; e3el X862Tp~" DESCRI PTI ON | NTELLI GENT OPERATI ON SYSTEM 5 Technical Field

The present invention relates to an intelligent operation s i an
be applied to an automatic operating systemof, e.g., an op mmmmmmmmcne
such as an autonobile, a transport machine such as an aircraft, a
transporter crane, a robot and others, a]E intelligent operation”$®8tem

whi ch plays a game with human bei ngs or "uses sign | anguages and™ '€ 1ike,
an automatic nonitoring system which perforns nonitoring o ation on
behal f of human bei ngs, and ot her s PESSRIRIMbund Art Real ﬂ’ﬂ@m@&m]w”ﬂmp
automati c operating systemof, e.g., an operating machi ne

autonobile, a transport machi ne such as an aircraft, a transporfeér 20

crane, a robot and others,I@@EtﬂggkhﬁggggRg@gbgt59?ﬁ§¥ften1mhich pl ays a
e

ganme with human bei ngs or uses sign [anguages an i ke, an automatic
nmonitoring systemwhich perfornms nonitoring or observation on behal f of
human bei ngs has been denanded and expected for a long 25 tine. However,
there s no machi ne or appar at us Bedvdlghidal ddipl@t el y automated to the
extent requiring alnbst no support from human beings even now. In the

ci rcunst ances, manyTR? UBFeEeBF LRUATHLIPPORS 1AL eShdCadlortdtiel 1638t i ng
syst em of i Y n de_u .naw.al tho it s, far 2
fron1conp|§§%£§%€onat%g%Fggn§h€§§iSgg Efnggb§#%nef%b % %%ﬁﬁ %ﬁﬁ?pwoposed

and rel easeasherr®t iRy a8Ptemt bel eedge , Wah! okeewt 1a geiadked néhiditbiendeds
magnets or an electric cable for signal 5 transm ssion along a traveling
path of a raacutrenchiles antzanspobitl macbinegn sgicbngst laa meigreatafor, tde

electric cable, or a method which neasures a_di stance from a preceding car
by a X1 npl i {iRSRAEEPT afHABEusBsTAPLAr 218 LERGES Wi d RS hg a

o st ance DeLugelLbe 198y 68 5nd0uc BB, oA, VIS MBICHRIRIE G,

practi cal ere recently propose 3 i ch

recogni zes @i i @4 1anguABEKI ARGl kA BARY,ded Qt_dNMAAE hMYEtng car
whil e mai ntaining a distance fromthat |line constant. 15 However, the
above- descrsyeter oniveckh i peaformeshmdnddpcéng og abisertatc oy iod rgeldlears i s
a method which causes a car to travel in a predetermned position with a
predet er ni riEE RiiBEANeeineEwedRdt ASNEESs on a predeternined traveling path
by d t%cti ng any marking on 20 the predeterm ned traveling path. Like an
invisible rai

Background Art
Realization of an automatic operating system of,
e.g., an operating machine such as an automobile, a
transport machine such as an aircraft, a transporter
20 crane, a robot and others, an intelligent operation
system which plays a game with human beings or uses sign
languages and the like, an automatic monitoring system
which performs monitoring or observation on behalf of
human beings has been demanded and expected for a long
25 time. However, there is no machine or apparatus which is
completely automated to the extent requiring almost no
support from human beings even now.
In the circumstances, many studies or
examinations of the automatic operating system of

30 automobiles have been made up to now although it is far



being provided, there is no great difference froma nethod that a train or
the like actually noves on a rail, and these nethods are conpletely
different fromthe case that a human drives a car. 25 Furthernore, even

t hough the car itself neasures a distance froma preceding car just |ike
when a human drives a car, but it does npt conprehend a neasurenent target
is a car nor conprehend a content indicated in a road sign by reading it.
Still nore, the car does not 30 conprehend a speed |linmt indicated on a
road sign ifirom3compteteocadsomdsion . kemyd wartiions kel arf Imethoddhat i s,
in the conventional nethods, as different fromthe case that a human

actual |y dr}a¥e Reen,PreResed, apdsErleases- judge a traffic situation in a
5 surroundi ng area }{0..0 d i a_di st anc e e cars,
or never conpr ehendbgrcéggéﬁ?gdf %glgﬁr?a%%sﬁ é%lgly%rheogv I n%wgeﬁ%‘ige%ﬁl ., or

never | Udg%tﬂbé’&:ﬁlrzﬁ&cf]ﬁétﬂ?ﬂﬂehnaade@&&li)b a1k &Eod gyt of the
above-descri bed problens in the 10 prior art, it is an object of the

present i nveransmis$sipnoaildegan itmagelligentpadiercf iorecdtand byanbesh a
transport machine itself such as an autonobile or an aircraft and an
operating rdthnEoneRile §QcRUBsadoPGatdsomagnedr ffe e £iepbEican

conprehend and. judge 15 variqus,situations |ike uman does when driving a
car, and tﬁ%%%%h %ﬁe?a?8%§°§awh§§§e8%&§%ﬁiﬁw%xﬁﬁﬁ 4ﬂﬁﬁﬂ $P%ﬁ%_judgnent,
and whi ch _é@@ihgecarswstaa@ti&ni,llljxi%qr@a%aer AP B fe OPLT @hE NP SYST EM
Moreover, it Is another object of the present 20 invention to provide an

i ntelligenttrepeshtwhhleysbaemtalati ngn aadiatainte: W tole dieefise oowalpc&tsby a

human or substitutes for a human can conprehend and judge vari ous
si t uat® ons ¢oketanhundfddEbesehee thedsabiayep aroms ind et beahpaseori ng,

and can recggnjze a ocess _and a 25 resyl.t based on such conprehensi on and
j udgrent a*ﬁfr’flhaf~aﬁ ff?eflﬁzg REToBECAAtY a_fsqpéaﬁigﬂacmepﬁa%t%h@ig > o
uses a sig n I1G; S c

i focts mom 1 a0iEags ") BadnTii har pAIR AL Me v Al S TR800TN
realized. 34hd molkschosdrewhii lehmaimtainioy As diescdidedeedi®venatn or der
to make a machi ne or an apparatus to perform conplicated and sophisticated

wor ks, i.e.linenponratfany.projecting a physical world into 5 the cerebrum
readi ng, understandjng and jgg in% various kinds of informatjon on the

h
whol el and t hen opefa¥PKETa I?geém&%é’%vﬁfdir?%%d“%t]&%ﬁi, as a
basi ¢ teChné&'x’i'ﬁ‘?erﬁf]ﬁégBBESP\aFtI?L%L%ﬂi%irrlg;gL&:fL S:gdx%otzfsﬁ?f[ By i &h the

actual physical “environnent 1S project ree- di mensi ona

space in theay®étdaokatheoVitirwal reald itdie t eI Gos HO1EN ORLERT &
required for a target work are fetched into the automatically nodel ed
virtual threeedébensinadl disdeacienbedaleen oo agarsa @l wrality of the
objects in the_physical world are associated with a 15 plurality of the

P S

model s i n tPECYPFELALPEAr EEAHPHENG SRR PalPUsPiie AMhelahhBfes® pat ent
appl i gat | O“txh\%’: %}QQZZQQ%QQQdd‘&%Kr%i“:‘L\?# g%@povs%;iq&scgﬂ bﬁgvi’ggﬁfetfgi‘ﬂ' que
as an 1 nformafi®on conversSion system Wil fealizes a parts
reconstructh&in§epPediGBRY there is no great difference from a

method that a train or the like actually moves on a rail,

and these methods are completely different from the case

that a human drives a car.

25 Furthermore, even though the car itself measures

a distance from a preceding car just like when a human

drives a car, but it does not comprehend a measurement

target is a car nor comprehend a content indicated in a

road sign by reading it. Still more, the car does not

30 comprehend a speed limit indicated on a road sign in



As shown in FIG 1, this information conversion system 1l conprises an input
device 2, a conparative inmage information generation device 3, a parts data
base 4, a conparative parts information generation device 5, a 25 parts
specification device 6, and an output device 7. The input device 2 acquires
i nformation concerning an object in the:physical wor | d, and can be
constituted by a video canera or the liKe. Using the video canera) a
situation in a 30 predeterm ned range in which a plurality of objects exist
5 can be aofderedasiecid®-e MeeePb ovhthinnghe FRegddldmdi,. when a plurality
of video caneras arg used, the object can be obtained_as a
pseudo-three-dinenéﬁﬁﬁ%]l$hnb% EP%hcgpﬁﬁPEFPHQRbWG§ﬁ8SFVn@sthe obj ect from
giirerent ideBdd 0ol ensO0RALALHYL LMRARhRRHIRNNGN GaRRiald on device
3 processes an 1nmage of the object acquired by the input device 2 and

gener at es ¢anaid «eart egee 1 Af REvdET 91dgd0aAs rali€ ieopakRitivE IITRge
information, there nmay be a two-di nensional inmage, a three-di nensional

i mge,5 an isvagewitizigetrey bxtornderngoodbfeampnef al dilsiteader datween

t wo- di nensi gnal i mage, an inage obtai ned bédextractin only a peripheral

surface, i &g fRTONRY shovehatameEeRBdofhEPREERIe Ofard £t a base 4
I st t i |t f . i i th
2015t ers Y SSADRES!Ing BhUSALLL V0B RIS SOHH ned PGS o L

obj ect. AttTY as an roper ot hers as

well as a idaRpsdidmisdppey shepskef the object is given to each part, and
the attribute data is associated with an identification code of each part

and regi stered i n thre phew soflatlhhe babevd-dgherdbepapaoblemnsarins tild or mat i on
generation 25 device 5 generates conparative parts infornmation based on the
attrilfut e ®RIPT PBecoltahtehi ehiegEncparher BgPSLBLtedVRHOD AR s dat a

base 4. As _the .conparatiyve i nfor Lon re e,.a
tmo-dinenmgﬁﬂﬁiéénﬁﬂa ?ﬁ%&ggéé%§ %P%fggiPﬁgsggggﬁtbgg%ﬁaﬁqu?

