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ABSTRACT

A flexible planning system is an important element for the robot to perform various tasks. In this paper, we introduce an automated planning system
architecture that can deal with the changing environment. PDDL is used for symbolic-based task planning, and a graph database is used for real-time
environment information updates for automated PDDL generation. The proposed framework was verified through scenario-based experiments.

7%=
Automated Planning System, Graph Database, PDDL, Symbolic Planning
A& Planning Al 2%, 283 dlo]gjulo]2 PDDL, 41&38 zte] A

.M 2 8 4 &A%Y 2RAA 2R 2% g9

—

AL THo] 3 o]y mEo| #I dAp= AEeg %31“4,] PDDL  (Planning Domain
AR = EdshAl o] Fox 1 9T} [1, 2. 237 Definition Language) 7]%F ] 2¥S Planner’} A
o Mg mEE oAzl FHSIll PSR & o BFL AN A2 GRHOR ] AF BE
cmg W Add 32 AEHNT Ade [T eels A4, Zol, 2 A6, Su 4, 9% 5o
Nest AFASe WHE 2Re] 4§ Rob w3 4 ARE EFshw Avk PDDL Axde Agden
A4 SEa, Ay 2o Aty =g [3,  Abge] AF 2E Domain®t Probleme AA#lok 3
4 AFAAAAE 27, BRE AAS 2 4G o o3 Aol A4 AYse Eojel wd 5L
233E P AL, 0%, FE AR, B Fokl & £F A5 mdelgn ok S dolE} Bely
» ZMOf e MALS & (ymoon@chosun.ac.kr) * Received : Jun. 27, 2023, Revised : Jul. 20, 2023, Accepted : Aug. 17, 2023
WAMA s =Mistn MALSEHE + Corresponding Author : Ji-Youn Moon
d = 2023 06. 27 Dept. of Electronics Engineering, Chosun University
ceyetgd 2023 07. 20 Email : jymoon@chosun.ac.kr
cAMEEY 2023 08, 17

709



JKIECS, vol. 18, no. 04, 709-714, 2023

fr
e
©

b task7h B3] Aol we A}

i, T8k 2
AR RE AL AAEE AL o7 witel §F
574014 PDDLS o83 Al~ule A8a7): ofg
t} o]8)3 4% A= FPo AL AAEtuA H
o= ol mulS 2T AAFE ARE7} o]Fo]X
il 9k
Neo4j —
Graph DB
— .
I 3
el
Q.
Domain Problem =)
PDDL oo
enerator
Planner
Planl T
Executor —

b == TS b e
Fig. 1 Overall architecture

NL-to-PDDLE A<lo] 98 Hlo]elg AHgshol
AEssHe B0, Adolz 44H ol g U

x

o® wWolgo] #F PDDL Rug Fgch 2}
WA s, 1A Qo] B9 A FHAA
A g5e BEAT 2AE F2E Aol

PDDL 29& 9% Sr02 R8s A4 34 @

12 EL ALgE o9l o] ztedo] JHFL A}-&-3}
= oy 9o Tz dHolHES o] &3t 2Es

{0

[

}+= planning systemel]l W3 dT% AP g}
AMANS wo]Z7 e plandlA & = g
waolth, WA Lrole] &

tlo

3],5 L

T HT

T afg= dHelgdelas &89
problem.pddl A& A4 WHS Aotsr) HA Ty
delaE 29 15 B3 F9F 4 9tk NeodiDB
[8] 2 PDDL 21 [9, 10]2 AF&3}ed, NeodjiEs &3l

710

triple data A7l AFet 2= wlo]gHo|~E
%3} problem PDDL generator program= 73}
01 problem.pddl #}¥E& A5 AAsIT A oket WY
=3 DBE ®3lsl= ol wet update dhol 7t
problem.pddlS A% 1 A3 2= A
2 replannings T F 9o FHo=E
7l “*]”Oi &7k 3ttt 2”01]/‘1&

o fu °

A& sy *é”éf&ﬁ}.

