
;e3elX862Tp~^ DESCRIPTION  INTELLIGENT OPERATION SYSTEM 5 Technical Field
The present invention relates to an intelligent operation system which can
be applied to an automatic operating system of, e.g., an operating machine
such as an automobile, a transport machine such as an aircraft, a 10
transporter 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, and others. 15 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   2
from complete automation, and various kinds of methods have been proposed
and released. For example, there are well known a method which embeds
magnets or an electric cable for signal 5 transmission along a traveling
path of a road and causes an automobile to run along the magnet or the
electric cable, or a method which measures a distance from a preceding car
by a simplified radar and causes a car to travel while maintaining a
distance between the two cars 10 constant, and these methods have come into
practical use. Further, there has been recently proposed a method which
recognizes a painted lane marking line provided on a road and moves a car
while maintaining a distance from that line constant. 15 However, the
above-described conventional method concerning automatic driving of cars is
a method which causes a car to travel in a predetermined position with a
predetermined distance between two cars on a predetermined traveling path
by detecting any marking on 20 the predetermined traveling path. Like an
invisible rail 



being provided, 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   3 order to decide to keep within the speed limit. That is,
in the conventional methods, as different from the case that a human
actually drives a car, the car itself never judge a traffic situation in a
5 surrounding area in order to determine a distance between the two cars,
or never comprehend a content of a road sign by reading and keep it, or
never judge a degree of danger and apply a brake. In view of the
above-described problems in the 10 prior art, it is an object of the
present invention to provide an intelligent operation system by which a
transport machine itself such as an automobile or an aircraft and an
operating machine itself such as a transporter crane or a robot can
comprehend and judge 15 various situations like a human does when driving a
car, and they can operate a car based on such comprehension and judgment,
and which can realize a substantially complete automatic operating system.
Moreover, it is another object of the present 20 invention to provide 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   4 Disclosure of the Invention As described above, in order
to make a machine or an apparatus to perform complicated and sophisticated
works, i.e., temporarily projecting a physical world into 5 the cerebrum,
reading, understanding and judging various kinds of information on the
whole, and then operating a car like a human does when driving a car, as a
basic technique, therefore, there is required a technique by which the
actual physical environment is projected into 10 the three-dimensional
space in the world of the virtual reality by a computer, some objects
required for a target work are fetched into the automatically modeled
virtual three-dimensional space in real time, and a plurality of the
objects in the physical world are associated with a 15 plurality of the
models in the virtual three-dimensional space in real time. Japanese patent
application No. 190725/2000 discloses the above-described basic technique
as an information conversion system which realizes a parts 20
reconstruction method (PRM). 



As shown in FIG. 1, this information conversion system 1 comprises an input
device 2, a comparative image information generation device 3, 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
5 can be acquired as a two-dimensional image. In addition, when a plurality
of video cameras are used, the object can be obtained as a
pseudo-three-dimensional image with a parallax by shooting the object from
different 5 directions. The comparative image information generation device
3 processes an image of the object acquired by the input device 2 and
generates comparative image information. 10 As the comparative image
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 obtained 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 associated 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 information 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,   6 integrating conversion
data and others. The parts specification device 6 compares the comparative
image information and the comparative parts information having the same
type of data with each other 5 and specifies a part corresponding to the
object. It is constituted by a retrieval processing portion 6-1, a
recognition processing portion 6-2, a specification processing portion 6-3,
a fixation processing portion 64, 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   7 code and the attribute data of the specified part, and
reconstructs and displays a plurality of parts and the spatial arrangement
of these parts as an image viewed from an arbitrary position. 5 Executing
the PRM by using the information conversion system 1 can convert the object
in the physical world into the part having various kinds of attribute data
given thereto in the virtual threedimensional space, thereby realizing the
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
relationship between these virtual models in   8 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 in the virtual space 5 reconstructed by the virtual
model reconstruction device, and comprehends and judges a plurality of the
virtual models and the relationship between these virtual models; and a
control device which automatically operates a predetermined object in the
physical world based on 10 comprehension and judgment made by the virtual
model processing device. It is possible to constitute an intelligent
operation system having as a constituent element a display device which
automatically displays a process and 15 a result in the physical world
based on comprehension and judgment made by the virtual model processing
device in 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   9 model, and converts it into
a comprehensive semantic data model; and a judgment data model conversion
device which generates judgment data optimum for the work object from the
generated comprehensive semantic data model, converts 5 it into a judgment
data model and outputs it. The virtual model may include a fragmentary
model obtained by dividing the object into a plurality of constituent
elements and modeling each of the constituent elements. 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  