t hree- di mensignglosthansckithe i Ps88ehsdbnesti AR autBroBhia@ &l g conversion
data and others.” The parts specification device 6 conpares the conparative
i mage i nf oraiaidra¥ tarehd hen coppratinyempahtinei nteendt isawechhas g t he sane
type of data with each other 5 and specifies a part corresponding to the
obj ect. |t GransRentent QDS %Ir@tFngﬁlCBﬂo@@@?Fﬁgeﬁér@i Jgdge a

recogni tion processin ortion. 6-2, speci f.ication_progessi ng portion 6-3,
B 11 on VGPOCHED S BT TPBR b4FS aAdhERERa8RER WBPBL S Dt (9 6-5. 10
The retrievaly ARGPSSANGPOFAL 8N 0cdrSBALEA! bRl kot UoRiphrerdis fpTpar ati ve
parts information ‘and searches for a part in the conparative | nage

i nf or mat i omnhi plagms s €s pandswhochheafioppalakieve pablstanti@lmti on. Wen
there is a part in the conparative image information 15 which corresponds
to the comsamplete Rrtemahioraperakingheyséedgni ti on processing portion

6- 2 recog?izes it as the gbjec%..A@dig%ﬁn%II e theO%pﬁﬁgﬁication processing
portion 6-3 specifi'e¥r $RECharttnddi ABCERETcBRISFAt PFe PSS nat i on as
the pyt CORSPOUH N tPréPBde an intelligent operation system that
an apparatus which keeps occupied by a human or
substitutes for a human can comprehend and judge various
situations like a human does when actually performing
games or monitoring, and can recognize a process and a
25 result based on such comprehension and judgment, and that
an intelligent operation system which plays a game or
uses a sign language with a human, an automatic
monitoring system which effects monitoring or observation
on behalf of a human, and others can be realized.

30



20 object. The fixation processing portion 6-4 determnes a position of the
specified part based on a position of the recognized object, and further
determ nes an arrangenent direction of that part based on the conparative
parts 25 information corresponding to the object. When the position of the
same object continuously varies, the tragking processing portion 6-5 tracks
the object while repeatedly updating the position of the part by using the

fixation processing portion_6-4. 30 The output_device 7 outputs the
identification 7 code andPiF&lgsUTenPfe i et pecified part, and

reconstructs and m5%%Eﬁé%é&f%éﬁaé#é¥e°fiRaE%ﬁFﬁngotngip%FH§%§¥§9n enment

of these parts as an 1nmage Vi ewed onfan ar rary position. ecuting
the PRM by usi Rpgdiendud %@B%é@ﬂoﬁxﬁna&hgwaawat arul sephisen\Ritled he obj ect
in the physical world into the part having various kinds of attribute data
gi ven t her emonks .t hie. evi 1 t tethpoharidly nepnejentlingpacehyshieadbwordal iizityg t he
sophi sticated 10 i mage recognition or i mage understandi ng. According to the
presentd i nvdie SIRTSHER deFeqrding oviBderfeanAinp| prgantudgdng Ve i em

whi ch can execuje rks_like those dpone b umans e PRMis . applied as a
f undanent al %i%é?%‘?ﬂ"?ﬁﬁ?% PR ggecgﬁgtlﬂﬁt uf“gg %Hepn{)@!e]riad: 9 dberation
system Compldgs NGk | H\BHn CEYEE Cultlh CA 26 8HbT 85 chef OBERG! agsoncerni ng a
plurality of objects 1n a physical world; a virtual nodel data base which
regi sters anédcimigse | htieteferp| uthéréyiof reguivald apdehnigua by t ual
space corresponding to the 20 objects; a virtual nodel conversion device
whi ch r ecogiitdeth tlioragtuah sneteal ngnuippomghtt ysoproiecdigdedindacquir ed
by the input device, se]ects, and specifies vjrtual del s _corresponding to
2 pl undl i Ly T (1 G5t T 71 Rt hEPGPPL Gl RBAEPTAG: REnELE Arid B
substitutes I I Vs O rr ngj LI e r ality
of the obj eg"t%sa?i;trﬁiﬂr u%lé?r%!g‘ggfr)éc%%ggrgéﬁggﬁbd%\gggé% cl?%rl; (%C(;%ls E‘lljt(r:t s a
plurality ofydrike £3fd exdtcreed anté&l BhéoasbbRabetueey MolkUed i tefalt he
objects into a plurality of the corresponding virtual 30 nodels and a

rel ati onshi ghrstereimernmisenal rspate nbolersailntimg, t hedviar plaradddge;ofa
virtual nodel processing, device which gerforns cal cul ati on and processing

based on a P ARI8FT thethe rewsiGdleVerdfdarfeasersindsshivi thetdreen

et econstietioy o e ot Ty BCFER L EERAT, BHERRC albehai LT e

virtual rodejpgaandd heedeleimenshi p between these virtual nodels; and a
control device which automatically operates a predeterm ned object in the
physi cal worl d based apari€se ogpgptehenspphiaatipndyoent 90ads /lapoohe virt ual
model processing device. It is possible to constitute an intelligent
operation s IRRA rasroendeseruihedebanbft tachpdgugy agedince whi ch

automati cal I, i.spl.ays a ce an aresult_in,the physical world
based on CO&%?%H%%%Iéﬁléﬁﬁﬁf%ﬁéi%%tg%éggmbv %ﬁ% TPALEEP SmBd @R ocessi ng
devi cgg n Mfya%ﬂytﬁdgtiggnﬁé&hg@v(ﬁﬁMLThe virtual nodel processing device
can be constituted by: an object attribute data nodel conversion 20 device
whi ch sel ects and exs sstiowmtini blGe tat ahwki thforhalesnwicolhvarsdrda obj ect
fromattribute data concerning a plurality of the reconstructed virtual

nodel s, and S¥GHESt tls GAMBTRIILAMABL] BREL afEY 68t 8. dat EoRPATRL iyes di@mus ¢

data model GRS ALY fEr PG JEPELEISS a parts data base 4, a

comparative parts information generation device 5, a
25 parts specification device 6, and an output device 7.
The input device 2 acquires information
concerning an object in the physical world, and can be
constituted by a video camera or the like.
Using the video camera, a situation in a

30 predetermined range in which a plurality of objects exist



25 semantic data concerning the work object froma relationship of the
extracted object attribute data nodel, and converts it into a semantic data
nodel ; a conprehensive semantic data conversion device which generates
conprehensi ve senmanti c data concerning the work 30 object froma

rel ati onship of the generated semantic gata 9 nodel, and converts it into
a conprehensive semantic data nodel; and a judgnent data nodel conversion
devi ce whi ch generates judgnent data optinmum for the work object fromthe
gener at ed cenpbehacguigeskeremntd ctviatdimenielonabnimags.5 I kpdddtdonudgnent
data nodel and outputs it. The virtual nodel may include a fragnentary

model obt a¥RER By PdiiFadiidy (He BHIRR(CIMRER Y pFErafety ShecBRIFrtuent
el ement s ?‘ngngﬂe'o'bf%%ﬁ%fd“ o] tﬁseﬁ?ﬁlfﬁyggldﬁhg g&ﬁ?llgﬁgg? dyleh bute
u amtity, a's or) an h

data may inc € a physical qu ound, an o ers. The

virtual nmogepbaganuensivyn siid thdrethdowiedt t yBSmWaLERerBARINI Zes and
tracks a nmoving or varying object before specifying the virtual nodel

correSponddngets ioms .obj ect, grasps a part in the virtual nodel which can
be readily specified and specifies the virtual nodel corresponding to the
obj ect while the oBéctCHRATLLIVE Fhage wrhoFPaklongeRETF#EAPTal node

o ocesel MSAUEYEEC), W ARSI ndfl % E0RL, SERSE MO ARMCE RS

provi ded o ty o ages. e int oper

have a daténph%”%@%&ﬁémﬂFéﬂ&ﬂ&éﬂ&ké%@&C@bﬂﬁ%f@tf@@ inagem t/receive data
in the intelligent operation systemor between the 25 intelligent operation

systens. Bin€brbatdiomti on of the Drawings FIG 1 is a conceptual view
showi ng a procedure of carrying out a parts reconstruction nethod; 30 FIG
2 is1l8 conceptual W#Sewhsr campaiaivegelrage information, there may

be a two-dimensional image, a three~dimensional image, an
image obtained by extracting only a profile line from the
two-dimensional image, an image obtailned by extracting
only a peripheral surface, integrating conversion data

15 and others.

