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World model conversion from natural language to predicate logic
and its application to automatic robot action planning

Minoru Harada™  Takaya Ide™

Abstract. We developed the robot operation system NPS which enables a robot to plan the sequence of actions necessary for
attaining the given goal, and to execute these actions. NPS converts the world model written in Japanese which consists of
operators, initial states and goal states into semantic graphs by using the semantic analysis system SAGE. In semantic graphs, every
word is assigned its meaning, and every dependence between words is assigned a deep case representing its functional role. This
semantic graph is divided into subgraphs of seven kinds, called world model component phrases. Each component phrase is
converted into the conjunction of predicates which represent concepts identified by the meaning of words. This predicate
conjunction shows the semantic dependency between those concepts by sharing constants identifying objects as predicate's
arguments. This conversion can be applied to sentences having a lot of complex modifications. From the world model in the form
of such predicates conjunction, a planner automatically generated a plan able to perform the object.

Keywords: Predicate logic world model, Natural language world model, Automatic planning and scheduling, Robot
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Figure 2 World model in natural language
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Figure 3 Example of semantic graph used for conversion
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Figure 4 Division example of world model component phrases
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DES, mERICEBREND. flxiE, K2 oftRET LD
XOIZKT HEW®RST T 7K 4 & RE T AR AN E
Ték, time 5 CHRD [EDZENTEDHLEX, | ZRET
WA ARDHHRA) & 72 V|, condition ¥ T A TB#EI§ 5 &, |
%m&Téﬂ IRMNERAETRD, RO BRIRA LS.
sequence ¥ X EULEICH WS N W0, [JET) 2R &
THESARTRHR AR THES O LR D. HRAET L
MHSICEW S NI=%, 54X — X DARIERT A—H,
HIBRY 2 MEAERRT 2. ETHEIENRNTA—FERTETD.
—RICHE R ET V2 B AR TR T HBR, FLilE 134
L— P a R TCHATE D L OICE X, TORRE
FR—Z ORIHRGME Y A NNOATIENIZEN S EER (4.1
BTk~ & 9T, SRELBEMICIZE A RE 20 TIEE)
LR, NTA—FTHDHENW) ZEEHWHATH2HIT
(%) &2 THE) L LTERILTND

Bl 21X, 2 OO L@ ARSI NI-RIRRA], FHA,
EAND (BET 5] AL — 22 ERT S L X%, &
RO ARORE 72 5 LEOFEFFEOB SR L L [BEh¥
5] BANL—FOAHEL, ZOEICRLIEOEKT
&5 [RJ, TAJ, TBI, TPath) #A XL —Z DT X —4 L
T5H., TONRT A=K LD ERIIT#EA T & LT
W2 M) BEEMA 5. WIC, BHEANDAERSNZES N
FRL—ZOFHEY A N ERY, BhRA B AR S d Tz
SHEMY A RERDS. BIZ, M 20O0TERIEINLD AF
FFkEFRIH L CHIBR Y R B rﬁﬁ’fﬁ“é_oa_pl(R,A)J NN 9
SND. ZOXIRMBEEK 2 O AARFEXEEKITITH) Z &
T, K 5127 & % STRIPS fit i€ 7 /L DR BLOME
MEND.

6. BEFEERORIT

A ARGE SO B 25 L 7ol GEamBR=Z L 5 STRIPS it 5t
ETNAND BEEERT DTS (7 ) /D570l
HEIFHE 21T 5 > 27 5 NPS ZBI% L7=. Fkx X NPS O
BRI A YT =2 S Ve LT
graphplan [2]1% A% . graphplan & X B1TEWSIERL % (6

TERG. ET, PIWREORFETHITRY A M EHT
Z"’\l/“*?%ﬂéﬁb/\7)“*57%4'/X?/XNSL“C (&
BERALT) ARV —FBEHZOREEZARL, =51
IO OIRETHIHEY R b &AL — 2 252 L
JENRTG A= o L RAB 2L THR L —ZFH%OIR
REARTAZEEBVIKL, BIEREICELZLENTE
HANL—HRFNETRTERT D, 204 —F %5
X277 7REEID. 0%, BIEREBIZEN AL —
HESGPORIFIIIET TERNAR L — 2S£
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TRL—42 &R