10 operation system according to the present invention; FIG. 3 is a
conceptual view of the intelligent operation system according to the
present invention; FIG. 4 is an explanatory view showing a 5 processing
procedure of a virtual model processing device; FIG. 5 is an explanatory
view showing a method of specifying a virtual model by tracking a moving
object; FIG. 6 is an explanatory view showing a method of 10 specifying a
virtual model corresponding to an object based on a fragmentary model; FIG.
7 is an explanatory view showing a processing procedure in an automatic
operating system of cars; 15 FIG. 8 is an explanatory view of the virtual
model and attribute data in the automatic operating system of cars; FIG. 9
is an explanatory view showing a correspondence relationship between the
physical world 20 and a virtual three-dimensional space; FIG. 10 is a
conceptual view showing the correspondence relationship between the
physical world and the virtual three-dimensional space; FIG. 11 is an
explanatory view showing a 25 positional relationship of vehicles in the
virtual three 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   11 the automatic operating system; 



FIG. 14 is an explanatory view showing a method of combining a still object
model and a moving object model; 5 FIG. 15 is a schematic block diagram of
a game monitoring device; FIG. 16 is a view showing a display screen in a
server device; FIG. 17 is an explanatory view showing 10 fragmentary models
of cards; and FIG. 18 is a view showing a display screen in a client
device. Best Mode for Carrying out the Invention 15 Preferred embodiments
of the intelligent operation system according to the present invention will
now be described hereinafter with reference to the accompanying drawings.
An intelligent operation system 11 according 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 plurality of objects exist
12 can be acquired as an two-dimensional image. Further, when a plurality
of the video cameras are used, the object can be acquired as a
pseudo-three-dimensional image with a parallax by shooting the object from
5 different directions. The virtual model data base 13 registers and stores
therein a plurality of virtual models obtained by modeling the object.
Attribute data of, e.g., a name, a property and a 



10 color as well as a three-dimensional 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-dimensional 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   13 environment in which an object exists can be likewise
modeled. The virtual model conversion device 14 recognizes information
concerning a plurality of objects acquired by 5 the input device 12,
selects and specifies virtual models corresponding to a plurality of the
objects from the virtual model data base 13, and substitutes a plurality of
the corresponding virtual models for a plurality of the objects. 10 Here,
the virtual model has a three-dimensional shape as an attribute) and its
three-dimensional position coordinate is fixed when the virtual model is
specified. Furthermore, when an object moves, a corresponding virtual model
also moves, and a position of the object is 15 tracked. As shown in FIG. 5,
the virtual model conversion device 14 may be of a type which recognizes
and tracks a moving or varying object before specifying a virtual model
corresponding to the object, grasps a part in the 20 virtual model which
can be readily specified and specifies the virtual model corresponding to
the object 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   



14 as movement or variation of virtual models and the relationship between
these objects in the virtual three dimensional space. The virtual model
processing device 16 executes 5 calculation and processing using programs
and numerical expressions based on a plurality of the virtual models and
the relationship of these models reconstructed in the virtual space,
performs simulation, and comprehends and judges a plurality of the virtual
models and their 10 relationship. The control device 17 automatically
operates a predetermined object in the physical world based on
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 employed. 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   15 conversion device 16-1, a semantic data model conversion device
16-2, a comprehensive semantic data conversion device 16-3, and a judgment
data model conversion device 16-4. 