The parts data base 4 registers and stores
therein a plurality of parts obtained by modeling the
object. |

Attribute data such as a name, a property, a

20 color and others as well as a three-dimensional shape of
the object is given to each part, and the attribute data
is assoclated with an identification code of each part
and registered in the parts data base 4.

The comparative parts information generation

25 device 5 generates comparative parts l1nformation based on
the attribute data in accordance with each part
registered in the parts data base 4.

As the comparative parts information, there may
be a two-dimensional image obtained by projecting a part

30 having three-dimensional shape data in each direction,



10 operation systemaccording to the present invention; FIG 3 is a
conceptual view of the intelligent operation systemaccording to the
present invention; FIG 4 is an explanatory view showing a 5 processing
procedure of a virtual nodel processing device; FIG 5 is an explanatory
vi ew showi ng a nethod of specifying a virtual nodel by tracking a noving
object; FIG 6 is an explanatory vieM/sﬁomAng a nethod of 10 specifying a
virtual nodel corresponding to an object based on a fragnentary nodel; FIG
7 is an exphésgreftyng eensiesw inp dgraocusdioitherecedure in an autonatic
operating systemof cars; 15 FIG 8 is an explanatory view of the virtual
nodel and attribut E8§aPRL 5 IREGfIGFARIM Y LEe ng SOBPRRPLSf th&rs; FIG 9

i | Lew, i d i i t th
el oo PWEORRASE cinE" Y M AR AP EOk T SoRbLRRR TR BEK RSN 1N
concept ual ¥ F8WnaReWNN & avi® o AHE SRKIenEse I &F a&éﬁ’asﬁi’@h%@%@ﬁi?thg%

physi cal world and the virtual three-dinensional space; IS an

expl apat or gndi syesiddieny aa pAripasitresmind i@t tonshe pobfiegehi clies iisn t he
virtual three dinmensional space; FIG 12 is an explanatory view show ng an
oper ati on 8PnEFIILHtRE PYcA IHeHTBEVRt PERCOFTHRI nPCTERPR| B-1302FIG 13 is a
conceptual L ¥L8u 3% S, R3LLIRY lreadd 419, At OPBEL £ 0B8N N9 system
processing portion 6-3, a fixation processing portion 6-
4, and a tracking processing portion 6-5.
10 The retrieval processing portion 6-1 sequentially
extracts the comparative parts information and searches
for a part in the comparative image information which
corresponds to the comparative parts information. When
there is a part in the comparative image information
15 which corresponds to the comparative parts information,
the recognition processing portion 6-2 recognizes it as
the object. Additionally, the specification processing
portion 6-3 specifies the part having the comparative
parts information as the part corresponding to the
20 object.

The fixation processing portion 6-4 determines a
position of the specified part based on a position of the
recognized object, and further determines an arrangement
direction of that part based on the comparative parts

25 information corresponding to the object. When the
position of the same object continuously varies, the
tracking processing portion 6-5 tracks the object while
repeatedly updating the position of the part by using the

fixation processing portion 6-4.

30 The output device 7 outputs the identification



FIG 14 is an explanatory view show ng a nmethod of conbining a still object
nodel and a noving object nodel; 5 FIG 15 is a schematic bl ock di agram of
a game nonitoring device; FIG 16 is a view showing a display screen in a
server device; FIG 17 is an explanatory view showi ng 10 fragnentary nodel s
of cards; and FIG 18 is a view showing a display screen in a client

devi ce. Best Mode for Carrying out the Invention 15 Preferred enbodi nents
of the intelligent operation systemaccording to the present invention wll

now be desctedPmerehpaptEriRitr Aatér efcdheo specifdeshRant naRd awi ngs.
An intelligent operatjon system 11 according.t,q 20 an enbodi nent, of the
oresent | neRTREFECEBNatN: BLBRIBY Paf PISIEIOGY, O PATLE AT LR node)
data base 13,58 yi r4#2hngoflehtCORY¢hEEN P@%\esceasl_ﬂan A dd Up] o gl
reconstruction device 157 a virtual nodel processing device 16, and a
control devitenm lan asrshowarynpbk®&bion .25 and 3. The input device 12

acquires information concgrnin% an object in the physical world, and it can
be corfstituted by aE¥egetingnthg BRM By Misiag Wdiendnfiprmatdien canera, a
situation in a 30 predeterm ned range in which a.pluraljty of objects exist
12 can be SRRVSEELGR SKSERB. 4i FeRLORYETIERS. ORAAHorln vHEh a plurality
of the vid S u L-eC | :

Z@}Sﬁﬁ@éf- wé‘f?d. $ao thE Qlke thal‘%rfigl %ﬁhq}ﬂsf 96k 2

%QOf .
pseudo-t hr dinmensi onal i mage with”a para ooting the object from
5 differentagiresttongatdhgivent taeretdelindahe Raseudl ragtsders and stores

therein a plurality of virtual nodels obtained by nodeling the object.
Attribute diteems$jiorad. spaceanthezepyopeatly zimgy £he sophisticated
10 image recognition or image understanding.

According to the present invention, in order to
provide the intelligent operation system which can
execute works like those done by humans, the PRM is
applied as a fundamental technique, and there is

15 constituted an intelligent operation system comprising:
an input device which acquires information concerning a
plurality of objects in a physical world; a virtual model
data base which registers and stores therein a plurality
of virtual models in a virtual space corresponding to the

20 objects; a virtual model conversion device which
recognizes information concerning a plurality of the
objects acquired by the input device, selects and
specifies virtual models corresponding to a plurality of
the objects from the virtual model data base and

25 substitutes a plurality of the corresponding virtual
models for a plurality of the objects; a virtual model
reconstruction device which reconstructs a plurality of
the objects and a relationship between a plurality of the
objects into a plurality of the corresponding virtual

30 models and a relationshlp between these virtual models in



10 color as well as a three-dinensional shape of the object is given to the
virtual nodel, and the attribute data is associated with an identification
code of each part and registered in the virtual nodel data base 13. The
virtual nodel is not restricted to one 15 obtained by nodeling the object
itself, and it is possible to adopt a fgggnentary nodel obtai ned by
dividing the object into a plurality of constituent el enments and nodel i ng
each constituent elenment as shown in FIG 4. 20 According to this, in case
of an obj editheniokiet yak c2PACEENdi BhELUhapeded REOCesSdME WV iamm obj ect

whose three-di nensional shape cannot be_ uni quel eterm ned, or_an object
Forwni ch SHACH BAEHOHRE GRERORaFLRBASPHr BESHeRaOc RS Chilb Tannot. be
pr epar ed, i e Cj Wi t ai by

conbi ni ng &ﬂgn%gggﬁtﬁ§%rgﬁﬁnggfgﬁé%sh?ﬁgqgt?%?bﬁpgp aggﬁgfﬁils ossible to
adopt a physitadderugidsé yviatsalngdodalsodar te whethidie sgadch cannot be
grasped froman image of the object alone. 30 Based on this, an abstract
obj ect5 or a@econstrywiednpEnthenvivhtohlamodiile deconissiratdromhaidvkes se
nodel ed. The yvirtual nodel converaion device 14 rec%gnizes,infornation
concer ni ng 32%|9RIRTeReRAS oBRd cdudgegupr BYUEF14 thet g Vdeswal 12,

sel ects an | fi Lt o] di 0 al i .the
obj ect s frgh1 e V%é?L%ﬁén%%%?gggﬁgﬁ%gsggﬁggggngﬁgﬁ%gti Lléﬂgéyéﬁ%ﬁéﬂity of

the correspadlincontisdl agvdebswhoehaaplymaltiichlaly hprehjarts. 10 Here,
the virtual nodel has a three-di nensional shape as an attribute) and its

t hr ee- di nensiegtaitepobned onbjeotdinathei phveiecdlwwer iichdadad ual nodel is
speci fied. Furthernore, when an_object npves, a_correspondi ng virtual nodel
al so lfbves COmRFePeRsien oRn6f JRAEMEBePAdEs PYS thea Widd uads M3ih in FIG 5,
t he virtua&ugggg ch@vgééigg_device 14 may be of a type which recognizes

and tracks *a nDV|r11dn r-varying object before specifying a virtual nodel

corresponding to thee obgegbssIpBEPEoaAchAkt ikltehan?Q niditiugdeddel which
can be readily specified and specifies the virtual nodel corresponding to

t he obj ect ogedatidie spsten havimyi ag ar coastitgentt lellemant &e virtual
nmodel reconstruction device 15 reconstructs a plurality of the objects and
a 25 rel at B3y ReViked vhish apfemasirpildYa ddisplavis yp @rqgrss and

rodelD i n he et biatn cpascbniE g T Eafe o RPRRLAR R B A

P’ 2ot oy RS B st ey Abe, e ikl osril ety cfibasp 20 end
place of the control device.
The virtual model processing device can be

constituted by: an object attribute data model conversion

20 device which selects and extracts attribute data which
matches with a work object from attribute data concerning
a plurality of the reconstructed virtual models, and
converts it into an object attribute data model; a
semantic data model conversion device which generates

