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(57) ABSTRACT 

The robot apparatus of the present invention autonomously 
makes natural motions. The robot apparatus is provided with 
a control means 32, which has a feeling/instinct model that 
causes a motion and changes the feeling/instinct model 
based on input information S1 to S3 thereby to determine a 
motion. As a result of this, the robot apparatus 1 can 
autonomously act based on the State of its own feeling/ 
instinct. A robot apparatus which can autonomously make 
natural motions can thus be realized. 
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ROBOT APPARATUS AND MOTION CONTROL 
METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a robot apparatus 
and a motion control method and is preferably applied to a 
robot apparatus which behaves like a quadruped. 

BACKGROUND ART 

0002 Proposals and developments have been made in 
quadruped robot apparatuses, articulated robots, or anima 
tions using characters who move via computer graphics, 
which operate in accordance with commands from a user or 
environments. These robot apparatuses and animations 
(which are referred together robot apparatuses) carry out a 
Series of motion based on a command from a user. 

0.003 For example, a so-called pet robot as a robot 
apparatus having a shape Similar to a quadruped like a dog 
takes a position of “Down” when it receives a command of 
"Down', or it always gives a hand whenever a user puts a 
hand before the mouth of the dog. 
0004 Meanwhile, it is desirable that the motion of the 
robot apparatus which simulates an animal should be similar 
to that of an actual animal as much as possible. 
0005. However, conventional robot apparatuses do only 
predetermined motions based on commands from a user or 
the environment. Thus, since conventional robot apparatuses 
do not autonomously move unlike actual animals, it has not 
been possible to Satisfy a users request that they want a 
robot apparatus that can autonomously determine its behav 
OS. 

0006 Further, robot apparatuses reach an aimed position 
or motion through a predetermined position or motion. 
However, motion expression of robot apparatuses become 
rich if there are prepared a plurality of positions or motions 
to be carried out during transition to an aimed position or 
motion. 

0007) If there are prepared a plurality of ways of posi 
tions or motions which a robot apparatus takes halfway 
before reaching an aimed position or motion, it is preferred 
that a position or motion which the robot apparatus passes is 
Selected optimally to transit to the aimed position or motion. 

DISCLOSURE OF THE INVENTION 

0008. The present invention has been made in view of the 
above situation, and has an object of proposing a robot 
apparatus which autonomously makes natural motions and a 
motion control method thereof. 

0009. Also, the present invention has been made in view 
of the above situation, and has an object of providing a robot 
apparatus whose positions and motions are optimized during 
transition, and a motion control method thereof. 
0.010 More specifically, a robot apparatus according to 
the present invention makes a motion corresponding to 
Supplied input information, and comprises model change 
means including a model for causing the motion, for deter 
mining the motion by changing the model, based on the 
input information. 
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0011. The robot apparatus having this structure has a 
model which causes a motion, and changes the model based 
on input information thereby to determine a motion. There 
fore, if the model is a feeling model or an instinct model, the 
robot apparatus autonomously acts based on States of the 
feeling and the instinct of the robot apparatus. 
0012. A motion control method according to the present 
invention is to make a motion in accordance with Supplied 
input information, and the motion is determined by changing 
a model which causes the motion, based on the input 
information. 

0013 In this motion control method, a motion is deter 
mined by changing the model, based on input information. 
If the model is a feeling model or an instinct model, the robot 
apparatus can act autonomously based on its own feeling or 
instinct. 

0014) Another robot apparatus according to the present 
invention makes a motion in accordance with Supplied input 
information, and comprises motion determination means for 
determining a next operation Subsequent to a current motion, 
based on the current motion and the input information 
Supplied next, Said current motion corresponding to a history 
of input information Supplied Sequentially. 
0015 The robot apparatus having this structure deter 
mines a next motion Subsequent to a current motion, based 
on the current motion corresponding to a history of input 
information Supplied Sequentially, and input information to 
be Supplied next. Therefore, the robot apparatus autono 
mously acts based on the States of its own feeling or instinct. 
0016. Another motion control method according to the 
present invention is to make a motion in accordance with 
Supplied input information, and a next motion Subsequent to 
a current motion is determined, based on the current motion 
and the input information to be Supplied next, the current 
motion corresponding to a history of input information 
Supplied Sequentially. 

0017. In this motion control method, a next motion 
Subsequent to a current motion is determined, based on the 
current motion corresponding to the history of input infor 
mation Sequentially Supplied, and input information to be 
Supplied next. Therefore, the robot apparatus can act autono 
mously, based on the State of its own feeling or instinct. 
0018 Further, another robot apparatus according to the 
present invention comprises: graph Storage means for Stor 
ing a graph which registers the positions and the motion and 
which is constructed by connecting the positions with the 
motion for letting the positions transit, and control means for 
Searching a route from a current position to an aimed 
position or motion, on the graph, based on the action 
command information, and for letting the robot apparatus 
move, based on a Search result, thereby to let the robot 
apparatus transit from the current position to the aimed 
position or motion. 
0019. The robot apparatus having this structure transits to 
an aimed position or motion instructed by the action com 
mand information, based on a graph which registers posi 
tions and motions Stored in graph Storage means and which 
is constructed by connecting the positions with motions for 
letting the positions transit. Specifically, the robot apparatus 
Searches a route from the current position to an aimed 
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position or motion, on the graph, based on action command 
information. Based on the Search result, a motion is made to 
transit to an aimed position or motion from the current 
position. 

0020) Further, in another motion control method accord 
ing to the present invention, based on action command 
information, a route from a current position to an aimed 
position or motion is Searched on a graph which registers 
positions and motions and which is constructed by connect 
ing the positions with motions for letting the positions 
transit, and a motion is made, based on a Search result, 
thereby to make transit from the current position to the 
aimed position or motion. 
0021. That is, in this motion control method, transit to an 
aimed position or motion instructed by the action command 
information is made, based on a graph which registers 
positions and motions and which is constructed by connect 
ing the positions with motions for letting the positions 
transit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a perspective view showing an embodi 
ment of a robot apparatus according to the present invention. 
0023 FIG. 2 is a block diagram showing a circuit dia 
gram of the robot apparatus. 
0024 FIG. 3 is a schematic diagram showing data pro 
cessing in a controller. 
0.025 FIG. 4 is a schematic diagram showing data pro 
cessing by a feeling/instinct model part. 
0.026 FIG. 5 is a schematic diagram showing data pro 
cessing by the feeling/instinct model part. 
0.027 FIG. 6 is a schematic diagram showing data pro 
cessing by the feeling/instinct model part. 
0028 FIG. 7 is a view showing transit of states according 
to finite automaton in an action determination mechanism 
part. 

0029 FIG. 8 is a block diagram showing a structure of an 
action determination mechanism part and the like which are 
used for explaining generation of action command informa 
tion. 

0030 FIG. 9 is a view used for explaining a case where 
a state is determined by probability. 
0031 FIG. 10 shows a table in which relationships 
between transit probabilities and States to which the posi 
tions transit. 

0.032 FIG. 11 shows a graph of position transit in the 
position transit mechanism part. 
0.033 FIG. 12 shows a specific example of a graph of 
position transit. 
0034 FIG. 13 is a view showing transit of states used for 
explaining that a neutral position to which the current 
position is let transit if the current position cannot be grasped 
is comprised and that recovery from Stumble-over is 
enabled. 

0.035 FIG. 14 is a view used for explaining a route 
Search with the distance used as an index. 
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0036 FIG. 15 is a view used for explaining a case of 
making a route Search by classification. 
0037 FIG. 16 is a view used for explaining a case where 
a route Search is made by classification. 
0038 FIG. 17 is a top view of a robot apparatus, used for 
explaining a case where a walking direction is set as a 
parameter. 

0039 FIG. 18 shows a table showing parameters and 
contents of motions. 

0040 FIG. 19 is a view used for explaining a case where 
another motion is Synchronized with a motion during transit 
between positions. 
0041 FIG. 20 is a view used for explaining a case where 
Similar motions are executed at different positions. 
0042 FIG. 21 is a perspective view showing a robot 
apparatuS. 

0043 FIG. 22A and FIG. 22B are views used for 
explaining a case of positions are let transit between the 
entire apparatus and parts, with a basic position inserted 
therebetween. 

0044 FIG. 23 is a view used for explaining a case of 
executing an aimed motion after the current position is once 
let transit to a basic position when the current position 
relates to the entire apparatus and the aimed motion relates 
to a part. 

004.5 FIG. 24 is a view used for explaining a case of 
executing an aimed motion after the current position is once 
let transit to a basic position when the aimed motion relates 
to the entire apparatus. 
0046 FIGS. 25A and 25B are views used for explaining 
processing of inserting a command. 
0047 FIG. 26 is a view showing a command storage part 
which can Store commends corresponding to the entire 
apparatus and componential parts. 
0048 FIG. 27 is a view used for explaining an example 
of processing form by a command Storage part which can 
Store commands corresponding to the entire apparatus and 
componential parts. 
0049 FIG.28 is a block diagram showing a motion route 
Search part which makes a route Search. 
0050 FIG. 29 is a flowchart showing a series of pro 
cessing until a motion is executed in accordance with a 
command. 

