; e3e4d6T4t 117 May 2002 DESCRI PTI ON ROBOT AND | TS CONTROL METHOD AND
RECORDI NG MEDI UM *t bbt bb* *G0O00p2* TECHNI CAL FI ELD The present invention
relates to a robot and its control method and recordi ng nedi GfMayP0Rs
suitably applied to a pet robot. BACKGROUND ART In recent years, a
four-1egged wal ki ng pet robot that perforns actions autonomcally
responding to the direction fromthe user and the surroundi ng environnent
has been devel oped by the applicant of the present invention. Such pet
robot has the simlar shape to dogs and cats being raised in general
househol ds and acts responding to the direction fromthe user and the
surroundi ng environnment. In such pfé"is%(ﬁx,o"ﬁf the enotion such as " "
and "joy" can be expressed in response to the action of the uimﬂm\ @\im““\
"hit" and "pat", the user can conmunicate with the pet robot ;
Hence, ddndr® ARBNTrdCEBRTROR MiPol YD RN BEBREGUCUT | ST LY 16k pel.
robot can be 1 nproved and entertal nnent tactor can be further mumm
DI SCLOSURE OF THE | NVENTI ON 1 17 May 2002 The present invent\“\m“\“mm
done considering the above point and is proposing a robot and its gcgat« ol
met hod mesesiNTe2®r gragpedi um capabl e of further inproving the entertal nnent
factor. To obviate such problemaccording to the present invention, we
provide a |i ght preséntginmesnisidro dalrtidsotoas epbstf andtites sadeetmil

appear ance, an external sensor for detecting the external condition and/or
t he i npetthiodoangdheegarding, medidure, cowd risl swddablivoaprpl bedi by a heet i ght
emtting neans in order to express enotions based on the output of the

ext er n&°P9&nsor in the robot. Accordingly, the user can easily recognize
enotion of said robot. Thus, comuni cations between the user and the robot
can be conducted snoothly and the robotic device capable of further

i Nprovi t ai nnent factor can be realized. Furthernore, according
to thel%%gggﬁpﬁ?n%ﬁti on, since in the control nethod of the robot

conpri si ng tfﬂg %%Qgﬁt%éf NG rﬂﬁﬂs—lfe;&&% i QQﬁﬂgn&S%&/e%ﬂ&E '{rﬁﬁ: sake of

appearance an e exter naéf sensor fo etecting the external condition and
I Nput  iHe@othie QUESHAE, abfEndmicd1 18} & sdindiag0o88i h80di REcEPd e f1dm

condition and/or the input fromthe outside based on the output of the
ext er nahes eseer aaddthdéesseraurttigie privircnimeslti hgst heet | diwelspdd ibyg thieans
in order to express enotions are provided, the user can easily recognize
t he engpPpPdacantt Af thbdarrésent igwertd dni.ghSuctyipet mphadndiaisi gheobimhdari ght
emtting nmeans of the robot. Thus, comunications between the user and the
robot i €hgke te dggspand cats being raised in general households and acts
responding to the direction from the user and the surrounding
environment.
In such pet robot, if the emotion such as "anger" and "“joy"
can be expressed in response to the action of the user such as
"hit" and "pat", the user can communicate with the pet robot
smoothly. Hence, it is considered that the user's affection and

curiosity to the pet robot can be improved and entertainment

factor can be further improved.

DISCLOSURE OF THE INVENTION



2 17 May 2002 ~' conducted snoothly. Thereby, the control nethod of the
robot capable of further inproving the entertai nnent factor can be
realized. Furthernore, according to the present invention, iA7tMay282rding
medi um on which the control programof the robot having the light emtting
means functioning as eyes for the sake of appearance and the external
sensor for detecting the external condition and/or input fromthe outside
is recorded, the control program having the first step for recogni zing the
external condition and/or the input from outside based on the output of the
external sensor and the second step for flashing the |ight emtting nmeans
to express enotd HFresent dnyenéiyon Bas hean  done cansdiderirg the abaveol

rogram recorded onto this recordjng medium since . the user can easil
P BEEEATD A oot MEoBoF PRO LT ot I B TRtha%am £ 11 .

conditign of .1 | i ght em {ting ns,.of the r tic.,device, .the
conmuni SSpPsHng st Epab1gr o B ANFHE s SRl SR, s Ent B eadhmser
conduct ggd. Jhus, the recording nmedi um capabl e of further inproving the

entertal nnent factor of the robotic device can be realized. Furthenore,
accordi ng t o NS HAi&E_NEubAYBREL P8 kS -dithdd QY itghed ﬁ%eB@htr 2ROEnWLLA, @
head, conprising light emtting nmeans, provided cn the head, oangari sing
appar ente pesitidd agdghtf emiteDhgohdany tdhefdlasimasokyebefbrgbheesakdi ng
nmeans ; a sem -transparent cower arranged so that the apparent ayes of the
r pbot ocafh dEpesgmmder,omnoeksedpabnégnadre rfdheldtiegittingmithel egteeaat f| ashes.
BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a perspective view show ng the
const r Leendirtisgm ansorr §bet inpubr froy the wtsddsodiamene epnthel prearent

invention. Fig. 2 is_a block di agr_am showi ng the construction of a pet

robot. Bor HlAShHnDEhe pightzepitting means i1 ofdal $RoRFRYeEReemotions

of LEDDHE B (T BB AFabpartTT T AIIG5 HE SrocesRPhy of
Accordingly, the user can easily recognize emotion of said robot.
Thus, communications between the user and the robot can be
conducted smoothly and the robotic device capable of further
improving the entertainment factor can be realized.

Furthermore, according to the present invention, since in
the control method of the robot comprising the light emitting
means functioning as eyes for the sake of appearance and the
external sensor for detecting the external condition and input
from the outside, the first step for recognizing the external
condition and/or the input from the outside based on the output of
the external sensor and the second step for flashing the light
emitting means in order to express emotions are provided, the user
can easily recognize the emotion of the robot based on the light

emitting condition of the light emitting means of the robot. Thus,

communications between the user and the robotic device can be



controller. Fig. 6 is a brief linear diagramillustrating each enotion.
Fig. 7 is a conceptual diagramillustrating the probability gmlong . Fig.
8 is a conceptual diagram showi ng the condition transition {4y é‘?{; 9is
a brief linear diagramillustrating the other enbodi nent. BEST MODE FOR
CARRY! Neprsvctade smoERFY oN Therrbyef the rrentinel: methed afpihei REPW awi ngs one

enbodi nent .of t resent.invention.,wll,be described jn detajl hereunder.
(D) Cong?"r’ﬂ:(c’:aﬁ 6#95?‘ rgg?r RODOt T nzgccoFdﬁﬂﬁef%alt'ﬁ'?nlgng%ﬁtf%rﬁano#et he Present
Inventipadiddg- 1, 1 generally shows a pet robot according to the

enmbodi ment” of the present invention. And this pet robot 1 is conprised of

| eg units 3AFurtRecRSRES fshdrRANgCtbVehy praddnt fnvaitivng kacknand |eft and
right of the body unit 2, and a head unit 4 and a tail unit 5 connected

r espect reaspyding meditmoon wdgh et cantiréehenogaamedfetipamiobot bareitgdy unit
2. In this case as shown in Fig. 2, a controller 10 for controlling the
whol e ofhe diight emithiag jeranspiynctigning ameyesyfar they spke 9602 11 as the

power source of thig et robot 1, and anfint rna&_se or unit 14 conprised
of & bARERAYFAEERsBPI 15 RSP TR, EPAPOF & Yo ME5PoTEne S E5TEH"h (he body
uni t 2. o N§QQVE" anlifol NEn ARG AR thd Sufdildd GBALEEFRY! @HladE¥h &L

program having the first step for recognizing the external

condition and/or the input from outside based on the output of the
external sensor and the second step for flashing the light
emitting means to express emotions is recorded. As a result,
according to the control program recorded onto this recording
medium, since the user can easily recognize emot%ons of said
robotic device based on the light emitting condition of the light
emitting means of the robotic device, the communications between
the user and the robotic device can be smoothly conducted. Thus,
the recording medium capable of further improving the
entertainment factor of the robotic device can be realized.