25 semantic data concerning the work object from a
relationship of the extracted object attribute data
model, and converts it into a semantic data model; a
comprehensive semantic data conversion device which

generates comprehensive semantic data concerning the work

30 object from a relationship of the generated semantic data



14 as novenent or variation of virtual nodels and the relationship between
these objects in the virtual three dinensional space. The virtual node
processi ng device 16 executes 5 cal cul ati on and processing using prograns
and nunerical expressions based on a plurality of the virtual nodels and
the rel ationship of these nodels reconsgéucted in the virtual space,
performnms sinulation, and conprehends and judges a plurality of the virtual
model s and their 10 relationship. The control device 17 automatically
oper at es a Rkt e2RY nGEANYBFESt Ltnipke phyorPaiehai iy aenprkic data

h i d j t de.b h i | del i devi 16,
and 1t s poRasti hHERe TuaSBER e Haraemoss h Hrpanal SETEH AETR T ke
whi ch act ula%ﬁ%wtéswea?{ﬁeh@ aata%g%?im%ﬂ%&d tHLRAE VYOt CEEGHI T As

shown in F an intelligent operation system51 according to anot her

enbodi nent e tyenPreseat cafipravensive Ramantdics@ats ddekr, SHomsefts
constituent elenent in place of the control device 17 in the intelligent

oper at¥ on sistiEmtdla Thdguespl detdewiode 15angutcartatitenliYy. di spl ays a process

and a result in the_physical world hased qon 25 conprehensi on and judgnent
made by the vi rt ual TROLEI BPBCeTSRRg. eV a0 Aadenh VaAR b de

0P & Seve At nogoadvi il By Bidect! SRy LA PR LY YLD A6 Shown

in FIG 6, in ein I gen peration system1l nodel

processi ng &&s€etdbn8letamene sCang! iodead Nty editoljecinatdsndrieudata
nodel 15 conversion device 16-1, a semantic data npdel conversion device

16-2, a complehembtsve senmantic data conversion device 16-3, and a judgnent
data nodel conversion device 16-4.
10 The attribute data may include a physical
quantity, a sound, an odor, and others.

The virtual model conversion device may be of a
type which recognizes and tracks a moving or varying
object before specifying the virtual model corresponding

15 the object, grasps a part in the virtual model which can
be readily specified and specifies the virtual model
corresponding to the object while the object moves or
varies with time.

In the virtual model processing device, the

20 semantic data model conversion device may be provided on
a plurality of stages.

The intelligent operation system may have a data
transmission/reception device which can transmit/receive

data in the intelligent operation system or between the

25 intelligent operation systems.

Brief Description of the Drawings
FIG. 1 is a conceptual view showing a procedure
of carrying out a parts reconstruction method;

30 FIG. 2 is a conceptual view of an intelligent



5 The object attribute data nodel conversion devicel 6-1 selects and
extracts attribute data matched with a work object fromattri bute data
concerning a plurality of the reconstructed virtual nodels, and converts it
into an object attribute data nodel. 10 In this conversion processing, the
attribute data matched with a work object is selected fromattribute data
concerning a plurality of the reconstruét ed virtual nodel s, and a
distribution of the selected attribute data is determ ned as a conpari son
si gnal . Onopérabiber system BSoshijddaty dta rilbutpreent nbofeeéstionr espondi ng to
the distribution of the attribute data are registered and stored in the
data base in advanEdG-TRed& G’bjcé)(f’tceé’cttq"rlbl}fjee"ga‘?% Heteldtatbigerér nined as

signals to par d_t rij s i ' wth the 20
St gnal o 1coRerEETRET BY=HE aRSRaRE S S et SOMREEESY of tne
attribute data is ewgpuit a¢ an JxPRLHoB} t¥idwtensirgnedel . The semantic
data nodel conversion device 16-2 generates senmantic data concerning a work

obj ecb froprobes@ingxpracedhrebjodcta atiirivynl enaldeh pooeéssand converts it
into a semantic data nodel. In this conversion processing, object attribute
data concef®Vh§efhe work object is selected fromthe extracted object

attribute data, an dist.ri butiqn .of 30 the obje altribute data i.s
determ ned as a co%%grigo%s %ﬁ%ﬁ%ﬂé%Q5¥tWﬁ?&né&ﬁwﬁ%%d? ggﬁgﬂhigfdata
model s CoréﬁéBQE?'iﬂg 00 vi1h& 1S tdd it iRp Ofadiben §Ph ERbv BLGT bBYkEtdata are
regi stered and storéd in the data base i n advance, and these Semantic data
nodel s are determ REG.a$ 5 sSiapnalxp lamdieoco apswdshdiengoapaethod sifgnal i s
conpared with the signals to be conpared, and a nodel natched with

di st}Pbut i speeifyhados) #da taaly maded qrrespondngtee as ehdesémantic data
nodel . The coggrehensive seggptic d conversion device 10 16-3 generates

conpr ehensP3ESYefBni EXAHE TSI MAY% t he work object from the

rel ationship of th ener Qﬁ&ﬂt' Jpgel ogverts it into a
conpr ehensi ve senagggé ga?%pggﬁel.I%#éﬁﬁ%ﬁbonver%?%ﬁg% o%essing, semantic
data 15 copgecabBEnghproveddualy aal 46 ast@deic foparabengesesabndogemantic
data, and a distribution of the semantic data is determ ned as a conpari son
signal. Oncahe:ot her hand, conprehensive semantic data nodel s correspondi ng
to the distribution_of the semantic data are registered and 20 _stored in

the Hata base in af¥&8nc8, IEn@" FERLAHRShRSY Lk etBPt YETHYRE nodel s are
det er m ne i I . 0 ed. The c i j .1.§ conpared
wth the sTonatcOpY BredsptaRCtRA G (ife CAIPRASE0 SPEPRE b,

distributi gpsebmt B¢ s@m@Ntic data is 25 outputted as a conprehensive
semantic data nodel. The judgnment data nodel conversion device 16-4
gener at es j udgnent Fd&t.a Sopisi mamexplarast owy kvidy eghowinm &he gener at ed
conprehensi ve senantic data, and cqonverts it into a judgnent data nodel and

out puts i t SOBHSPROPAPECEAFSAGIANFHR RITHRED P r RREREFIE WOXFdsenmanti ¢
dat a,Qpti fqr r jeCis | € e m the generated
conp%ghengggg geﬁ%%?ngdgﬁ%g%ﬁﬁf@gﬁﬁzﬁégﬁnébéégbf t he conprehensive

semantic data is detrer,mined A% FARIERAUSON SdWNShow Hgt BReOt her hand, 5
j udgment data nodel s corresponding to the distribution of the conprehensive

semant i ¢ dabaraspondgnsitee red adnicdrstivie e ttwedre ¢ sphpskcah wdvadce, and
t he judgnent data nodels are determ ned as signals to be conpared. The
conpari son@BRghBP VdTriyRdarddam 1H-ReRs 9l TPA¢L be conpared, and 10 the

nodel mat ched mﬁthF&Ee qﬁsag'ﬁﬁi%%hé?%éﬁéﬁfqﬂﬁ%§h§ﬁ§*§§ sgnantic data is

out putted as a judgfrerit "Semanti c ntic data is

conppicat edoandiBrhdt Sl tMdddhile daVvassicide serensi ¢idebalneteke-
conver si on

dimensional space;
FIG. 12 is an explanatory view showing an
operation of avoiding a collision with an oncoming

vehicle;

30 FIG. 13 is a conceptual view showing each mode of



15 device 16-2 may be provided on a plurality of stages in the virtual

nodel processing device 6. The intelligent operation system 11 or 51 nmay
have a data transm ssion/reception device which can transmt/receive data
in the intelligent operation system 20 11, 51 or between the intelligent
operation systens 11, 51. [Enbodi nent] scription will now be given as to
a case that the intelligent operation system according to the present 25
invention is applied to an autonmatic operating systemthat a machine itself
execut es wohR @pdioadtdits oneratingmyeheMei on and j udgnent of various
situations and operatjo sed on s h co ehen5|o and ment, and a
case that it is apﬁdedqt‘g Efrht%’m nE}SeY%\?Y"oﬁ yie stae%‘letltl’&d an
apparatus whi ElamlﬁQ%&%ﬁo%q#ffl b&bfe@é‘%@l@n&@%&@inﬁ% jQRGr ati ons,
i.e., conprehension a ment various situations and r cognltlon of a
process angioaengsult based on such conprehensi on and judgnent, with
reference to the drawings. 5 [Enbodinent 1] FIG 7 is a conceptual view
showi Ag a case thatf'lithe lintiet |3 gerhempetatbbackydiagravcofdangame t he

present invention s plied to an automatic operating systemof cars. 10
An aut onmat fend QH%HQKﬁéﬁkﬁﬁmn 101 of cars is also basically constltuted by

an i nput device 10 g S % d
conver si on devi ce %Bfg %'V|r uaI é%%éecoﬁ ?r cgplgyd§€%§§hlg% a virtual

nmodel procgsskiag Wi ;106 and a control device 107. 15 A video canera or
the |like can be used as the input device 102) and using the video canera
can acquire a situatlitn Ih is mredstplanaedryarehewhshewangl ural ity of