0051 FIG. 30 is a view used for explaining that the 
current position transits through a plurality of oriented arcs 
to an aimed motion, on the graph of a head part. 
0052 FIG. 31 is a view showing another example to 
which the present invention is applied, wherein a character 
which moves as a computer graphic. 
0053 FIG. 32 is a perspective view showing another 
embodiment of a robot apparatus according to the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0054. In the following, embodiments of the present 
invention will be explained in more details. 
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0055 (1) Structure of Robot Apparatus 
0056. The entire robot apparatus 1 is constructed AS 
shown in FIG. 1 and comprises a head part 2 corresponding 
to a head, a body part 3 corresponding to the trunk, leg parts 
4A, 4B, 4C, and 4D corresponding to legs, and a tail part 5 
corresponding to a tail. The robot apparatus 1 moves the 
head part 2, leg parts 4A to 4D, and tail part 5 in relation to 
the body part 3, thereby to move like an actual quadruped. 
0057. An image recognition part 10 equivalent to eyes 
and constructed, for example, by a CCD (Charge Coupled 
Device) camera for picking up images, a microphone 11 
equivalent to ears for collecting voices, and a speaker 12 
equivalent to a mouth for generating a voice are respectively 
equipped at predetermined position of the head part 2. Also, 
the head part 2 is equipped with a remote controller receiv 
ing part 13 for receiving commands transmitted through a 
remote controller (not shown) from a user, a touch sensor 14 
for detecting contact of a hand of the user or the like, and a 
LED (Light Emitting Diode) 15 constructed by a light 
emitting means. 
0.058. The body part 3 is equipped with a battery 21 at a 
position corresponding to its abdomen, and an electronic 
circuit (not shown) or the like is contained inside the body 
part 3. 
0059) Joint parts of the leg parts 4A to 4D, connecting 
parts between the leg parts 4A to 4D and the body part 3, a 
connecting part between the body part 3 and the head part 2, 
a connecting part between the body part 3 and the tail part 
5 are connected by their own actuators 23A to 23N. These 
joint and connecting parts are driven on the basis of control 
by the electronic circuit contained in the body part 3. In the 
robot apparatus 1, the actuators 23A to 23N are driven to 
Shake and nod the head part 2, Wag the tail part 5, and move 
the leg parts 4A to 4D to walk. The robot apparatus 1 thus 
behaves like an actual quadruped. 
0060 For example, the robot apparatus 1 constructed as 
described above has the following features which will be 
explained in details later. 
0061. When the robot apparatus 1 is instructed to changes 

its position from a position (first position) to another posi 
tion (second position), it does not directly change to the 
Second position from the first position but it transits a 
prepared natural position. 
0.062 Also, when the robot apparatus reaches a given 
position during the position transition, it can receive a 
notification. 

0.063. The robot apparatus 1 is constructed by parts of a 
head, legs, and a tail, and can control independently the 
positions of these parts. For example, the positions of the 
head and legs can be controlled independently from each 
other. Also, the position of the entire apparatus including the 
head, legs, and tail can be managed separately from the 
respective parts. 

0064. It is also possible to transfer parameters which 
Specify the details of motions to motion commands for the 
robot apparatuS 1. 

0065. The robot apparatus 1 has the above-described 
features. Much more features will now be explained below 
including those described above. 
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0066 (2) Circuit Configuration of Robot Apparatus 
0067. The circuit configuration of the robot apparatus 1 is 
as shown in FIG. 2, for example. The head part 2 comprises 
a command receiving part 30 constructed by a microphone 
11 and a remote controller receiving part 13, an external 
Sensor 31 constructed by an image recognition part 10 and 
a touch sensor 14, a speaker 12, and a LED 15. The body part 
3 has a battery 21 and internally has a inner sensor 35 
constructed by a controller 32 for controlling the operation 
of the entire robot apparatus 1, a battery sensor 33 for 
detecting the residue of the battery 21, and a heat Sensor 34 
for detecting head generated inside the robot apparatus 1. 
Further, actuators 23A to 23N are provided at predetermined 
positions of the robot apparatus 1, respectively. 

0068 The command receiving part 30 serves to receive 
commands Such as “Walk”, “Down”, “Chase Ball', and the 
like that are Supplied to the robot apparatus 1 from the user. 
This part 30 is constructed by a remote controller receiving 
part 13 and a microphone 11. 

0069. The remote controller receiving part 13 is receives 
a desired command inputted by a remote controller (not 
shown) operated by a user. For example, transmission of a 
command from the remote controller is achieved by infrared 
light. The remote controller receiving part 13 receives the 
infrared light, generates a receive signal S1A, and Sends it to 
the controller 32. 

0070 The remote controller is not limited to the type of 
using infrared light but may be a type of Supplying a 
command to the robot apparatus 1 by a tone Scale. In this 
case, the robot apparatuS 1 is arranged to perform processing 
in correspondence with the tone Scale from the remote 
controller inputted through the microphone 11. 

0071. When a user gives a voice corresponding to a 
desired command, the microphone 11 collects the Voice 
given by the user, generates a voice Signal S1B, and sends 
it to the controller 32. 

0072 The command receiving part 30 generates a com 
mand Signal S1 containing a receiving Signal SZ1A and a 
Voice signal S1B in accordance with the command given to 
the robot apparatus 1 by the user. The part 30 supplies this 
command Signal to the controller 32. 

0073. The touch sensor 14 of the external sensor 31 
Serves to detect action on the robot apparatus 1 from the 
user, such as “Rub”, “Hit”, and the like. For example, when 
a user touches the touch Sensor 14 to make a desired action, 
a contact detection Signal S2A corresponding to the action is 
generated and Sent to the controller 32. 
0074 The image recognition part 10 of the external 
Sensor 31 recognizes the environment around the robot 
apparatuS 1. As a result, the part 10 detects environmental 
information around the robot apparatuS 1, Such as "Dark', 
“Presence of a favorite toy', or the like, or detects an action 
of another robot apparatus, Such as “Another robot is run 
ning, or the like. This image recognition part 10 Sends an 
image Signal S2B obtained as a result of picking up an 
environmental image, to the controller 32. 

0075. The external sensor 31 generates an external infor 
mation Signal S2 containing a contact detection Signal S2A 
and an image signal S2B, in accordance with external 
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information thus Supplied from outside of the robot appa 
ratus 1, and sends it to the controller 32. 

0.076 The internal sensor 35 serves to detect an inner 
state of the robot apparatus 1 itself, such as “Hungry” which 
means a low battery, “Fever”, or the like. This sensor 35 is 
constructed by a battery sensor 33 and a heat sensor 34. 
0077. The battery sensor 33 serves to detect the residue of 
the battery 21 which Supplies the power to respective 
circuits of the robot apparatus 1. This battery sensor 33 sends 
a battery capacitance detection signal S3A as a result of 
detection, to the controller 32. The heat sensor 34 serves to 
detect a heat inside the robot apparatus 1. This heat Sensor 
34 sends a heat detection signal S3B as a result of detection 
to the controller 32. 

0078. The internal sensor 35 thus generates an internal 
information signal S3 containing a battery capacitance 
detection signal S3A and a heat detection signal S3B in 
accordance with internal information of the robot apparatus 
1, and sends it to the controller 32. 
0079 Based on the command signal S1 supplied from the 
command receiving part 30, the external information Signal 
S2 Supplied from the external sensor 31, and the internal 
information signal S3 Supplied from the internal sensor 35, 
the controller 32 generates control signals S5A to S5N for 
driving the actuators 23A to 23N, respectively. The control 
ler 32 Sends these Signals to the actuators, respectively, to 
drive them So that the robot apparatuS 1 operates. 
0080. At this time, the controller 32 generates a voice 
signal S10 and a light emitting signal S11 to be outputted to 
the outside if necessary. Of these signals, the Voice Signal 
S10 is outputted to the outside through the speaker 12 and 
the light emitting signal S1 is sent to the LED 15 to obtain 
a desired light emitting output (e.g., flicker, color change, or 
the like). The user is thus notified of necessary information. 
For example, the robot apparatuS 1 notifies the user of its 
own feeling. It is possible to provide an image display part 
for displaying an image, in place of the LED 15. Information 
necessary for a user, Such as feeling or the like, can then be 
notified by displaying a desired image. 
0081) (3) Processing in Controller 
0082 Based on programs previously stored in a prede 
termined Storage area, the controller 32 performs Software 
processing on the command Signal S1 Supplied from the 
command receiving part 30, the external information Signal 
S2 Supplied from the external sensor 31, and the internal 
information signal S3 Supplied from the internal sensor 35. 
The controller 32 supplies a control signal S5 obtained as a 
result of the Software processing, the actuatorS 23. 
0.083. The operations of the actuators 23 at this time are 
expressed as the motion of the robot apparatuS 1. The present 
invention has as its object to enrich Such expressions. 
0084. As shown in FIG. 3, the contents of data process 
ing performed by the controller 32 can be functionally 
Sectioned into a feeling/instinct model part 40 as a feeling/ 
instinct model change means, an action determination 
mechanism part 41 as an action determination means, a 
position transit mechanism part 42 as a position transit 
means, and a control mechanism part 43. The command 
Signal S1, the external information signal S2, and internal 
information Signal S3 Supplied from the outside are inputted 
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to the feeling/instinct model part 40 and the action deter 
mination mechanism part 41. The controller 32 schemati 
cally functions as follows. 
0085. The feeling/instinct model part 40 determines 
States of the feeling and instinct, based on the command 
Signal S1, the external information signal S2, and the 
internal information signal S3. Further, the action determi 
nation mechanism part 41 determines next motion (action), 
based on feeling/instinct state information S10 obtained by 
the feeling/instinct model part 40 in addition to the com 
mand Signal S1, the external information Signal S2, and the 
internal information Signal S3. The position transit mecha 
nism part 42 in a rear Stage prepares a position transit plan 
to transit to a next motion (action) determined by the action 
determination mechanism part 41. Note that the information 
concerning motion (action) determined by the action deter 
mination mechanism part 41 is fed back to the feeling/ 
instinct model part 40, and the feeling/instinct model part 40 
determines the States of the feeling and instinct, referring to 
the motion (action) determined. That is, the feeling/instinct 
model part 40 determines the instinct and feeling, referring 
also to a motion (action) result. 
0086 The control mechanism part 43 controls respective 
operation parts, based on position transit information S18 
Supplied from the position transit mechanism part 42 on the 
basis of the position transit plan. After the position is 
actually transited, a next motion (action) determined by the 
action determination mechanism part 41 is actually carried 
Out. 

