo

1. 0oobooboobon

2. 00000bbboooobbobooobobobooooboon

gogbbobuoooobboobbboooobbboooobbboooooboboog

good
O00O0o0o0O0obOo0ooO0oboOOoo0OOoO0bOOoVv-FESOODOOODOOOOODOoO

gds2idbgdoooobobobbooooobobuooobuoooobobooboga



— 050 0 0000000doouogooogdbobodnooondn —133

A) ! B) Q)

O 52 000000000000000000000

OOobo00OO0b0oooO0oobooboobooooooobboboOoDADODbOODDO
gbobbuooooboboooobboooobbbogobbboooboboboo
gbobobooboboooboobobobobobooobobobooBOODOobOoOO
gbobbuoogoboboooobboooobbbogobbbooobooboo
Oob0oobO0obooOoobooooobooobooooobbbooobocCcoobooDboo
gobbooooboboogobbboooobbbooobbbooooobooboo
gobbooooboboooobbboooobbbuooobbbooobobooboo
gboobobobobooooboobbbboboboobobobobobobDon
gbobbuoooobobooooboboooobbbooobbboooboobooboo
gobobogd
goboboooobbbooogoobooooboboooobbbuoooooon
goboboooboboboooobbboooobbbuooobbboooooboboo
goboboooobobboooobboooobbbooobbbooooobooboo
Ooooooooo0oOoooDboo0oOoooDboo0oooDboObOoDbDOn V-FESO
gbobooboobooboobobbooboobobbobooboobon
gbobboboobooboobobbobooboobobooboobon



13— 050 0 000000000000000000000000000 —

A. Task Learning target time[sec] x[mm] y[mm] z[mm]
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1) Visibility

a) Non-visible

b) Visible -

3) Distance

a) Unknown -

b) Far

c) Near

5) Motion Correlation

a) Unknown -

b) No

c)Yes

2) Movements
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b) No
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4) Visual Hierarchy
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¢) One-way (Obj0)

d) One-way (Obj1) [N

e) Mutual
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00000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000000000000000000000
00000 ¢000 k00000000 P()0000 k00000000000
00000000000 4%(#)000000000000000 4% () 00000
0000000000

0, if A% < Apn or Al <

rec = Tmin
PH) = Aan(® (5.1)

M Aﬁec(t) _ . :
1=Tmin ( Au(®) Tmin), Otherwise

0000A,,00000000000000000000000P,,,,00000
0000000000000000007,00000000000000000
0000000000000 0< 7, <10000

Pz = 0.70 Ponin = 0.5, Apin = 400[pixel] 000 0000000000000 0
0000000000000005.80000SIM-OBS100000000000
O0O0SIM-OBS200000000000000000000000000000
00000O00O0O0ooon
V-FESOODOOOO05.80000000000000000000000000O
00000000000 00000000000000000000000000
00000000000000000000000000000000000000
V.FESOOOOOOOOOOO0OO0OOO0O0O000O000ODOOobjectID, ¢, x, v, z0
00000000590000

5.3.3 UUOUUOUugooooood

D00D0D0000 s/ 0000000000 t000000Tay € T, T4, ... T im0
000000000000 400000000000000000 $%(7) 0 “Rec.”D
0000000 “Unrec.” 000000 kOk=0,100000 7,0 “Rec.” 0000
0000000000000 &F@)mm] (le-i<t<tc-(i+1)000000000
000000 Z%7,)0000000000000000000000000000
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*01: 00.0[sec] *02: 03.0[sec] *03: 03.7[sec]

*11: 16.3[sec] A *12: 18.3[sec]

~ .

O N

056 00000000000000O0O0O0O 1000000000



140— 050 0 00000 o0ogoooogbooodgnooooooodn —

*01: 01.0[sec] *02: 02.3[sec] *03: 03.3[sec]

057 0000000000000000C0O0OO (1000000000
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A)
1 T T T
©
Q
o]
(@]
0
0 100 200 300 400 500 600
time x30[sec]
B)
1 T T—0e—% =
©
2
Qo
(@]
o 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500

time x30[sec]

058 0000000000000O0O0O0ODOOODODOODOODODOOODOOOOA)
0000 SIM-1O0B)OD0OO0O0O SIM-200000000 (100000

\
objectID time[sec] x[mm] y[mm]  z[mm]
O. 22.00 -144.5 598.6 736.3
0 22.07 -145 610.7 739.7
0 25.6 -148.4 646.4 752.5
0 25.67 -148.4 646.4 752.5
1 21.40 -124.3 628.3 513.3
1 23.6 -128.5 587.6 513.5
1 25.76 -127.7 594.9 512.1
N )

gs9 0bbouugbbbuoogon



O

X X
|
\‘s"“@f

Obj0 defecting result

/
ey @0 (t100) 42 (F104)

\ 1
7’
7’

ot (trog) @t (tr01), @ (tros), @ (tr0s), ..

o sU(Tien)] [8%(T)] [s% (Ti41)
1. Initial [S%r(fq)] ’ Lé(ﬂ)] ) { ! 1+1)}
estimation | Motion Features
sar (L] [s9(T0) i+1)
sir(Tiy) si(Th) (Tig1) —
Sp(Ti—1) | " |Sp(T)| " [ Sp(Tit1) | 7]
Sc(Ti—1) Sc(T5) Tit1)
| Visual Hierarchy

O 5.10: V-FESO OO

Obj I’ detecting result ~Su (L), Su (1), 571 (L)
2.
KNO-1 3. 4. 5. 6. Co-motion 7. 8.
KNO-2 KNO-3 (repeat) Estimation KNO-4 KNO-5
/\ /\ /\ /\ /\ Motion Features
Mmoo > e > (i s> (e > L s> [l P> - -
= el el ey el ERE) | isualHickarchy
9.
| Functions >
0.5[sec], MOVED_FROM= TABLE,
4[sec], PUT_INTO OBJECTI,
Task goal Tools’ functions
(in ObjO Objl1) Objl: can-be-
(at Objl Table) used-as BOX
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bbb n 1 eTyyoobboooboboboooboboo
goooooooboboood

O000b0o0ob0o0oboooooobobobo0obOo0oDbOo 71000 kDO
O v*(T;) (mm/te[sec]) OO

o!(T;) = 2(T}) — 2*(Ti-1) (5.2)

0000000000000000000000000000000 s&(T;) 000

00000002%7,_,)0 £%7,) 000000000000000 sk = “Unrec.”

0000 “Unknown” 0000

“Unknown”, if s (T;_1) = “Unrec.”

or s¥(T;) = “Unrec.”

“Yes”, if [[v*(T})|| > Vmovep

“No”, otherwise

000 vmee, J00000000000000000000
gofdooooooobobobbboddoooon 1 00booooon

00000 2%7)0247,) D0000000000000000 Sp(7;) 0000

gobobooogn

sk (T;) = (5.3)

“Unknown”, if s°(T;) = “Unrec.”
or s'(T;) = “Unrec.”
“Near”, if ||2°(T;) — 2"(T})|| < Drearp
“Far”, otherwise
000 Dy, 0000000000000000000
godddooouooobobbbbbtboooooooooduooboooboobooboobo
gddooooooobbbbbbooooooooouooobooooooboobon
00000000000 000000000 p3jobo0o0o00ooooooood
godbobooooobobobobbbodoooooobooboob saodgoooon
0000000000000000000000s(T;)000000000000
goddooboobbbbtboooooooouoobobbobooooooobooboon
0000000000 o00o0oooDbo0 “Indp.”00000O0O0O
“Indp.”, if s\(T;) = s\, (T;) = “Yes”
Su(T;) = and Sp(T;) = “Far” (5.5)

“Unknown”, otherwise

Sp(T}) = (5.4)
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Visibility (Obj-0)
Visibility (Obj-1)
Movements (Obj-0) s,
Movements (Obj-1) s,