obj ects exist in the physical world as a two-di nensional inage or a

pseud8-t hr §€36F“#@ﬁ§rd’néﬂ°qEY%ﬁgé3f XRPES shafikh i n FI G 8, nodel s correspondi ng
to objects such astl;ﬂ:(;lro?lb %;road att nda t _obj a_vehicle qr the like
are assuned as virtua ers zﬂ%F% %Y "fole %SB%SYCF8§§ fi é& ®to an
owner's veRhgkat @dvaad ng vehlcle an oncom ng vehicle, a vehicle running
25 al ong beside, a follow ng vehicle, and others in advance. Furthernore, a
shape, a color, a vehicle type, a vehicle weight and others are assuned as
attribute data concerning the vehicle nodel. The virtual nodel conversion
devi ce 104 30 recogﬁ%ﬁishQGQNﬁﬁﬁiQﬁF%ﬁ%ﬂﬂr@@tbpha vnueptéamera or the 19
| i ke concer ni ng object suc a.yoad a road att nt object, a vehicle
and tRe |ike, sel el %;eﬁﬁb?ﬁ%p%ﬁtfu%ﬁ ﬁBﬁ E%ESEFQSB nding to the

obj ects fr t b t
correspond?ﬁgggﬁﬁ¥3&§ygﬁﬁﬁxgﬁcn t e& 8e%$§ pﬁbggﬁﬂa§hg%ﬁ%§§RaWifi

coor di nat enow b@e@és@lmqﬁ@f@in@frteﬁnwﬁﬂgufafe_v_ehaél ty apé others which
are attribute data concerning the vehicle nodels are fixed when the vehicle
model s areaQQQmDﬁnMingwﬂﬂﬁW&ngsmhen 10 the actual vehicle anes, t he

correspondi ng vehi ¢l e nod al so noves nd a sition of t act ua
vehlclg is t?acked%n 1ntéillgent operétfbn ggem &? accor 1ng to

20 an embodiment of the present invention is constituted by
an input device 12, a virtual model data base 13, a
virtual model conversion device 14, a virtual model
reconstruction device 15, a virtual model processing
device 16, and a control device 17 as shown in FIGS. 2

25 and 3.

The input device 12 acquires information
concerning an object in the physical world, and it can be
constituted by a video camera or the like.

Using the video camera, a situation in a

30 predetermined range in which a pluralilty of objects exist



In the virtual nodel reconstruction device 105, the objects such as a road,
a road attendant object, a 15 vehicle and others and the rel ationship

bet ween the objects are reconstructed into a plurality of corresponding
virtual nodels and the relationship between these virtual nodels in the
virtual space. Here, all the objects do,pot have to be fetched 20 into the
virtual space fromthe physical world. showmn in FIG 9, it is sufficient
to fetch objects required for traveling of the vehicle and their attribute
data sel ectiapelbe qgﬂﬁiﬁ?@&%Wea@egw@r@é@epﬁé@ééélA@agés shewthar.25 FI G
10, objects, envir s, and_events.in the gﬁé5|cal wor | d Zle converted

d

into and a¥96l & Wﬁ? thePbo B2t VHEERI §aNBRGPr BRfe Nt Todé® and event
concept modg)s. i ddie ¥l Tddi@hy 04285 IaTBRSLARGERERALRnRRRGTR On W11 now

be given as to cal at1on, proceSS|ng and simulation int e vi rtual
nmodel pr OC@_&@QEQ witdD @quaﬁ@lm BRdsRopt0figsshehobleltadsdmp conpr ehensi on
and judgnent. Here, the virtual nodel processing device 106 is constituted
by an Sobj edti fftetrarijutdi xiae bl omslel conversion 5 device 106-1, a semantic

dat a nodel conversign device 106- a_conprehensive semanti c data

conver si on deV|ce ﬂm?:W%ﬁﬁF%ﬁj%ﬂ%ﬁ%n?aﬁétaaﬁﬁdép E@H@§F§Q§1W%%lce 106- 4.
In the real , t e son is
fall, the weat trﬁgﬁ'ﬂersear % % of V%§tﬂ?%ehg?g % é%ﬁi%ﬁg

tenperatur@ddéiﬁﬁg gﬁgi@by@@tple i's travellng toward the south al ong the
national road 230 as environnent, and there are a road, road narks, traffic

signs, guard rail s,Aeteichute @@t@s¢fthe gwnen' samehlal@rapennxxandmp

vehicle, and a 15 followi ng vehicle as objects, and the oncom ng vehicle
| ar geily cr 65€eF Aervahk 2em eEhTeazdimenfiepap shape of the object

is given to the virtual model, and the attribute data is
associated with an identification code of each part and
registered in the virtual model data base 13.

The virtual model is not restricted to one

15 obtained by modeling the object itself, and it is
possible to adopt a fragmentary model obtained by
dividing the object into a plurality of constituent
elements and modeling each constituent element as shown
in FIG. 4.

20 According to this, in case of an object whose
three-dimensional shape is not determined, an object
whose three-dlmensional shape cannot be uniquely
determined, or an object for which a virtual model with a
fixed three-dimensional shape cannot be prepared, the

25 object can be associated with a model obtained by
combining the fragmentary models.

As the attribute data, it is possible to adopt a
physical quantity, a sound, an odor or the like which
cannot be grasped from an image of the object alone.

30 Based on this, an abstract object or an



First, as shown in FIG 11, the object attribute data nodel conversion

devi ce 106-1 selected and extracted indication contents "no passing",

"strai ght ahead only" 20 and "speed |imt 50 kmih" for the road marks and
the traffic signs; three-dinensional shapes, positional coordinates and

el astic coefficients of collision for guard rails: and three-dinensional
shapes, positional coordinates and "55 h" for the owner's vehicle and
the 25 oncom ng vehicle; as attribute data matched with a work object from
attribute davdrommnssrtniity wihich evorshiect eexistsuabnnbdelldkeaigeout put t ed
as object attribute data nodels. Subsequently, the semantic data node
conver si on™88edE¥i:ce 106-2 generated a position and a direction of the 21
owner’ s vehicle relg|d X&f@;é{%é&é‘ﬂ én@&?éi{;ﬂ“dé-(}fﬂ g8 diy" eelldhYed e
oncom ng vehicle relative to the road? a position and a'relative véiOC|ty
of the ownenreorwRitide c¥rideresiecd poutfeiepceni BB j¥eRsChequardad wpsi tion
and 5 a direction of the owner's vehicle with respect to the guard rails as
semanbi ¢ déhe dopodr Mewlddel 2wrkebdiest ahd ospebdfiebaviionsialp mofdelise
outputted object attribute data, and outputted them as semantic data

nodel s. Th@ﬁ?ﬁ%?ﬁﬂﬂﬂ&?qrFQHQEP%EEEl%Eﬁ ebnphreneRdpGES16TORMERE ¢ dat a

nodel conversion .devi 106- 3 .execuf ed U ictiqn_si-myl ation and
gener at ed H&Egu%cloﬁolds:eﬁoné)a%%h?g%%c%f’ s%ﬂ%eg?%%gﬁgé%’gna gfeiﬁirgllérm’!ys_ com ng
tovard theohi ther e dppmithd heiceniermnbies 888 acphlirdiigryawd ding
action is required" as conprehensive 15 semantic data concerning the work
obj ect fromhehebjactis.onship of the outputted semantic data, and these data
were outputted as conprehensive semantic data nodels. At |ast, the judgnent

dat alfodel conversifteFeQ0 i criwsl medebrhasdadibacer dimepsd ofader i ng
wheel 30 in the counterclockw se directjon,on the,sta 4" ‘and " |y the
br ake and &Q@@e_erazft &nh c?%r%ﬁ eOna?(ﬁeltf’ abﬁr?e'ggm]eﬂggﬁﬁﬁtl_ Qé’ts&atp&&rflnum
for the woiloRyiected QM g ULPAA t ede C@ﬂPEEB@“ﬁb&@llsﬁga'%b'e%i%%. and

outputted them 25 as judgnent data nodels. The contro evice 107 1s

act uat ed basedh@trnidie | wdgsrendn deib fe@tidnoassshawsoriteEpondidly, t he owner's
vehicle is automatically operated and collision with the oncom ng vehicle
can be avovdadual mwdelealsermeveso asdshopAsibiPnGofltheaobiieetiodes of
t he 22 aytomatic operating system 101 for vehicles, there can be assuned
a co&ﬁletet§@F#¥¥}aveling node whi ch assures data by a traveling vehicle

solely, a nutual cqgy |t 1 A0 Fpde yhi ch.tLapsLgs Baggi%ﬁéﬁﬁgiaégnmeen a

plurality of 5 traveling vehicles, a base conmunication no

transm t s/ geeaioees daisy hed veena at@@rﬁhi&:u ekcbgayekknandehirelxs and a
base station, and others. In case of the comruni cati on node, information
concer ni ngreviilng ¢ earyowghohjeat rbatiooe apegifylogant aiddmalobj ect which

do not vary with tine is s $Iied by receiving data fromthe base station
and the | i BO3ednFIEaSRINELNSS £F 1ohe oD AREGF r BHABP0PhEATFORMIRE i o al so
suppli~ed by ,r jVi t Lehes r s shown in FIG
14|,O|Oi2t0 i's ?&#&gleﬁ%fl@%%%&%hgél %ggﬁghgegtpgggﬁe&%ﬁn (’I)]flannti on around

t he owner' gpeRfiifcles alrey i fEMdodho@8l dbrEb&pohling @oCemecpipiRictview in a

case that the intelligent operation systemaccording to the present

while the object is moving or varying with time.