0087. That is, the robot apparatus 1 determines a next 
motion (action) based on the feeling/instinct by means of the 
above-described mechanisms of the controller 32, prepares 
a transit plan until the motion (action) is executed, lets the 
position transit based on the transit plan, and actually 
executes the motion (action) based on the feeling/instinct. In 
the following, the above-described respective Structural 
parts of the controller 32 will be explained. 
0088 (3-1) Processing in Feeling/Instinct Model Part 
0089. The feeling/instinct model part 40 can roughly 
Sectioned into an emotion group 50 which constructs a 
feeling model, and a desire group 51 which constructs an 
instinct model prepared as a model having a property 
different from the emotion model. 

0090 The feeling model is constructed by a feeling 
parameter of a certain value and is a model for expressing a 
feeling defined for the robot apparatus through a motion 
corresponding to the value of the feeling parameter. The 
value of the feeling parameter increases or decreases mainly 
based on an external input signal (external factor) which 
expresses “being hit' or “being scolded” and which is 
detected by a pressure Sensor, a visual Sensor, or the like. Of 
course, the feeling parameter changes based on an internal 
input signal Such as a battery residue, a body temperature, or 
the like, in Some cases. 

0091. The instinct model is constructed by an instinct 
parameter having a certain value and is a model for express 
ing an instinct (desire) defined for the robot apparatus, 
through a motion corresponding to the value of the instinct 
parameter. The value of the instinct parameter increases and 
decreases based on an internal input signal which expresses 
“a desire for exercise” based on its action history or “a desire 
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for electric charge (hungry)” based on the battery residue. Of 
course, the instinct parameter may change based on an 
external input signal (external factor), like the feeling 
parameter. 

0092. Each of the feeling model and instinct model is 
constructed by plural types of models of an equal property. 
That is, the emotion group 50 includes emotion units 50A to 
50F as independent feeling models having an equal property. 
The desire group 51 includes desire units 51A to 51D as 
independent instinct models having an equal property. 
0093. The emotion group 50 includes, for example, an 
emotion unit 50A indicating a feeling of “delight', an 
emotion unit 50B indicating a feeling of “Sorrow', an 
emotion unit 50D expressing “surprise', an emotion unit 
50E indicating a feeling of “fear”, and an emotion unit 50F 
indicting a feeling of “hate'. The desire group 51 includes, 
for example, a desire unit 51A indicating a desire of “move 
ment instinct”, a desire unit 51B indicating a desire of “love 
instinct”, a desire unit 51C indicating a desire of "recharge 
instinct”, and a desire unit 51D indicating a desire of “search 
instinct'. 

0094) In each of the emotion units 50A to 50F, the level 
of the emotion is indicated by an intensity (emotion param 
eter) of 0 to 100 levels. The intensity of each emotion 
changes moment by moment, based on the command Signal 
S1, the external information signal S2, and the internal 
information Signal S3 Supplied. Thus, the feeling/instinct 
model part 40 combines the intensities of the emotion units 
50A with each other to express the state of the robot 
apparatus 1 thereby to model the time-based change of the 
emotion. 

0.095. It is also arranged such that desired emotion units 
influence each other to change the intensities. For example, 
the emotion units are combined with each other Such that the 
units restrain or Stimulate each other thereby to change the 
intensities while influencing each other. 
0096) Specifically, the emotion unit 50A for “delight” and 
the emotion 50B for "Sorrow’ can be combined so as to 
restrain mutually each other, as shown in FIG. 5. In this 
case, when the user praises the robot apparatus, the intensity 
of the emotion unit 50B for “delight' is increased, and the 
intensity of the emotion unit 50B for "sorrow” is decreased 
in accordance with the increase of the intensity of the 
emotion unit 50A for “delight” even if such input informa 
tion S1 to S3 which will change the intensity of the emotion 
unit 50B for “sorrow' is not supplied. Similarly, when the 
intensity of the emotion unit 50B for “Sorrow” increases, the 
intensity of the emotion unit 50A for “delight” is decreased. 
0097. In addition, the emotion unit 50B for “sorrow” and 
the emotion unit 50C for “angry” may be combined so as to 
Stimulate each other. In this case, when the user hits the 
robot apparatus, the intensity of the emotion unit 50C for 
"angry” is increased, and the intensity of the emotion unit 
50B for "Sorrow' is increased in accordance with the 
increase of the intensity of the emotion unit 50C for “angry” 
even if such input information which will increase the 
intensity the intensity of the emotion unit 50B for “Sorrow” 
is not Supplied. Similarly, when the intensity of the emotion 
unit 50B for “Sorrow' is increased, the intensity of the 
emotion unit 50C for “angry” is increased in accordance 
with the increase of the intensity of the emotion unit 50B for 
“Sorrow'. 
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0098. Since desired emotion units thus influence each 
other thereby changing the intensities, the intensity of one of 
the combined emotion units changes as the intensity of 
another emotion unit is changed. A robot apparatuS 1 which 
has a natural feeling can be realized. 
0099. In the desire units 51A to 51D, the levels of desires 
are expressed by intensities (instinct parameters) of 0 to 100 
levels, like the emotion units 50A to 50F. Based on the 
Supplied command Signal S1 and external information Signal 
S2, the intensities of the desires are changed moment by 
moment. Thus, by combining the intensities of the emotion 
units 51A to 51D which change moment by moment, the 
feeling/instinct model part 40 expresses the State of the 
instinct of the robot apparatus 1, and the time-based change 
of the instinct is modeled. 

0100 Further, like the case of combining emotion units 
with each other, desired desire units can influence each other 
thereby to change their intensities. For example, desired 
units can be combined So as to mutually restrain or mutually 
Stimulate each other, So that the desired desire units influ 
ence each other thereby changing their intensities. In this 
manner, as the intensity of one of the desired desire units is 
changed, the intensity of another one of the combined desire 
units changes accordingly. It is thus possible to realize a 
robot apparatuS 1 which has a natural instinct. 

0101 Further, the units can influence each other between 
the emotion group 50 and the desire group 51, so that their 
intensities can be changed. For example, changes of the 
intensities of the desire unit 51 B for “love instinct” and the 
desire unit 51C for “recharge instinct” in the desire group 51 
influence changes of the intensities of the emotion unit 50B 
for “Sorrow” and the emotion unit 50C for “angry” in the 
emotion group 50. Or, a change of the intensity of the desire 
unit 51C for “recharge instinct” influences changes of the 
intensities of the emotion unit 50B for "Sorrow' and the 
emotion unit 50C for “angry'. In this manner, it is possible 
to express the States that the feelings of "angry” and "Sor 
row' are restrained when the “love instinct' is satisfied, and 
the feelings of “angry” and “Sorrow” are intensified when 
the “recharge instinct' is not Satisfied. Thus, mutual actions 
between the feelings and desires can express a State that 
feelings and instincts complicatedly influence each other. 

