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The Cognition of Non-Ridged Objects Using Linguistic Cognitive System
for Human-Robot Interaction

oF & A"
(Hyunsik Ahn)

Abstract: For HRI (Human-Robot Interaction) in daily life, robots need to recognize non-rigid objects such as clothes and
blankets. However, the recognition of non-rigid objects is challenging because of the variation of the shapes according to the
places and laying manners. In this paper, the cognition of non-rigid object based on a cognitive system is presented. The
characteristics of non-rigid objects are analysed in the view of HRI and referred to design a framework for the cognition of
them. We adopt a linguistic cognitive system for describing all of the events happened to robots. When an event related to the
non-rigid objects is occurred, the cognitive system describes the event into a sentential form and stores it at a sentential
memory, and depicts the objects with a spatial model for being used as references. The cognitive system parses each sentence
syntactically and semantically, in which the nouns meaning objects are connected to their models. For answering the questions
of humans, sentences are retrieved by searching temporal information in the sentential memory and by spatial reasoning in a
schematic imagery. Experiments show the feasibility of the cognitive system for cognizing non-rigid objects in HRI.

Keywonds: cognitive system, human-robot-interaction, non-rigid objects, intelligent robot, sentence processing

L M8

AT 2Fo] YINEE T FYste AHls 2R
e Aol soluba Atk 53] JME &g 4 AAY
A7} BT AlE B9 S8 MHlE 2R /-8
A3 a7t gSEI e FRoltHI) o9 e AMux
ZHo| 3loJA HRI (Humna Robot Interaction) 7]%5-& H4
Aol o] fsixe Atw Tho] FEI= Fhot
ARZe] tis] A2 FA3HA ARk ejof F} mEo
Al AYBIEE 7] 3 AFAA A BFH 5
A& Fohl7] A =9t gt et oS FEA
AEE QAZH AA] 729} fALS 7193} FE Fol XF
H 2R QR TR} A A= ook HRIY HAH
S F 4 %dda & 5 9ok
EX QA SloM AR IFE F=2 A FA
A A2 G FE7E FE ol Rl ok g o
o] H3l= =4 Follv HAA 47 4 olEhh dF
o 23 £, HQ T TL EAEL 8 YA
4 AspaME BIZA Y B4 Wi 7&d ZH 94
Ale XS BARL Qo] ojyrh g HIFAE B
Ao Fol Azt Aael whe} Wsly] wiol] FF v
olHE Ed |7} ofglfrg e e R HiAE
of & Fdo] gihae & = glokh T YARE &9
A HRIZ} 7Fs3A13 7] 9aixde o F9F 22 wdAe <
2ol Yozt & 4 ik

B =fdMe /P84 A & de vAAE AR
* 2 @) 2 A Corresponding Author)
=R 2000.5. 14, 2%: 2000.8.3,  AeBE: 2009.9.21,
APA: TSt 2RA2HF T hsahn@tu.ackr)

L

ok

L&?

st U7t} 2Ro] A% A8 7 Si=
A &R o8-8 uAdA A e Al
d:m&‘?i" Bl 9 Fei7} *l

< 7Haz g tig 22k 52 3349 9¥S A
5}7]7} B EE sl AEtHes Evdhs 534
ey B A (exture)E 71202 35 EAY shHA ¥
e F7HHLE o 8ok W e ARSIt ol
AHgtogs wFAE WARE A0 2R H5AE
o] ofFfEER, B =RAME JAANLHE TNeE sl
EAE R o} TRFHY wR gl A, o
€ 7oz sl AF7HE wg &MY EAE FEF
I st} Ak 280l 1 EAE wWZ @ 45AE
o] 7Fseles ot

B =29 AL T AeA A Axdld #dd v
Fo] @7E ATEL, oold 2R wiEe] #HIM wl%
Ao 54351 RIAALE Fiuke] QAo FaAdd] tise]
=50, & =EollA 83l sk Aoj7Inke] ARA L
HE e ¥ O vs BN widAle] 2383 AF 8
FEH Al diste] FA3] Agdnk oojA Akt W
Rl whe w94 489S 24 Tl ERlske
YFE olg3le BT, vpAlgo s A8S deth

qo7]utg) 214
bt B =g
oz g 52

IL 23 3t
£ AdMe B =2olA9 o83k dloj7ute] 1R
A oig 7129 A7E AvEaa g 9
AR F2E AP ol EHEtY 1A Alxde 7
A3t sk e, A A Q49 dig dojd &
#F4 FHS dole} A48kt ke 7]Z3Kgrounding) 2]