The virtual model reconstruction device 15
reconstructs a plurality of the objects and a

25 relationship between these objects into a plurality of

the corresponding virtual models and a relationship
between these virtual models in the virtual space.

As a result, movement or variation of a plurality

of objects existing in the actual three-dimensional space

30 and the relationship between these objects are reproduced



20 invention is applied to an automatic nonitoring systemfor card ganes.
The autonmatic nonitoring system 201 for card ganes is also basically
constituted by an input device 202, a virtual nodel data base 203, a
virtual nodel 25 conversion device 204, a virtual nodel reconstruction

devi ce 205, a virtual nodel processing ?gvice 206, and a di splay device
207. The input device 202 can be constituted by a video canera or the |ike,
and a situation in a 30 predeterm ned range where a plurality of objects
exi st in ag3moyensiisigalvankatiennobeviEhuategodels and- dibwensi onal i mage

or a pseudo-three-dinensi onal i e by the video mera. As _shown in FIG
76, " nodel s CEOMLIGHRAMAENPS Brastopeee abercts ‘T8 FBSorLrthayy Ehat ar e
assumed as j\Vi.r I d nd nanmes, shapes, colors, positions and others
are assunegiggﬂiaﬂl u?%ﬁﬁ?$é concerning the card nodels. As shown in FIG

17, the automatic myd teitiite 1Gnsyst epr@0ds 8dngt Gedscehe sviekleerit gwdel s
fragnmentary nodels which are obtained by taking out appropriate parts in
t he cérds salchdadlijcsctandmiroeessimg weeny Phegvamsuahdnbgsierde@ler si on
devi ce 204 recognizes informtion concerni ng obkects_such as the 15 cards
or the tabPEPIRESLIRTHNFIRA RP thPVrERY BB atReeVAELYaINHOLSdS i es

vi rtual nodelss rr I e | r Lr | dat a
base 203, gﬁg ét&(b%stﬁeetsll%%e@l{%‘e{%oéfr}eg%%% |ﬁ§&§% e?ghkgrgt¥hgtt%% el(rﬁ)g&lq-iere,
the positi @Ralt@QOrdtd ¢ phi£hrms & Deu 28t 2bh! i BHEC cORbRcBOMER Rin® t he
card nodel is fixed when the card nodel is specified. Further, when the
act ual car dudgess a tthausoritespohdiing chrtuabdepdallsoandvédhedmd a position
of the actual card is tracked. The virtual nodel reconstruction device 205
25 réfonst FEdA$IFMEG ects such as the cards or the table sheet and the

(ol 2ty oneh p Dot veshd e obl efdp gt P REURBLLE 2 ERUCERRY 10,
virtual spaceaell B¥ddie APAVEe descihbegnPs 9683SKBI1 aaBasRaVdA N
comprehension and judgment made by the virtual model
processing device 16, and it is possible to be
15 constituted by a hydraulic system or the like which
actuates in response to an output command from a control
circuit.
As shown in FIG. 3, an intelligent operation
system 51 according to another embodiment of the present
20 invention has a display device 57 as a constituent
element in place of the control device 17 in the
intelligent operation system 11.
The display device 57 automatically displays a
process and a result in the physical world based on
25 comprehension and judgment made by the virtual model
processing device 16, and various kinds of display
devices such as a liquid crystal display can be emplovyed.
As shown in FIG. 6, in the intelligent operation
system 11 or 51, the virtual model processing device 16

30 can be constituted by an object attribute data model



24 FIG 18, the objects and the events in the actual world are converted
into and associated with object nodels and event concept nodels in the
virtual three-dinmensional space. 5 Description will now be given as to
cal cul ation, processing and sinmulation in the virtual nodel processing
devi ce 206 and a process leading to congéehension and judgnent. Here, the
virtual nodel processing device 206 is constituted by an object
attribute data nodel conversion device 206-1) a semantic data node

conver si on coawiegss X06-Pvice ohpr bheassenassiantintad avdedopearvs i atevi ce

206-3 and a judgnent data nodel conversion device 206-4. In the actual
worl d, as SFHFG nl%@ ﬁs“?ﬁ’.’é‘?’éeliﬁlmréeESPEI%caﬁété CORVELHOR as

objects, a ‘yf%(ﬁlé dég%ﬂa?ﬂgﬁEtaa ﬁSdgﬁagegP%r%l.%ﬁL vf@gle 9

of hearts”, spa es |anDn wer e t'to ayer as an
event. Firgtg-4.he object attrlbute dat a nDdeI conversion 20 device 206-1
sel ected and extracted nanes, nuneric values and positions for cards as
attriBute data mat cltesdl abhjéch abtkibbiectiataomotkd sonvielmstiordat a
concerning the reconstructed virtual nodels, and outputted them as object

attribute @@VAGRfls. S%%ﬁqﬁ%nan@héx§§ﬁﬁﬁ§|étﬁﬁﬂéuﬁﬁdgaﬁﬁmmRQQhQﬁldeV|ce
206- 2 generat d dist en _ca ntic data oncernlng t he

wor k objectjﬂﬁbﬁ*ﬂﬁﬁr e ??%ﬁmﬁfﬁmbgiggéﬁuFﬁe Sﬁﬁpﬁppggrgﬁfﬁkt attribute
data, and %Hﬁl&ﬂe%t&@”%@é PEa88R5teudaka YRdehal ABasulsequpntly, as shown
in FIG 18, the conpr ehensi ve semanti c data nodel conversion device
206- 3 executoadrentte rlal tntatavnobfetheagambiuiBeadktiamodednd gener ated dat a

"a sumtotal of nuneric values of the cards on the dealer's side is 20 and
a surh®otal of 5 nUH%rth%aF%%geﬁﬁ1PheP€apé§Séﬁ9bhéhﬁl&W§T¥bQﬁQkﬂ4%ﬂ21" as

h t dat th k abject based
SZF‘;[?O‘SQE:“{?%?’%”%” ‘fﬁp%t‘?%%l?;‘éﬁa PP ot tapa SRt a RE oA o ot & ver e
outputted a5 ComYLIens Eh €169t 8emed8l $oclBAlrd it dagdgment

data nodel conversion ev gog 4 genherated data "the dealer 1s a w nner”

and "the plRyriid s Ame&"dmtrm@ﬂeah gat ahepbeledted athe iMite ajest from
the outputted conprehensive semantic data, and outputted the generated data
as j udgnmentisdaieterSnineidl s a comparison signal. On the other hand,

i5 object attribute data models corresponding to the
distribution of the attribute data are registered and
stored in the data base in advance. These object
attribute data models are determined as signals to be
compared, and the comparison signal is compared with the
20 signals to be compared. The model matched with the
distribution of the attribute data is outputted as an
object attribute data model.
The semantic data model conversion device 16-2
generates semantic data concerning a work object from the
25 extracted object attribute data model, and converts it
into a semantic data model.
In this conversion processing, object attribute
data concerning the work object is selected from the
extracted object attribute data, and a distribution of

30 the object attribute data is determined as a comparison



Based on t world, as shown in the dealer and the victory and defeat 20 data
in the actual gane. he judgnent data, in the physical FIG 18, nanes of the
cards dealt to player, totals of nuneric values, are displayed based on the
j udgment world, thereby nonitoring the card It is to be noted that the
automatic nonitoring system 201 for carf ganes is constituted by a server
device and a client device, and configu ®d to 25 transnit/receive data

bet ween the server device and the client device. Industrial Applicability
As descri bedgaledve, Qrcheliothen haedi nsenangaat dgdaopedatlison system of the
present invention, a transport machi ne itself such as an autonobile or

26
an air cr af COFFESRPL At gtm%p%?ﬁEr??gEi?nsﬂght§§ SbﬂﬁgﬁsﬁﬁﬁFgﬁnﬂfﬁne or
a robot cap exeelle MO OORLALOASs (ANB! yn EROPRERANGLAG qnd | udging
various situations and then opera?lng he machi né based on such

conpr ehensizaadtd | Wiietiedd KeehaiBDs dotat Retehy aeal GeiteGniiiea as |
substantially conplete automati c operating system Furthernore, according

to thé int eligngdrst tuparaatcanpayed em Bhet hempasient sdgeatl dis, an appar at us

10 which keeps occupi ed by a human_and an apparatus which substitutes for a
human can SREPFEWSHEDpdratFbiRals &0 PpcEBYRRAIPHy &47Fr fcd98ednd a result

based on CRERBIENSHAN AL LUAATENS, LReLRDY oLz LRg-Le Jentelyd oent

oper ation system whi ays ‘ganes and uses srgn-l-anguages W umans,

t he aut omalyygG giitidP d o 1sey sé &fanbi €hapeaf apgeinoni toring, observation and
the I'i ke on behalf of humans, and others. 27 CLAIM5S 1. An intelligent

operation system cdhy icomgrelensipeit seeanttcwiath aogtrerad onnfdaviiadd on 5
concerning a plurality of objects in the actual world;, a virtual nodel data
base 1#hi ch léed Sester HiRP STYRRECheRSEVA BCPRBEAFI 07taf conceFAingdddls in a

virtual space. which correspond to f{he.objects; a,virtual d conver si on
devi ce mhi@ﬁrquaiéﬁﬁné%§8i Br i?gﬁog%ﬁggrﬂfnﬁﬁﬁ Sﬁaﬁﬁgaﬁacﬁ t he

obj ect s acquy ; ibed ) deyhge sian egi j I del s
cor respondi%%g{at%(c)tlgyp %ﬁl Ity %)f E%( g %%?g%tfggf rlgm'dl%lﬁg \%i %ﬁﬁtgr@%&é{ﬁivﬁ?a
base, and swhgintid efatta phadel ity of the virtual nodels for a 15 plurality

of the objects; a virtual nodel reconstruction device which reconstructs a
plurality of the objrecilsisingorversion processing, semantic data

15 concerning the work object is selected from the generated
semantic data, and a distribution of the semantic data is
determined as a comparison signal. On the other hand,
comprehensive semantic data models corresponding to the
distribution of the semantic data are registered and

20 stored in the data base in advance, and these
comprehensive semantic data models are determined as
slignals to be compared. The comparison signal is
compared with the signals to be compared, and the model
matched with the distribution of the semantic data is

25 outputted as a comprehensive semantic data model.