0102 AS has been described above, the feeling/instinct 
model part 40 changes each of the intensities of the emotion 
units 50A to 50F and the desire units 51A to 51D by the input 
information S1 to S3 containing the command signal S1, the 
external information Signal S2, and the internal information 
Signal S3, or by a mutual action between the units in the 
emotion group 50 and/or between the units in the desire 
group 51, and/or by a mutual action between the units in the 
emotion group 50 and the units in the desire group 51. 
0103). Further, the feeling/instinct model part 40 deter 
mines the State of feeling by combining the intensities of the 
changed emotion units 50A to 50F, and also determines the 
State of instinct by combining the changed intensities of the 
desire units 51A to 51D. The part 40 further sends the 
determined States of the feeling and instinct, as feeling/ 
instinct state information S10 to the action determination 
mechanism part 41. 
0104. Also, the feeling/instinct model part 40 is supplied 
with action information S12 which indicates the contents of 
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current and past actions of the robot apparatus 1 from the 
action determination mechanism part 41. For example, if the 
action of walk is determined by the determination mecha 
nism part 41, action information S12 is Supplied as infor 
mation which indicates that “it has walked for a long time'. 
0105. By thus feeding back the action information S12, 
different feeling/instinct state information S10 can be gen 
erated in correspondence with actions of the robot apparatus 
1 even if one same input information S1 to S3 is supplied. 
More specifically, the action information S12 to be fed back 
is referred to when determining the States of feeling and 
action, by the Structure as follows. 
0106 As shown in FIG. 6, in the feeling/instinct model 
part 40, there are provided intensity increase/decrease means 
55A to 55C for generating intensity information S14A to 
S14C for increasing/decreasing the intensity of the emotion 
units 50A to 50C, respectively, based on action information 
S12 indicating the action of the robot apparatus 1 and input 
information S1 to S3. The intensities of the emotion units 
50A to 50C are respectively increased/decreased in accor 
dance with the intensity information S14A to S14C output 
ted from the intensity increase/decrease means 55A to 55C. 
0107 For example, if the robot apparatus 1 is rubbed 
when it greets a user, the feeling/instinct model part 40 
Supplies the intensity increase/decrease means 55A with 
action information S12 indicating that it greeted the user and 
input information S1 to S3 indicating that it is rubbed by the 
user. Meanwhile, the feeling/instinct model part 40 does not 
change the intensity of the emotion unit 50A for “delight” 
even when the robot apparatus 1 is rubbed at its head during 
execution of any work, i.e., even if the intensity increase/ 
decrease means 55A is supplied with action information S12 
indicating that it is executing the work and input information 
S1 to S3 indicating that it is rubbed at its head. For example, 
the intensity increase/decrease means 55A is constructed in 
form of a function or table which will generate intensity 
information S14A to S14C based on the action information 
S12 and the input information S1 to S3. For example, this is 
the same with the other intensity increase/decrease means 
55B and 55C. 

0108 Thus, the feeling/instinct model part 40 comprises 
the intensity increase means 55A to 55C. By determining the 
intensities of the emotion units 50A to 50C with reference to 
not only the input information S1 to S3 but also the action 
information S12 indicating the current or past action of the 
robot apparatus 1, it is possible to avoid generation of an 
unnatural feeling which will increase the intensity of the 
emotion unit 50A for “delight' when the user rubs the robot 
apparatus 1 as a mischief. The feeling/instinct model part 40 
is arranged Such that each of the intensities of the desire 
units 51A to 51C is increased/decreased, based on the input 
information S1 to S3 and the action information S12, like the 
case of the desire units 51A to 51C. 

0109 The present embodiment has been explained with 
reference to an example in which the emotion units 50A to 
50C for “delight”, “Sorrow', and “angry” comprise the 
intensity increase/decrease means 55A to 55C. However, the 
present invention is not limited hitherto. Needless to Say, the 
other emotion units 50D to 50F for “surprise”, “fear”, and 
"hate' may comprise intensity increase/decrease means. 
0110 AS has been described above, the intensity 
increase/decrease means 55A to 55C generate and output 
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intensity information S14A to S14C in accordance with 
predetermined parameters, upon input of the input informa 
tion S1 to S3 and the action information S12. Therefore, if 
different values are respectively Set in different robot appa 
ratuses 1, the robot apparatuses can have different perSon 
alities, e.g., a touchy robot apparatus, a cheerful robot 
apparatus, and the like can be provided. 
0111 (3-2) Processing in Action Determination Mecha 
nism Part 

0112 The action determination mechanism part 41 is a 
Section which determines a next motion (action) based on 
various information. Specifically, the action determination 
mechanism part 41 determines a next motion (action), based 
on the input information S14 containing the feeling/instinct 
state information S10 and the action information S12, and 
sends the contents of the determined motion (action), as the 
action command information S16, to the position transit 
mechanism part 42. 
0113 More specifically, as shown in FIG. 7, the action 
determination mechanism part 41 uses an algorithm called 
probability finite automaton 57 having a finite number of 
States which will determine a next motion by expressing the 
history of the input information S14 Supplied in the past, as 
operation States (hereinafter called States), and by letting a 
corresponding State transit to another State, based on cur 
rently supplied input information S14 and the state at this 
time. 

0114 Thus, the action determination mechanism part 41 
lets the state transit every time when input information S14 
is Supplied. This part 41 determines an action in correspon 
dence with the state to which the state has transited from a 
previous one. In this manner, the motion can be determined 
by referring to not only the current input information S14 but 
also the past input information S14. 
0.115. As a result, for example, if input information S14 
indicating that “the ball has been lost' is Supplied in a State 
ST1 that “the robot apparatus 1 is chasing a ball', the state 
transits to a state ST5 indicating “standing”. On the other 
hand, if input information S14 indicating “Stand up!” in a 
state ST2 that the robot is “sleeping”, the state transits to a 
State ST4 indicating “stading”. Accordingly, it is found that 
the states ST4 and ST5 are different from each other even 
though one same action is taken, because the history of the 
past input information S14 differs between these states. 
0116. In practice, the action determination mechanism 
part 41 lets the current State transit to a neXt State, when 
existence of a predetermined trigger is detected. A specific 
example of the trigger is a fact that the time for which the 
action of the current State is kept executed reaches a constant 
value, a fact that Specific input information S14 is inputted, 
or a fact that among the intensities of the emotion units 50A 
to 50F and desire units 51A to 51D indicated by the 
feeling/instinct state information S10, the intensity of a 
desired unit exceeds a predetermined threshold value. 
0.117) For example, the action determination mechanism 
part 41 Selects the State of a transit destination, based on 
whether or not the intensity of a desired unit exceeds a 
predetermined threshold value, among the intensities of the 
emotion units 50A to 50F and desire units 51A to 51D 
indicated by the feeling/instinct state information S10 Sup 
plied from the feeling/instinct model part 40. IN this manner, 
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for example, one same command Signal S1 is inputted, the 
State can transit to different States in correspondence with the 
intensities of the emotion units 50A to 50F and desire units 
51A to 51D 

0118 Accordingly, the action determination mechanism 
part 41 generates action command information S16 for 
letting the robot apparatus itself "shake' in response to the 
palm of the hand Set in front of the eyes and Sends this 
information to the position transit mechanism part 42, if the 
action determination mechanism part 41 detects that the 
palm of a user's hand is set in front of the eyes of the robot 
apparatus, based on a Supplied external information signal 
S2, that the intensity of the emotion unit 50C for “angry” is 
equal to or lower than a predetermined threshold value, 
based on the feeling/instinct state information S10, and that 
the robot apparatus is “not hungry”, i.e., the battery voltage 
is equal to or higher than a predetermined threshold value. 

0119) Accordingly, the action determination mechanism 
part 41 generates action command information S16 for 
letting the robot apparatus 1“lick the palm of the hand”, if 
the action determination mechanism part 41 detects that the 
palm of a user's hand is Set in front of eyes, the intensity of 
the emotion unit 50C for “angry” is equal to or lower than 
a predetermined threshold value, and the robot apparatus is 
“hungry (recharge is needed)', i.e., the battery voltage is 
lower than a predetermined threshold value. 

0120) If the action determination mechanism part 41 
detects that the palm is Set in front of the eyes and that the 
intensity of the emotion unit 50C for "angry” is equal to or 
higher than a predetermined threshold value, the action 
determination mechanism part 41 generates action com 
mand information S16 for letting the robot apparatus 1 act 
like it "looks away' and sends it to the position transit 
mechanism part 42, regardless of whether or not the robot 
apparatus is not “hungry”, i.e., regardless of whether or not 
the battery Voltage is equal to or higher than a predetermined 
threshold value. 

0121 AS described above, the action determination 
mechanism part 41 determines a next action, based on the 
input information S14. For example, this part 41 holds a 
plurality of contents of actions to be determined, e.g., 
“action 1’, “action 2', “action 3”, “action 4', ... “action n”. 
For example, the “action 1' contains a motion content for an 
action of kicking a ball. The “action 2 contains a motion 
content for an action of expressing a feeling. The “action 3' 
contains a motion content for an action of autonomous 
Search. The “action 4' contains a motion content for an 
action of avoiding an obstacle. The “action n’ contains a 
motion content for an action of notifying a Small residue of 
battery. 

0122). From the plurality of information items thus pre 
pared, a Selection is made in accordance with the probability 
finite automaton 57, based on the input information S14. A 
next action is thereby determined. 

0123 The selection (determination) of an action is prac 
tically carried out by a selection module 44 as shown in FIG. 
8. The selection module 44 outputs the selection result as 
action command information S16 to the position transit 
mechanism part 42, and as action information S12 to the 
feeling/instinct model part 40 and the action determination 
mechanism part 41. For example, the Selection module 44 
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Stands a flag on a determined action, and outputs the 
information thereof as action information S12 and action 
command information to the action determination mecha 
nism part 41 and the position transit mechanism part 42. 
0.124. The action determination mechanism part 41 deter 
mines an action, based on the action information S12 in 
addition to the external information S21 (the command 
Signal S1 and external signal S2) or the like and the internal 
information S22 (the internal information signal S3 and the 
feeling/instinct state information S10) or the like. In this 
manner, a next action can be determined in consideration of 
a previous action. 
0.125. In addition, the feeling/instinct model part 40 
changes the States of the feeling and instinct, based on equal 
input information S1 to S3, as described above. As a result 
of this, the feeling/instinct model part 40 can generate 
different feeling/instinct state information S10 even if equal 
input information S1 to S3 is supplied, as described above. 
0.126 A group ID can be appended to the information 
indicating the motion contents of the “action 1’, “action 2', 
“action 3”, “action 4', . . . “action n”. The group ID 
expresses equal information common to one same category. 
For example, in case where a plurality of patterns of actions 
are included in the action of "kick a ball’, one same group 
ID is added to each of the plurality of actions. By thus 
appending one same group ID to each of actions in one same 
category, the actions in the one same category can be 
processed as a group. 