Furthemmore, according to the present invention, there is provided a
pet robot with a head, camprising .
light emitting means, provided on the head, camprising apparent
eyes; 7
control means for controlling the flashing of the light emitting
means; -
a semi-transparent cover arranged so that the apparent eyes of the
rcbot can be seen from outside only when the light emitting means
flashes.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a perspective view showing the construction of a
pet robot according to the embodiment of the present invention.
Fig. 2 is a block diggram showing the construction of a pet

robot.
3



canera 15 which functions as actual "eyes", an external sensor unit 18
conprised of a m crophone 16 to function as ears and a touch sensor 17, and
LED (light emtting diode) to function as "eyes" for the sakd7dlay 2002
appearance, and a speaker 20 to function as "nouth) are placed respectively
on the predeterm ned positions. Furthernore, actuators 211 ~ 21a for

several degrees of freedom are placed respectively to the joints of |eg
units 3A ~ 3D, the connecting parts of leg units 3A ~ 3D and the body unit
2, the connecting part of the head unit 4 and the body unit 2, and the root
part of the tail 5A in the tail unit 5 (Fig. 1). Then, the CCD canera 15 of
t he head uni tF4Ishdokss %i%ﬁ%@lvﬂﬁiéﬁnagﬁ@%nﬁm ieanstayetieanefi LEDt he
resultant image signal S1A to the controller 10. Nbreover, the m crophone
16 col l ects t coﬁn‘aﬁd“ ParRpecive yiewyghewing | the gapstryctieRaef HFPer a

ball " to be given fromthe user _as _nusical,kscal es via a sound co nder
(ot shown s PH 5.5 T Bk iaSEal TLERrtEREIAT, s sgRarcans BB t no
controlkga ;Qll§£rthernnre, as it is clear in Fig. 1, the touch sensor 17
IS provi eﬁ on e upper part of the head unit 4, and detects the pressure

received by thgy PlySi€al G0N ia4aR 88agPah i Ptk Rding LQBL! BRoESEH, and
out puts the detection result to the controller 5 17 May 2002 10 as a

pressure det exig 0 siggrAlcohbepthult Beaghak, i 1Nes haitifigy thenpebbdBility
detecting the remaining quantity of the battery 11, outputs the detection
result hotometaontroller 10 as a battery remai.ning quantity detection
signal S2A. Wile the tenperature sensor 13 detects the interna

t enperat ure Fighé pgat a giovceptuad diagsamtshaviagidthectconditéenlt to the
controller 10 as a tenperature detection signal S2B. The controller 10

j udges EFRREtEIQUARAHSF -and i nternal condition of the pet robot 1,

di rections frénnt e user an%151 he exi gt ence or..non-exi.stence of actions
fromthe userfifhséd i6n 3 RELE gé"??ﬁn FagiEn sFr&IRg) teegother t he
pressurgwﬁggl éd@n signal S1C (hereinafter these are ali together referred
to as external sensor signal Sl1) to be supplied respectively fromthe CCD
canera 15, the m crophone 16 and the touch sensor 17 of the external sensor
unit 18, and the battery renmaining quantity detection signal S2A and the

t enper agrg e MBE GO TARRYTAG 588 Cher ekvaxitrsn t hese are all toget her
referred to as internal sensor signal S2) to be supplied respectively from
the battery $rdorefiedtenkre heatheecascommpEnytitgg idviastingls esasanbadhinerits.
Then, the controller 10 determ nes the followi ng action based on this

j udgene?f thes pnesant invepsienoripl obe adeserikeadl iin desapdnbeyeumder n
advance,_ and by drivlng necessary actuators 211 21n based on the determ ned
resul t, {HakSOMBREURELAN URF t PAE RERRE v 2650TdIRA, tantihe | Frodimente or
makes the taiJl_ of, the Ea&l unLt 5 swing, or driving each of leg units 3A ~

3D, makes thémfbgngﬁglk.ngen 17 May 2002 Furthernore, in this case, by

giving the phedshermned gefbpafigndhows 4 %é@%oﬁeﬁggg{zoégiﬁe {Eqd ed. the

controller 10 outputs soun ased on said audi o si to outside, or

by out paHBddiGndrite JeERhEr b¥bBant SRden St 0 AR ERDPs 18e8Sroied’ ilsn
appearance, it makes the LED 19 flash. Accordingly, this pet robot 1 can

act autcomgppicald yibasgduan tshBASHr BD USshrid: tal] rezpentalreTonth t tios Frsht he
exi stence or nonexi stence of the conmmand or approach fromthe user.
and back and left and right of the body unit 2, and a head unit 4
and a tail unit 5 connected respectively to the front edge part
and the rear edge part of the body unit 2.

In this case as shown in Fig. 2, a controller 10 for

controlling the whole operation of this pet robot 1 and a battery



Hence the detail ed construction of the LED 19 as "eyes" for the sake of
appearance of the pet robot 1 will be shown in Fig. 3. As is clear from
Fig. 3, the LED 19 conprises a pair of red colors LED 19R1 afd Mayrg002
emtting red light respectively and a pair of green colors LED 19Gl1 and
19G&2 emtting green light respectively. In this case, each of red colors
LED 19R1 and 19R2 of which the light emtting unit has a rectilinear shape
with the predeternmined | ength. And these are placed approxi mately on the
m ddl e stage in the |longitudinal direction of the head unit 4 so that these
becones _cl oser asggroceedin frontward of t thiad unit 4 shown by an arrow
h

a. Thuslli @St khe BRYeF ofRitrde afy YhighPekgraBotnlsc2Pd 2% B8 e L REneoR.

t oget her .t hi et robo ca ow the expression of, "anger” as if it gets
anory ¢ BPAEN] LBOTPELESRCT F HATKARY: SongRen AT 20 cant B AL D SREP Fang
19&2 of ' I O ] tti it ,has an arc shape with the
predete}%h%gg Fgﬁﬁ%ﬁlﬁn‘%{% ﬁ)(ac;s(%gé#lgtpﬁéced on the imedi ately proceedi ng
places of they5pesesPONH Nhd edacoliRie 4ED é@:ﬁil%émraé@omédﬁ%e%@@)umt 7
17 May 2002 4 placing inside of the arc in the front  direction (an arrow
a). Wthahbra 857 RRISNEAInctions Gt he@uld BPES" | e8h CakdrndiERek¥GE 19Q2
together, this pet robot can show the expression of "joy" as if it is

| aughi ngnitnighesmpet sedbot al mildrepbpper 1patd Hhndtiomeas Eadys fanamat he near
front edge of the head unit 4 to the imediately before the touch sensor 17
i s covetedchi sansde bl acknd dED- t(ldghaephtting ediade) crorgtingfticoncasas
synthetic resin so that these red colors LED 19R1, 19R2 and green col ors
LED 19GIevestofar ethe\qaksl afp appeasanca, t ANd PefPeIERA 2Q Hes SuBctignf REcul t
to be cgnfirrred fromthe outside when the LED 19.is not |jghted up. On the
ot her haﬂﬂ?tﬂheﬂr?rﬁ}%ﬁﬁ9:ﬁ?%ﬂ?cFF§ﬁ$¥d°Bth?h%%%@%%ﬁFWﬁ?%ﬁa 98} t8RFir ned
visual ly from.the outside._ Thereby, ,the fgel] of i cal di sorder caused
by the expos{%‘éro er‘"é%/rees’" agf-EuFV\tBr i%?i’s (rzgld %(g)gosre‘ﬁé%lﬁé%fr%l?ffgnd green
col or LEPeddbih: a1 Pladal Rapalheciyely el fothed lbé Nicy GARRECHAOD, sbD
this pet robot ?,.the optlcarp axi s of the canmera 15 ich functions as
actual tRY¥ESonRECtINAGRIFtS oFanalyl ahivst BaaR 30 ravd acH) Hddyy @dde Rar thef
the head unit 4. Thus, the front condition to which the head unit 4 is
faced ceanbecting grarty gfhdtheghaepdednby 4 hasd Gdie deody awrlit @) aRdotbesi ng of
Controller 10 Next, the processing of controller 10 in the pet robot 1 wll
be descrepbdprant def dile &nifloSPows: thpetabhturit & (Kiexddut es vari ous

processi ngs as described 8 17 Maé 2002 above accor di %%Pto t he control
progr am st or ethey tHhe GEPocpmesa. 1anet t Hae repd Wiy & SheetssPiFtpResof

controller 10 can be chiatssifi ed agcordi ng t%_.thlga(_:‘sﬂ‘ﬁ]i cz}rltorjl_s as shO\rq/n in Fig.
5: . e. SUETQERARY SFORNEEERt PER TRFPSBOHTT of T YR Ay 1EREE: AP &Kd i nner
condi ti : ' ' I Ret it We]s heRET DENGo] |dion
of feel ?g‘g %%St 1?%2%%%&1&}??386”@%4?%}0,9% on T ggu?t g]o? t%_é %%%%?P@ on
recogni tbfandli fodtls HuACHsOMydeker M 8gqeimt 32 fdhasdetagt@rnhngal he
succeedi ng action based on the recognition result of the condition

recogni to e Ugi wrerd3 Foadl thee ueeirpHl milisilel esddl e /vinsta B@unADdemandér 31,
and an action formng unit 33 for naking the pet robot formthe action

cor r espbmat nghown tire Riag.9r mndatrensmiets | thefresidl tagt awddet sighalnglBni t

32.

to the controller 10.
Furthermore, as it is clear in Fig. 1, the touch sensor 17
is provided on the upper part of the head unit 4, and detects the

pressure received by the physical action such as "pat" and "hit"

from the user and outputs the detection result to the controller



Then, these condition recognition unit 30, the notion/ instinct nodel unit
31, the action determning unit 32 and the action formng unit 33 wll be
described in detail as follows. (2-1) Construction of Conditil@grM#ae2®nition
Unit 30 The condition recognition unit 30 recognizes the specific condition
based on the external information signal S1 to be given fromthe externa
sensor unit 18 (Fig. 2) and the internal information signal S2 to be given
fromthe internal sensor unit 14 (Fig. 2) and notifies the recognition
result to the notion/ instinct nodel unit 31 and the action determ ning

unit 32 (ﬁs a condition re o%ni,tion,i nffr ion S10. In practice, the
condi ti bh 3 FHasssreuetessiesngigit! yStonitors the i mage signal S1A

given fromt caner a 1g...9 17 20 2), .of the externa

densor unit TOTRETTRRE, £18 b blerY soetol 2 o st g (1 SengiALng
"vertic AL e leh F l.zesqth - rgnd s J ~hHhke ks.a wal I
and not alrgéslq%ﬁgfr ggjgg%%?ig%#r Zéﬁl tgﬁ!t:%&?ﬁe&eérmc%‘?%%lr?sqti r?cstutl%nggl \:ﬁﬁi t 31
and t hea @t AN et HisNhNBatBbly 32emb i i AT SRtk i P AU n0RB 1 HRAPISRAIT ON
unit 30 constantly nonitors the audio signal S1B to be given fromthe

m cr ophiKiEl ol & HFitémpdkra tifed VBRSOt 18 e8QEELESL StHd aln diga00 HErpdraeypd such
as "wal k", "lie down", or "chase after a ball" is entered based on the

audi o safjnte $ER ricboolli Andsttraesmitagthé¢ | detadsidn desullte to the
enotion/instinct nmodel unit 31 and the action determ ning unit 32.