The judgment data model conversion device 16-4
generates judgment data optimum for the work object from
the generated comprehensive semantic data, and converts
it into a judgment data model and outputs it.

30 In this conversion processing, comprehensive



rel ati onshi p between these objects into a plurality of correspondi ng

virtual nodels and a rel ationship between 20 these virtual

nodel s in the

virtual space; a virtual nodel processing device which perforns cal cul ation
and processing based on a plurality of the virtual nodels and the

rel ationship between these virtual nodels reconstructed by the virtual

nodel reconstruction 25 device, and conprehends and judges a plurality of

the virtual nodels and the relationshiﬁ bet ween them and a

& Wegkohslact g eekreted worl d

whi ch aut org@MaRtig SpERaPREIRUP E@&t &

control device

based on conprehensi on_and. j udgnent de.by the virtu nmodel 30_processing
devi ce. j%ggp g%% 9%?8FFFS§ng°885F§%'5ﬁvéy§ﬁ&ﬁ@£ﬁﬁn Yy (P4 dim1, a
di spl ay devi£ee whbePi st 8FRtheakbbihpletRhdtYe? SUMRGAST HEkf {esult in the
actual worl ased on 5 conprehension and judgnent nmade by the virtual
nodel processtegnieydcasi 8 demepamised a33ghadanstorn whed ctreserhand, pl ace of
the control device. 3. The intelligent operation systemaccording to 10
claimi or iudgment datachpdehs gorrespomsdalg [rooddusidis eiheelion of
constituted1§¥:?an obj ect .attribute data nodel conversion_ devjce mhigh

t

sel ects andt

ALPECLERPLEGt SeBAPL Hralaited ARG FefiiheE b Y FToRe

ttribut ' ' f '
attrlbute atﬁ@”§§£§h89sé Eh“%@bh&%e? a%?bhﬁgsggﬁgﬂ%%ﬁgﬁ%fQ%%héééf%ic

nodel s, an conver eminto object att :
data nodel £eHVEescéonifedi 68 Whigahlgerer deeTohyEidd C dRia

senan

ESMELFNEBE t he

wor k object fromthe relationship of the extracted object attribute data
signal is compared with the signals to be compared, and

10 the model matched with the distribution of the

comprehensive semantic data is outputted as a judgment

semantic data model.

When the semantic data is complicated and exists

in multiple layers, the semantic data model conversion

15 device 16-2 may be provided on a plurality of stages in

the virtual model processing device 6.

The intelligent operation system 11 or 51 may

have a data transmission/reception device which can

transmit/receive data in the intelligent operation system

20 11, 51 or between the intelligent operation systems 11,

51.

[Embodiment ]

Description will now be given as to a case that

the intellligent operation system according to the present

25 invention is applied to an automatlc operating system

that a machine itself executes work operations,

i.e.,

comprehension and judgment of various situations and

operation based on such comprehension and judgment, and a

case that it is applied to an intelligent operation

30 system that an apparatus which keeps occupied by a human



20 nodel s, and converts theminto semantic data nodels; a conprehensive
semanti ¢ data conversion device which generates conprehensive semantic data
concerning the work object fromthe relationship of the generated semantic
data nodels, and converts theminto 25 conprehensive semantic data nodels;
and a judgnent data nodel conversion deyigce which generates judgnment data
opti mum for the work object fromthe generated conprehensive semantic data

nodel s, converts the generated judgnent data into judgnent data 30 nodel s,
and out put se¥®entes YOrk OoPREATACES!\i derft: oRY Rn#Blcording to

claims 1 to,3. wherei virtual el_inclydes f ntary node

obt ai ned byjﬁ?%?apﬁgogn%ggfggf %ﬁﬁ#&?i?ﬁﬁlﬁéﬁié%?éhn%gns i ﬁe%t el enent s
and nodel i ng-§368s0hnhha ¢eBahit! YRRl IR compiEndrikd £bhi geat operation
system according to clains 1 to 4, wherein the attribute data includes a 10
physi cal quimdghygnta whuthdreferetoe ard Wiehetrawimgsihe intel | i gent
operation systemaccording to claims 1 to 5) wherein the virtual node
converij on bedimesgghilzes and tracks a moving or varying object 15

before specifying a_yjLrtuyal, nodel correspondi ng t.0 that object),grasps a
part in Lhe viridal FiGaer i o CORT AR Phad 19 PRI TR £ TS ERaTob; ect
| S noving F’fhéaﬁ{tﬁﬂﬂ’géﬂtt bfRra#ld s RYHddPSaddrdidd Ued fREE resent
corresponding to the object. 20 7. The intelligent operation system
accordi ng tineéAtfMBnlikoappliled &ion dheansimtic ¢edra el seobeRr 6E0N
device is constituted on a plurality of stages in the virtual nodel

processi ng d@véece. 25 8. The intelligent operation systemaccording to
claing 1 to 7) mhergin the intelligent .operation géste has a data

pransh?ssion/recepp BnaY&omas Lghoor Teht Q%ﬁﬁﬁﬁiWr %%i RtR 1H fﬁéo
intelligenty, operalh PNcsyste il byl enaaibdthtdVi&d | 1 @8Nt 2 OpEERLLED

syst ens.
model data base 103, a virtual model conversion device

104, a virtual model reconstruction device 105, a wvirtual
model processing device 106 and a control device 107.

15 A video camera or the like can be used as the
input device 102, and using the video camera can acquire
a situation in a predetermined area where a plurality of
objects exist in the physical world as a two-dimensional
image or a pseudo-three-dimensional image.

20 As shown in FIG. 8, models corresponding to
objects such as a road, a road attendant object, a
vehicle or the like are assumed as virtual models, and
vehicle models are classified into an owner's vehicle, a
leading vehicle, an oncoming vehicle, a vehicle running

25 along beside, a following vehicle, and others in advance.
Furthermore, a shape, a color, a vehicle type, a vehicle
weight and others are assumed as attribute data
concerning the vehicle model.

The virtual model conversion device 104

30 recognizes information acguired by a video camera or the
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h&'()'yZ#loyy&'()'qg;gtﬁé above-described processing, as shown in
25 FIG. 10, objects, environments and events in the physical
world are converted into and associated with the object
models, environment models and event concept models in
the virtual three-dimensional space.
Description will now be given as to calculation,

30 processing and simulation in the virtual model processing
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In the real world, as shown in FIG. 7, it is
determined that the season is fall, the weather is clear
10 and sunny, the time is 18 o'clock, the temperature is
18°C, and a vehicle is traveling toward the south along
the national road 230 as environment, and there are a
road, road marks, traffic signs, guard rails, electric
poles, the owner's vehicle, an oncoming vehicle, and a
15 following vehicle as objects, and the oncoming wvehicle
largely crosses over the center line as an event.

First, as shown in FIG. 11, the object attribute
data model conversion device 106-~1 selected and extracted
indication contents "no passing", "straight ahead only"

20 and "speed limit 50 km/h" for the road marks and the
traffic signs; three-dimensional shapes, positional
coordinates and elastic coefficients of collision for
guard rails; and three-dimensional shapes, positional
coordinates and "55 km/h" for the owner's vehicle and the

25 oncoming vehicle; as attribute data matched with a work
object from attribute data concerning the reconstructed
virtual models, and outputted as object attribute data
models.

Subsequently, the semantic data model conversion

30 device 106-2 generated a position and a direction of the
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data, and outputted them as semantic data models.

Then, as shown in FIG. 12a, the comprehensive

10 semantic data model conversion device 106-3 executed the
future prediction simulation and generated data
"collision might occur since the oncoming vehicle is
coming toward the hither side beyond the center line" and
"collision avolding action is required” as comprehensive

15 semantic data concerning the work object from the
relationship of the outputted semantic data, and these
data were outputted as comprehensive semantic data
models.

At last, the judgment data model conversion

20 device 106-4 generated data "turn the steering wheel 30°
in the counterclockwise direction on the stage 4" and
"apply the brake and decelerate to 20 km/h on the stage
7" as judgment data optimum for the work object from the
outputted comprehensive semantic data, and outputted them

25 as Jjudgment data models.