0127. For example, when an action is selected by the 
Selection module 44, one same group ID is issued to any 
action Selected from one same category. Then, the group ID 
appended to the Selected action is sent to the feeling/instinct 
model part 40, so that the feeling/instinct model part 40 can 
determine the States of the feeling and instinct. 
0128. In addition, the action determination mechanism 
part 41 determines parameters of an action to be executed in 
the State as a transit destination, Such as the Speed of 
walking, magnitudes of motions when hands and legs are 
moved, the pitch of a tone when a tone is generated, and the 
like, based on the intensity of a desired unit among the 
intensities of the emotion units 50A to 50F and desire units 
51A to 51D indicated by the feeling/instinct state informa 
tion S10 Supplied from the feeling/instinct model part 40. IN 
this manner, for example, one same command Signal S1 is 
inputted, the State can transit to different States in correspon 
dence with the intensities of the emotion units 50A to 50F 
and desire units 51A to 51D. The part 41 then generates 
action command information S16 and Sends it to the position 
transit mechanism part 42. 
0129. As for the input information S1 to S3 comprised of 
the command Signal S1, external information Signal S2, and 
internal information Signal S3, the contents of information 
differ in correspondence with the timing at which the infor 
mation is inputted to the feeling/instinct model part 40 and 
the action determination mechanism part 41. Therefore, the 
input information S1 to S3 is inputted also to the action 
determination mechanism part 41 together with the feeling/ 
instinct model part 40. 
0.130 For example, when the controller 32 is supplied 
with an external information signal S2 indicating that the 
“head is rubbed”, the controller 32 generates feeling/instinct 
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state information S10 indicating “delight” by means of the 
feeling/instinct model part 40, and Supplies it to the feeling/ 
instinct state information S10 to the action determination 
mechanism part 41. However, when an external information 
Signal S2 indicating "a hand exists in front of eyes” is 
Supplied in this State, the action determination mechanism 
part 41 generates action command information S16 of 
“willing to Shake', based on the feeling/instinct State infor 
mation S10 indicating “delight” and the external information 
signal S2 indicating that “a hand exists in front of eyes”. The 
part 41 sends it to the position transit mechanism part 42. 
0131. In addition, the transit destination of the motion 
State (or node) can be determined by a certain probability by 
the probability finite automaton 57. For example, when there 
is an input from the outside, the motion State transits to a 
certain motion state (action state) at a probability of 20% 
(transit probability). In practice, in case where transition is 
possible from the state ST10 of “walking to the state ST11 
of “running” or the state ST12 of “sleeping” as shown in 
FIG. 9, the transit probability of transition to the state ST11 
of “running” is set to P1 and the transit probability of 
transition to the state ST12 of “sleeping” is set to P2. The 
transit destination is determined those probabilities. Note 
that a technique of determining a transit destination by 
probability is disclosed in the Japanese Patent Application 
KOKAI Publication No. 9-114514. 

0132 Also, the robot apparatus 1 holds information con 
cerning the probability of transition to a State, in form of a 
table. An example of the table is shown in FIG. 10. The table 
shown in FIG. 10 is constructed by node names, inputted 
event names, data names of inputted event, ranges of data of 
inputted events, and information concerning transit prob 
abilities of transitions to States. 

0133. From this kind of table, the transit probability of 
transition to a certain State is determined in correspondence 
with an inputted event, and the State of the transit destination 
is determined on the basis of the transit probability. 
0134) The node name which indicates a current action 
State indicates an action State (or State simply) of the robot 
apparatus 1, i.e., it indicates what action is being executed 
OW. 

0135 Also, the inputted event is information inputted to 
the robot apparatus 1, and the table is classified with use of 
these inputted events. For example, the “BALL" of the 
inputted event name means that the inputted event indicates 
detection of a ball. “PAT” means being patted. “HIT means 
being hit. “MOTION” means detection of a moving ball, and 
“OBSTACLE” means detection of an obstacle. 

0136. In addition, the table is set up with use of a large 
number of inputted events. The present embodiment will be 
explained with reference to the case where “BALL”, “PAT, 
“HIT”, “MOTION', and “OBSTACLE”. 
0.137 The data range of inputted events means the range 
of data in case where Such an inputted event requires a 
parameter, and the data name of the inputted event means 
Such a parameter name. That is, if an inputted event is 
“BALL, the data name means “SIZE which is the size of 
the ball, and the range of data means that the range of Such 
a size is 0 to 1000. Similarly, if an inputted event is 
“OBSTACLE', the data name means the distance "DIS 
TANCE' thereof The data range means that the range of 
Such a distance is 0 to 100. 
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0.138 Further, a transit probability of transition to a state 
is assigned to each of a plurality of States which can be 
Selected in accordance with the characteristic of an inputted 
event. That is, transit probabilities are assigned respectively 
to arcS Such that the total of the transit probabilities assigned 
to States which are Selectable with respect to an inputted 
event. More specifically, in case of the inputted event of 
“BALL", the total of transit probabilities 30%, 20%, . . . 
assigned to “ACTION 1”, “ACTION 3", . . . that can be 
Selected in accordance with the characteristic of this inputted 
event is arranged to become 100%. 
0139) Note that the “node” and “arc” described herein are 
generally defined by So-called probability finite automaton. 
“Node” is defined as a state (called an action state in the 
present embodiment). "Arc is defined as an oriented line 
(called a transit motion in the present embodiment) which 
connects the “arc” and “node” with a certain probability. 
0140 From the table constructed by information as 
described above, an inputted event, the range of data 
obtained by the inputted event, and the transit probability are 
referred to, and the State as a transition destination is 
Selected in the manner described below. 

0141 For example, in case where the robot apparatus 1 
detects a ball (i.e., in case where an inputted event is 
“BALL), a node 3 as a current state transits to a node 120 
at a probability of 30% when the size of the ball is 0 to 1000. 
In this transition, the arc assigned to the “ACTION 1” is 
Selected, and a motion or expression corresponding to 
“ACTION 1 is executed. Or, the node 3 as a current state 
transits to the node 500 at a probability of 20%. In this 
transition, the arc to which “ACTION 3” is assigned is 
Selected, and a motion or expression corresponding to 
“ACTION 3’ is carried out. “ACTION 1’ and “ACTION 3’ 
may be, for example, “bark” and “kick” or so. Meanwhile, 
when the size of the ball is 1000 or more, “node 120” and 
“node 500” are selected with no probability. 
0142. Also, in case where the robot apparatus 1 finds an 
obstacle (in case where an inputted event is “OBSTACLE”), 
the node of “node 1000” as a moving-back action is selected 
at a probability of 100% when the distance therefrom to the 
obstacle is 0 to 100. That is, the arc appended with “MOVE 
BACK" at a probability of 100%, and the “MOVE BACK” 
is executed. 

0143 As described above, a state (node) or arc can be 
Selected, or an action model can be determined with use of 
a table or the like. Thus, it is possible to prevent one same 
transit determination from being always Selected, by deter 
mining the State of a transit destination in consideration of 
a probability. That is, expression of the action of the robot 
apparatus 1 can be enriched. 
0144. In addition, selection of a state described above and 
determination of an action model can also be made on the 
basis of the State of an emotion model. For example, an 
action mode can be determined by changing the transit 
probability of transition between states described above on 
the basis of the state of the emotion model. 

0145 For example, determination of transition to a state 
as described above is utilized. That is, the state of the 
emotion model (e.g., the level thereof) is referred to, and the 
transit probability is changed in accordance with the State of 
the emotion model. In this manner, determination of an 
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action model is made on the basis of the emotion model. AS 
a result, the action model is influenced by the State of the 
emotion model. This will be explained with user of the table 
shown in FIG. 10. 

0146). For example, “JOY”, “SURPRISE", and “SAD 
NESS’’’ are prepared as data which determines the transit 
probability. The “JOY”, “SURPRISE", and “SADNESS" 
correspond to emotion units 50A, 50D, and 50B of the 
emotion model. Further, the range of data is set to 0 to 50, 
for example. This data range corresponds to the level of the 
emotion unit described above. 