Fur t heremntrolilier d@ndist rohempebyhire odetedtigo signtla®2By nonitors the
pressure detection signal S1C (Fig. 2) to be given fromthe touch sensor 17
(Fig. 2). Andhghepntrodtescle 1wdaes dhwiravmounstieg paqd tREepratiet er ni ned
threshol d yal.ue a dt he short d.of time ( | ess than _ 2 seconds),

erjo J such
it recondidEam, PStLFobbT ol o AFERESIOPSATF e HEaEroBhY Fhe
pressure of Jless th t hez er m . val a e lo peri od
of ti me. 18%1:(%1 as o}):vgrgnZ‘ggég%%S%,éﬂgc?&eilcc%gng%gdt héat u'%l%fr !Bgs%_gt ?éd Tt is
prai sedmapnd i3k f 588, t BEaL6COMMAIT Ol St teHed dhld <Gt bRReLRsLA NCt nodel
unit 31 and the action determining unit 32. Furthernore, the condition
recognidigialugilic Iheeenfihfbél VO tFS 4116 tRyErticdt Wetetteb8CtbOas Si gnal
S2B (Fig. 2) to be given fromthe tenperature sensor 13 (Fig. 2) of the
i nt er naxteamadr sensbrlfighal). SD) . td\ok vihppliitedd stemplestii relyyefipem athe e  of
nore than 10 17 May 2002 predetermnmined tenperature, it recognizes that
"i nt er 4D @meERail 8r e thasmienerhene gifl and dies tavwely sepgert Ltdnofetheet to

the enotion/instinct nodel unit 31 and the action determ ni ng_ unit 32.
?.

(2-2) sHarmgdt ssAser eRbti 18y 134 the Bd@rYUReamad Pinge WABH BY/ i nsti nct
nodel wupit 31 hol ds the rameter to show.the strength of .enofi | action
on the Aot Sl B aRBE SHA SR st ortr e, Byt on b HR 888 70
" di S0US{he,Ailar#0Chesk NaFAdL PIBSI AL e ALlEdibed! BN AN e EABAL PN NCE
nodel unit 31 successively updates the paraneter value of each enptional
action f3gmed e2)t B8 BACSUHPLi&d CREEPLARr18F WrlomS ¥R Battbeyhbbénsé¥thnd S
patted” to be given fromthe condition recognition unit 30 respectively as
t he contlid heatr eengort bpnthaf Diternaln ssilor Rmiactldon det er mi ni ng
information S12 showi ng the determ ned output action to be given fromthe
action det er Fhahngthai codrahker HO tdetensiigesettheMfpdleopéngfactidry, based
on the degree of recognition result to be obtained based on the condition
recognit®sed PRf Shirdit Vedosier aeitet b hheaondrodapsadrae ateres in
determ.ning informtion S12 act upop .thaj .enotional action (that is preset)
ond" RSO BPIETE TBBTH RIS | S Y GHFITR08 DEFeREanYL RECURFERS Got fonal
action,,.the enption/insiinct .model unit 3 cul at.es faranet.er. val ue
ot he ZoRr o Sh e He MBSO FPat e Toife Ehe Rad U £ TR B, e
fol I owighgy GGMAT! S right and left, or makes the tail of the tail unit 5

swing, or driving each of leg units 3A ~ 3D, makes the robot walk.



E[t + 1] - E[t] + ko XDE[t] ... ... (1) 11 17 May 2002 \Were the

quantity of change of enotional action to be cal cul ated by the

predeterm ned Equation = E (t]; The current paraneter val ue &7 Mays2002nal

action = E [t]; Coefficient show ng the degree of change its enoti onal

action corresponding to the recognition result = ko. Then, the

enotion/instinct nodel unit 31 updates the paraneter val ue of that

enotional action by replacing this calculation result with the current

par aneter val ue of enotional activity E [t]. In this connection, which

enot i onal actbj o%@par anet er, vgbue to each recognition result and Sach out put
dlr

activity woul SIPQELedPs LB B dEREE i e TR dhshredefisemipgd audio
recogni ti r |t ch thita~is_given, the paraneter ,val ue.of enpiional
hotion ol 3o RAE] sBRaidr 20 8 Dby nod'? A ABReHoniRen 187 ou fRphs
drops. &¢h JE o &A9A1 Li r S Savr ed" is. 0l

parameter o g%btl or?zl;all ggctai %Hag gfgﬁ}élr%&@a%uﬁ%’pgfla%t g}rﬂg gFEgg%f
enot i oNgle aMD AFiVEAGNBIGna10ERPEo tRelHES LONEOdRIEY AR apfehRhh&d,

expl anati ons on each enotional action and an exanple of concrete causes

t hat t hias enkiE ithealLEactvoFsa¥Rly W Il be shown in Fig. 6. Simlarly, the
enotion/instinct nodel unit 31 holds the paranmeter show ng the strength of
desire per désicoedinglygur thisepetdsshotdelsiagas actdasitoeohbcakbkerisasad on
"desire for love", "appetite for food" and "curiosity". Then the

enot i orthenstunroundingl andi ingernal ceorditign wdhithe exdstepaeapetrenval ues
of 12 17 May 2002 desires based on the recognition result fromthe

condi t | VHFEOGGnOofi SheufPI™mand eRARPTRAGN R tAyed WSBE -notice fromthe

action deterpining, unit 32, re specifi.call he_enotion/instinct_ nodel
i t 31 cal cHERERS thReABERbRT crotAt e ton F dbe FED| 1piag Teved (oeF
foll ow | e I I 1 t L X C ed, on
the ot Paker of sPBenlintR of (R0 S Bondt 3 B8 by BaRY vk BB T on
resul t AN jleh@gedesSick-eml PLgeXe! CLRe "LED JBH i ddfrQlselsO%Cpa P dof CHES OSdTdks |
[k + 1] - T [k + Kkl X OFT [K -5 o0 (2 Where the fuantity of desire
change b her;ahsdl Bdrgdehy tthrg predel Bgit neskgaptdiiedy tadbge gair[&f; the
paranmet er val ue of desire of subtraction to be |I [k]; and the coefficient
show ngndem sedersi LEDY186, tamat 1965 erel toirge dreenAddgby reppactigelwi s
calculation result with the current desire paraneter value | [k], that
desi re par andbethigl gesei | ¢a¢he afpkabdolorst MED d8Rnand dPRuheE et r e
parameter val ue to be changed is deternmned in advance, And when a notice

i nf or ity tAShY RRLEELPEIRLS BRR P (R iiheagc &PgRe b ERR action

detern&ﬂ%ﬁ%t%@%&nég’length. And these are placed approximately on the
middle stage in the longitudinal direction of the head unit 4 so
that these becomes closer as proceeding frontward of the head unit
4 shown by an arrow a. Thus, in this pet robot 1, by lighting up
these red LED 19R;, and 19R, together, this pet robot 1 can show the
expression of "anger" as if it gets angry turning up its eyes.

Furthermore, each of green colors LED 19G, and 19G, of which

the light emitting unit has an arc shape with the predetermined

length. And these are placed on the immediately proceeding places

of the corresponding red colors LED 19R, and 19R, on the head unit



the paraneter value of "desire for exercise" will drop. Mreover, based on
the battery remaining quantity detection signal S2A (Fig. 2) to be given
via the condition recognition unit 30, the enotion/instinct ADddy 2002t 31
cal cul ates the paraneter 13 17 May 2002 val ue of "appetite for food" I [k
+ 1] using the followi ng EQUATION at the fixed cycle. | [k] - 100 - BL ...
... ( 3) Wiere the remaining quantity of battery to be By Then, the
enotion/instinct nodel unit 31 updates the paraneter val ue of "appetite for
food" by replacing this calculation result with the current appetite

paranmeter value I[JKk]. In this connection, according to the enbodi nent of
the preleptacingnmngide afe ther avst dp theubront didieghdorofaanarearnalesire
is regul ated so that these will chapge within the r e fromQ to 100, and
al so coXtFRcri RHANEEEEtan Ykﬁlgp‘ 188 up n%?‘?ﬁedtfﬁa]gmr}é’rrseﬁ‘gﬂ gﬁﬁ{'i on and
each desjLe. 3 .3) tructign of Actjon Deterpning. Unit 32 The action
ot er m 8% taEEne (EREE PREH Pl il 40 SRECERREEER PR S L g T o

recognijf i d oy H'i%.sw to be supplied fromthe condition recognition
unit 30, the paraneter val ue of each enotion and each desire in the

endt i on/ i nstiffitHRd@le tURbbodll , t BReaGhHON gLl rSitBkCHokNbbEE FESR! thel OA
I n advance and the tine el apsed, and sends out the determnation result to
the ennhén/frait reigeedelthénhbadluand 4 heo atid dinlediaitayUBefoBs €lse
t he~action determ nation information S12. In this case, as a nethod to
det er m beuchhesarsdr d0t iien covieredcwibh thee dvluck mgmintrag2pasestt bever
algorithmcall ed as
4A formed of such as synthetic resin so that these red colors LED
19R,, 19R, and green colors LED 19G,, 19G, are covered up.