2R ELEKkD B

/T A—H4 IR, 7B

H#EY A b R—/L ao(?B) A 2R v k_ao(?R)
BIMY A R BT ao(Pos) A fETET % oa pl(?B, Pos)
HIBRY A b -

B2 AT D

NT A=K 9B, R, A

BifEY A b : @R v b ao(?R) A HFAT ao(?A) A AT _ao(?B)
A F1E$ % _oa_pl(?R, ?A)

JBANY A K : Eff_ao(Path) A EIET 2 _so_go_ma(?A, ?B, Path)

HIBRY A b -

AR s fETe

/XT A—% : 2R, 7B, ?C, ?Hand

AffE Y A b @ Z2_ao(?Hand) /\ A—/L_ao(?B) A =A > k_ao(?R)
A F_ao(?Hand) A HAT_ao(?C)
A fF1ET % _oa pl(?R, ?2C) A 1F1E$ % _oa_pl(?B, ?2C)
/A" Mod_ao_mo(?Hand, ?R)

BANY A b : #H 9 5 _oa_ob(?R, ?B)

HBR U A k@ Z2_ao(?Hand)

N CB#HT L

/85 A—4 : 7R, ?A, 7B, ?Path

AIEEY A b : Ry k_ao(?R) A BT _ao(?B) A AT _ao(?A)
A iBff_ao(?Path) A\ TF{ET % _oa_pl(?R, ?A)
A BIET 5 so _go ma(?A, ?B, ?Path)

BIMY AR fFAET % _oa_pl(?R, 7B)

HIBR YU 2 b @ f74E9 % _oa_pl(?R, ?A)

Eaxin D IES
/8T A—X IR, A, 7B, ?Path, 72D
BifEY 2 k@ R—/L ao(?D) A B7AR > b _ao(?R) A HFT_ao(?B)
A HHT ao(?A) A ERS ao(?Path)
A TEET 5 oa pl(?R, 2A) A TE{ET 5 oa pl(?D, ?A)
A > oa ob(?R, ?D)
A EET 5 _so_go_ma(?A, ?B, ?Path)
BANY A b {F/E9 5 _oa_pl(?D, ?B) A\ TF{ET % _oa pl(?R, ?B)
BB U 2 b : BT 5 _oa pl(?D, ?2A) A 1F{ET % _oa pl(?7R, ?2A)

MEPRRE

BHT ao(P) A BAR v b_ao(NAO) A TEET % _oa pl(NAO, P)
A H—/V_ao(B) /A F_ao(Hand) /\ Mod_ao_mo(Hand, NAO)
/A 2 _ao(Hand)

BiZikaE
1#1E4 % _ao pl(B, P)

5 HWRETF O EKRE) B AR I LR FEmRER
Figure 5 Predicate logic sentence generated from

natural language sentence of world model

PEL K % (NAO, B; Pos)
45 (NAO, P, Pos; Path)
%E4 % (NAO, Path, P, Pos)
fH7e (NAO, B, Pos)

P£4 (NAO, Path, P; Path)
j#.5 (NAO, Path, Pos, P, B)

SR

W2 LR T 0 B AR S - EES
Figure 6 Operation sequence generated by graphplan

6 graphplan

from world model sentence
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RATENF R REL, TD 1 2% EfffA L —2 %5 & LT
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A RHIBRY 2 RALFOBEIMY X FOHIBRY A R EEE
TEEEREERYT. X 5 ORTHAET AL NPS 28
EBIZAR L2770 &K 6177 . 22T, FEIMNERIX
I aaDORIRA R —HDRT A= T, HHIEBIMNY
ANTHBEMNERDERTHDL. ZOTT PRI rA Y
NOBEWEIZNEIZ, 1. R—ADOAE (Pos) L, 2. &
— DB HALEE TRE (Path) ZEEA L, 3. EELERK
FACI - CHEEICER Y b NAO BABEIL, 4. R—L%
WA, 5. IBVEORKE (Path) AL, 6. R—1 %
WO EETHESR, 725,