Distance
Visual Hierarchy
Co-movements

gsl1l: bdggooboobbooooobbbboooobbbooooboboobog
00000000000000000000000000000 [100)0000oo

godoobooooooooooooood

SIM-OBS10 00 SIM-OBS2000000000000O0O0O0OOOOO 5.11 O
0oooodooooooooobooooooogon s, DOoUOooooood
OBS1O0O0OO00O0O0 Obj-0000 Obj-1O000 SIM-OBS1O0O0O0O0O0O00O0 OBS20O
00000 Obj-0000 Obj-1000 SIM-OBS200000000000O00OO0O0
000000 Umepep = 50 [mm/unit time] 0000000000 Dyearp = 180 [mm]
gooododdsal dodoooobooooooooooooooooonod
ogodoobooooooooooooon

5.3.4 00 KNO-100O KNO-30OOO

000000 KNO-100O000000000000000000000000
0000000000000000000“KNO-1: 0000000000000
0000000000000000000000000000000000000
0’0000KNO-10000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000

KNO-1 0000000 0000000000000000000000 TOO
00000000000000000 The(T)0Tsn(T) 000 =T;+ATO D0
0000000000
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Visibility (Obj-0)
Visibility (Obj-1)
Movements (Obj-0) s,
Movements (Obj-1) s,
Distance

Visual Hierarchy
Co-movements

4 6
T|me [sec] T|me [sec]

0 5.12: 00 KNO-1OOOOODODODOOOODOOOOOOooOoooOO 0000
goo

1. 000000000 Ty, OOoooOooooo

Tr1i C Tauw, Sp(Tinit(Tr1,:) — AT) = “Near”,
SV (Tinit(Tk14)) = . = 8% (Tfin(Tr1,)) = “Rec.”,
8V (Tinit(Tr14)) = . = sV (T1in(Tk14)) = “Unrec.”.

2. 0 Tgy; 008k(T,) = “Unknown” 000 T, € Tgy;, 00000S8K(T,) =
“One-way (Obj-0)” 0000000

. 00obob1goboobo1,2.000000

OOKNO-1OOODOODOODOOoOODOOOOSIM-OBS1 OO0 SIM-OBS2 O
goboboodgdsa2000d

OO00000 KNO20000O00DODOO0OOOODODODObObOODbDODO
O00DO0O000DOD0“KNO-2. O0O0DDODOOO0ODOO0OODODOOODOO
OO00000bO00bO0oooOoooOO0”0bOoOoKNO200O000DOO0DOOODOO
gobbooooboboooobbboooobbbooobbboooboboboo
gobbooooboboooobboooobbbooobbbooobobooboo
gboboobooboobobobobooboobobbobooboobon
O0OOoO0oOoKNO20000DOOOODOOO

1. 000000000 Tk, € T, 0000000000

Tro = {Tk2i | Tr2i C Tan, Su(Txoi — AT) = “One-way”,
8V (Tkai) = si(Tka;) = “Unrec.” }
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Visibility (Obj-0)
Visibility (Obj-1)
Movements (Obj-0) s,
Movements (Obj-1) s,

Distance Sy
Visual Hierarchy S,
Co-movements S

0 5.13: 00 KNO-20 0000000000000 0O0O00O0O0OOO (1000000
uggn

2. Tyoi € To 00000 Sy(Tres) = Su(Tkos —AT) 000000000

OO0 KNO2OOODOOOOODOOODOOOOOSIM-OBS1 OO0 SIM-OBS2 O
gogboobogdsa3dugod

ob0oobOobo KNO-3OOOobooooooboboooboooboogooo
O0D0oO0bDoOobDOo“KNO-3: DObOouobboobobooboooboooboooooo
ooooobooooboo’gboooKNO-3ODOODbOOOoOobOooooDbDDoOo
ggbboboodgbobobuoogobbobooobbboooobboooobood
gobboboooobbbuoobbbuooobbboooobbboogbood
gobboboogbobbuogobbbuooobbobuoooobboooobood
oo

KNO-3OOoOOoooooobooboobooooooo

1. 000000000 Tks; € Txs 000000

Trs ={Tks,i| Trs: C Tau,
Sp(Tks; — AT) = “Near”, Sy (Tks;) = “One-way” }

2.0 TK377; e Tz OO SD(TKS,i) = “Unknown” OO OO0 SD(TK?),i) = “Near” [
goooon

O0KNO2OOODOOODODODOOODOOODOOSIM-OBS1 OO0 SIM-OBS2 O
gogbboobdogds1400dd

00 KNO-1O0 KNO-2O0ODOOOODOODOOOOKNO-3OODbOOoOOoobooo
0000000000000 0DO0bOo0bOo0obOOobD0OOoDOOobOoOOKNO-1
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Visibility (Obj-0)

Visibility (Obj-1) s ‘
Movements (Obj-0) s, '
Movements (Obj-1) s, |
Distance Sy
Visual Hierarchy S,
Co-movements -

2 & 12 14 1

4 [3 18

8 10
Time [sec]

0 5.14: 00 KNO-30OOOODOODOOOOODOOODOoOooooooOo [0)0od
goo

OO0 KNO3OOOOOOOoooOooooooooooooooooooboooo
gbobboooobbbogood

1. 000 fixedp O fixedp = false 0000000

2. KNO-1 000000000000 00D000000000000 Su(T;) 0
OO000D00000fixedp =true OO OO

3. KNO-2O0DOOOOODOOOOODOoOOOooooooooooooo Syg(7y) O
O00D000000Ofixedp=true DO OO

4. KNO-30O0ODUOOOODOOOOoooooooooooo Sp(T;) 0oo
O000000fixedp=true 0O 00O

5. fixedp=true 00000000 DOOODOOODOO 1.0000DO0DOODOO
O00fixedp= false 00000000 0OOOODOO

OO0 KNO-1OOKNO-3OOOOooonoooooooooooooSIM-OBS1
OO0 SIM-OBS200 0000000 b.150000

5.3.5 UUOOOOOOO

gbobbooogobboooobbobboobuoooobobbooooboon
0000000000000 00000000000O0O 3000 7;, 0000
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Visibility (Obj-0)

Visibility (Obj-1)

Movements (Obj-0) s,
Movements (Obj-1) s,
Distance Sy
Visual Hierarchy S,
Co-movements S

8 10
Time [sec]

0 5.15: 00O SIM-OBS100 0 SIM-OBS20000000 KNO-1O00O KNO-30O 0O
00000000000000000000 [1o0jocooooo

000000 Se(7T;) CoooOOoOooooooooo

Sc(Ti) =
( “Unknown”, if —hy(T;,0) and —hy(T;, 1)
“No”, if (hp(T;,0) and hp(T;,1) and —h(T;))
or (hpy(7T;,0) and —hy(T;,1))
or (—hp(7;,0) and hp(73,1))
“Yes”, otherwise

\ —

hat(t, k) = R @)]] = v, he(t) = [[0°(8) — v (t)]| = Eq

b0 0 0000000000D00O00DOO0DODODODODOODODOO
ggbboooobbbduoobbbuooobbboooobbboogbobda
000000000000000000000000 s*T;) = “Unrec.” OO0O0O
sf(Ty_) = “Unrec.” 000000000000 O000OO0O0O0OOO0OOO KNO-5
0000000000 00000000S:(T;) = “Unknown” 000000000
KNO-> OOOonooooooooooonoo

SIM-OBS1 00O 0O SIM-OBS2 00000000000 KNO-10O0O KNO-30O0O
gboboogbbuoobboobuooobbuogbboobbodgb sae OO

5.3.6 00O KNO-4O KNO-5000

oo0obOobo KNO4DOOOOobooboooooboboooboobooooo
OO0D0O0ODO0O“KNO-4: D00OO0U0b0oUoboooooobooobbooobooooo
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0BS-1

Visibility (Obj-0)

Visibility (Obj-1) s ‘
Movements (Obj-0) s,
Movements (Obj-1) s,
Distance Sy
Visual Hierarchy S,
Co-movements S, “
o 2 4 & 12 14 16 18

8 10
Time [sec]

05.16: 0000000000000 0O00O0OO0OODOOOOOO 100000000

gbboodgbbuooobbbooobboobbooobbboobbooobd
Ooboooooooobooo”ooobKNO4DOOOODOOOODLOODOO
gbbbuoobobboooobbboooobbbuooobbbooobboboo
gbbbuoodobobbuoooobboooobbboooobbbuooobboboo
gbboooboboooboobobugobbuoobbuoobbodobobodgbood
KNO4DOOOOoOOooooobooboooooooogoo