Thus, in this pet robot, these are difficult to be confirmed
from the outside when the LED 19 is not lighted up. On the other
hand, when the LED 19 is lighted up, these can be easily confirmed
visually from the outside. Thereby, the feeling of physical
disorder caused by the exposure of "eyes" of two kinds (red color
LED 19R,, 19R, and green color LED 19G,, 19G,) can be effectively
avoided.

In this connection, in this pet robot 1, .the optical axis of
the CCD camera 15 which functions as actual "eyes" are placed in
parallel with an arrow a on the edge part of the head unit 4. Thus,
the front condition to which the head unit 4 is faced can be
certainly photographed by this CCD camera 1.

(2) Processing of Controller 10
Next, the processing of controller 10 in the pet robot 1

will be described in detail as follows:

The controller 10 executes various processings as described



14 17 May 2002 probability automaton for determ ning whether to transit
fromone node NODEo to the sane or which other node NODEo ~ NODEp based on
the transition probability Po ~ Pn set respectively to arcs ARGay ¥aD2
connecti ng between each NODEa ~ NODEa. Mre specifically, a condition
transition table 40 per each node NODEo ~ NODEn as shown in Fig. 8 is
stored in the nenory 10A as an action nodel, and the actin determ ning unit
32 determ nes the next action based on this condition transition table 40.
At this point, in the condition transition table 40, the input events
(recognition result of the condition recognition unit 30) making the

transi tﬁbﬂ"‘asa%%‘?@qlﬂ dia dhien copkrohaprRReramERred dn e femeryha0dol um

of "Input Event " r|or|t order, and, additional caonditions on that

c?ndltlﬁﬂ aE%gcﬁﬁﬁﬁ? "58r?§sEBhﬂ|?@P¢?9ﬁ%9¥quiﬁ?"cSFUngsfof ;hbne
Dat a" " Ra " i i
the céﬁa+$$%snfﬁ%%%ﬁorgﬁnbzlgpe’*%%%vaé‘%%fﬂﬁ e (4Bt B onds i ey &
prerequighheef Sy Ad mhnqg&ga]t;pef%ﬂ%&éqﬁmr@ N&le 108 (‘*éf’zf;?ﬂwe“ the

recognitron result tected S gl Si ze of the

bal |t 0c8fdq DL ¥&Hs Widh e%@t‘ioh??ﬂ%iﬁb@ﬂn&?éﬂ'ﬁnié chll féﬂ“%leﬁ:@%@niﬁ&”]:ﬂet o
1000 (0, 1000)", ‘and when t he recognition result "obstacle is detected

( OBSTAGE&di tForioeEeellifg dnat 2Rseikdt TdEd)on tthd halcoghstasherésube
given with said recognition result is "the range fromO to 1000 (0, 1000)".

Fur t her oDr €he i doridii ti onodechighiEtban wwvet 30), tdre acasenvdeterninihg udit May
2002 recognition result is put in, when either one of paraneter val ues of
enot i on3? Bex idaterniging) Che" sutceeding agiSUrRPRIaGEd' ooy theateeegni SHONESS)
anong the paraneter val ues of each enptional action and each desire of the

enot i onFeFEtF Rk trhﬁjaonﬁ*ﬁtﬂoslr%om%wq H@Jdbﬁooﬁnd’ettéenpﬁtagtuﬁf t thsp
refers erlod aII he r from50 tq .,100 (50, 100 an be
ransf € it BPdpheunt st ndth RuATH o FRTRAT, b ot £570n
transitgj f no f C e f n1the node
NCDEO ~ bAahreeéh I Stgggl n rovvsgll'c')%S %@cﬁe 0 tra%m%t é gﬁd Th the col um
of "Tr afetd ratri2RaRIN ie¥ul @ Qkhgﬂergﬁ¥ion/35¥é¥dﬁﬂ h@”%ﬁ&%‘ﬁz the transit

probability of that node NODEo NODEn at the tinme "when all conditions

described i n @as) lthegeObondttEofrddyyHi tiv@ntunit’ Bat atHal métiewd " Range
of data" are satisfied will be described on the line of the node NODEo ~
NODEp iingthienaolmatelouni¥r 3hgi theradaionr idetdmiatingr undte32 and thee acti on
or notion to be output at this noment will be described on the |ine of

" Qut putaekigrorformimg vhd tcddnetll dee dercnihadfin defsili as Pebbewsi ity of
each I|ne on the colum of "Transition_probability to other node" becones

100[ %4 'ﬂ@coFBPﬁBFVCt*%ﬁd?%hQquﬂ%%°Ho§§°N€DEFbB“o?“{ﬁl% exanmpl e, when the

recognltlon r ut} t.hat ontpecglz SIZE y %% EQ%% R%Ll ?héronl"tl range
of 0 to 1000 fﬁ&b + toan e t FansPerfed " e

NCDE| Z%éﬁ&dﬁ&?@é' eh”eifh%\rgr@?%h}jélt Kr{?ffor'}r%%oh s38Hadt si NES HOGVen the

action or notion o e sent out.
from the external sensor unit 18 (Fig. 2) and the internal

information signal S2 to be given from the internal sensor unit 14
(Fig. 2) and notifies the recognition result to the motion/
instinct model unit 31 and the action determining unit 32 as a
condition recognition information S10,

In practice, the condition recognition unit 30 constantly

monitors the image signal S1A given from the CCD camera 15 (Fig.



17 May 2002 Then, the action nodel is conprised of a nunber of nodes NODEO
~ NODENn described as the condition transition table 40 |Iinked together.
Wth this arrangenent, when the condition recognition informi?May 2802 i s
supplied fromthe condition recognition unit 30 and/or the fixed tine has
been el apsed since the action is conducted the last, the action determ ning
unit 32 determ nes the next action or notion (action or notion described on
the line of "Qutput action”) in utilizing the condition transition table 40
of the correspondi ng node NODEo ~ NODE" from anong action nodel stored in
the menory 10A, and outputs the determnation result to the

enot i on?) R iHhe erd@madnisenseraHBithis actinsh whemilfgdeteetsssyushtd® action
deterrri'r'laté‘on in orr%ti on S12. %2 : Si) ﬂP&o_ce‘§sin of Act.i on Fg‘er' ﬁg Unit 33
Based offh&FMNd AF LS nPhal VBREEAPOr RERIO N S1® /PR iFeFefPrtomERRES

tion deternm.ni, it th t - or N it 33t its,drivi
o gnal B ATl e Meiark 508 BTy oL Ntk ae bild Bang edbn 10
; ) . ; b 5 q
Cende ASHTE ERTES Rbc3uly Sk OREL moaoh jolf MPURS A BEEonD) | o1

drivi nggstSalsSink3ini 138, the action formng unit 33 drives the necessary
actuators 211 ~ 2l1a to the predeterm ned state, and/or outputs sounds based
on the audi o Firghelrmdrél, ofhkheosi@tbkan Zdhodiid/idn ndthes tbARst&xlP with

the flashing pattern based on the LED driving signal S3. 17 1 T May 2002
(3) Relmdnicists thiectawdén EdghadnsSiBdtd Bye'gitrers inwp Thenmiicrophbsepké robot
1, the relation between the enotion expression and the flashing of LED 19

tat funtfimn®las Angewhen gkt trecogideest thatedhgncommand seuntdssudtbeds in t he
foll owi ng paragraphs. In this pet robot 1, the succeeding action and notion

will be"Rderm Hd® BRYBY . ofrt Heheee r2Smd mplddndist iegterednbreedne®abl e 40
(Fig. 8), in the actio ermning, unit 32 that is.qone of fupctiopns of the
cont r ol tR§ aﬂSHé’s Sdgé‘é"ii ggh’aﬂ‘év‘é‘?% 169 5% R8COTHLE LB FSﬁ“?g h’a ®each
green (éﬂégiéﬂ?Qn%%gﬁct model unit 31 and the action determining unit 32,
Furthermore, the condition recognition unit 30 constantly
monitors the pressure detection signal S1C (Fig. 2) to be given
from the touch sensor 17 (Fig. 2). And when it detects the
pressure of more than the predetermined threshold value and the
short period of time (such as less than 2 seconds), it recognizes
that "it is hit (is scolded)'". And when it detects the pressure of
less than the predetermined threshold value and the long period of
time (such as over 2 seconds), it recognizes that "it is patted
(it ié praised)" and notifies the recognition result to the
emotion/instinct model unit 31 and the action determining unit 32.
Furthermore, the condition recognition unit 30 constantly
monitors the temperature detection signal S2B (Fig. 2) to be given
from the temperature sensor 13 (Fig. 2) of the internal sensor