7. NPS7—X%T9U9F %

NPS BT 2 UHOFNOMEE K 7 12RT. ASiZ
—XTOFEFTIT). BEFT XY EEFR#HY 7 »
AmiVoice (2 X W AARSTICES S, BT, BT AT
ASAGEIZLVEWRT T 7~ EHEIND. NPSIFAT S
NIXDOICREGNEL VT ¢ [FEL), 18R], Taa), K
W OENMhERTE, BEREOANEELR, £5T
RUPNIEMRET VOMONEDOANTIEEZD. HhEDS
A, K7 OFBEANRT L DT, A X5k, gIREE,
FRU—Z RO ENTH D%, BT T 7 NORGEH
fMlDEER & LT condition #X° time K23 &H 5 272\
THIT L, ZNOEBKRAZFSUTEY Y 7 72455

BREERR
HEETFIL " BRyS57

F & HmA A

ASEEPIIESE®, A

WML AEA [

Oty FNADHUREPIZI...

FRL—%Ah

Ol FREE—ABER.

BRKBAH

v
Bl N N B B 20OALY

bl
Iab EANE= -1 S

EWEhi-yEte

I I
ok
¥
b4
l.m

B 7 NPST7T—%72F~¥x
Figure7 NPS architecture
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77 EHIW L7, 7 DERRENC R T X 9 ISR FEmm R
RBUCEWH L Tot%, M —ANOPHNRE L <L —%
H£ELAEDY, BRiERARAICL I HRET VICHREL,
7T T CEMESE BEEET S, ks, M7 O EBR
FZAEER— 2225 OAFROFFOH L2 F 3. Mk — =2
ERIAT 22T, —EPHRESCA L — X BRERT D
EREINSIZEBIREEZ AT LT TaRy MEEMH]
LD,

8. FRMEZEER

B RIS T AR e T V& B ARRE TR
LTHBHW, ZANBELWS T U ERSNEZNEHE
L, ERIN2WGEEITITER SN D £ TEREDSERE O
T UERBIETDHIET, NPSIZXD T T U ARDOMIFR
KOS ZFHI L7z, 7ods, BRIt 54t & L
TH|E L, 777 graphplan lIZIEL < BET B H D LK
ET 5.

WEREIL 6 4T, EBRANC AEFmoOME L AfICR L
LR ETLVOARLICL D EES HFEHIIND.
WA 1 ~ 3 (21X Blocks World[19]% HE L, #ERE 4~6
WZike sy NRE21% B L7, Blocks World & 137 —7
O EIZEMNZS>OT ey 7 &, aly hT—2%H
WTHWIE LWIEFRICRE A RS2, a7y MEE
o s BEicExsu sy NERIAL, BETPICH
DM AR Q ~BHIEAMETH L. ZNHMENE
ARITHIHLIREE L BEREEAZ KRB LA T A M TIT ).

AT F L0 HASOBEETIE LEMI, TEIER, T5T1E)
D3IFEDOIFEEEIToTZ. ZHOBETEIIATHATITY) b &
T5. BMEE, HREFLE L THEREANSD DA
L—H ORISR0 A Z Ak L W D AL TEAN TR E &,
TNOEBEMTHEETHS. HIREIE, BWRAEELT
WhHe Y, HRETIICARERITEHIRT 21EEXTH D.
L, MEARTDBRBE TR > TWIUE, RERNERS -
THITEFIEITIE LITA5 DT, BIMRIEEIZITHPRL T
LB, FTIES T, RSN AEABIELLRTZ
VR IR— D EER R T TV A E Db T g
EEETHD.