11186

A shAlA Fopel Ax|FHERY #A A AR QA
#A& mdgslaxtshs Q1R T-Z(cognitive architecture)ol]
g 72 s 5 Utk

71238} Holol ATES AWHEY, Roye U BR A
289 BHNA 71xsle] didt AT7E st e,
Riprey 23] 93] dojzle A4 4 JRE vl o
¥ 8(mental imagery)E 53] Rl 3ka o] ol8dt %
HAQ] Yiaprt 7Fedtes stTh2l BEE do]HET} 7]
Zo] He EA7} FolA ATAA FE AolE 34
o] o wel olFdle A¥E RAFACH[3], 29
oz RHF FU&e EAE Thas) T 71&d
F AeS BAFATHA]. A9 FHA £ALE o4
7132 Rz sk dF® 7|Zshet #EdEt g
A, Siskinde F9YE SRl EAY &9 23
& 933 ouig F@s] A9 I T FAE 8%
A=) (event logic)E 71&3F4THS]. Mooney:s E1737]
AlEEo)A AHE ololg XAt WEshr] 8 532
2 %3} Qo Alole] dAd #AF AT-E Pt 3l
o6l o33 ATEL FHE Aol tiE T HHof
99 7|zl AT JoH, 7|23E HERE V)L
2 ARSI Ak Rl Hig A7 ofF FE3 ofF
oA YA etk

8 <x|7e Bop]ME QIzte] whg Tz} J1Y&
BAsla O 725 2y Rde F3 47 A 34
& ol3fslal Algd ol Msle ATEC] JHL om )
FHOoZ SOARSH ACTR o] SITH79]. o] d+&L ¢l
2t Q1A 71%E 7Fed g fAlSHA Bske el YAt
A 24L& T3 glon oA #AEE AARRE F
FHoz HE)she F2o] EAEHA de T 2R A&
g 739 vzt 2849 EA= T8 2HI A &
t}. 917 2%{(cognitive robot)o]] F FAFE 1 AAXAF
A 2o Qx| RdS Al ATRA 9A 58 A
Aol A7t AFHL don, ofF A 2R F5AE
o ol A)FzHA wgde] uigt st FE3] olFAA
Z FafaL 3IeH10].

A Q7o) QA AAE P U0 2R 4wz
S 88 2HoZ dof7|2sE Ag doj7ute] A
Azgo] AT Qlehi1]. o]#d dojrIt AAAAH
& tkg QR EEE o8] TS AE EEoE
Y F £ AHH d402 AoHE vEed A
Aala FUHH o2 A FEE A, A7t 87
me} AFzHE W] et AT 4 Ae otk o)
3 <AH AT WHEL BIAAY AT o) wiiE 3
e A58 7HeAds ReiFn Sk &
g Ak

L H|Z=el 8 IEat oIx| AlAH
B oMe gAY B9 19 2 A¥Ey £
=Eo A Aetshe Aold A Al2F rluke] wlZA] <
A EE ARt

ulZAel 23 2E

k of

it

oy

MO - 22 - AIAE

ol

el =2X M 15 3, W 11 & 2009. 11

J

23 1L HEA Y .
Fig. 1. The examples of no-rigid objects.
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Fig. 2. The schematic of cognitive system for recognizing

non-rigid object.
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Table 1. Sentence memory and sentences.

Number| Time [Module Sentence
S-1 4 V | A new object appeared at X,,Y,0.
S-2 6 U What is the new object
S-3 t L It is L,
S-4 ty A% L, is changed to X; Y0,
S-5 ts A% L, disappeared
S-6 ts \% L; reappeared at X;,Y3,©;

Modules: Visual(V), Listening(L) and Utterance(U) Modules
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Table 2. The types of sentences and their meanings.

Module| Type

Sentences

Notes

vV |DEC

A new object

appeared at X},1, @,.