5 The object attribute data model conversion devicel6-1 selects and
extracts attribute data matched with a work object from attribute data
concerning a plurality of the reconstructed virtual models, and converts it
into an object attribute data model. 10 In this conversion processing, the
attribute data matched with a work object is selected from attribute data
concerning a plurality of the reconstructed virtual models, and a
distribution of the selected attribute data is determined as a comparison
signal. On the other hand, 15 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   16 signal. On the other hand, semantic data
models corresponding to the distribution of the object attribute data are
registered and stored in the data base in advance, and these semantic data
models are determined as 5 signals to be compared. The comparison signal is
compared with the signals to be compared, and a model matched with
distribution of the object attribute data is outputted as the semantic data
model. The comprehensive semantic data conversion device 10 16-3 generates
comprehensive semantic data concerning the work object from the
relationship of the generated semantic data model, and converts it into a
comprehensive semantic data model. In this conversion 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 signals 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   17 semantic
data optimum for the work object is selected from the generated
comprehensive semantic data, and a distribution of the comprehensive
semantic data is determined as a comparison signal. On the other hand, 5
judgment data models corresponding to the distribution of the comprehensive
semantic data are registered and stored in the data base in advance, and
the judgment data models are determined as signals to be compared. The
comparison 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 intelligent operation system according to the present 25
invention is applied to an automatic 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   18 executes work operations,
i.e., comprehension and judgment of various situations and recognition of a
process and a result based on such comprehension and judgment, with
reference to the drawings. 5 [Embodiment 1] FIG. 7 is a conceptual view
showing a case that the intelligent operation system according to the
present invention is applied to an automatic operating system of cars. 10
An automatic operating system 101 of cars is also basically constituted by
an input device 102, a virtual model data base 103, a virtual model
conversion device 104, a virtual model reconstruction device 105, a virtual
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 acquired by a video camera or the   19
like concerning objects such as a road, a road attendant object, a vehicle
and the like, selects and specifies virtual models corresponding to the
objects from the virtual model data base 103, and substitutes the 5
corresponding virtual models for the objects. Here, a positional
coordinate, a speed, an acceleration, an angular velocity and others which
are attribute data concerning the vehicle models are fixed when the vehicle
models are specified. Moreover, when 10 the actual vehicle moves, the
corresponding vehicle model also moves, and a position of the actual
vehicle is tracked. 



In the virtual model reconstruction device 105, the objects such as a road,
a road attendant object, a 15 vehicle and others and the relationship
between the objects are reconstructed into a plurality of corresponding
virtual models and the relationship between these virtual models in the
virtual space. Here, a11 the objects do not have to be fetched 20 into the
virtual space from the physical world. As shown in FIG. 9, it is sufficient
to fetch objects required for traveling of the vehicle and their attribute
data selectively. By the 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 w111 now
be given as to calculation, 30 processing and simulation in the virtual
model processing   20 device 106 and a process which leads to comprehension
and judgment. Here, the virtual model processing device 106 is constituted
by an object attribute data model conversion 5 device 106-1, a semantic
data model conversion device 106-2, a comprehensive semantic data
conversion device 106-3 and a judgment data model conversion device 106-4.
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 18C, 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 vehicle
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   21
owner's vehicle relative to the road, a position and a direction of the
oncoming vehicle relative to the road, a position and a relative velocity
of the owner's vehicle with respect to the oncoming vehicle, and a position
and 5 a direction of the owner's vehicle with respect to the guard rails as
semantic data concerning the work object from the relationship of the
outputted object attribute 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 avoiding
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 judgment 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   22 automatic operating system 101 for vehicles, there can be assumed
a complete self-traveling mode which assures data by a traveling vehicle
solely, a mutual communication 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 vehicles 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 is applied to an automatic monitoring system for card games.
The automatic monitoring system 201 for card games is 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   23 the physical world can be acquired as a two-dimensional image
or a pseudo-three-dimensional image by the video camera. As shown in FIG.
16, models corresponding to 5 objects 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 is 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  



24 FIG. 18, the objects and the events in the actual world are converted
into and associated with object models and 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   25 comprehensive semantic data model conversion device
206-3 executed rule calculation of the game "Black Jack" and 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 t world, as shown in the dealer and the victory and defeat 20 data
in the actual game. he judgment data, in the physical FIG. 18, names of the
cards dealt to player, totals of numeric values, are displayed based on the
judgment world, thereby monitoring the card 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   26 machine itself such as an automobile or
an aircraft and an operating machine itself such as a transporter crane 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 realizing 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.   27 CLAIMS 1. An intelligent
operation system comprising: 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 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 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.   28 2. The intelligent operation system according to claim 1, a
display device which automatically displays a process and a result in the
actual world based on 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 is
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 judgment data 30 models,
and outputs them.   29 4. The intelligent operation system according to
claims 1 to 3, wherein the virtual model includes a 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 claims 1 to 5) wherein 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. 
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