1. 0000000000 Ty, OOOOOO0OOO0

Trai C Tay,
SV (Tinit(Trasi)) = oo = 8% (Tpin(Tras)) = “Unrec.”,
S (Tinit(Trai))s - Su(Trin(Tray))

# “One-way (Obj-0)”.

2. 0000 Tgyy 000002 (Tonie(Tras)) — Z°(Tyin(Tray))|| > ADDOOO
T, € Ts; 0000 $9(T,) = “Yes’ 00000000 s9,(T,) = “No” 0000
0000A0D0D0OO0O0O0DO0

J.0bobuol1gobobboooob 1,22.000000

OO0 KNO4OODODODOOODODOOOOOOOSIM-OBS1 OO0 SIM-OBS200
gboogoboosa7rboon

OOo0o0OoDKNO-SOOOOooOoooooobooobooboobooobooo
00000000 000O00DO0oOoDboOobD“KNO-,: OO0 XoOoovYoooo
000000 XboooooooooobooooooooooboyYyooboXOooo
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Visibility (Obj-0)

Visibility (Obj-1)

Movements (Obj-0) s,
Movements (Obj-1) s,
Distance Sy
Visual Hierarchy S,
Co-movements S

8 10
Time [sec]

0517 00 KNO40O0OOODODODODOOOO0OO0OOOOoOoooooOo [0)0od
uggn

goooooooOo’"00booKNO-S D000 ooooooooooboooon
ggbbboogbbbuoobbbuooobobbooobobbooooboboobda
goooo

KNO- OOOoooooboooobooooooooo

1. 00000000 Tgsa; € T4 O000000000

Stu(Tinit(Trsa)) = .. = Su(Trin(Tksa,))
= “One-way (Obj-0)"

2. 0 Tysa; 0000000 0000000 2(Thit(Trsas)) 00000000
00000000 ThODOOOO00D000s,(Tvo) = “Yes”O [|&°(Tho) —
7(Tii(Txs4,))|| > BOO0BO00000000000000000D 00
DDDDDDDDS?VI(TNQ:“NO”DDD Tvyadooooo

3.2 0 Tymu(Tgsas) 0 Ty 00 000000000000000100000
000000000 Trssi = {[Tma(Trsas), NO|,[NO,N1],.} 000000

4.3. 000000000 Tksp; 000000000000010000000
000000000000 Se(Tg) = “Yes”O sL,(Ts) = “Yes"O T € Trsp,0
0ooo

. oo ilbbbbuodbb i ou4. 0bboooobo

OO0KNO-SOOODOOODOODOO0O0DLOO0OOSIM-OBS1 000 SIM-OBS200
ggoboboobdodsasggn
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Visibility (Obj-0)

Visibility (Obj-1) s ‘
Movements (Obj-0) s,
Movements (Obj-1) s,
Distance Sy
Visual Hierarchy S,
Co-movements S, -
2 & 12 14 1

4 [3 18

8 10
Time [sec]

0 5.18: D0 KNO-5000000000000000000000000000
(100000000

54 UUOUOOOOOOOOOOOOOOO

0000000000000 000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000001)00000000002)000000
00003)00000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000005.2900000000000000
0000000000000000000000000000000000000
oooooooooon

00000000000000000 Te000000000000 Ty,,00O
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goon

Tk

start —

={T, | sh;(To-1) = “No”, sh,(T,) = “Yes" } (5.6)
=T, | sh(Tr-1) = “Yes”, s5,(T,) = “No” } (5.7)

stop

000000000000000000000000000000000000
00000000000000000TY,,,0000000

Tioap = {T.|T. € Tstop7 p(T,) = “Near”, (538)
Su(T.) = “One-way (Obj-k)”, Sc(T._1) 7& “Yes”} '
gooooooooood T%OXDDDDDDDDDDDD
TBOX ={T;| T, € Tstopv Sp(Ty) = “Near”, (5.9)

SH(Td> = “One—way (ObJ—]_C)”,Sc(Td_l) # “YGS”}

000000 ADDD AO0D0O0DOOOODOOOOOOD
0000000000000 00000000000000000000000
0000 Tear, 00000000000 Ty J0000000000000

start*{T ‘ T € Tstarta SD( ) = “Near”,
Sy (T.) = “One-way (Obj-k)”, Sc(T.11) = “Yes”}
stop*{Tf ’ Tf € Tstop? SD(Tf> = “Near” R
Su(T;) = “One-way (Objk)”, Sc(Ty—,) = “Yes”}

(5.10)

0000 Tae 0000 Ty, 0000000000000000000000
N000000000000000000000000000000000000
N00000000000000000000000000

x(T,) = *(T,,), if $*(T,) = “Yes”

or T, €Tt . k=01) (5.11)

stopx?

(T,, € T*

start*

gobobobboogoobbbooooobbbooooobbbboooogn
gbogbobgboobobobbobbuooboobuoobuooboobooon
gbboobbgobooboboobuoobuoobooboobboobooobooa
gobbboogbobobuooobobobuoooobbboooobbobuoogoooa
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0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000C
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000
0000000000000000000000T,,,,0T,,,0000000
0000000000 (000000000000000000 “MAT’00000
00000000000000000 “STORAGE’ 0000000000000
000000000000000000k000000000000000000
00 “TRAY’O0O0O00000000000000000 “CONTAINER’ 0000
0o0o0oo
000000000000000000000000000000000000
00000000000 [10400000000000
000000000000000000000000005.19005.200000
000O0SIM-OBS1IOO0O0000000SIM-0OBS200000000000000
0000000000000SIM-OBSIOO0O00000000000000000
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1 *x OBJECTO

2 AT TIME=2.5[sec], MOVED_FROM PLACE= TABLE,

3 AT TIME=8[sec], LOADED_ONTO OBJECT1,

4 (AT TIME=13[sec], START being TRANSPORTED, by OBJECT1)
5 (AT TIME=18[sec], STOP being TRANSPORTED, by OBJECT1)
6 * OBJECT1

7 AT TIME=13[sec], MOVED_FROM PLACE= TABLE,

8 AT TIME=18[sec], MOVED_TO PLACE= KITCHEN,

9 ;; TOOL INFORMATION:

10 * OBJECT1 CAN BE USED AS MAT

11 *x OBJECT1 CAN BE USED AS TRAY

12 ;; TASK GOAL:

13 ON 0OBJECTO OBJECT1

14 AT OBJECT1 KITCHEN

0 5.19: SIM-OBS1 OO0 OOooOoOd

ooooosiM-OBS2000000000000O0O0O0O0DOO0OODOOOODOO
gbogobobbobooboobobbobooboobobobobboobod
gbooboboobooboobobboboobooboobobbobon
gogd

5. UUOUOOOODOOOUOOOUOOUOobouoooono

gogbbbooooboboooobbbuooobobobuoooobbboooono
O0000000000D0D00 HRP-2VZO CV-Head Mk.IIOOOODOOODOOOO
ggbboboooobbboooobbboooobooon

5.5.1 UUOOOOOOOODOOOOO

gobbbooobbboodgbobboooobbbuooobbboooobn
gbodbobooobodgbobbobuodbooboboobooboboobda
ggbbboodobbbuoodobbbooobobbboooobboooobobodad
gogbbbuoooobbbuoooobbbuooouobbboooon
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4 N
1 x OBJECTO
2 AT TIME=0.5[sec], MOVED_FROM PLACE= TABLE,
3 AT TIME=4[sec], PUT_INTO OBJECT1,
4 (AT TIME=7[sec], START being TRANSPORTED, by OBJECT1)
5 (AT TIME=14.5[sec], STOP being TRANSPORTED, by OBJECT1)
6 * OBJECT1
7 AT TIME=7[sec], MOVED_FROM PLACE= TABLE,
8 AT TIME=14.5[sec], MOVED_TO PLACE= SHELF,
9 ;; TOOL INFORMATION

10 * OBJECT1 CAN BE USED AS STORAGE
11 *x OBJECT1 CAN BE USED AS CONTAINER
12 ;; TASK GOAL:

13 IN OBJECTO OBJECT1

14 AT OBJECT1 SHELF

O 5.20: SIM-OBS2 0000000

gbobbobobooboobooboobooobooboobooboobo
gbobobobobooboobooboobboobooboobooboobon
gbobbooodgbbboooobbboooobboooood
)00000000o0oooooDooo
2)0000000000000oooo
gobobob
3) 000 0000000000000 000000OLODOO0O0DD00OODBOg
4)000000000000000000DO00000DOO0O00O00ODOO000
g
O00000Doo0o0o0oooooD 2)0 4000000000000 DOOOO0O0
gbbbuodgbbbuoooobbboooobbbooobbbooobboboo
gbbbuoooobbbuooobbobuoooobbbuooobbboooobobo
O0O0000D00000000 HRP2-OBS1O0 OO HRP2-OBS20000000
goobobbbiboooboboobooubbobooobboooobbioogo
HRP2-OBS1 000 HRP2-OBS20 0000000 5.21 00 5.22 OO0OOODO
HRP2-OBS10 000 821 00000000 0ODOOOOODOODOOODODO20
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0300000000000 HRP2-OBS2000O 5.220000000000000
gboobgobooosbboobuooboobuooboobooboygd

ggbbbooobobbuoooobbbuoobbbuoooobboooobo
gogbbobuooogbbobuoooobobuoooobboboooon
1) 000000000 00ooo0Uooo0UoooDooUoUooooUOooDoOo
ooogoHSsvVOoOOooooon
2)0000000000000000D0ODO0OC0DODO0O0OCCOO0OO0O0OOooOgd
ggbbobuoooobbbooooobbboooobboboooon
3)2000000000CCOO0000UODODOCOOOOOUODODDOOOOOO
gogbbobuooogbobobuoooobobuooooboboboooon
4)000000D0O00DODODODOO0OCOCCOODOOOOOCCOOOOOOOOOOd
gogooodg
ggbbobooobbbooobbbuooobobboooobboooobood
gobboboogbbobuoobobbuooobbboooobboooobood
gobbbooogbbobuoooboboboooobboooobboooobood
gogbobobogoobobodao

0000000000 HRP2-OBS1 OO DO OO HRP2-OBS2000000000
gobboooboboodgdgbs.23bibdds2aiibgbuoggbbogogood
gbobuogbbogbboobboboobbooboboobobooboooboo
gobbobooobbbuooobbbuooobobboooobbboooobooda
ggbboboogbbbuooobbobuoooobbboooobbboooobooa
goboooogd

5.5.2 UUUOOLOOUOOOOUOUbObLbUOOo

ooboboooboooobooobooo v-rESOOODOOODOOOODOOOO
O000booobooboonbogs.2 D000 B.26 UODOODOODOODOOO
gbobooobobooobbss Joobbooboboobbbooobbood
000000005250 (a)0000000D00ODOOOOOOOOOODOOOO
00000000000000000000000000sy000 5.250 (b)OO
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O 5.21: 00O HRP2-OBS10O 00O
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0 5.22: 00O HRP2-OBS20 00O
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1) OOSecj 2) 03sec 3) 04sec

5) 07sec ' 6) 08sec

7) 09sec 8) 12sec 9) 17sec

B IR

10) 20sec

4
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e N
* 0OBJECTO
AT TIME=1.5[sec], MOVED_FROM PLACE= TABLE,
AT TIME=2.5[sec], PUT_INTO OBJECT1,
(AT TIME=3.5[sec], START being TRANSPORTED , by OBJECT1)
(AT TIME=9([sec], STOP being TRANSPORTED , by OBJECT1)
* OBJECT1
AT TIME=3.5[sec], MOVED_FROM PLACE= TABLE,
AT TIME=9[sec], MOVED_TO PLACE= SHELF,
* OBJECT1 CAN BE USED AS STORAGE
* OBJECT1 CAN BE USED AS CONTAINER
;; TASK GOAL:
IN OBJECTO OBJECT1
AT OBJECT1 SHELF )

052 000000000000 0ODO0ODOO HRP2-OBS1OOOOOOOODOO
ggon

e N
* 0BJECTO
AT TIME=2[sec], MOVED_FROM PLACE= TABLE,
AT TIME=7.5[sec], MOVED_TO PLACE= SHELF,
* 0BJECT1
AT TIME=5[sec], MOVED_FROM PLACE= TABLE,
AT TIME=18.5[sec], LOADED_ONTO OBJECTO,
* OBJECTO CAN BE USED AS MAT
;5 TASK GOAL:
AT OBJECTO SHELF
ON OBJECT1 OBJECTO )
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OBJECT Visibility: VISIBLE OBJECT Visibility: NON-VISIBLE

OBJECT is UNDER CLOTHES

o

OBJECT Visibility: VISIBLE
OBJECT IS ON CLOTHES

OBJECT Visibility: NON—VISIBLE
OBJECT is UNDER CLOTHES

OBJECT Visibility: VISIBLE
OBJECT IS ON CLOTHES

OBJECT Visibility: VISIBLE

(=)

OBJECT Visibility: VISIBLE OBJECT Visibility: VISIBLE
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0 5.1: 00 LINE-MODOOODOODODOODODOOOOD 200000000000

00
True False False True Number
positive | positive | negative | negative || of trials
Cup 279 0 80 0 359
Dish 317 0 0 42 359
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Object
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O000000D00OExperiment 1020000000 HSR-OBS10 HSR-OBS2 0 O
ggooood

True False False True Number

positive | positive | negative | negative || of trials
Basic experiment 1 0 | Cup 279 0 80 0 359
Dish 317 0 1 41 359
Basic experiment 20 | Cup 190 0 32 0 222
Dish 144 0 11 67 222
Experiment 10 Cup 96 0 167 116 379
Dish 41 0 8 330 379
Experiment 2 [J Cup 31 0 151 94 276
Dish 91 0 106 79 276
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Visibility (Obj-0)
Visibility (Obj-1)
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/;; TASK h
*x OBJECTO (CUP)
AT TIME=0.5[sec], MOVED_FROM PLACE= TABLE,
AT TIME=15.5[sec], MOVED_TO PLACE= SIDEBOARD,
* OBJECT1 (DISH)
AT TIME=2[sec], MOVED_FROM PLACE= TABLE,
AT TIME=12.5[sec], MOVED_TO PLACE= SIDEBOARD,

;; TASK GOAL:
AT OBJECTO SIDEBOARD

AT OBJECT1 SIDEBOARD
N /

O 5.40: V-FESOOUODOO HSR-OBS1OOOOOOOO

gobobooooobobboodbooobobbuoooobbbooooboon
gboooboboobooboboobooboboobuoobobboobooobo
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/;; TASK h
* OBJECTO (CUP)
AT TIME=2.5[sec], MOVED_FROM PLACE= TABLE,
AT TIME=4[sec], LOADED_ONTO OBJECT1,
(AT TIME=6.5[sec], START being TRANSPORTED,
by OBJECT1)
(AT TIME=17.5[sec], STOP being TRANSPORTED,
by OBJECT1)
* OBJECT1 (DISH)
AT TIME=6.5[sec], MOVED_FROM PLACE= TABLE,
AT TIME=17.5[sec], MOVED_TO PLACE= SIDEBOARD,
;; TOOL INFORMATION
OBJECT1 CAN BE USED AS MAT
OBJECT1 CAN BE USED AS TRAY
;3 TASK GOAL:
ON OBJECTO OBJECT1
AT OBJECT1 SIDEBOARD
\_ J
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- D
01: (define (domain MANIP)
02: (:requirements :typing :action-costs :strips :equality)
03: (:types
04: OBJECT SPOT ROBOT ARM)
05: (:predicates
06: (on? 7object - object 7object - object)
07: ces
08: )
09: (:functions
10: (length 7spot_from - spot ?spot_to - spot)
11: (total-cost))
12: (raction MOVE
13: :parameters (?robot - robot ?7from-spot - spot
14: 7to-spot - spot)
15: :precondition (and (near? ?robot ?from-spot))
16: reffect (and (near? 7robot ?to-spot)
17: (not (near? 7robot ?7from-spot))
18: (increase (total-cost) 10))
19: )
20: (raction HOLD
21: c.
22:
23: )
24: )
N J