0147 In this manner, when “JOY”, “SURPRISE", and 
“SADNESS’’’ are at predetermined levels, e.g., 0 to 50 in the 
case of the present embodiment, a predetermined transit 
probability of transition to a predetermined State is deter 
mined. For example, if “JOY” whose data range is 0 to 50 
has an actual level of 30, arcs assigned with “ACTION 1’, 
“ACTION 2”, “MOVE BACK", “ACTION 4" are selected 
respectively at probabilities of 10%, 10%, 10%, and 70%, 
and the State transits to a predetermined States. 
0148. As shown in FIG. 10, the transit probability can be 
determined even in a State where no input is Supplied from 
the outside by referring to “JOY”, “SURPRISE", and “SAD 
NESS' regardless of inputted events, i.e., by referring to 
them in a So-called empty event State. In this manner, for 
example, the emotion model can be referred to for determi 
nation of the transition probability when no inputted event is 
detected for a predetermined time. 

0149 Further, in this case, the actual levels of “JOY", 
“SURPRISE", and “SADNESS” can be referred to by 
referring to “JOY”, “SURPRISE", and “SADNESS" in this 
order. In this manner, for example, when the actual level of 
“SADNESS" is 60, the data range is set to 0 to 50 so that the 
actual level of the next "JOY” is referred to. Further, in case 
where “JOY” whose data range is 0 to 50 has an actual level 
20, the arc to which “ACTION 2' is assigned is selected at 
a probability of 30% and the arc to which “MOVE BACK” 
is assigned is selected at a probability of 60%, so that the 
State transits to a predetermined State. 

0150. As described above, the present embodiment is 
arranged Such that the action model can be determined on 
the basis of the state of the feeling model. Thus, the action 
model is influenced by the state of the feeling model thereby 
enriching expressions of the robot apparatus 1. 

0151. By various means as described above, the action 
command information S16 is determined by the action 
determination mechanism part 41. 
0152 (3-3) Processing in Position Transit Mechanism 
Part 

0153. The position transit mechanism part 42 is a part 
which generates information for transiting to an aimed 
position or aimed motion. Specifically, the position transit 
mechanism part 42 generates position transit information 
S18 for letting the current position or motion to a next 
position or motion (an aimed position or motion), based on 
the action command information S16 Supplied from the 
action determination mechanism part 41, as shown in FIG. 
3. The part 42 then sends the information to the control 
mechanism part 43. For example, the position to which the 
current position can transit is determined by the physical 
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shape of the robot apparatuS 1, Such as the shapes of the 
trunk, hands, and legs, the size, and the connecting States of 
respective parts, and the mechanisms of the actuatorS 23A to 
23N, Such as directions and angles in and at which joints 
bend. The position transit information S18 is prepared as 
information for executing transition, taking into consider 
ation the above. 

0154) The control mechanism part 43 actually moves the 
robot apparatus 1 based on the position transit information 
S18 thus sent from the position transit mechanism part 42. 
O155 The position transit mechanism part 42 previously 
registers positions to which the robot apparatus 1 can transit 
and motions to be taken when it transits. For example, the 
positions and motions are maintained in form of a graph, and 
the part 42 Sends action command information S16 Supplied 
from the action determination mechanism part 41, as posi 
tion transit information S18, to the control mechanism part 
43. The control mechanism part 43 operates in accordance 
with the position transit information S18 and lets the robot 
apparatus transit to an aimed position or an aimed motion. 
In the following, processing to be executed by the position 
transit mechanism part 42 will be explained specifically. 
0156 For example, the robot apparatus 1 cannot directly 
transit to a position according to the contents of a command 
(action command information S16) in Some cases. This is 
because the positions of the robot apparatus 1 are classified 
into the type of positions to which the robot apparatus 1 can 
transit directly from the current position, and the type of 
positions to which it cannot transit directly from the current 
position but can transit through a certain motion or position. 
O157 For example, the quadruped robot apparatus 1 can 
directly transit from a position in which the robot apparatus 
1 lies down Stretching out widely hands and legs to a 
position in which it keeps itself down but cannot directly 
transit to a Standing position. Therefore, the robot apparatus 
1 needs motions in two stages, i.e., the robot apparatuS 1 
must once contract its hands and legs close to the trunk and 
then Stands up. In addition, there is a position which cannot 
be executed Safely. For example, when the quadruped robot 
apparatuS 1 is going to raise both front legs to give a hail in 
a Standing position, it stumbles. Or, when “thrashing its 
legs' which can be carried out only in the Sitting position is 
Sent as a content of a command, the current position is a 
lie-down position (Sleeping position), transition from the 
Sleeping position to the Sitting position and motion of 
thrashing legs are executed if the command is issued 
directly. Therefore, the robot apparatus 1 loses its balance 
and Stumbles over. 

0158. Therefore, if the action command information S16 
Supplied from the action determination mechanism part 41 
indicates a position to which the robot apparatuS 1 can 
directly transit, the position transit mechanism part 42 
directly sends the action command information S16 as the 
position transit information S18 to the control mechanism 
part 43. Otherwise, if the action command information S16 
indicates a position to which the robot apparatuS 1 cannot 
directly transit, the position transit mechanism part 42 
generates position transit information S18 which lets the 
robot apparatus 1 transit to an aimed position (action com 
mand information S16 indicated by the action command 
information S16) through another position or motion to 
which the robot apparatus can transit. The part 42 then Sends 
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it to the control mechanism part 43. In this manner, the robot 
apparatus 1 can avoid a Situation that a position to which the 
robot apparatus cannot transit is forcedly carried out or 
Stumble. Or, preparation of a plurality of actions to be 
executed until an aimed position or motion is achieved can 
be connected to enrichment of expressions. 
0159 Specifically, the position transit mechanism part 42 
holds a graph that registers positions and motions, which the 
robot apparatus 1 can take, and that is constructed by 
connecting a position and a motion for letting this position 
transit. The position transit mechanism part 42 Searches a 
route from the current position to an aimed position or an 
aimed motion, on the graph, based on the action command 
information S16 as command information, and lets the robot 
apparatus 1 move on the basis of the Search result, thereby 
to let the robot apparatus transit from the current position to 
an aimed position or motion. That is, the position transit 
mechanism part 42 previously registers a position which the 
robot apparatus 1 can take and records routes through which 
the robot apparatus can transit between two positions. Based 
on this graph and the action command information S16 
outputted from the action determination mechanism part 41, 
the robot apparatus 1 is let transit to an aimed position or 
motion. 

0160 Specifically, the position transit mechanism part 42 
uses an algorithm called an oriented graph 60 as shown in 
FIG. 11, as a graph described above. The oriented graph 60 
is constructed by nodes indicating positions which the robot 
apparatus 1 can take, oriented arcs (motion arc) each con 
necting two positions (nodes) between which the robot 
apparatus can transit, and, in Some cases, arcs of motions 
each expressing return from a node to itself, i.e., a Self 
motion arc expressing a motion completed within one node. 
The nodes and arcs are connected to each other. That is, the 
position transit mechanism part 42 maintains an oriented 
graph 60 which is constructed by nodes as information 
indicating positions of the robot apparatus 1, and oriented 
arcs and Self-motion arcs as information indicating motions 
of the robot apparatuS 1. In addition, the part 42 grasps 
positions as information of points, and further, information 
of motions as information of oriented lines. 

0.161 The oriented arcs and self-motion arcs may be 
plural. That is, a plurality of oriented arcs may be connected 
between nodes (positions) between which the robot appa 
ratus can transit, and one node may be connected to a 
plurality of Self-motion arcs. 

0162. When action command information S16 is supplied 
from the action determination mechanism part 41, the posi 
tion transit mechanism part 42 searches a route from the 
current node to a next node, following the direction of an 
oriented arca, Such that a node corresponding to a current 
position and a position to be taken next, which is indicated 
by the action command information S16, and records nodes 
on the Searched route in order, thereby to prepare a plan of 
position transition. In the following, Search for a route to an 
aimed node (the node indicated by a command) from the 
current position is called a route Search. The aimed arc 
described herein may be an oriented arc or a Self-motion arc. 
For example, the case where the Self-motion arc is an aimed 
arc is a case where the Self-motion is aimed (commanded), 
e.g., a case where a predetermined trick (motion) is 
instructed, or the like. 
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0163 The position transit mechanism part 42 outputs a 
control command (position transit information S18) to the 
control mechanism part 43 in the rear Stage, based on a 
position transit plan until an aimed position (node) or motion 
(oriented arc or Self-motion are) is attained. 
0164. For example, as shown in FIG. 12, when action 
command information S16 of “Sit down” is supplied in case 
where the current position is at a node ND indicating a 
position of “being down', an oriented arc ao exists from a 
node ND indicating the position of “being down” to a node 
NDs indicating the position of "sitting, So direct transition 
can be achieved. As a result, the position transit mechanism 
part 42 Supplies position transit information S18 indicating 
a content of “Sit down” to the control mechanism part 43. 
0165. When action command information S16 of 
“Walk” is supplied in case where the current position is at 
a node ND indicating the position of “being down, direct 
transition from “being down” to “walk' cannot be achieved, 
So that the position transit mechanism part 42 searches a 
route from a node ND2 indicating the position of “being 
down” to a node ND indicating the position of “walking”, 
thereby to prepare a position transit plan. That is, a position 
plan is prepared Such that a node ND indicating the position 
of “standing” is selected through the oriented arc a from the 
node ND2 indicating the position of being down, and the 
position further reaches a node ND through an oriented arc 
a from the node ND indicating the position of “standing”. 
AS a result of this position transit plan, the position transit 
mechanism part 42 issues position transit information S18 
having a content of “Stand up!”, and thereafter outputs 
position transit information S18 having a content of “Walk!” 
to the control mechanism part 43. 
0166 AS for pasting of a self-motion arc to each node in 
case where a graph is constructed by nodes as shown in FIG. 
12, a Self-motion arc indicating a motion of “dance' is 
pasted on a node ND indicating a position indicating the 
position of “standing. Or, a Self-motion arc indicating a 
motion of “hail” is pasted on a node ND indicating the 
position of "sitting', or a Self-motion arc indicating a motion 
of "Snore” is pasted on a node ND indicating the position 
of “stretch out. 