unit 14 (Fig. 2). And when it detects the temperature of more than

10



19& out of LED 19 is connected to each output action (such as "ACTION 2"
in Fig. 8) corresponded to the recognition result of "patted (PAT)"
Furthernore, at the time when the recognition result of "pat"7iMay20@h from
the condition recognition unit 30, the action determ nation unit 32

determ nes the succeeding action and notion in utilizing the correspondi ng
condition transition table 40 as described above, and as well as
transmtting the determ ned action and notion to the action formng unit 33
as the action determning information S12, reads the paraneter val ue of
"joy" in the enotion/instinct nodel unit 31, and inforns this to the action

f or m ngPhRfetermined tempenaturey, db,recggnized; FirEnel Med®ary actuators

211 21 th ti f i it .mak i t € ) th i,fied

2, 2o, A0 SECLE 00 Y byt BSER | feho R SIRLF IR TR
| L . i t ot h ! - t

The 11 acheSEtetinde Al o GplPEAE 2881 o I UESAIIP R EC 22251 o1

eEXpress (ébﬁ) e YN ¥Rt i chOBE ﬁﬁoi:ioiuhﬁétir?é&gmd&l $niid anly, the action to
flash each red color LED 19R1 19R2 in the LED 19 is connected to each

out put act i onrK& Wb tion/AREE@NCE' mblekFi gni 8) 3T M REP attie pdramelter to
recognition result such as "hit (HT)" in the condition transition table.

Fur t her shoe, thé esitidrey ite @iy eimiotdona@sabtiohi ot tise stippdl exf fé emottienal
condition recognition unit 30, the action determning unit 32 determ nes
t he fol aohiomys actjay!' aradmeisst ,uSsugprhset or Y €epohdi Tl sysdi't mod
transition table 40, and as well as sending the determ ned action and
noti on GaRIER" t Hed KAt PMASAenAd -aRtions a'&'et%é:h&ﬁ“ﬁ’ﬁleét/ eRAFHAEE JRedel

i nf ti 2, ds t th | f t f " " th

bros i onPRRE Phatudaanaivily bhoats(thd BRRARTECE YOl 1 S BrcHh SPEERPRE un ¢
33. Th t.hi Lt Al i | Ari Vi A€ v
nocessasythet S e, pRScIEL ORebORH ot Stdapitt, sbrl Bl 108 BEE o
S12 10 Dy OhyEMpd QA 18 3l (AUeHCEEbR Bhatooiit R0 JBRYES h6nT QRO 361 (O

express the specified "anger™, and also or i1nstead, nakes each red col or

LED 19Rlesp&&¥i V13 st Aihce tRaaditiBnt Bebbgnyel s Dirpai-aTRInek10f, ‘taager” at
that time so that the larger said val ue becones the faster the flashing

cycl e bactims.ddNdimiintiing dnfarmamtoh, Sl2esihewingbdie Hatmrminpdesatphe
enotion of "anger" as if it gets angry. 19 17 May 2002 On the other hand,
the acthaohien $9 dvrh aismem fegmeSher acEbon oftetenminyl ngh inddc B2gpedntheD 19Gl1,
19& of LED is connected to each output action (such as "ACTION 4" in, Fig.
8) corrE¥PRRERPIRt he specific recognition result to express the

2;?’;3?% ?(r)nm P?;thsrﬁjlr g:éct%%:btr:?fig, aﬁaglegrgr? é!'?émcgegi;rn eUtof( %géﬁg 'J:.tg.gnt Pgsult
to be obtained based on the condition recognition information S10
and the output action based_the action determining information S12
act upon that emotional action (that is preset) and the degree of
control and stimulation received from the other emotional action,
the emotion/instinct model unit 31 calculates the parameter value

of the emotional action in the following cycle E [t + 1] in

utilizing the following EQUATION:

E [t+ 1] =E [t] + k, X AE [¢] . . (1)

11



Furthernore, when the action determning unit 32 is supplied with the
specific recognition result to express "surprise" fromthe condition
recognition unit 30, determ nes the follow ng action and not i1@rMay2002
utilizing the corresponding condition transition table 40 and inforns the
determ nation result to the action formng unit 33. Thus, at this nonent,
the action form'ng unit 33, by driving the necessary actuator 211 ~ 21"
based on the action determ nation information S12 to be given fromthe
action determining unit 32, makes the pet robot 1 conduct the action
showi ng the specified "surprise" and sinultaneously, flashes each red col or
LED 19R1, 19R2 and each green LED 19Gl, 19& successively and alternately.

Thus, b 1 h ! f_" ise" b I I
fepont i HFRethE RRarERY o Fariien g ta ok ek ppalLPE Lt oa RATEIRARA ¢ no
above ak{[a{qﬁgnépéde;_%rp%r#g r?:tio:l’l cag Eﬁ)&ess the enotion of "joy" to be

"patted notro to be and the enotion of "surprise"

to the gRECLALEchECH MM Y RRAWd o2 elibeibhashhagisach wfr¢red LED 19R1,
19R2 and/or each green 20 17 May 2002 LED 19Gl, 19& as expressions . (4)

Oper at i gBefififlcEéf €Céliowing thPrdgeRle bfbeHangat i € Catidh ithd10 dda dndr €goi ng
construction, in this pet robot 1 when the user hits the upper part (touch
sensor é&drre$pomdimgath wtid ricoged tibb te@RAltand HQAR2 fl ash sinmul t aneously
and said robot expresses the enotion of "anger” as if it gets angry by
turning up itEheryesthegematd op/Aesthnat, medleh wiiet (Rerupsatess4he robot
green LED 19R1, 19R2 sinul taneously flash, and the robot expresses the
enot i onPa¥FameEsr valye qff thay gmetisgal\peEborrby WRRLAGNE $&dsd i s
generated in the surrounding.,area, red LED 19R1, 19R2 and green LED 19Gl,
19@ fIShcal et oSy t'nd’“tqzﬁ‘(-z tﬁ&bSPrﬁ?BF@%’é‘}mﬁ%” et Ploremosirprilse” as

T 38R Sed by ORRNLRG 200 SLOSI 0 R Y SoeAGRRIanpl Y, 10 Lh S

pet robo can €asrly recogni ze e enotion condrtron of this

pet 1 obglrdm@BSE A Lhd NG IdarpNiraeogRREE bh O fh1 £ B LadDIR@yak, Since the

robot expresses the enotion corresponding to the action of the user such as
"pat" aadtiWity . wsOIANBY Gidaded het predetsahimed. t Fer eRaihpta) BkemOfe
snoothly carried out. According to the foregoing construction, since the
enot i onre¢odiiet pwi rexhdit buich meal'hied by diesh nched padakie te® galtieyes” for
t he sake of appearance, the communication wth the user can be nore

snoot hl §mebirkrk artinn afhdrageri’'htipes andothe Hansanetsr ofpemetignahe
entertai nnent factor remarkably can be realized. (5) Oher_ Enbodi nents 21
17 Ny 2PBPNHRE iRl AERPSdesh?d BT TS0 AL PN ERUL hoskes S

RSO ST G LR ER RN T
Do b Y0 G0 ) AR 5 1 O RN, aE 01
above hps €lepd tedlddttion, more detailed explanations on each emotional
action and an example of concrete causes that these emotional
actions vary will be shown in Fig. 6.
Similarly, the emotion/instinct model unit 31 holds the
parameter showing the strength of desire per desire on four
independent desires, "desire for exercise", "desire for love",

"appetite for food" and "curiosity". Then the emotion/instinct

model unit 31 successively updates these parameter values of

12



the case of applying the LED 19 as the light emtting neans. However, the
present invention is not only limted to this but also in short, various
other light emtting neans that enmit |ights can be w dely apdFiMay 2002 such
cases, such as the light emtting elenment 50 arranged in the array shape
and color or black and white display can be applied. And al so by applying
these light emtting neans, a variety of shapes can be displayed as eyes
for the sake of appearance, and thereby, a variety of expressions can be
expressed. Furthernore, the enbodi nent described above has dealt with the

o Sl es: Bageg: A nEne SLERETT TN SR rem e GRPBALEAS LeD 10
functioning _as.eves for.the,_sakg. of ear ance wever,, the present
vent MR ITiBHoant 8] 26 1C RS Cup PRSI NG (R RERcs BEOR! £RET

enotio %nﬁBniEeEE§8§n9£ these g§pyotions, the other enotions (enotional
my be !

