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A service robot architecture supporting individualized coordination

Ji Jian-Min, Chen Xiao-Ping, Jiang Jie-Hui, Jin Guo-Qiang , Wang Feng
(Computer School, University of Science and Technology of China, Hefei, 230027, China)

Abstract; A service robot architecture supporting individualized coordination is proposed. In this approach, user
features and other information will be acquired through human-robot dialogue in natural languages. The robot
reasons about and makes plans with the information, so that automatic, individualized problem-solving can be carried
out under real-world environments, We present the main modules and their interfaces of the architecture, the
mechanism of task planning, and a case study which includes the entire working process from natural language
processing(NLP) to task planning in an implemented prototype system, expected to work with humans in, say,
ordinary home environments. Standard NLP techniques such as syntactic parsing have been implemented in the
prototype system, together with semantic analyzing developed by the authors. With these NLP techniques, the
user’s commands and descriptions about the environment expressed in natural languages are transferred into logical
forms in segmented discourse representation theory(SDRT) and finally in answer set programming(ASP), which are
ready for the task planning, through a 5-steps procedure. In task planning module, ASP technique is employed,
making it possible and feasible for the robot to conduct task planning and reasoning about the actions and changes in

a unifying way. With some good coding, according to the authors’ experiments with a real home robot, the task
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planning module can work for some typical tasks in real-time. This work provides a basis for investigations into

further challenges in individualized coordination.
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Human~-robot
Linguistic dialogue Domain
KB L KB
NLP
Task Planning
[ Sensors }—)Iﬂni(m Plannin
Robot Control

1 ICAZH
Fig.1 The ICA structure
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ICARE=ARRE K, &5 ¥R
FEHEEXHETENR BHHNRERFES
PLES AR A X0 50, S MR ETE 5 F X
MASHMETC TR SEMAKKEE
EHRR.E-RELARET ANMIENA
PR/ KIS B REd TRt kG
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THB. RATH B bx 2 — B 7 RIER R AR 2
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E—MISEANFERREGE D, RIFEH
FEAEFTRIESEHTRERANSERT
HEETLE MEEMOREFTHAERH E
—MEILERN,FERBR T RaGKE, WERE
BT Z H #1E X % % 10 B 48 (anaphora) 4.
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TR EXSESM AR L TERY
REM. HETEREFS AL S, HEHH AS Bi5
BFRITHES oA B, 45— 58 BRI BT
THREEMNITENE. SR ERRER
HEHAEBREGNBALEMNAERESE)RA
AR UL AR AR, BATAX A B RFE TR
THREV A EHFR %2 R E % (RoboCup @
Home) 893 43 43 o T i AT %5120,
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JES AR B EAPLE. £ A T M, ASP
H—EHREERTTACHEE B R
—M TR G- AL BE SR P
MATSh S, o E A T2 W i X
W NASA i X CHLHE 28 Ao s R A T &
RAHERZ .

e —Fhik B BB FIET,ASP AL
7 5 Prolog #LWIAR{BL, {8 R i 88 E # RUiE
X g e ASP MM RN