0.167 The robot apparatus 1 is constructed so as to 
normally grasp what position the robot apparatuS 1 is in. 
However, the robot apparatus 1 loses its current position in 
Some cases. For example, the robot apparatus 1 cannot grasp 
its current position when it is lifted up by a user, when it 
Stumbles over, or when the power is Started. For example, 
the current position which thus cannot be grasped is called 
an indefinite position. If the current position thus cannot be 
grasped and is determined to be an indefinite position, a 
So-called Start position cannot be determined, So that a 
position transit plan until an aimed position or motion 
cannot be prepared. 
0168 Hence, a node indicating a neutral position is 
provided. If the current position is indefinite, the robot 
apparatus is let transit to a neutral position, and a position 
transit plan is then prepared. For example, when the current 
position is indefinite, the neutral position is let transit to the 
node ND, as shown in FIG. 13, and this position is then let 
transit to a node indicating a basic position Such as a node 
ND indicating the position of “standing”, the node NDs 
indicating the position of “sitting”, or the node ND indi 
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cating the position of "lying down”. Further, after the 
transition to this basic position, a position transit plan is 
prepared as an original problem. 

0169. The present embodiment has been explained with 
the "standing”, “Sitting, and "lying down' positions cited as 
basic positions to which the neutral position transits. Need 
less to Say, the present embodiment is not limited hitherto 
but another position may be taken as a basic position. 
0170 With respect to transition from an indefinite posi 
tion to the neutral position (node), an operating part (e.g., an 
actuator) is driven at a low torque or a low speed, for 
example. In this manner, the load to the Servo is reduced. 
Therefore, the operating part can further be prevented from 
being driven like in normal operation and from being 
damaged thereby, for example. For example, the tail part 5 
normally moves as if it swung. However, if this motion of 
the tail part 5 is carried out when the position transits to the 
neutral position (node), the tail part 5 may be damaged if the 
robot apparatuS 1 lies down in an indefinite position. 
0171 Also, the robot apparatus 1 can grasp a stumble of 
itself and can transit from a stumble position to a node 
indicating a basic position as described above. For example, 
the robot apparatuS 1 is provided with an acceleration Sensor 
and detects Stumbling of itself. 
0172 Specifically, when the robot apparatus 1 detects 
that it has Stumbled by means of an acceleration Sensor, the 
robot apparatus 1 makes a predetermined motion for recov 
ery from the stumble and thereafter transits to a node 
indicating a basic position as described above. 
0173 The robot apparatus 1 is also arranged so that it 
grasps the Stumbling direction. More specifically, the robot 
apparatus 1 can grasp its Stumbling direction in both of the 
frontward, backward, leftward, and rightward directions. In 
this manner, the robot apparatus 1 can make a motion for 
recovery from a stumble in correspondence with the Stum 
bling direction. Accordingly, the robot apparatus can rapidly 
transit to a basic position. 

0.174. When a stumble is detected, a predetermined 
expression may be outputted. For example, the robot appa 
ratus thrushes its legs according to a Self-motion arca, as 
a predetermined expression. In this manner, it is possible to 
express a situation that the robot apparatus 1 has stumbled 
over and Struggles. 

0.175. Further, if a plurality of oriented arcs not shown 
exist between a node ND of "lying down” and a node ND 
of "standing', a position transit plan of transiting to the node 
ND of “standing can be prepared by Selecting an optimal 
oriented arc. 

0176). As described above, there are cases that a plurality 
of oriented arcs exist between nodes and that a plurality of 
nodes are connected to one node through oriented arcs. 
Therefore, there are a plurality of routes that connect an 
aimed node or arc (oriented arc or a self-motion arc) from a 
current node. 

0177. From the above, a position transit plan is prepared 
in order to take an index of shortening the distance between 
a current node and an aimed node, as an index, i.e., by means 
of a So-called shortest distance Search for a route which 
provides the shortest distance. 
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0.178 As shown in FIG. 14, the shortest distance search 
is carried out using the concept of distance for an oriented 
arc (arrow mark) connecting nodes (circle mark). A route 
Search method of this kind is a path Search logic of 
DAIKISUTORA (phonetic translation). The distance can be 
Substituted by a concept of weighting, time, or the like as 
described later. FIG. 14 shows a result of connecting nodes 
to which the current position can transit through an oriented 
arc having a distance of “1”. 
0179 Therefore, it is possible to select the shortest route 
from the current position (node) to an aimed node by using 
this kind of distance as an index of a route Search. 

0180 More specifically, Suppose a case that four routes 
exist from the current node to an aimed node wherein the 
first to fourth routes respective have distances of “12”, “10”, 
“15”, and “18”. The node transits through the second route 
having the distance of “10”, and a position transit plan until 
an aimed position is prepared. 
0181. The method of searching the shortest distance is 
not limited to the method of this kind. 

0182. In the above example, a plurality of routes are 
Searched, and the route having the shortest distance to an 
aimed node is Selected from the Search result. In other 
words, routes through which the current node can transit to 
an aimed node are Searched as many as possible to attain a 
plurality of routes. From the plurality of routes, the shortest 
route is specified with the distance used as an indeX. 
However, Search for a route having the shortest distance is 
not limited to search for the shortest route by means of this 
method but the processing of route Search can be terminated 
at the time point when the Shortest route to an aimed node 
is detected. 

0183 For example, the distance as a search index is 
gradually extended from the current position to Search nodes 
one after another. Every time a node is Searched, the node at 
the shortest distance (which is not the node as a target) is 
determined. Finally, at the time point when the node as a 
target is detected, processing for Searching a route is termi 
nated. That is, for example, the concept of “equal distance' 
which can be recognized by the concept of “contour lines' 
is used, and the distance from the current node is extended 
to detect nodes on the “equal distance' one after another. At 
the time point when the node as a target can be detected 
finally, the processing of Searching a route is terminated. 
Path Search of DAIKISUTORA can be cited as a method of 
Searching a route. 

0184. According to this kind of search for a route of the 
Shortest distance, the route causing the Shortest distance can 
be searched without Searching all the routes that can exit 
with respect to a node as a target. Therefore, the route of the 
Shortest distance can be detected in the shortest time. As a 
result, it is possible to reduce the load to the CPU and the 
like, which is required to perform this kind of Search 
processing. Accordingly, the shortest route to the node as a 
target can be detected without Searching all of the routes. 
The load caused by search from the entire network can be 
eliminated. For example, in case where the network which 
constructs this graph is of a large Scale, the route can be 
searched with the load reduced. 

0185. Also, as shown in FIG. 15, the method of searching 
a route may be arranged as follows. Nodes are previously 
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classified (clustered) roughly on the basis of actions or 
positions. A coarse Search is carried out at first by clustering. 
Thereafter, a detailed search may be carried out. For 
example, when the robot apparatus is let take a position of 
“right front leg kick', an area of the class of “kick a ball' is 
Selected at first as a route Search range, and a path is then 
Searched only in the area. 
0186 For example, coarse classes and elements thereof 
are related with each other, i.e., “kick a ball” and “right front 
leg kick” are related with each other by adding ID informa 
tion and the like when designing this kind of System. 

0187 Between nodes, an oriented arc oriented in both 
directions to the nodes may exist. Therefore, there may be an 
oriented arc which returns from a node to which the robot 
apparatus once has transited. In this case, a returning ori 
ented arc may be Selected if there is no limitation to route 
Search, and the transition may return to an original node, in 
Some cases. To prevent this, it is possible to Select an 
oriented arc which does not lead to a node which the robot 
apparatus has once passed. 

0188 In case where the node as a target cannot be 
reached, a result that a final position cannot be taken is 
outputted to an upper control means, a lower control means, 
or the like. 

0189 The above example has explained that the target is 
a position (node). However, the target may be a motion, i.e., 
an oriented arc or a Self-motion arc. A case that the arc as a 
target is a Self-motion arc will be a Situation that leg parts 4 
are let thrash or So. 