actions expresséd according to the light emitting condition of the
LED 19. 'Vbreméﬁé,s%@éifa‘i@&ﬂiﬁ?r%héjeé%ﬂibﬁgim\i%clia&ogéﬂ LinyktHy the case of
utilizing the LED for 2 colors of red LED 19R1, 19R2 and 22 17 May 2002
green lisRcliGtes19h8 psrimetdERrdfue MM dddieepregent LNventtiwd i s not
only limted to this but also the LED of one color or nore than three
col or s fitdy oleé ngr epal edusinig t ties ef slehovbisn e HJUATIONha t! ithkt fikéd thele
predetermned light emtting pattern corresponding to enptions.
Fur t helased, onhshenbotiPwe ncticor réhcthaarate tepotddal thei thme helapssed of
maki ng the flashing pxple of the LED 19 faster as the stronger the enotion
becone@ndHERey EpcogRithpr sEful Fi\Ihtivh "Ideside &Rry errRFLEd™ t o 495 rDut
al so tgp bri%hhnesa of light emtting of the LED 19 may be increased as the
st rongdP%t f8VEMRPGn CRELNBLYY In short, if the light emitting pattern of
the LED 19 woul d be changed corresponding to the strength of envotion,
various other light emtting patterns can be applied as the light emtting
pattern. (Furtherpore h ochi descri bed above has dgglt with the
case o? égpry?ig t%e[%iIfggggrgl?E?k%icrophone 16 and the ?%Lch sensor 17
as the external sensor for detecting the external condition and the
external input. However, the present invention is not only limted to this
but al ssherienthbogtantf ty hef séesiore tdiaingeartodbecehlthdatad doynatheondi ti on
and the external input, various other sensors can be w dely applied as
ext er n@redetevmined Eqgurtiom to kenddih pPthre of these sensors. Moreover
t he enmbodi nent descri bed above has dealt with the case of apPIyin t he
menor y theapatamgier c¥al et Rf ARFIHR 1 subtSAGtAgnt ke Benfr B prdffamin the
pet rohot 1. wever, the 23 17 May .2Q002 .present invention is nqgt only
i m te%Sll oc?ﬁ:tﬂgl ﬁ?n(él ss%?wﬁnrg s%hoer tsfex?/sfl lﬁ’ét ec?%r i ﬁlﬁ érir% i %%gie g‘ah record
the cophpol, pES%i?Qlﬁ&'dtﬁfé‘ SEREAMGR Hedu1 ol @HS tRENGErF&EOTdl 1 eI 2
can be mndeyy appl 1 ed.

parameter value I [k], that desire parameter value will be updated.

In this connection which desire parameter value to be changed is
determined in advance. And when a notice informing that the action
has been taken is received from the action determining unit 32,
the parameter value of "desire for exercise" will drop.

Moreover, based on the battery remaining quantity detection
signal S2A (Fig. 2) to be given via the condition recognition unit

30, the emotion/instinct model unit 31 calculates the parameter

13



Furt hernore, the enbodi nent described above has dealt with the case of

pl aci ng the touch sensor 17 on the upper part of the head unit 4 of the pet
robot 1. However, the present invention is not only limted #@ Mdy 2002ut

al so the touch sensor may be placed on the other place. However, by
arranging the touch sensor 17 on the forehead or the vertex of the head
part, comruni cations between the pet robot 1 and the user can be easily
conducted and nakes the user easily transfer his feelings toward the pet
robot 1. And this is apparent experinentally and from experience.

Furthernmore, the enbodi ment described above has dealt w th the case of
appl yi nft4fe @ 3@?135%’@:& %??’ §§°fihe1 mtsink fbru’ﬁ’él%c‘ir}%&_qlﬁé’wﬁﬁgi on fromthe

user s hith "pat"” . However, the present invention is not only
lim teﬁbﬁ%ﬂﬁg Bﬁt gfé?s J"ée"ismf)f‘\éﬁe'rmy be placed in place of the touch
sensor 17. And detecting the notion such as "hit" fromthe user by on/off

of said switch, the LED 19 may be fl ashed based on said detection result,
and ther et izon gef -pgt robot may be expressed. | NDUSTRI AL¢#jPPLI CABI LI TY The

present invention can be applied to an entertai nnment robot such as a pet
robot . widere khe Myhai0QAgChAGNBity Afrehetesprgy itd |Y): a light emtting

nmeans for functioning as eyes for the sake of appearance; an external

sensor for detecting the external condition and input from outside; and a

control neans for flashing said light emtting neans in order to express

t he em¥fhemn Bheecemotiphdipatpuct onodal dunixt e3halpdesdiesothe?2papamebetr as

defined in Caim1l, characterized by: said light emtting neans is forned

of IigﬂﬂaLﬂﬁ p@iﬁgp@p&éég for food" by replacing this calculation result
with the current appetite parameter value I[k].

In this connection, according to the embodiment of the
present invention, the parameter value of each motion and each
desire is regulated so that these will change within the range
from 0 to 100, and also coefficient values k,-and k, are set
individually per each emotion and each desire.

(2 - 3) Construction of Action Determining Unit 32

The action determining unit 32 determines the next action
based on the condition recognition information S10 to be supplied
from the condition recognition unit 30, the parameter value of
each emotion and each desire in the emotion/instinct model unit 31,
the action model stored in the memory 10A in advance and the time
elapsed, and sends out the determination result to the
emotion/instinct model unit 31 and the action forming unit 33 as
the 'action determination information S12.

In this case, as a method to determine the next action, the

action determining unit 32 uses the algorithm called as

14



3. Arobot as defined in Caim1l, characterized by: said control neans;
expresses the strength of said enotion by flashing pattern of said |ight
emtting nmeans. 4. A robot as defined in Caim1l, conprisingq7may2002lity
of light emtting nmeans emitting lights of different col ors respectively;
and characterized by: said control neans; expresses said enotion by said
color of said light emtting neans flashing the light. 25 17 May 2002 5.
A robot as defined in Claiml, conprising: a noving unit; and a driving
means for driving said noving unit; and characterized by: said control
means; expresses said enotion by controlling said driving neans and driving
sai d noREeRphidiittvrapromasopr £gst deherBining twhether dnitrresitofra@ ehashi ng
of said light emitting neans. 6. A robot as defined in C aim

char acRA4S QIPTy: tSaFle GRS A kL, e BodenBoBRor JsiRedssehieh ¢ he
Pre-hel 4, M0t €1on prebsB: 188G PO Bl O RilpSde RIS BE S22 ARRDSOT
ARC, connecting between each NODE, ~ NODE,.

More specifically, a condition transition table 40 per each
node NODE, ~ NODE, as shown in Fig. 8 is stored in the memory 10A
as an action model, and the actin determining unit 32 determines
the next action based on this condition transition table 40.

At this point, in the condition transition table 40, the
input events (recognition result of the condition recognition unit
30) making the transition as prerequisite in that NODE, ~ NODE, are
listed in the column of "Input Event" in priority order, and
additional conditions on that condition are described on the
corresponding lines in the columns of "Name of Data" and "Range of
bData".

Accordingly, in the node NODE,,, defined in the condition
transition table of Fig. 8, the following becomes the prerequisite
for transferring to the self or the other node; i.e., when the
recognition result "detected a ball (BALL)" is given, "size
(SIZE)" of the ball to be given with said recognition result is in
"the range from 0 to 1000 (0, 1000)", and when the recognition
result "obstacle is detected (OBSTACLE)" is given, "the distance
({DISTANCE)" to that obstacle to be given with said recognition
result is "the range from 0 to 1000 (0, 1000)",

Furthermore, in this node NODE,,,, even in the case where no
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determ nes the enotion based on the enotion nodel updated; and flashes said
light emtting neans so that said enotion 'determned will be expressed. 7.
A robot as defined in Qaim1l, characterized by: said |ight dFiMay 2ep2reans;
has the light emtting unit of a plurality of shapes according to said
enotiion to be expressed. 8. A robot as defined in Claim1l, characterized
by: said robot conprising a head; and 26 17 May 2002 said light emtting
nmeans; is placed on said head and covered with a sem -transparent cover. 9.
A control nethod of the robot conprising the light emtting nmeans to
function as eyes for the sake of appearance and an external sensor for

det ect i RgcegRl bkerrFRfulloridl HUsn 1and¥beni apther f eren ef anamsiter, values
conprising: the first step for reco n|2|ng sai d external condition and/or

sai d i nBht SPPEHPRAE 2R "HEYedIOR) {'ne "BUFREL 9 f (SURRRISE)ST 4 sensor -

RIRALE I S R R N

robot ag febhngty! Sl UdBite SPALAS EMLEESN PYnstinct model unit 31 to
which the action determining unit 32 refers periodically is in
"the range from 50 to 100 (50, 100)", it can be transferred to its
own or the other node.

Furthermore, in the condition transition table 40, names of
nodes that can be transited from the node NODE, ~ NODE, are listed
in rows of "Node of transiting end" in the column of "Transit
probability to other node". And simultaneously, the transit
probability of that node NODE, ~ NODE, at the time when all
conditions described in each line of "Name of input event", "Data
value" and " Range of data" are satisfied will be described on the
line of the node NODE, ~ NODE, in the column of "Transit
probability to other node", and the action or motion to be output
at this moment will be described on the line of "Output action".
In this connection, the sum of transition probability of each line
on the column of "Transition probability to other node" becomes
100(%].

Accordingly, regarding the node NODE,,, of this example, when
the recognition result that "the size (SIZE)" of that ball is from
"the range of 0 to 1000 (0, 1000)" is given, it can be transferred
to "the node NODE,,, (node 120)" in the probability of "30[%}], and

at this moment, the action or motion of "ACTION" will be sent out.
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sai d second step; expresses the strength of said enotion according to the
flashing pattern of said light emtting neans. 11. A control nethod of the
robot as defined in Claim9, characterized by: said robot corgriay 2002
multiple light emtting nmeans that emt lights with different colors
respectively; and said second step; expresses the enotion by flashing said
colors of said light 27 17 May 2002 emtting neans. 12. A control nethod
of the robot as defined in Claim9, characterized by: _ said robot
conprising; a nmoving unit and a driving nmeans for driving said noving

unit; and sai d_secon said enptjon by control Ling said
i e caat Han athe AE %angﬁgeinbs LAPTT RSt i R, of nggﬁan of

?:Iala?ml Igggéﬁ‘ar aé{og% cg%sacgs be]&ig as t%ontcro%dlﬁt ho raIlstlglon Pa%l dj e.L ed in

together.