H < py,»,pss not gy ,**, not q,,» (1)
Heb p, A<i<h) il q Q<G<m) A X EREF
BHIEFHEE) H TSR L — X
FOMR H K5, WX KA LRI — 4
. —4 ASP BZF R ASP #l M — 15 FR4.
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B, 3R i 7 B P X e 3 R B e T AR
T(THEAXREF/ELR). ASP BRFENITES
BEET A E%EE (answer sets)!™, Filin, F
5] ASP ¥
fly(X) < bird(X), not —fly(X).
—fly(X) < penguin(X).
bird(tweety) <,
penguin(tweety) <,
FERTTEA-AFMR(DHEE. 527,
) ERALE; (3) tweety £ 5 ;5 (4) tweety £
88, X4~ ASP BF A — M HEZE%: {pen-
guin(tweety), bird(tweety), —fly(tweety)},
M A BEATL SO ——AZ R
“tweety & 5, tweety B 8, tweety A2
L
HHE—NASP BFHMEIEE—RT AT
5+ (1) LB KA1 3R o e Ay A L Y <L 151 5
()P R % 85 1T B S Bl 4L f5 72 )5 19 [ & 4R
Lparse il Gringo 2 HAT &% A M LH L T
B ; clasp, cmodels, smodels, ASSAT f1 DLV
&2 F A B S 2 ASP R % 28,
ESAMNPHE - FEF XK
ASP f13h. fT 3 IR SRR AE 7 ASP B & A8
HEAR. Fin, 5 FRANS AR, 5IA loca-
tion(A, X, T) R-Yk AL T W2k T
B X;hold(A, T) ZAYEKALET BHZLT
HIESSAFE Lsempty(T)ER T R ZIFLAE AN
FREM. TS ANE—NT3) REER
TTRT T B A R BRAT IR B = A i 45 R DA 4
R, B4, HL88 A B9 catch 47 3 Fl— 54 X 0 3R
B ERERMT .
catch(A, T) < not —catch (A, T),
small- object(A), time(T), T<lasttime.
—catch(A, T) < not catch (A, T),
small_ object(A), time(T), T<lasttime,
hold(A, T+1) < catch(A, T), small_
object(A), time(T), T<lasttime.
—catch(A, T) < location(A, X, T),
not location(agent, X, T), small_ object(A),

number(X), time(T),

—catch(A, T) < not empty(T), small_
object(A), number(X), time(T).

empty(T+1) < empty(T), not —empty
(T+1), time(T), T<lasttime.

—empty(T+1) < hold(A, T+ 1),
small_ object(A), time(T), T<lasttime,

hold(A, T+ 1) < hold(A, T), not
—hold(A, T+ 1), small- object (A), time
(T), T<lasttime,

—hold(A, T+ 1) <« empty(T+ 1),
small object(A), time(T), T<lasttime,

location(A, X, T+1) <« location(A, X,
T), not —location(A, X, T+1), object(A),
number(X), time(T), T<lasttime.

KMEBEE not HEMZELE"HEAH”. B
e, b R B W R R ML E L E AR TR 2] T,
catch(A, T)E5—catch(A, TVHELH -
V.MZMEEFHE catch(A, T) 5 —catch
(A, T)ANEEF BT L. 55 3 KA A AT
catch R, 55 4.5 KR catch B4 Al PLAT
B &k, i HAth &4 F catch #8 2 AT AT HY. 3%
— A HE— R RN RIE.

LHEEER 5 %W H# AT BE empty,
hold 1 location H*“#i 4™, Rl 3k A& FRHE 48 (0] 7,
BRABRER” REUEXE WRAHHAF
E.EYRREFREANER. Mo, ERBR—
ZHMHME, - RE THZALTFHEE
X, MERGEEHE THI AR TFENE,
W T+1 R ELLFZME.

B EMEHES ASP BIF WA
B fin 8 3 1 LRI OR — B bk ) A5 B AR
KEEER. Bl B AE : 21K e L
B, Met10BZAHFARERR. WIEL TN
By MR LRARS T XMW AT L
HEHHE X location(a, y, t+1)MA ASP
A RIS R ) o TR 46 480 5 BUANHR
A—BLEAXHERT X TYELEARME
BATLL A 3hB R R g . Fet . X — I H AR
HAXMHEFLMMATER, EMRZEK
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B— R+ A ZYERGEERE R
HEARAE U A B B U AR R IE R Y. R
£ bR location B R KK E &, W
Xt b 1 6 &b BRI 1S B b B 2k

MR REET ASP BFMERAE
BAES. BRT B X M A S
FEH A B F th 5 By T 4 % 25 1k M B 3R 3B
R — Bk A &

ATHEES AW ERFEHPER
BT FS, T BB ASP LI il 1 4b 7
APESTEREMEE. . FERLKS
MIESHT HIELSTRERRERHR, FHX
SRR UL R IRME ASP #F 5. 0
BmABfTEBP HP RN EESET
NLP B8 5 3B 8 A R E % A0 3
R e AXERNETHERME ASP BIF
H WA S A O B 2 R T L A R R B
FRARAS. fE A0 b, ASP BIF YK iR (Bt
Bl B ) S hR A Tl SRR R R
MRS H BIRRENFTHFEF. HiEE
WA X EAFLMA S ASP # 7
LA HGEERIR N EFRTURRLES
# HHR.