Il. X}= PDDL Planning A|AE! 72t

B =Fo|A= symbolic HH
wol] 8%+ PDDL 215 83t
PDDL 212 Alzkel 7ol Soi3t PDDLe|th
PDDLS ©|&3 planning 42 tha3 2l wHA
neodj, problem PDDL generator programs ©]-&3|
A A sk x}iog A% problem o= AZE
AE, Hed 5 g A% dis 2E /K]—ﬂ]7} o]
31t} problem J}O‘Jr domain 39S planner&

FaA  FEIT Al planner® PDDL% S
problems A sA FE3E Aow B ATE
OPTIC

7]¥+e] planning
system®l A

forwards-chaining  temporal  planner<]
planner?} POPF plannerE AH&-3lth planners %3+
FE A4 o 2ok A AHE rootE sk,
ExE gAsy] 9d Zod BE facts: MAE
treedl Al root®t ER7FA Aozt HAdAZRI FEHE
7] 9 A g
EHE golguo] ~e 7Aoo ® JNAE Ve
E(node)9t == te] #AE AAT F UE
X](edges)i TR =E, AAE o] &ste] A
¢l mdgo] shsah, HMH% 837 Fast
. Q5 AREEkE HlolEZE AL 1 U &
7vstel whet g HlolEHlo] A "l AMEAtE
o] ol FAelth. 92l problem.pddlS Z}E
AAE 7] 93 T ZDB A AEOZ neodiS o] &
o} neodje w9} AR 2HEES L}E‘r”” T %l
dl, £A(property)elgte HlolH s F71E
o w&E BFSe d9E gh¥(labels)o] EA
L3l A o] A x]g]o]% /\]—A‘lo]—tﬂ -

QUGS |

ol

Lﬁiér

M o 3o r,d

olgl~ ul

=
F
:



Tz dlolgulo] 2 7|8k 245 PDDL Planning Al 2=%

S-S ALt A 2AE A4S we == = neodjsh Cypher® a3ttt #A== U8 DB
WAE 2 2 zE mdd 5 9l 2 AAN7Fe 2 updatedto] replanningo] L3+ ujol
problem 3% A5 AA . :

L
r&%

2ol st} problem I
o EAlste EAES S8Me objectet objectEt
AAE FH8E predicate”} Ut B AFME
objectE¥} predicate® &3l dlolE o] AE T3
& H, python?t AF3 k= dolElE 7HA 9

HH O 2 replanninge ST & JoH, &

Ao 482 % gvke 3Hel k.

o}

I} AFOE problem FUE AT F YR "?}‘:]' |
7

9

ol

problem AAslE W oz H23shtl problem 3 n. &%
4o inite 7] JHE 58, goale HHEFE )
= 2 A A AR "]L}E]O Ijr%ﬂr LE1r Al

PlETh inith goal: Fol-MEi-EHRe] EE o mul el ty
(triple) WU UEhAL) neofis wm-pAwme NS FRA &, AL T A A7 At
e s A0 i il Ao a1 A ool o Ak e
A arse foad -ltﬂﬁhﬂr EEIET B bottlel S 7FA13L U] ko). mgh
¢ oolel Cypher® B8 problem  PDDL z:edli Wp5°ﬂq Seed2—EEWp7°ﬂ Sk !

o = s o Sl KeN
generator programolA] neodj L dolgujo]Am  °© | 3= AHLZ o5 O}(_ﬁ e
B 209 datad AL Hoto]l JE AHoz olFdte] At =& FE

at O O
visited robot_at robot_at
botlle1<boﬂl e_not visited
onhand visited
watered 2
robot_at
atered
watered at watered
at bottle_
onhand
at
at 'Y
bottie1
at O

(@) (b)

a8 2 XAse2 MAHE J2i= ol (@) A M MAE Jei= dlolg (b) F HM MME Jef=
Fig. 2 Automatically generated graph database (a) First generated graph database (b) Second generated graph
database

B w=Foa AAT problem PDDL generator  Ao] H-3Eo|th

programl| A= ZXo] planning 23 &3 plans  neodjE ©|&F dolHulolA AL tEAE itk
FastE o AN R 9 ARE 19 Z DBol  problem 39 objectoﬂ robotl, bottlel, seedl,
ddo]EE aH X dolg JulolEE HalA 8 seed2, wpl, -, wprE AR Y o] NAES

711



JKIECS, vol. 18, no. 04, 709-714, 2023

neodje] =B AAEATE w4 ZEEL robot
gl S A EFeda, AAe sidsE wpo, o,
wp7< waypoint S 2|AGd] ERFSIATE
problem 99| predicated] robot_at, visitedE A%+
8}71 A&l o]ES neodjolld =EQ} REZ o]o)F=

AAZ AASAL ZF BAE <ojul ZHo] oju %

ol rp>E St E 2 ok A Lkt Ao
& d4dst= dAZ 43T

2]

(clefine (problem dema)
(:domain dema)
(:objects

robaotl - robot

bottlel - bottle

seedl seed2 - seed

wpl wpl wp2 wp3 wpd wps wpé wp7 -
waypoint

)
(-t

(bottle not onhand robotl bottlel)
(visited robotl wp0)
(robot_atrobotl wp0)

(at bottlel wp3)

(at seed1 wp3)

(at seed2 wp7)