INBEEZ, #RESREELEHERET LNLIELNY
7T UBEREND ETEE LIMT o LR OB IETT 2 fl )
T 2L 8D XS IThhoTe. ERRAZBLT, WTh
DHEREDET NG, AARGED D RFEREE~ DI BT
DRV, BB INTZNEDBE Y ITHEL L 72& IE
L<BIMR LD » TV Dk F 2 imBERICREE L 72k fE o =
BAERISNTWeE. 72120, PIOETVinbIE7 7 v %



IPSJ SIG Technical Report

100%
B
Gl
4%

2%

[

WEREL WREL BRI T4 RS [t

X 8 ST UEAERTDHDICHELMRET IS E(EE

Figure 8 World model correction necessary to generate plans
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WERE 4 L S OFERIL, QUG TH D1 &\ ) IR IE
D—E L RN OBFFICEE L L X, BEIRTOEFT
DOMPNTIELS 725 ) WD A Z IR R T TWizBIAk
MBS, B AL — 2 2 AARFETANTDHZ LN
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T UERICHTZYEEL oL EHEAE FoORMET
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v CEMDEFTAmMIZT ey 7 CERD. | L) T
BNC [FAmMm P77y COLIIHY, ) 28 TF Arm
X7y s C 2O ) IR>TLEY, I —F OH]

(©2015 Information Processing Society of Japan

Vol.2015-NL-224 No.11
2015/12/4

UAMEELSHBRTERVEDRY Z TIOR3
ARt I 6 T o 72, —JF, SAGE IZ X % EWRMRITIC
BWTIE, BRI 2 OfFELZ IhWZ EETHAHS &
T 5;3cfla0) ERFRTAMERH Y, vy MIEELT
BET 07T LOEREBIZORNRLRN ERH o7, L
L, SAGE ®#Y 1%, EDR O3LEFFEIz I FF L a— K
ZBINT DL CRETET.

e SN i R 7/$ﬁ®&7ismmsmﬁﬁ
%Twwﬁﬁgﬁkﬁ BT 2 AR — 20 A XAk
BWAEENICEKGE T Vo 2 THY, NPS OERET L
%mm@ Bk IR FE M ER A~ DA AU XN 2N 2 &
Ny T-.

—%iz, FHERETHHEY 2 b - AR — & BRI
HE T

a) BRI E®$Tﬁmv X DEW & AR E %
BEUTEHEL,

b) 2 b EimENXICERET S

MENH 5.

—REIZ DR b) LD T A NI DE A, ARIEER
HEFETELXATNDHIDOT, HOHFTE Xz a)DfEREZD
FEARSHETEEZTL, TN HEMNICGHEERICER S
nNT, Z20FEETI7 =0 7Z0%BNE, b)Y DX E
HIRTEL2DOTHRDED L. EBE, ZOLIRTAT LN
ERRCEIE, — O NTRERZE S OIXETFROTEH
RAMERS 5.

9. BHYIC

Hxld, BRSHETRI SN STRIPS FHOH{ET L
ZikGEREICE R L, Zhnb 7T v TEES & A E)
ﬁﬁb,é&éhtﬁﬁﬂ%%ﬁ#é_kf,H%%@&
TRy MEEVAT ANPS 2R LIZ. KTV AT L%
Aviud, eARy MTHLWEIE (XL —%) ZHAai
TelIXZORHEY A R EBEMY A & HALTRINT 5 Z
Ll ZOMEDOEBLATRINDIEAR Yy OB X & R
WZeRy MATO® 278 7T AE/ERT 572 TLU.

HRET VOERBFICEIT DAL —Z OFElR LT
0%, R FERIC LA, STRIPS i R T 5 /L O ff Hi/a
T DB T HHERE DMER L 72 0IHE 7L D 41%F2 D
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R A~ DOEHDOREVIT R D o 2. R T L AR
Wahit, BECEBRINDOT, FAUEEEZECEE
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