With this arrangement, when the condition recognition
information 810 is supplied from the condition recognition unit 30
and/or the fixed time has been elapsed since the action is
conducted the last, the action determining unit 32 determines the
next action or motion (action or motion described on the line of
"Output action") in utilizing the condition transition table 40 of
the corresponding node NODE, ~ NODE, from among action model stored
in the memory 10A, and outputs the determination result to the
emotion/instinct model unit 31 and the action forming unit 33 as
the action determination information S12.

(2 - 3) Processing of Action Forming Unit 33

Based on the action determination information 812 to be
given from the action determining unit, the action forming unit 33
transmits driving signals 813, ~ S13, to the necessary actuators
21, ~ 21, (Fig. 2), and transmits the necessary audio signal 83 to
the speaker 20 (Fig. 2), and sends out the LED driving signal S4
to the LED 18.

Thus, based on the driving signals 13, ~ 13,, the action
forming unit 33 drives the necessary actuators 21, ~ 21, to the
predetermined state, and/or outputs sounds based on the audio
signal 3 from the speaker 20, and/or flashes the LED 19 with the

flashing pattern based on the LED driving signal S3.
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said second step; updates the enotion nodel which the pre-held enotion is
nodel ed based on outputs of said external sensor; determ nes enotion based
on the enotion nodel updated; and flashes said |ight emtting7manz0020 t hat
said enotion determined will be expressed. 14. A recording nmediumin which
the control programof the robot having the light emtting neans to
function as eyes for the sake of appearance and an external sensor for
detecting the external condition and/or inputs fromthe outside is
recorded, characterized by: 28 17 May 2002 said control program
conprisjng; the first steggfor recogn|2|ng t he external condition and/or

i nput f$Bm RR&agiPephiPpRcE e ’%‘1"% i ARd JEYEY FleshdPdal sensor; and the |
d st f flashi d_| t t
based on sai d PERogR: FORE et Tobehd s s %aﬂ?%@%npﬁsgrér R EnF CBBY LR ont o
d 5 1
iﬁ:ar a(r:te |zesd&’gbé£eq‘nl#n§:£ﬁ£df%§gé§§8rg he gtfrgr‘g Lﬂ.héél% sala% qrrgfeln})n%br
expr essggh %kteh%ff ! @%@a@qneat ein gt a@é&iﬁabtu@reﬁé | 1RARY 16. A

recordi ng medi um as fined in arm 14, characterized by:
paragraphs.

In this pet robot 1, the succeeding action and motion will

be determined based on the corresponding condition transition
*  table 40 (Fig. 8) in the action determining uni£ 32 that is one of
functions of the controller 10 as described above.

In this case, the action to flash each green color LED 19G,,
19G, out of LED 19 is connected to each output action (such as
YACTION 2" in Fig. 8) corresponded to the recognition result of
"patted (PAT)".

Furthermore, at the time when the recognition result of
"pat" is given from the condition recognition unit 30, the action
determination unit 32 determines the succeeding action and motion
in utilizing the corresponding condition transition table 40 as
described above, and as well as transmitting the determined action
and motion to the action forming unit 33 as the action determining
information 812, reads the parameter value of "joy" in the
emotion/instinct model unit 31, and informs this to the action
forming unit 33.

Thus, at this moment, by driving the necessary actuators 21,

~ 21 the action forming unit 33 makes it act to express the

nr

specified "joy". And also or in place of this, it flashes each
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said robot conprising multiple light emtting means emtting lights with
different colors respectively; and said second step; expresses said enotion
by said colors~flashing of said |light emtting means. 17. A Mgdnag2062
medi um as defined in Caim1l4, characterized by: said robot conprising, a
nmoving unit, and a driving neans for driving said noving unit; and said
second step; 29 17 May 2002 expresses said enotion by driving said noving
unit with the predeterm ned pattern controlling said driving nmeans in
addition to flashing said light emtting neans. 18. A recording nmedi um as

ot A ! 34 B TR S
000N bLAILESHLS Alsddl® A o3 USHSLTLOSSELD! kAL DIREY on sal d

updat ed " €no {Ton ho ashes sdi ng means o express
sai d enQLfQngment, the pet robot 1 can express the emotion of "joy" as

if it is laughing.

Similarly, the action to flash each red color LED 19R, ~
19R, in the LED 19 is connected to each output action (such as
"ACTION 3" in Fig. 8) corresponded to the recognition result such
as "hit (HIT)" in the condition transition table.

Furthermore, when the recognition result "hit" is supplied
from the condition recognition unit 30, the action determining
unit 32 determines the following action and motion using the
corresponding condition transition table 40, and as well as
sending the determined action and motion out to the action forming
unit 33 as the action determination information 8§12, reads out the
value of parameter of "anger" in the emotion/instinct model unit
31, and informs this to the action forming unit 33,

Thus, at this moment, the action forming unit 33, by driving
the necessary actuator 21, ~ 21, based on the action determination
information 812 to be given from the action determining unit 32,
makes the robot act to express the specified "anger", and also or
instead, makes each red color LED 19R,, 19R, flash corresponding to
the value of parameter of "anger" at that time so that the larger
said value becomes the faster the flashing cycle becomes. With
this arrangement, the pet robot 1 can express the emotion of

"anger" as if it gets angry.
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determned. 19 . Apet robot with a head) conprising light emtting neans)
provi ded on said head, conprising apparent eyes; control neans for
controlling the flashing of said light emtting nmeans; a seni7 Magr200ar ent
cover arranged so that said apparent eyes of said robot can be seen from
outside only when said light emtting neans flashes. 20. The robot
according to Claim19 further conprising a plurality of said light emtting
means each having a different |ight shape and/or light color, and wherein
said control means selectively flashes corresponding said light emtting

eanrarmy 1o BLEnRLotAch Hafd, i actdir FRosaoaRaPar 5T ??%H? "R or of

h I t ff
cor r esphRr nd T S 3 §§3Q§zﬂﬁﬁrh§9€%b&?GSQ%%?%W%@%“E{% qtot o, eREP
COMP | St 1 EHNbuBRNAET hOE1GE POl iie eqxtc%rﬁ@spsaagat tgnenand or

i nput s m out si and wherein said control” neans sel ectively flashes

cor r es pepuhilFg o dedoghiRli ofNtbE0DE €8s AfheS Prédelteralinkd of |ight
emtting means, based on the output of said external sensor. 30 17 May

2002 2 -Psurpﬂmewolgﬂbhaaeor'niaﬁget@ouﬁhdu:mrmt-z (soumm e iin thedconadi tbdbn neans
determ nes said enotion of said robot itself on the basis of the output of
sai d extmmltionetgbleadld. previ ously stored enotion nodels created by
model i ng enotions, and selectively flashes corresponding said |ight
emtting neanguﬁﬁbe€wogﬁucﬂﬂﬁﬂuﬁhq Pftépnlﬁgﬁ?r@hﬂ%PGngnhﬁéﬁ%3%%§%ﬂ¥éﬂe@he
determ nation result ~ he robot according to Ca , Where in said

contrcﬂw%ﬁﬁﬂﬁ?qI%R?ﬁéglgaFﬁceﬁP+E%ﬁﬂnﬁﬁ?ﬂ}q Eﬂw B Hﬁ“ﬁ@ﬁﬁgernfﬁm?lashlng

pattern.corres ng to th stren f i d_deternine porion. The
Pobot | aeoaariy GancrararblESh LRI "ady iRl ThaCERTIBIA R advion  no
cycl e nd rothef LAPAL: FELLAGT itk 'S0 A WerilAINg JotliTR15n28rhRsPBion f UM LhEN

conprising a noving unit;
table 40 and informs the determination result to the action

forming unit 33.

Thus, at this moment, the action forming unit 33, by driving
the necessary actuator 21, ~ 21, based on the action determination
information 812 to be given from the action determining unit 32,
makes the pet robot 1 conduct the action showing the specified
"surprise" and simultaneously, flashes each red color LED 19R,,
19R, and each green LED 19G,, 19G, successively and alternately.
Thus, the pet robot 1 can express the emotion of "surprise" by
alternately repeating the expression of laughing and the
expression of anger.

With the above arrangement, this pet robot 1 can express the
emotion of "joy" to be "patted", the emotion of "anger" to be
"hHit", and the emotion of "surprise" to the specific recognition

result by the flashing each of red LED 19R,, 19R, and/or each green
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driving neans for driving said noving' unit) and wherein said control neans
controls said driving neans to drive said noving unit, in addition to
flashing said |light emtting means. 2 7 . The robot accordi ng7tWay@e02m 2 Q
. where in said plurality of light emtting neans is arranged in a depth
direction of said head at prescribed positions on said head. 31
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for the sake of appearance, the communication with the user can be
more smoothly conducted, and thereby the pet robot capable of
improving the entertainment factor remarkably can be realized.