3 —4x6

AVWEST-NLHEAERMNWERER
ZENAREFLAEIEFANNTEBLE.
EERAFPEA

The book is on the table. Give Jim the
book.

HPE—-mE—-&HAEHR.E_RR—
4. BERMEMNEMEEIN . ERNIEE
WREWT

S

— —NP [the book]

————DET [the]

— ———N [book]

— —VP [is on the table]

———=V [be]

— ———PP [on the table]

——VP [give Jim the book]
—~——V [give]
— ———NP [Jim]

— —— —NP [the book]

—————— DET [the]

—————— N [book]

EMES . SMERMMALCERURETSE
MRERIGRIEMFS" "+ " HE S RSB 2UIM
i3).185

S

— —NP [the book]

— ———DET+[the]

— ———N++[book] book(x)

— —VP [is on the table]

————V+[be] be(_)

— ———PP [on the table]

—————— PRP+{on] on(_,_)

—————— NP [the table]

———————— DET+[the]

———————— N-+[table] table(y)

——VP [give Jim the book]
————V-+[give] give(_, 4 _)
————NP [Jim]

—————— N+[Jim] Jim(z2)

— ———NP [the book]

—————— DET+[the]

—————— N+[book] book(w)

# PP 4. R 1 % % K. PRP 55 4 ff
NPZHEAEXR.FIUBZEHN NP & over
MR, BELERN NP B EE,HA over R
EEMP . BE

S

— —NP+[ the book]
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————DET++[the]

— ———N+[book] book(x)

——VP [is on the table]
————V+[be] be(-)
————PP+[on the table]
—————— PRP+[on] on(-, y)
—————— NP+[the table]
———————— DET+[the]
———————— N+ [table] table(y)

——VP [give Jim the book]

————V+[give] give(-, -, _)

————NP+{Jim]

—————— N+[Jim] Jim(z)

————NP+[the book]

—————— DET+[the]

—————— N~+[book] book(w)

BAERET VPH SIS EXR G
B4k 7 (0 5 S0 R B XTIz Al R v — A9, AT LA S B
k. HAEEE SR, XBEENANES
(label) B A 4t 18 R B & o 9 B BBy % L 1
53

S+

— —NP+[the book]

————DET+[the]

— ———N+[book] book(x)

— —VP-+[is on the table]

————V+[be] L: be(x)

— ———PP~+[on the table]

—————— PRP+[on] on(L, )

—————— NP+[the table]

———————— DET+[the]

———————— N+[table] table(y)

S+

— —VP+-[give Jim the book]

————V+[give] give(-, z, w)

———~—NP+4[Jim]

—————— N+{Jim] Jim(z)

————NP+[the book]

—————— DET+[the]

—————— N-+[book] book(w)

EHREANE S EMBRARENFHIE
&, 155

{book(x), L: be(x), on(L, y), table
(»}

{give(_, z, w), Jim(2), book(w)}

XFRE L= AR T A M give
oz, )R EFHGERDSALLAEECRHME
A. ATHE ASPifik , BT — 508 KB
WA A E SR A G B AGEE.EM on
(x5 ¥) MBEALER be(x) , BAFHMEFLA
REE

{book(x), on{x, y), table(y)}

{give(-, z, w), Jim(z), book(w)}

SR BHEREELINE_NEEH
EX ASP +R/R HIR A XF g give(agent,
Jim, book), JF1E K % 3 HH A 8] ASP #F
L EIE L BFPER S ZMXHP AT T
LRI T

g- give(agent, Jim, book) <,

<not location(B, X, lasttime), location
(A, X, lasttime), g- give(agent, A, B), ob-
ject(A), small- object(B), number(X),

<—not empty (lasttime), g_ give (agent,
A, B), object(A), small. object(B).