0 6.1: PDDLO domain 0 OO0 OO
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a N
01: (define (problem CUPDISH)
02: (:domain MANIP)
03: (:objects CUP DISH - OBJECT
04: TABLE SIDEBOARD - SPOT
05: L-ARM - ARM
06: HSR - ROBOT)
07: (:init (at cup table)
08: (at dish table)
09: ..
10: )
11: (:goal (and (at cup sideboard)
12: (at dish sideboard)
13: ))
14: (:metric minimize (total-cost)))
- )
0 6.2: PDDL O problem OO OO 0OO
4 N
1 (:predicates
2 (on? 7object - object 7object - object)
3 (in? 7object - object 7object - object)
4 (at? 7object - object ?spot - spot)
5 (near? 7robot - robot ?spot - spot)
6 (hold? ?robot - robot 7object - object 7arm - arm)
7 (handempty? ?robot - robot 7arm - arm)
8 (clear? 7object - object)
9 (can-be-used-as-mat? 7object - object)
10 (can-be-used-as-tray? 7object - object)
11 (can-be-used-as-storage? 7object - object)
L 12 (can-be-used-as-container? 7object - object))
J

063 0000000000 OODOOOOOOOOODOOOOOOOOO PDDL
predicates
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4 N
1 (:action MOVE
2 :parameters (?robot - robot ?from-spot - spot
3 7to-spot - spot)
4 :precondition (and (near? ?robot ?from-spot))
5 reffect (and (near? ?robot ?to-spot)
6 (not (near? ?robot ?from-spot))
7 (increase (total-cost)
8 (length ?from-spot 7to-spot)))
9 )
10  (:action HOLD
11 :parameters (7robot - robot 7object - object
12 7arm - arm 7spot - spot)
13 :precondition (and (near? ?robot ?spot)
14 (handempty? ?robot ?7arm)
15 (at? 7object 7spot)
16 (or (clear? 7object)
17 (and (not (clear? 7object))
18 (or
19 (can-be-used-as-tray? 7object)
20 (can-be-used-as-container? 7object)))))
21 reffect (and (increase (total-cost) 1)
22 (not (handempty? ?robot 7arm))
23 (hold? ?robot ?object 7arm)
24 (not (at? 7object ?spot)))
25 )
26  (:action PLACE
27 :parameters (?robot - robot 7object - object
28 7arm - arm 7spot - spot)
29 :precondition (and (hold? ?robot ?object 7arm)
30 (near? 7?robot ?7spot))
31 reffect (and (handempty? 7robot 7arm)
32 (not (hold? ?robot 7object 7arm))
33 (at? 7object ?spot)
34 (increase (total-cost) 1))
35 )
N /

064 00000000000000COO00O0O0O0O PDDL actionOO (1)
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4 N
36 (:action HOLD-ON-0BJ
37 :parameters (7robot - robot 7object - object
38 7arm - arm 7object_from - object
39 ?spot - spot)
40 :precondition (and (at? 7object_from ?spot)
41 (near? 7robot 7spot)
42 (handempty? ?robot 7arm)
43 (on? 7object 7object_from))
44 reffect (and (not (handempty? ?robot 7arm))
45 (hold? 7robot 7object 7arm)
46 (not (on? 7object ?object_from))
47 (clear? 7object_from)
48 (increase (total-cost) 1))
49 )
50 (:action PUT-0UT-0F-0BJ
51 :parameters (7robot - robot 7object - object
52 7arm - arm 7object_from - object
53 7spot - spot)
54 :precondition (and (at? 7object_from ?spot)
55 (near? 7robot 7?spot)
56 (handempty? ?7robot 7arm)
57 (in? 7object 7object_from))
58 reffect (and (not (handempty? ?robot 7arm))
59 (hold? 7robot 7object 7arm)
60 (not (in? 7object 7object_from))
61 (clear? 7object_from)
62 (increase (total-cost) 1))
63 )
N J

065 00000000000000000000O PDDL actionO 0O (2)
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4 N
64 (:action PLACE-ON-0BJ
65 :parameters (?robot - robot 7object - object
66 7arm - arm 7object_onto - object
67 7spot - spot)
68 :precondition (and (hold? ?robot 7object 7arm)
69 (at? 7object_onto ?7spot)
70 (near? 7robot 7spot)
71 (can-be-used-as-mat?
72 7object_onto)
73 (clear? 7object_onto))
74 reffect (and (handempty? 7robot 7arm)
75 (not (hold? ?7robot 7object 7arm))
76 (on? 7object 7object_onto)
77 (increase (total-cost) 1)
78 (not (clear? 7object_onto)))
79 )
80 (:action PUT-INTO0-0BJ
81 :parameters (?robot - robot 7object - object
82 7arm - arm 7object_into - object
83 7spot - spot)
84 :precondition (and (hold? ?robot ?object 7arm)
85 (at? 7object_into ?spot)
86 (near? 7robot 7spot)
87 (can-be-used-as-storage?
88 ?object_into)
89 (clear? 7object_into))
90 reffect (and (handempty? ?robot 7arm)
91 (not (hold? ?7robot 7object 7arm))
92 (in? 7object 7object_into)
93 (increase (total-cost) 1)
94 (not (clear? 7object_into)))
95 )
N /

066: 0000000000000 0OOOOO0O0O PDDL actionO O (3)
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(MOVE HSR SIDEBOARD TABLE)
(HOLD HSR CUP L-ARM TABLE)
(MOVE HSR TABLE SIDEBOARD)
(PLACE HSR CUP L-ARM SIDEBOARD)
(MOVE HSR SIDEBOARD TABLE)
(HOLD HSR DISH L-ARM TABLE)
(MOVE HSR TABLE SIDEBOARD)
(PLACE HSR DISH L-ARM SIDEBOARD)

~NOoO Ok WN O

Total cost of plan: 44.000000
N )
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(MOVE HSR SIDEBOARD TABLE)

(HOLD HSR CUP L-ARM TABLE)
(PLACE-ON-0BJ HSR CUP L-ARM DISH TABLE)
(HOLD HSR DISH L-ARM TABLE)

(MOVE HSR TABLE SIDEBOARD)

(PLACE HSR DISH L-ARM SIDEBOARD)

A wNn e~ O

Total cost of plan: 22.000000
j
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(MOVE HSR SIDEBOARD TABLE)

(HOLD HSR CUP L-ARM TABLE)

(PLACE-ON-0BJ HSR CUP L-ARM DISH TABLE)
(HOLD HSR DISH L-ARM TABLE)

(MOVE HSR TABLE SIDEBOARD)

(PLACE HSR DISH L-ARM SIDEBOARD)
(HOLD-ON-0BJ HSR CUP L-ARM DISH SIDEBOARD)
(PLACE HSR CUP L-ARM SIDEBOARD)

~NOoO Ok WN O

Total cost of plan: 24.000000
N )
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gogbbbooobobobuoooboboboooobbboooobbbuooooboobooa
10000000 b00ooO0b00o0ooO0obobo0ooOoHSROODOOOODOOOODOO
gogbobobooogooobbooooobbooooob2b0bboooobooog
gobbobooobobobuooobobbuooobboboooobbbooooboboog
gobboboooobobuoooobobuooobboboooobbboooobobobag
goooog

6.3.2 0O0O0ODODOOHRP-2VZOOOODOODOOO

gbogbooboHRp2vZ00000000000DO00DO0O00O0O00Od
HSROOOOOODOOOOO 10030000000000 HRP-2VZOOOOOO
ggbbobubbuoooobbbuoooobbbuoooobbboooon
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O 6.10: HSROODODODOODOOOOO 1ooooooooobobobobooo
O000000000000000000000 (10400000
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0 6.11: HSROOODODODODOOOoobO 20000000 ooooooooobooDoo
000000000000000000000 [104jooooo
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6 (6 ]6

O 6.12. HSROODODODOODOOOOO3Ooooooooooboboboboooo
gbobboooobbbuooogbbboooobbobuoooobbboao
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(MOVE HRP-2 SIDEBOARD TABLE)
(HOLD HRP-2 CUP R-ARM TABLE)
(HOLD HRP-2 DISH L-ARM TABLE)
(MOVE HRP-2 TABLE SIDEBOARD)
(PLACE HRP-2 CUP R-ARM SIDEBOARD)
(PLACE HRP-2 DISH L-ARM SIDEBOARD)