The control device 107 is actuated based on the
judgment data and, as shown in FIG. 12b, the owner's
vehicle is automatically operated and collision with the
oncoming vehicle can be avoided in the real world.

30 As shown in FIG. 13, as the modes of the
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mode which transmits/receives data between a plurality of
5 traveling vehicles, a base communication mode which
transmits/receives data between a plurality of traveling
vehicles and a base station, and others.
In case of the communication mode, information
concerning still objects such as a road or a road
10 attendant object which do not vary with time is supplied
by receiving data from the base station and the like, and
real time information acquired by other wvehicles is also
supplied by receiving data from other vehicles.
Therefore, as shown in FIG. 14, it is sufficient to
15 acquire only the real time information around the owner's
vehicle alone.
[Embodiment 2]
FIG. 15 is a conceptual view in a case that the
intelligent operation system according to the present
20 invention 1s applied to an automatic monitoring system
for card games.
The automatic monitoring system 201 for card
games 1is also basically constituted by an input device
202, a virtual model data base 203, a virtual model
25 conversion device 204, a virtual model reconstruction
device 205, a virtual model processing device 206, and a
display device 207.
The input device 202 can be constituted by a
video camera or the like, and a situation in a

30 predetermined range where a plurality of objects exist in
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XYYZZ} [ <MBFHEES 19T A BREY §:‘E66 PFR§ o[98 (ij“algﬁy o%hf VAdeo
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10h! " &$10%&f()--'[&$10%&f()--z#lOW&f()-'z#lO%A A& ()-10%& ()- 10h
10h” affabChRiHjeuiey such as cards or a table sheet are assumed as
virtual models, and names, shapes, colors, positions and
others are assumed as attribute data concerning the card
models.
As shown in FIG. 17, the automatic monitoring
10 system 201 adopts as the virtual models fragmentary
models which are obtained by taking out appropriate parts
in the cards as the objects and modeling them.
The virtual model conversion device 204
recognizes information concerning objects such as the
15 cards or the table sheet acquired by the video camera,
selects and specifies virtual models corresponding to
these objects from the virtual model data base 203, and
substitutes the corresponding models for the objects.
Here, the positional coordinate which is the
20 attribute data concerning the card model 1is fixed when
the card model is specified. Further, when the actual
card moves, the corresponding card model also moves and a
position of the actual card is tracked.
The virtual model reconstruction device 205
25 reconstructs the objects such as the cards or the table
sheet and the relationship between these objects into a
plurality of corresponding virtual models and the
relationship between these virtual models in the virtual

space.

30 By the above-described processing, as shown in
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event concept models in the virtual three-dimensional
space.

5 Description will now be given as to calculation,
processing and simulation in the virtual model processing
device 206 and a process leading to comprehension and
judgment.

Here, the virtual model processing device 206 is

10 constituted by an object attribute data model conversion
device 206-1, a semantic data model conversion device
206-2, a comprehensive semantic data conversion device
206-3 and a judgment data model conversion device 206-4.

In the actual world, as shown in FIG. 18, there

15 were cards and a table sheet as objects, and "Q of
spades", "J of hearts" were dealt to a dealer while "9 of
hearts", J of spades” and "2 of diamonds" were dealt to a
player as an event.

First, the object attribute data model conversion

20 device 206-1 selected and extracted names, numeric values
and positions for cards as attribute data matched with a
work object from the attribute data concerning the
reconstructed virtual models, and outputted them as
object attribute data models.

25 Then, the semantic data model conversion device
206-2 generated distances between cards as semantic data
concerning the work object from the relationship between
the outputted object attribute data, and outputted them

as semantic data models.

30 Subsequently, as shown in FIG. 18, the
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generated data "a sum total of numeric values of the
cards on the dealer's side is 20 and a sum total of

5 numeric values of the cards on the player's side is 21"
as comprehensive semantic data concerning the work object
based on the relationship of the outputted semantic data,
and the generated data were outputted as comprehensive
semantic data models.

10 At last, the judgment data model conversion
device 206-4 generated data "the dealer is a winner" and
"the player is loser" as judgment data optimum for the
work object from the outputted comprehensive semantic
data, and outputted the generated data as judgment data
15 models.

Based on the judgment data, in the physical
world, as shown in FIG. 18, names of the cards dealt to
the dealer and the player, totals of numeric values,
victory and defeat are displayed based on the judgment

20 data in the actual world, thereby monitoring the card
game.

It is to be noted that the automatic monitoring
system 201 for card games is constituted by a server
device and a client device, and configured to

25 transmit/receive data between the server device and the

client device.

Industrial Applicability
As described above, according to the intelligent

30 operation system of the present invention, a transport
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[789dE / or a robot can execute work operations, namely,
comprehending and judging various situations and then
5 operating the machine based on such comprehension and
judgment like humans do, thereby realizing the
substantially complete automatic operating system.
Furthermore, according to the intelligent
operation system of the present invention, an apparatus
10 which keeps occupied by a human and an apparatus which
substitutes for a human can execute work operations,
i.e., recognizing a process and a result based on
comprehension and judgment, thereby reallizing the
intelligent operation system which plays games and uses
15 sign languages with humans, the automatic monitoring
system which performs monitoring, observation and the

like on behalf of humans, and others.



10 10: Y'10%&' ()-3@ 10%&' ()-11"10%&' ()-" &010%& ()-Y.310%& () -,

109&' ()-9:=xY:/ 1010%G8 ()-S10%& ()- 109%& ()- @ 10%& ()- @ 1096 () - &
10938 ()- 10;rKdB:/ 10![y

$10%&' ()-10%G&' () - 10%38 () - L10%GE () - 10%& () - z#10%:& () - KAE: /

10! 1" 109638 () -*- 10%3& ()- @ $10%6& () - %L ()-% 10968 ()-$

10938 () -2xnbC 10! 10%& ()- 10G 10G 10G 10%G& ()-8 109%& ()-f5 1098 () - 3-
10968 ()-&) }~?2nbC  10F

1098 ()-$10%@& ()-!L$109& () - z#109%& () “HARDP| P| & ()- 10%& ()-)9| z[ 9nbC
10! "K. "109%& ()-, 10%&' ()-V'10%& ()-! " 109%& ()-!'Q

109&' ()-!ny#10%a& ()-|JKLMP}rg\= 10! 10%Z& ()- 10 10

101 : F' 10% () - s610% () AhDS@AMAA% it 'ogbraiOfin (dy£bem elRpr149nd0

an input device which acquires information
5 concerning a plurality of objects in the actual world:

a virtual model data base which registers and
stores therein a plurality of virtual models in a virtual
space which correspond to the objects;

a virtual model conversion device which

10 recognizes information concerning a plurallty of the
objects acquired by the input device, selects and
specifies virtual models corresponding to a plurality of
the objects from the virtual model data base, and
substitutes a plurality of the virtual models for a

15 plurality of the objects;

a virtual model reconstruction device which
reconstructs a plurality of the objects and a
relationship between these objects into a plurality of
corresponding virtual models and a relationship between

20 these virtual models in the virtual space;

a virtual model processing device which performs
calculation and processing based on a plurality of the
virtual models and the relationship between these virtual
models reconstructed by the virtual model reconstruction

25 device, and comprehends and judges a plurality of the
virtual models and the relationship between them; and

a control device which automatically operates a
predetermined object in the actual world based on
comprehension and judgment made by the virtual model

30 processing device.
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5 comprehension and judgment made by the virtual model
processing device is determined as a constituted element

in place of the control device.

3. The intelligent operation system according to
10 claim 1 or claim 2, wherein the virtual model processing
device 1s constituted by:

an object attribute data model conversion device
which selects and extracts attribute data matched with a
work object from attribute data concerning a plurality of

15 the reconstructed virtual models, and converts them into
object attribute data models;

a semantic data model conversion device which
generates semantic data concerning the work object from
the relationship of the extracted object attribute data

20 models, and converts them into semantic data models;

a comprehensive semantic data conversion device
which generates comprehensive semantic data concerning
the work object from the relationship of the generated
semantic data models, and converts them into

25 comprehensive semantic data models; and

a judgment data model conversion device which
generates judgment data optimum for the work object from
the generated comprehensive semantic data models,
converts the generated judgment data into Jjudgment data

30 models, and outputs them.
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fragmentary model obtained by dividing an object into a
5 plurality of constituent elements and modeling each of

the constituent elements.

5. The intelligent operation system according to
claims 1 to 4, wherein the attribute data includes a

10 physical quantity, a sound, an odor and others.

6. The intelligent operation system according to
clalms 1 to 5, whereiln the virtual model conversion
device recognizes and tracks a moving or varying object

15 before specifying a virtual model corresponding to that
object, grasps a part in the virtual model which can be
readily specified while the object is moving or varying
with time, and specifies the virtual model corresponding

to the object.

20
7. The intelligent operation system according to
claims 1 to 6, wherein the semantic data model conversion
device is constituted on a plurality of stages in the
virtual model processing device.
25

8. The intelligent operation system according to
claims 1 to 7, wherein the intelligent operation system
has a data transmission/reception device which can
transmit/receive data in the intelligent operation system

30 or between the intelligent operation systems.