ASP 1 —RARMMEMRAE . Hp A
B &~ CF (M0 location(A, X, lasttime) %)
M HILFE” (M not location(B, X, lasttime))
ANHE ) A RS B, b T = SR R Y S PR AR
R P 45 4 “Give Jim the book”f# %y ASP
P BERRAE  EEB R ATZ) lasttime, book &b F
Jim FEMNE FENSJANFRSH.

EF AR B £ R R RIFLEH R The
book is on the table”f1 % — M HEFARESH
¥ M3 F i_on(book, table) , N B LHE
A SR (ASP B ) . i@ %, WIRFEP &
SF Tk G IR M Fo AR L ] 0

i- on(book, table) <.

small_ object(A) < i- on(A, B), object
(B).
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location(A, X, 0) < location(B, X, 0),
i—on(A, B), number(X).

R &MMEE, MR ALYk B L,
W AR—A/Nk. B A LT BRREMNL
B.ARHE X M0, AF 5 # R0 B4 7T 4 i book
B—A/NPE, 3 BTE table BT EMQLE.

LUHARBRKHRHBEA ASPREFP .50
AT VA 3 ASP KA 2811 5 X5 L Y ] 2 4R
R —A 45417 LLSE R CHP XT 7 49 B AR 7T A5G
). M-I FIEBE S ER] ASP BFF
B — N BB B o T XA PR 5 B R AL AR A SE L
BELHTHLSR T ELEMAHF. R lo-
cation(table, 5, 0) £ ASP F &, HHLZE A
B Gt % table ZEAL B 5, @ EiHE ASP
BFEEE, 5 LIREITEHF5

move(5, 0), catch(book, 1), move(0,
2), putdown(3).

B, —BHEE S5, #EEE book,
REBRHINVNEO.HBF LEMERBRT.

WX AELF Al LAE Y, ASP & — R i B
HHIRERBAFRNATENRERBEE %,
R B RO 09 R R M R, o X 2 J AR
K—H4aT LB ARET KB IFal AT B
iR ASP A R, ENLEAMANRE
EHET.BRRHPELSBEARAABRRE
R NATT LUE S %5 R ASP BARREH )
KELHH st 5.

ERAFBRLE S KA Lparse &L H
BB, B cmodels B I & £, 7 B Al
ZEMFET . TFHAESMEMGEE, T
LN AT S AR,

4 #

AR RRANH SR ERNREZ
— o T A VE AL 1 8 R S R A HIL 9 S 1 5 R B
— ML B AR SCHR H — b SR A
IR % HLAS AP R4 ICA. X TE b R
f12id@ i A REF AV ERBUA P4 A
FYE MM AE 8 N ASP BRI £ M
WEARGFLEOEREE TRHMANA

FEHE 0 B 3 )R AR 5 L 2 2 M R A B B
2 45 76 K RS2 R T R P I I R R R IR L

ML AR ER LIS A AR
ZIAE A, X S REEE MR R
NS WHARTFELME L. IEFHEMEFE
EANSERATLUEGXRARI TR AP
84 PR T BB AR R 0
BUAEAE R RS LK LRWED X %Xt
ERMERBERT T UREAAE NLP H R4k
B.mAXMHEEEENARZREAXKRBS
AT EME T R ASP HLW, 3 5 A bR 4E
ASPHEAR AL Rk, AR AGEEAN ETF
P ASP #y ICA R4 7 LA A sh3KBUAN R fF
B ASERE RN EEAES IR, “ashk”
HEXETFT RENBAR-FAENEAH
MERLBITHES R ELHRETZH.A
A HAAT TR,

B2, HEi IR B R 40 i M LU SE B AE B3R
BAEERFNTEEE. BHPESHL
HERREHRFFE N ASP LR FIHLE AT
HENNMEABEFTHEN. AL FHRE
HRIE S BARFMARHE ASP B A , 30k 140 5 #
ERLEEhEE AL ASP L. Kk, BRAA
JR R R J AL TR PR P 48 A RO IR R 1 3R T AR
R ERHRANAREEAAEREERT
WRATUANA ARiIES BHRMARHE ASP #
A A oA, 18— A IR & T3 LA TE A o
ASP R EHEAE WA HTRBER ALY
FEWEX . FEXMNHAEF NLPHEAMEL
7R
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