O W~ O

Total cost of plan: 24.000000
N /

0 6.13: HRP-2VZOUOODOOODOOODO 1000 HSR-OBS1 0000 HRP-2VZ
gogbbbuooooboboooobood

4 N
(MOVE HRP-2 SIDEBOARD TABLE)

(HOLD HRP-2 CUP R-ARM TABLE)
(PLACE-0ON-0BJ HRP-2 CUP R-ARM DISH TABLE)
(HOLD HRP-2 DISH R-ARM TABLE)

(MOVE HRP-2 TABLE SIDEBOARD)

(PLACE HRP-2 DISH R-ARM SIDEBOARD)

O WD~ O

Total cost of plan: 22.000000
N /

0 6.14: HRP-2VZOUOODOOODOOODO 2000 HSR-OBS20 000 HRP-2VZ
gogbbbuooooboboooobood

HRP-2VZOOOOOOOOOOO1 OD0OBS-10000000O00O0 HRP-2VZO
googoobbbbobbobbdodootedogoonobbobbboood
O0de6.16 DOOOHRP2VZOODUODOOODOOOHSROODOODODOOODDOODOO
gobbobuoooobbbuoooobbobuoooboogao

HRP-2VZOOUOOOOOOOOO2 00000 HSR-OBS200000000O
ggbbboudge.14 Uoouoooobbbuooogbbbooogbboobod
ggbboboogbbbuoobobbooobbbooobbboooobood
gbobogbgobooboobobbobboobearognn
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(MOVE HRP-2 SIDEBOARD TABLE)
(HOLD HRP-2 CUP L-ARM TABLE)
(HOLD HRP-2 DISH R-ARM TABLE)
(MOVE HRP-2 TABLE SIDEBOARD)
(PLACE HRP-2 CUP L-ARM SIDEBOARD)
(PLACE HRP-2 DISH R-ARM SIDEBOARD)

A wNn e~ O

Total cost of plan: 22.000000
,/

O 6.15: HRP-2VZO O OODOOODOOODO 3000 HSR-OBS30 00O HRP-2VZ
goboboooobbboooobobod

HRP-2VZOUOOOOOODOOOO 3 ObOOoOooooobobooboboon
OO00obOoob0o0oooboob0obooboooooD0obOob0O0OOHSR-OBS3sOO
gboodgbouogbodgbude.ds Joubooooobobboboboboboobao
gbobbuooooboboooobbooogbbbooobbboooboboboo
goooooooboobooboobooboboogrRp2VvZ0000000000000
gbobbuoogboboboooobbooogbbbuooobbboooboobooboo
gobobobbobobbbboodgoooooooobbobbbododddd e.180
god
gbobobobooogobobooogbobbobooooobbbooooobn
gbobbuoooboboboooobboooobbbogobbboogooboboo
gbobobooogbbobuogooooobbboooobbbuooooboogd
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0 6.16: HRP-2VZ DO ODOOODOODOOODO 1000 HSR-OBS1OO OO HRP-20O
ggboboogn



— el 0UDUDOO0O0O0000000000000000000000 —209

O 6.17: HRP2VZOODOOODOOODOODO 2000 HSR-OBS2O0 0O 00O HRP-20O
gbobobooogn
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0 6.18: HRP-2VZ DO ODOOODOODOOODO 3000 HSR-OBS3O O OO HRP-20O
ggboboogn
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64 U0OUOOOOOOOOOOOOOOOOOOO0O
Ooon

gbbbuogobbboooobbboooobboboooobbbooonoon
gbbbuooobobboooobboooobbbuooobbbooobobboo
gbobbobuooooobobooooobobobbouooobbbouooooobo
gbobbuoooobboooobbboooobbbuooobbbooobobooboo
goboboooboboobob HRp200000000000OOO0O0DO0ODOO
OO00oobOoboOoob0HIROOODODOOOOOOODODODOOOODOOoDOoDOo
gbobbuoooobobuooobobbuoooobbbooobbbuoooboboboo
gobobooooobood

64.1 UUOOOOOOOOOOOOO

OO0 HRP-2VZOMkIIDOOOOODOOoOOoOOoooooboooobooooog
gbobbogdbboboooooboooobbboogobbbooobobooboo
O[M000000 [132]0000000 (1470 000000000000 0O000
gbobbuoogoboboogobbbooobbbuogobbbooooooboo
gobboooboboboooobboooobbbooobbbooobobooboo
gobgobbooogboboboooobboboooobbboooobobobooo
gobobooogn

gooooobobbbobboboobbbbbbbeadbbobbbbbbDODD
HRP2-OBS30HRP2-OBS400 0000000000 HRP2-OBS3OODODOOODO
0000000000000 00000b0Ob0O0OO HRP2-OBS3OOOOOOOO
gboooboobooboobooobobbobbobbooboobooboon
gboboboobuoobobbooboooooboobobuooboboboboobo
OO000O0O0O0O0oOooOooooooooobooboobooboooBJECTOOO OO OBJECTLO
gbobobobooboobooboobobbobooboobd

O00000000000000000000 HRP2-OBS1/2000000000
gbbboodgbbbdoodobbbuoooobbbooobbboodobbboo
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-
w—

e =

06.19: D00000O0OD0ODOOOOO(A) D00 HRP2-OBS30O (B) O OO HRP2-
oBs4000000O0OCO0ODOOODOOODO
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0000000000000000000000000000000000000
0D0000QROODODODOO0O00O0O0000000000O0OO 115000000
0D00000000000V-FESOOOOOO0OO0O0O00000000000000
0000000000000000000000000000000000000
00000000000000000

0000000000000000000000006.200000000000
0000000000000000000000000000000000000
00000000

0000000 V-FESOOOOOOO00000000000000000000
000000006.21 0000000000000000000000005.50
0000000000 HRP2-OBS30000000000000000000000
0000000000000000000000000000000000000
00000000 HRP2-OBS400000000000000000000000
0000000000000000000000000000000000000
0000000

000 V-FESOOOOOO HRP2-OBS30 HRP2-OBS40 0000000000
000000000000000000000000000 6.22006.23 00
0000 HRP2-OBS30 000 00O0BJECTOOOOOOBJECTIOOONOOO00O
00000000000000HRP2-OBS400000000000000000
0000000000000000000000

000000000000000000000000000000000000
0000000000000000000000000000 HRP2000000
0000000000000000000000000000000 HRP2-OBS3
00000 HRP2-OBS40 000000000000 000000006.2400
62500000000 06.24006.2500000000006.260 (A)O (B)
0000000000000000000000000000000000000
0000000000000

000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
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1) O0sec 2) 0lsec
7

7) O07sec 8) 13sec

X r

(B) 1) 00sec 2) 02sec 3) 03sec

2

6) 18sec

F m

0 6.20: (A) 0O HRP2-OBS30(B) 00 HRP2-OBS40 00000000000
0000000000000000000000000000000000000
0 “BLUE TOWEL” 0 “CLOTH” 0000
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(A) HRP2-OBS3 HRP2-OBS4

Visibility (Obj0)

Visibility (Obj1)

Movements {Obj0}
Movements {Obj1)
Distance Obj0/0bij1
Visual Hierarchy

Motion Cerrelation

2

4 6 0 4 6
Time [sec] Time [sec]

(B) HRP2-OBS3 HRP2-OBS4

Visibility (Ohj0)
Visibility {(Obj1)
Movements (Objd)}
Movements (Obj1)
Distance Obj0/0bijl
Visual Hierarchy
Motion Correlation

2

4 5] 4] 4 3]
Time [sec] Time [sec]

(€) HRP2-OBS3 HRP2-OBS4

Visibility (Ohi0}
Visibility (Ohj1})
Movements (ObjQ)
Movements (Obj1)
Distance Obj0/0bij1
Visual Hierarchy
Motion Correlation

2

. 4 3] o] . 4 3]
Time [sec] Time [sec]

O 6.21: 00O HRP2-OBS30O OO HRP2-OBS4OOODOOOODOOODOODOODOO
O000000(DODO0O0D0O0O0O0O0O M O000 KNO-1O00O0O KNO-300OO
00000000000000 (e)D0O0O0OO0O00D0D0DODODOOOOOOO0
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* OBJECTO (CLOTH)