)
(:goal (and

(bottle_not_enhand robotl bottlz1)
(watered robotl sead2)
(watered robotl seedl)

m

a2 3 A #HW MAME problem PDDL
Fig. 3 First generated problem PDDL

problem 3}¥e] %7] AElo] “robotl®] wpldl
]'&‘jr"% A8zl $s ZF neodjell A A 7date

ol APdE = BA Fiel HH0E ‘nit's F

robotle] wpOol $x1gttd 7 AHE W
o] 2= “robot_at wp0” Z} “robotl visited wp0’
Gnits F7psF BRO st e wk
“robot27F wp3ell 123}, “robot3¢] wpbel]
e 27 dEE A

R

r“‘km_ﬁrgi:imr:\g

Ho
AAZ

712

(define (problem demo)
(:domain demo)
(:objects

robotl - robot

bottlel - bottle

seed] seedl - seed

Wp0 wpl wpZ wp3 wpd wps wpé wpT -
waypoint

)
(zinit

(bottle onhand robot1 bottle1)
{(robot_atrobotl wph)

(visited robotl wp3)

(visited robotl wp0)

(at bottlel wp3)

(at seedl wps)

(at seed2 wp7)

)
(:goal (and

{bottle_not_onhand robotl bottlel)
(watered robotl seed2)
(watered robotl seedl)

)

a8 4 % #Hm MAE problem PDDL
Fig. 4 Table.2 Second generated problem PDDL

]2 o 2 problem Yo &
wplell A} E AGs7] 4
A Fiol| £A0=7 ‘goals F714
2 “robotle] wp2dl 9IAFT}, “robot27} wpdol ¢
213} “robot27F wpddll 91213 “robot3o]  wp7el
AAGdH ' = =3 *o“:ﬂi A7gstdnt o2 A HolH
Hol 28 %3 Fof thgd} o] HE AR
t}. "match (p) return Distinct labels(p)” #AzE &
il
A

el “robotle]
el gy
Fop 2o H o

N2

< TEglo] Ed) objectES 7HA L] $1%
o2 <rofA AAE robotl robot3¥ wplTwp7 =
FETh pythons A-&3tH Z42te] 2hillo) 3
Fote =9 oEEE YT

"match (a)-[r]->(b) where r.state="init’ return
type(),ab” H2E state’} ‘init'dl FAES 2HI},
ddd" ==E% 7 E93t) problem U9 init
defel sfEstE HolHE 7Hx 97 $gkelth type(r)
S WS Y381, a bt =2 3T} robot_at

F



21z gloleule] 2 7|8k 245 PDDL Planning A2~

robotl WpO 7 o] EFlE e Yepd 4 Qlth

"match (a)-[r]->(b) where r.state='goal’ return
type(r ab” A= state?} ‘goal’?l FAES FEI§
3, AZ2E ==Ex 9 Y3 problem 39

goal AEfel a3}
type(r)< &7

= dolHE
= 9383, g beE ==
init? A2 EFE FEE YeRd 9l
olf g AT E 83t AFoE HolHE
o vk mEbA S Z27)e A
s}sh= 5ol dEiE Aekst WHs $3 AF
problem FtHAFo] 7hedhs AT F AU
a9 25 B3 %7 2 JdolE ® Y= DB
B s g1 + dow 19 3%
4443 problem PDDL 3} #lgt 4= 9t} 2
49| X=  plannerE  ©]-&-3
problem PDDL—°‘ o] g35to] AAT plang X 13 X2
=3 3ot 4~ il A A} o
1 3] EH &tel plannings ¢
& 5 ASdTh

7H4e7] flgelth

lo T
.
e
i
et
iu)

Ly
r1r 4>

nEHUmiTEIOrEIm

HJ?L o
4 Ar

Jo o, ﬂlﬁ

s

1. A &#Haf MME problem PDDL2| plan Zxb
Table 1.

No| Action

1 | (move_wp_without robotl bottlel wp0O
wp3)

2 | (grab robotl bottlel wp3)

3 | (move_wp_with robotl bottlel wp3
wp5)

4 | (water robotl bottlel seedl wpb5)
5 | (move_wp_with robotl bottlel wp5
wp7)

6 | (water robotl bottlel seed2 wp7)
7 | (putdown robotl bottlel wp7)

Plan for first generated problem PDDL

E 2. 5 &nf MAME problem PDDLE| plan Z ot
Table 2. Plan for second generated problem PDDL

No| Action
1 | (move_wp_with robotl bottlel wp3
wp5)

2 | (water robotl bottlel seedl wpb5)
3 | (move_wp_with robotl bottlel wp5
wp7)

4 | (water robotl bottlel seed2 wp7)
5 | (putdown robotl bottlel wp7)
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