(5) Other Embodiments
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applying the present invention to a four-legged walking pet robot
1 constructed as Fig. 1. However, the present invention is not
only limited to this but also can be widely applied to the robotic
device having various other shapes (including such as Toy).

Furthermore, the embodiment described above has dealt with
the case of applying the LED 19 as the light emitting means.
However, the present invention is not only limited to this but
also in short, variocus other light emitting means that emit lights
can be widely applied.

In such cases, such as the light emitting element 50
arranged in the array shape and color or black and white display
can be applied. And also by applying these light emitting means, a
variety of shapes can be displayed as eyes for the sake of
appearance, and thereby, a variety of expressions can be expressed.

Furthermore, the embodiment described above has dealt with
the case of expressing three (3) emotions (emotional actions),
"joy", "anger" and "surprise" according to the light emitting
condition of the LED 19 functioning as eyes for the sake of
appearance. However, the present invention is not only limited to
this but also in addition to these emotions or in place of these
emotions, the other emotions (emotional actions) may be expressed
according to the light emitting condition of the LED 19.

Moreover, the embodiment described above has dealt with the

case of utilizing the LED for 2 colors of red LED 19R,, 19R, and
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than three colors may be prepared and these may be emitted the
light with the predetermined light emitting pattern corresponding
to emotions.

Furthermore, the embodiment described above has dealt with
the case of making the flashing cycle of the LED 19 faster as the
stronger the emotion becomes. However, the present invention is
not only limited to this but also the brightness of light emitting
of the LED 19 may be increased as the stronger the emotion becomes.
In short, if the light emitting pattern of the LED 19 would be
changed corresponding to the strength of emotion, various other
light emitting patterns can be applied as the light emitting
pattern.

Furthermore, the embodiment described above has dealt with
the case of applying the CCD camera 15, microphone 16 and the
touch sensor 17 as the external sensor for detecting the external
condition and the external input. However, the present invention
is not only limited to this but also, in short, if the sensor that
can detect the external condition and the external input, various
other sensors can be widely applied as external sensors in
addition to and in place of these sensors.

Moreover, the embodiment described above has dealt with the
case of applying the memory 10A as the recording medium for

recording the control program in the pet robot 1. However, the

23



10 10@10%&' ()-!nS)#10%&' ()- S)#10%& ()- !'Ly#109%\N& ()-:U6e7789 ; "<} <g\=
10! VS3$10%&' () -  S3$109& ()-! Cy#10%~& () -y#109% ()-!Ly' $10%& () -
y' $109&' () - "<a<b<c<d<p<c==?bC 10!s$10% & ()- @ 17 Mav 2002
10% & ()-9%10% & ()- #10% & ()- 10 10 10: 10%& ()- ?0@\BB BBBBxmb
10! #&109&' ()- 10t 10t 10t,: 10% & ()-5t10% & ()-& $10% & ()-F%
10% & () - BB&([ CXxFFG'?nbC 10! f LOZ"10%&' () - M CHL109%& () - #109%&' () - ! H#109%&' () -
#1090& () - #1009 ()- GGCGEEEZHNHLC 10! SY
present invention is not only limited to this but also, in short,
if the recording medium that can record the control program and
can reproduce this, various other recording media can be widely
applied.

Furthermore, the embodiment described above has dealt with
the case of placing the touch sensor 17 on the upper part of the
head unit 4 of the pet robot 1. However, the present invention is
not only limited to this but also the touch sensor may be placed
on the other place. However, by arranging the touch sensor 17 on
the forehead or the vertex of the head part, communications
between the pet robot 1 and the user can be easily conducted and
makes the user easily transfer his feelings toward the pet robot 1.
And this is apparent experimentally and from experience.

Furthermore, the embodiment described above has dealt with
the caée of applying the touch sensor 17 as the means for
detecting the motion from the user such as "hit" or "pat". However,
the present invention is not only limited to this but also a
switch may be placed in place of the touch sensor 17. And
detecting the motion such as "hit" from the user by on/off of said

switch, the LED 19 may be flashed based on said detection result,

and the emotion of pet robot may be expressed.
INDUSTRIAL APPLICABILITY .

The present invention can be applied to an entertainment

robot such as a pet robot.
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1. A robot comprising:

a light emitting means for functioning as eyes for the sake
of appearance;

an external sensor for detecting the external condition and
input from outside; and

a control means for flashing said light emitting means in

order to express the emotion based on the output of said external

sensor,
2. A robot as defined in Claim 1, characterized by:

said light emitting means is formed of light emitting diode.
3. A robot as defined in Claim 1, characterized by:

said control means;
expresses the strength of said emotion by flashing pattern

of said light emitting means.

4. A robot as defined in Claim 1, comprising:

a plurality of light emitting means emitting lights of
different colors respectively; and characterized by:

said control means;

expresses said emotion by said color of said light emitting

meané flashing the light.
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5. A robot as defined in Claim 1, comprising:

10t 10t

a moving unit; and a driving means for driving said moving

unit; and characterized by:

said control means;

expresses said emotion by controlling said driving means and

driving said moving unit with the predetermined pattern in

addition to the flashing of said light emitting means.

6. A robot as defined in Claim 1, characterized by:

said control means;

updates the emotion model which the pre-held emotion is

modeled based on the output of said external sensor; and

determines the emotion based on the emotion model updated;

and

flashes said light emitting means so that said emotion

‘'determined will be expressed.

7. A robot as defined in Claim 1, characterized by:
said light emitting means;
has the light emitting unit of a plurality of shapes

according to said emotion to be expressed.

8. A robot as defined in Claim 1, characterized by:

said robot comprising a head; and
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covered with a semi-transparent cover.

9. A control method of the robot comprising the light emitting
means to function as eyes for the sake of appearance and an
external sensor for detecting the external condition and/or inputs
from the outside, comprising:

the first step for recognizing said external condition
and/or said input from the outside based on the output of said
external sensor; and

the second step for flashing said light emitting means to

express emotions based on said recognition result.

10. A control method of the robot as defined in Claim 9,
characterized by:

said second step;

expresses the strength of said emotion according to the

flashing pattern of said light emitting means.

11. A control method of the robot as defined in Claim 9,

characterized by:

said robot comprising multiple light emitting means that
emit lights with different colors respectively; and
said second step;

expresses the emotion by flashing said colors of said light
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emitting means.

12. A control method of the robot as defined in Claim 9,
characterized by:

said robot comprising; a moving unit, and a driving means
for driving said moving unit; and

said second step;

expresses said emotion by controlling said driving means and
driving said moving unit in addition to the flashing of said light

emitting means.

13. A control method of the robot as defined in Claim 9,
characterized by:

said second step;

updates the emotion model which the pre-held emotion is
modeled based on outputs of said external sensor;

determines emotion based on the emotion model updated; and

flashes said light emitting means so that said emotion

determined will be expressed.

14. A recording medium in which the control program of the robot
having the light emitting means to function as eyes for the sake
of appearance and an external sensor for detecting the external
condition and/or inputs from the outside is recorded,

characterized by:
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the first step for recognizing the external condition and/or
input from the outside based on the output of said external
sensor; and

the second step for flashing said light emitting means to
express emotions based on said recognition result; and

said control program is recorded onto said recording medium.

15. A recording medium as defined in Claim 14, characterized by:
in said second step;
the strength of said emotion is expressed by the flashing

pattern of said light emitting means.

16. A recording medium as defined in Claim 14, characterized by:
said robot comprising multiple light emitting means emitting
lights with different colors respectively; and
said second step;

expresses said emotion by said colors' flashing of said 1light

emitting means.

17. A recording medium as defined in Claim 14, characterized by:
said robot comprising;

a moving unit, and a driving means for driving said moving
unit; and

said second step;
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. A recording medium as defined in Claim 14, characterized b

said second step;

updates the emotion model which the pre-held emotion is
modeled based on the recognition result at the first step;

determines emotion based on said updated emotion model; and

flashes said light emitting means to express said emotion

determined.

19. Apetrobot with a head, comprising
light emitting means, provided on said head, comprising apparent eyes;
control means for controlling the flashing of said light emitting means;
a semi-transparent cover arranged so that said apparent eyes of said robot
can be seen from outside only when said light emitting means flashes.

20. The robot according to Claim 19 further comprising
a plurality of said light emitting means each having a dJﬂ"erent light shape
and/or light color, and wherein
said control means selectively flashes corresponding said light emitting
means out of said plurality of light emitting means.

21. The robot according to Claim 20, wherein
said light shape and/or said light color of each said light emitting means
has a different shape and/or color corresponding to an emotion.

22, The robot according to Claim 21 further comprising
an external sensor for detecting the external conditions and/or inputs from
outside, and wherein
said control means selectively flashes corresponding said light emitting
means out of said plurality of light emitting means, based on the output of said
external sensor.
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24. The robot according to Claim 23, wherein

said control means flashes said corresponding light emitting means in a
flashing pattern corresponding to the strength of said determined emotion.

25. The robot according to Claim 24, wherein
said flashing pattern is a flashing cycle.

26. The robot according to any one of Claims: 22 to 25 further comprising
a moving unit; and
driving means for driving said moving unit, and wherein
said control means controls said driving means to drive said moving unit,
in addition to flashing said light emitting means.

27. 'The robot according to Claim 20, wherein

said plurality of light emitting means is arranged in a depth direction of
said head at prescribed positions on said head.
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