AT TIME=0.5[sec], MOVED_FROM PLACE= TABLE,

AT TIME=2[sec], PUT_INTO OBJECT1,

(AT TIME=2.5[sec], START being TRANSPORTED , by OBJECT1)
(AT TIME=8.5[sec], STOP being TRANSPORTED , by OBJECT1)
x OBJECT1 (BOX)

AT TIME=2.5[sec], MOVED_FROM PLACE= TABLE,

AT TIME=8.5[sec], MOVED_TO PLACE= SHELF,

x OBJECT1 CAN BE USED AS STORAGE

x OBJECT1 CAN BE USED AS CONTAINER

;3 TASK GOAL:

IN OBJECTO OBJECT1

AT OBJECT1 SHELF

0622 000000000O00O0O0O0O0ODOOHRP2-OBS30O000O0OOOODOO
goon

* OBJECTO (CLOTH)
AT TIME=0[sec], MOVED_FROM PLACE= SHELF,
AT TIME=1[sec], MOVED_TO PLACE= TABLE,
x OBJECT1 (BOX)
AT TIME=1[sec], MOVED_FROM PLACE= TABLE,
AT TIME=7.5[sec], MOVED_TO PLACE= SHELF,
;; TASK GOAL:
AT OBJECTO TABLE

\\AT OBJECT1 SHELF

)

0623 00000000000000O000O0O HRP2-OBS3OOODODOOOODOO
goon
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(HOLD HRP-2 CLOTH R-ARM TABLE)
(PUT-INTO-0BJ HRP-2 CLOTH R-ARM BOX TABLE)
(HOLD HRP-2 BOX R-ARM TABLE)

(MOVE HRP-2 TABLE SHELF)

(PLACE HRP-2 BOX R-ARM SHELF)

D WN - O

0 6.24: OO HRP2-OBS3OUOOUODOOODOOOoOOoOoooooooo

0: (HOLD HRP-2 BOX R-ARM TABLE)
1: (MOVE HRP-2 TABLE SHELF)
2: (PLACE HRP-2 BOX R-ARM SHELF)

0 6.25: 00 HRP2-OBS4OOOOOOOODOOOODOOOOOOODO

gbobbuooooboboooobbboooobbbogobbboooboboboo
gbbbuoooooboboooobobuoooobbbooobobbooobobooboo
gbobbuoogoboboooobbbooogbbbuooobbbuoogboooboo
gobbooggbobobuogoobobooooboobbbuooooboboooo
gbobbooooboboooobbbooobbbooobbbooobobooboo
gobboooboboooobboooobbbooobbboooboboboo
00000 [o3jcoooooo
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0 6.26: (A) OO HRP2-OBS3O (B) OO HRP2-OBS4O OO OOOOOOOOO
ERERN
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642 00O0O0O0O0O0OOOOOODOOOOOOO

000000000 HROODOODOOOODOO0O0O0O0O0O0000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000 0000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000

000000000000000000000000000000000000
0000000000000000000000000000000000000
OO0OV-FESOOOOOOOO0000O00000000000000000000
0000000000000000000000000000000000000
afufufufalalaln
e000O0D0D0O0
0000000000000000000000000000000000000
00000000000000000000000000000000000000
0 (AND (AT NET BASKET) (IN GLOVE NET)) 00000000000 (AND
(AT NET BASKET) (AT SOCK BASKET)) 0 0 O(AND (AT NET BASKET) (IN
GLOVE NET) (AT SOCK BASKET)) 00 0000000000000
e000O0D0D0OO0
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000 (EQ TRUE (CAN-
BE-USED-AS-STORAGE? NET)) 000000000000 (EQ TRUE (CAN-
BE-USED-AS-CONTAINER? NET)) 0 O (AND (EQ TRUE (CAN-BE-USED-AS-
STORAGE? NET)) (EQ TRUE (CAN-BE-USED-AS-CONTAINER? NET))) 0 O
0oooooo
e0000000000000000000
0000000000000000000000000000000000000
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0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000(AND (AT NET BASKET) (IN GLOVE NET) (AT
SOCK BASKET)) 00000D000000000D000000O00 (AND (AT
SOCK TABLE) (AT NET TABLE)) 0000000000 GLOVEOOOODO
00000000(INGLOVE NET) 00000 (AND (AT SOCK BASKET) (AT
NET BASKET)) 00000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
(AT GLOVEBASKET) 00000 O0000000000000000000 (AND
(AT GLOVE TABLE) (AT GLOVE2 TABLE)) 00 0000000000000
00 (AND (AT GLOVE BASKET) (AT GLOVE2 BASKET)) 000000000
O0O0V-FESOOOOOOOOOOOOO0OO00000000000000000
00000000000000000000000000000000
0000000000 HIRO-OBS1O OO HIRO-OBS20 000000 O HIRO-
OBS1ODO00O0D000000000 OBJECTOOOOOODOOO OBJECTIOOD
000000000000000000000HIRO-0BS20000000000
000 OBJECTODOOOOODDD OBJECTIOOOOOOOOOOOOOOO
0000000000000000000HIROODOOOO0OO PrimeSense 0 O
RGBDO OO “Carmine 1.0’ 0000000000
000000000000000000000000000000000000
00 [11400000000000000000000000000000000 [87]
000000000000000000000000000000000000C
000000000000 [77]00000000000000000000000
000000000000000000000000000000000000C
000000000000000000000000000000000000C
000000000000000000000000000000000000C
000000000000000000000000000000000000C
000000000000000000000000000000000000C



— eI DO000000000000000000000000 —221

gbbbuooobboooobbboogbbbuooobbbooobbboo
Oooooboooooov-FESOO0O0OOO00DOOOO00OO00O0O00DO0O0DO
gbobobobbugoobbbooobobboooobbbao

06.27 U000 6.28 000000 HIRO-OBS1 OO O HIRO-OBS2O0 OO0
Ooboooobooooov-rESOO0ODOOODODOOOOOODOOOOODO
0000006290 000000000 (A)ODDOOUOODOODOODOOOOO
O0@B)0D00 KNO- 1000 0O KNO-3O0ODOoOoooooooooog(e)ooo
gbbbuoooobbbooooooobboooobbbuooobbbod s.50
OO00O0DO0boOoobO HIRO-OBS1ODOODOODODOOOOoOOOooOOooooDOoDO
gbobooboooboogbbboobboobbuoobbuoobboooboon
OO0000 HIRO-OB200D0000000OO0ODODOOOOOOODODODO
gbobbuooooboboooobboooobbbooobbbooobobboo
OO0o0OO0o0obOoobOoobOoboooboooOobD V-FESODODOODOOODOO
goobobobboododoooooooobboboobobboodogde 3oy
6.31 000000 HIRO-OBS1ODO OO OODOOOOBJECTOOD O OO OBJECT1O
OO0D00000O0O0OO0OBASKETOOOOUODOODODODOODODODOOODODOODO
OO0 HIRO-OBS20 O OO OOOBJECTIDODDOODODOOODOBJECTODDOODOO
O003[secl0000000000000O0BASKETO OO0 OOOOODOOOOOOO
gobobogg
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0.0 [sec]

1.1 [sec]

IBASKET

3.2 [sec]

4.2 [sec]

BASKET

4.9 [sec]

BASKET

6.1 [sec]

BASKET

0 6.27: OO HIRO-OBS1OODOOOOOOOODOOOODLOODODOOOoOoOOooOoo
O000000000000000 AUHIROOODOODOOODOOOOOOOOO
gob0BOOOOOOOOOLOOOOObDOOOOOOObDObOObOODOOO
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0.0 [sec]

BASKET

2.0 [sec]

BASKET

2.7 [sec]

BASKET

4.6 [sec]

BASKET

4.7 [sec]

BASKET

4.8 [sec]

BASKET

0 6.28: OO HIRO-OBS2OOOODOODOOOOOOOODOOOOOOoDoOoOO
00000000000 00000 ADHIROODOODODDOOOOODOOODOO
OO0 BOOODOOOODOOOOODODOObOOOOOOOODOObDOObOODODO
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(A)

(B)

(€)

HIRO-OBSH1

Visibility (0bj0)

Visibility (Obj1)