Simple descriptions
of events

DEC The red shirt Answer to the
appeared at t;. questions of users
8} What is the new red | Completion of
WHQ| . o .
object? cognitive information
. . Completion of
YNQ| Is it red shirt? e .
cognitive information
. . Revise of cognitive
DEC| It is a red shirt. . .
information
Where is the red Search for the
WHQ| . e .
shirt? cognitive information
L
YNQ Did the pink red Search for the stored
shirt disappear? information
Move the pink red ) )
IMP Doing actions

shirt to X3,Y;.

DEC: Declarative, WHQ: WH Question,

IMP: Imperative

FolZnt. ol2|dt &9 F2E AIZtREA vHeolR

YNQ: Yes-No Question,

oM T

2, AAREENH B £F % USREE Wee

240 et zz 239 FAH A2 P2 NCS vola
27} OE oul A & 26 2 ZEolN B 27

Pied W

o
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A AR} AFEE ) G T BE W 2
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(1) DEC(S (NP A new object) (VP appeared (PP at (NP

there))))

(2) YNQ(S Did (NP the red shirt) (VP reappear (PP at (NP

&)

(3) WHQ(S where (VP is (NP the red shirt)))
(4) WHQ(S What (S (VP was (ADIP foremost (PP at (NP

3

(5) WHQ(S What (S (VP did (VP appear (ADVP last))))
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Table 3. Nen-rigid objects in object descriptor at Sy.

Max Recent Current Pose
# | Label | Color Shape Shape x v, 0)
Yellow
0Ol Shirt yellow 81,92,-31.3
Red
o2 Shirt red . ’ 137,139,-72.5
Pink ,
03 Pants pink
o4 Blue | e 115210,79.0
Pants
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Table 4. Sentence Memory of the experiments.
# Time |Module Sentence
S-1|4-15:42:14| V | a new object appeared at 102,192,2.2
S-214-15:42:18| U | what is the new yellow object
S-314-15:4231) L |it is a yellow shirt
S-4[4-15432| V |the yellow shirt was changed to 107,164,0.7
S-5{4-15:43:17| V |a new object appeared at 113,95,5.6
§-6 |4-15:43:20; U | what is the new red object
S-714-1543:18| L |it is a red shirt
S-8 [4-15:43:53| V| a new object appeared at 52,148,4.7
S-9 [4-15:43:56| U | what is the new pink object
S-10] 4-15:44:7 | L |it is a pink pants
S-11{4-15:44:36 V | a new object appeared at 67,247,492
S-1214-15:44:39| U | what is the new blue object
S-134-15:44:40| L |it is a blue pants
S-14| 4-15:45:8 | V | the blue pants was changed to 141,251,85.9
S-154-15:45:22f V| the pink pants was changed to 72,143,30.1
S-16|4-15:45:47| V | the pink pants was disappeared
S-1714-15:46:29| V| the red shirt was disappeared
S-18(4-15:46:48| V | the yellow shirt was changed to 81,92,-31.3
S-1914-15:47:15| V | the blue pants was changed to 115,210,79.0
S-2014-15:47:42] V | the red shirt was reappeared at 137,139,-72.5
S-21(4-15:48:11{ V | the yellow shirt was disappeared
S$-2214-15:50:35] L | when did the red shirt appear
S-234-15:50:37( U | the red shirt appeared at 15 43
S-2414-15:51:23| L | where is the pink pants
S-25{4-15:51:24( U | the pink pants disappeared
§$-2614-15:51:58| L | when did the pink pants disappeared
S-2714-15:52:00( U | the pink pants was disappeared at 15 47
S-28{ 4-15:53:9 ( L | how many pants were there at 15 45
$-29(4-15:53:11| U | there were 2 pants at 15 45
$-30{4-15:54:33| L | what was foremost at 15 45
§-30(4-15:54:35| U | the pink pants was foremost
g Zo 2 Bu EAEA AdE 2 49 93] HR
E AN YT(S-14,5-155-16,5-17) A1 F7H AL AFsH
71 3 AREAE ZRAA & ZEe) i v BHE
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Fig. 4. Schematic imagery and spatiotemporal reasoning of objects.
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