Movements (Obj0}
Movements (Obj1}
Distance Obi0/0bj1
Visucl Hierarchy

Motion Correlation

HIRO-OBSH1

Visibility (Obj0)
Visibility (Obj1)
Movements (Obj0}
Movements (Objl}
Distance Obj0/Cbjl
Visual Hierarchy

Motion Correlotion

HIRO-OBS1

Visibility (Obi0)
Visibilily (Obi1)
Movements (Obj0}
Movements (Obj1}
Distance Obj0/0Chjl
Visual Hierarchy

Motion Correlation

0] R 2 4
Time [sec]

o} . 2 4
Time [sec]

0 R 2 4
Time [sec]

HIRO-OBS2
Visibility {Obj0)
Visibility {Obj1)
Movements (Qbj0}
Movements (Qbj1}
Distance Obi0/0bj1
Visucl Hierarchy

Motion Correlation

HIRO-OBS2
Visibility (Obj0}
Visibility (Obj1}
Movements (Obj0)
Movements (Obj1)
Distance Obi0/0bjl
Yisual Hierarchy

Motion Correlation

HIRO-OBS2
Visibility (Obi0)
Visibilily (Obj1)
Movements (Obj0)
Movements (Obj1}
Distance Obj0/0bkjl
Visucl Hierarchy

Motion Correlation

0] R 2 4
Time [sec]

o

2 4
Time [sec]

] R 2 4
Time [sec]

0 6.29: 00O HIRO-OBS1O OO HIRO-OB20OODO0OODOODOODODODOO
0000000 (pODODODDODDODDODO(Mb OO0 KNO-1OOOO KNO-300OO

00000000000000 ()ODO0ODO0O0OO0DOD0ODUODO0ODODODOODOO
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* OBJECTO (NET)

AT TIME=2.5[sec], MOVED_FROM PLACE= TABLE,
AT TIME=4.5[sec], MOVED_TO PLACE= BASKET,
* OBJECT1 (SOCK)

AT TIME=1[sec], MOVED_FROM PLACE= TABLE,
AT TIME=2.5[sec], MOVED_TO PLACE= BASKET,
;35 TASK GOAL:

AT OBJECTO BASKET

AT OBJECT1 BASKET
N /

0 630: DODOUODOODOODOODOODOODObOOO HIRO-OBS1OODOODOOOO
OO0O0O000DOBJECTODODODOODOOOBIJECTIODOOOO

* OBJECTO (NET)
AT TIME=4[sec], MOVED_FROM PLACE= TABLE,
AT TIME=5.5[sec], MOVED_TO PLACE= BASKET,
*x OBJECT1 (GLOVE)
AT TIME=2[sec], MOVED_FROM PLACE= TABLE,
AT TIME=3[sec], PUT_INTO OBJECTO,
(AT TIME=4[sec], START being TRANSPORTED , by OBJECTO)
(AT TIME=5.5[sec], STOP being TRANSPORTED , by OBJECTO)
* OBJECTO CAN BE USED AS STORAGE
* OBJECTO CAN BE USED AS CONTAINER
;5 TASK GOAL:
AT OBJECTO BASKET
K\IN OBJECT1 OBJECTO

%

063: 00000000000 0O0O0ODO0OOOODO HIRO-OBS2000000O00O
OO00O0DO0DoOooBJECTODODODODOBJECTIODOODOODO
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4 N
1 (:action PUT-INTO-0BJ
2 :parameters ’ ((?robot_ robot) (7object_ object)
3 (?arm_ arm)
4 (7object_into_ object)
5 (?arm_2 arm)
6 )
7 :precondition ’((hold? ?robot_ 7object_ 7arm_)
8 (hold? ?robot_ 7object_into_ 7arm_2)
9 (can-be-used-as-storage? 7object_into_
10 (near? 7robot_ table) ;; laundry
11 (clear? 7object_into_)
12 )
13 reffect ’ ((handempty? 7robot_ 7arm_)
14 (not (hold? ?robot_ 7object_ 7arm_))
15 (in? 7object_ 7object_into_)
16 (increase (total-cost) 1)
17 (not (clear? 7object_into_))
18 )
19 )
N J

0632 00000000000 0OODLOO0OOLOO0 PDDL action O O

ggbbooogbbbuooobboooobbbuooobbboooobo
goboobobooobbooobobobooboooooobo HIROODODODOODOODD
ggbbobuooobbouobbuoooobbbuoodobobbbooooobood
U000 HIRO-EXP1OODOOOODOOOODODODOOOOODO HIRO-EXP20O O
O0o00b0oboobo0oob HIRO-EXP3ODUOOODOOODODODODODOOO

HIROOOOOOOOOODOOOODOoOOoooDoOooobooooooooooboo
ggbbbooobbbooobbbuooobbbuooobobbboooobobod
00 Q7000000000000 0o00o00o000onooooooooooo
ggbboooobbbooobbbuooobbbuooobobboooobood
ggbbobooobbbuoobbbuooobbboooobboooobobod
ggbobbbooogbbobobbbdooogbbbbuooodgobibD action
gbe32000000000000DO0O0ODOOODOOOHOLDOODOOOODODOO
gobbbuooobbboooobbbuoooobo
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O0 HIRO-EXP1OODOO HIRO-EXP3OOUODOUOOOODOOOODOOOOOO
gboodgedebubbugbbogbugbbooouobboobugbbo
gboboboooobobboooobon

00 HIRO-EXP100OOOODO
(AND (AT NET BASKET) (IN GLOVE NET) (AT SOCK BASKET))

00 HIRO-EXP20 00000
(AND (AT NET BASKET) (IN GLOVE NET) (AT SOCK BASKET) (AT
SOCK?2 BASKET))

00 HIRO-EXP30 00000
(AND (AT NET BASKET) (AT SOCK BASKET))

OO0D000DO000000b0O000 HIRO-EXP1ODO HIRO-EXP3OOODO OO
0e633000e635000000006.37THOLUG6.390L0ODOOOODOOO
gobobooogoboboooobobooodgn

gbobbuogoobboooobbbooogoboboooobbboogoon
gbogboooboobugbogboobobbobboobooboobobo
gbobbooogbbbuoooobobooooooobbboooobobooo
gbooobgboobogoboobobogbuoobooobbobooboobo
gbobbooogbobobuooooboboooobbobbbuoooobobooo
gbobbuoogoboboooobbbooobbbogobbbuooobobooboo
gbobbuoogoboboogobbbooobbbuoguobbbuoogboobooboo
gbobbuooooboboogobboooobbbogobbbuoogbooboo
gobboooboboboooobboooobbbooobbboooboboboo
gobbooooboboooobboooobbbooobbbooooobooboo
gobbuooooboboooobboooobbboooobbboooboobooboo
gobbuooooboboooobboooobbbooobbbooobobooboo
gobboooobbbuoooobbbooooboboooobboboa
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(HOLD HIRO GLOVE R-ARM TABLE)
(PUT-INTO-0BJ HIRO GLOVE R-ARM NET L-ARM)
(HOLD HIRO SOCK R-ARM TABLE)

(MOVE HIRO TABLE BASKET)

(PLACE HIRO SOCK R-ARM BASKET)

(PLACE HIRO NET L-ARM BASKET)

O WNH—-O

-

/

0 6.33: 00O HIRO-OBSL, 2000000000000 0DLOOOO HIRO-EXP1O

ggboobouoooooo

(HOLD HIRO GLOVE R-ARM TABLE)
(PUT-INTO-0BJ HIRO GLOVE R-ARM NET L-ARM)
(HOLD HIRO SOCK2 R-ARM TABLE)

(MOVE HIRO TABLE BASKET)

(PLACE HIRO SOCK2 R-ARM BASKET)

(PLACE HIRO NET L-ARM BASKET)

(MOVE HIRO BASKET TABLE)

(HOLD HIRO SOCK R-ARM TABLE)

(MOVE HIRO TABLE BASKET)

(PLACE HIRO SOCK R-ARM BASKET)

O©COoONOOTPdWNH-O

-

J

0 6.34: 00O HIRO-OBSL, 200000000000000O00O0OO HIRO-EXP2O

goboooooooo

(HOLD HIRO SOCK R-ARM TABLE)
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