0190. In addition, it is possible to refer to weights added 
to oriented arcs and motion times of oriented arcs, as indexes 
for route Search. If weights are added to oriented arcs, the 
following manner is taken. 
0191 The total sum of weights of oriented arcs existing 
on each candidate for the route from the current node to a 
node as a target is calculated, and comparison of the total 
Sum is made for every candidate for the route. An optimal 
route (e.g., a route requiring the minimum cost) is selected. 
0.192 The following will shows a case of considering the 
motion times (execution time) of oriented arcs. 
0193 For example, if the current node transits to an 
aimed node through two oriented arcs wherein the two 
oriented arcs require respectively motion times of one 
Second and two Seconds, the transit time requires three 
Seconds. Hence, if the current node ND transits to an aimed 
node ND in the graph as shown in FIG. 16, there are a case 
where the current node transits to the aimed node ND 
through a node ND and a case where the current node 
transits to an aimed node ND only through an oriented arc 
a. Where the motion time is used as an index, the robot 
apparatus 1 can reach faster the aimed node ND in a shorter 
time period in the former case of transition through the node 
ND passes through the oriented arc a which requires a 
motion time of one Second and the oriented arc a which 
requires a motion time of two Seconds, while the latter case 
of transition only through the oriented arc a which directly 
connects the current node ND and the aimed node ND to 
each other and which requires a motion time of five Seconds. 
Accordingly, in case where the motion time is taken as an 
index, it is possible to make a position transition plan that the 
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aimed node can be reached in the Shortest time by the 
transition through two oriented arcs. 
0194 Also, the weights added to oriented arcs or the 
distances may be used as the difficulty levels of motions. For 
example, the fact that the difficulty level is low is set as a fact 
that the distance is short. Also, one of oriented arcs can be 
Set as a default. By Setting one of the oriented arcs as a 
default, it is possible that the default oriented arc is normally 
Selected and another oriented arc which is not the default is 
Selected only when an instruction is given. 
0.195 AS described above, by adding any indexes for 
route Search to oriented arcs, i.e., by adding motion times or 
difficulty levels whose balances are difficult to keep to 
oriented arcs, it is possible to make a position transit plan 
which Selects an optimal route by avoiding a large action. In 
addition, it is possible to make a position transit plan which 
Selects a route of an optimal efficiency by adding energy 
consumption rates to oriented arcs. 

0196. Since there is a case where a plurality of oriented 
arcs exist between nodes, a probability of Selection can be 
assigned to every oriented arc. That is, different probabilities 
are respectively assigned to arcs. In this manner, Various 
motions can be Selected between Same nodes, So that a 
variety can be given to a Series of motions. For example, 
when the Sitting position transits to the Standing position, a 
motion in which folded legs are once extended backwards 
and the robot apparatus then Stands up on four legs or a 
motion in which front legs are expanded forwards and the 
robot apparatus then stands up is selected depending on the 
probabilities. In this manner, it is possible to bring about an 
effect that which motion the robot apparatus takes to Stand 
up cannot be predicted before a Selected motion is repro 
duced (or carried out actually). 
0.197 More specifically, a probability Pi assigned to an 
oriented arc added with a weight or distance of mi can be 
expressed by the expression (1) where distances or weights 
of oriented arcs are m, m-, m-, ... and the total Sum thereof 
(m+m2 +ma+ . . . ) is M. 

M - n: (1) 
T (M - mi) + (M - m2) + (M - m3)+... i 

0198 In this manner, an oriented arc having a large 
weight is Selected as a transit route at a low probability while 
an oriented arc having a Small weight is Selected as a passing 
route at a high probability. 

0199 Also, it is possible to limit the area where route 
Search is carried out. For example, route Search may be 
limited to routes within a predetermined range. In this 
manner, an optimal route can be Searched in a much shorter 
time. 

0200. In addition, if an optimal route is selected by 
additionally executing weighting thereon, monotonousness 
in motions for compensation between distant positions can 
be avoided, and the probability of transition through a route 
of a high risk can be reduced. 

0201 Also, arcs (oriented arcs or self-motion arcs) can be 
registered in the graph as described below. 
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0202 For example, a plurality of execution forms can be 
considered with respect to a motion of “walk”. For example, 
as shown in FIG. 17, motions of walk in a direction of angle 
0, walk in a direction of angle 30, and walk in a direction 
of angle 60 can be a plurality of execution forms. Providing 
a plurality of execution forms for one motion, i.e., increase 
of the number of parameters concerning one motion leads to 
enrichment of expressions of the robot apparatus 1. These 
motions can be achieved by providing arcs having those 
different parameters. 

0203 Meanwhile, this provision of arcs having different 
parameters corresponding to a plurality of execution forms 
is not preferred for the aspect of effective use of resources 
of a network. This is because ninety one arcs are required, 
in case of executing motions of walking in different direc 
tions at a regular interval of 1 from 0 to 90. 
0204. Therefore, “walk” is set as a path, and the walking 
directions are Set as parameters. For example, in a Self 
motion arc, “walk” is instructed and a walking direction is 
optionally Supplied as a parameter at this time. “Walk” is 
carried out in the direction Specified by the parameter when 
the motion is reproduced. As a result of this, the instruction 
of “walk” can be accomplished with the walking direction 
finely Set and without necessitating a plurality of Self-motion 
arcs, if only one Self-motion arc of “walk” and a parameter 
of the walking direction are provided. In this manner, the 
graph can be simplified even if the Scenario varies. Network 
resources can be used effectively. 
0205 Specifically, information concerning a parameter 
of a motion, Such as a walking direction, is added as 
additional information to action command information S16. 
The position transit mechanism part 42 sends position transit 
information S16 having a content of “walk” and added with 
Such a parameter, to the control mechanism part 43. 

0206. The above-described embodiment has explained a 
case of adding a parameter to a Self-motion arc. The present 
embodiment is not limited hitherto but a parameter may be 
added to an oriented arc. Accordingly, it is unnecessary to 
prepare a plurality of oriented arcs which have different 
“walking directions” as parameters although the motion of 
“walk” is common to the oriented arcs. 

0207. In case of repeating one same motion, information 
of “three times” is optionally supplied as the number of 
times to be repeated. As a result, the command forms can be 
Simplified. In this manner, for example, when the robot 
apparatus is let walk three Steps, this instruction can be 
executed by an instruction form of “walk” and “three 
times”, in place of issuing the command of “walk' three 
times or issuing a command of “walk three times (Steps)'. 
In this manner, the arcs or node which constructed by Such 
instruction forms can be maintained with the information 
amount reduced. In addition, Since the number of repetitions 
can be specified, the number of time for which instructions 
are issued and the time period until an instruction is trans 
mitted can be shortened. 

0208 For example, as shown in FIG. 18, information of 
“one Step walk' as an instruction for a motion of walk Step 
by Step is outputted to the control mechanism part 43, and 
"3” is instructed as a parameter thereof In this manner, a 
motion of walking only three Steps is achieved. Also, by 
instructing “7” as a parameter, the robot apparatus is let 
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make a motion of walking Seven Steps. Further, by instruct 
ing "-1" as a parameter, the robot apparatus can be let keep 
walking until another instruction is given with respect to 
legs. 

0209 Also, the robot apparatus is let repeat a motion. A 
Stop command for Stopping a repetitive motion is given later 
to the control mechanism part 43. In this manner, the robot 
apparatus can be let execute repeatedly one same motion. 
0210 Also, a predetermined arc can be executed with an 
expression pasted thereon. That is, in case where a prede 
termined motion (arc) is executed, it is possible to let the 
robot apparatus execute a motion as another expression in 
Synchronization with the predetermined motion. For 
example, as shown in FIG. 19, in case where an oriented arc 
a for transiting from the node ND of the Sitting position to 
the node ND of the Standing position is Set, a predetermined 
Voice or motion can be let correspond to the predetermined 
oriented arca. In this manner, an expression of Smiling eyes 
or a voice of "Mmm can be reproduced in synchronization 
with a motion of transiting from the Sitting position to the 
Standing position. Thus, a thick expression is enabled by a 
combination of different parts, thereby involving an effect 
that the Scenario is enriched. 

0211. In Some cases, Self-motion arcs connected to nodes 
overlap each other. An example thereof will be the case 
where a motion of getting angry is made at each of the nodes 
of the sleeping position, Sitting position, and Standing posi 
tion, as shown in FIG. 20. 

0212. In this case, a motion named "angry” is named to 
each of motions expressing anger, Such as a Self-motion arc 
from the Sleeping position to the Sleeping position, a Self 
motion arc from the Sitting position to the Sitting position, 
and a Self-motion arc from the Standing position to the 
Standing position. Then, by merely Supplying an instruction 
of "anger', the closest motion (Self-motion arc) of "angry” 
can be Searched by shortest route Search. That is, the shortest 
executable route among aimed motions (Self-motion arcs) is 
Selected as a position transit plan. In this manner, for 
example, when action command information S16 of "angry” 
is Sent in case where the current position is the closest to the 
Sleeping position, a motion of Scraping the ground in the 
Sleeping position is executed as a motion of getting angry 
which is connected as a Self-motion arc of the node of the 
Sleeping position. 

0213 If there is a self-motion arc of executing thus one 
Same motion at each of a plurality of nodes and if an 
instruction for Such a predetermined motion is given, a 
motion can be executed in an optimal position (the position 
at the shortest distance) by the shortest distance Search. In 
this manner, the upper control means can execute an 
instructed motion without necessitating constant grasp of 
States or motions of respective parts. That is, for example, 
the upper control means (position transit mechanism part 42) 
needs only to grasp the current node if the command of 
"angry” is given. A position transit plan up to a motion of 
getting angry in the Sleeping position at the shortest distance 
can be prepared by only Searching the Self-motion arc of 
"angry” without Searching an actual node of "getting angry 
in a sleeping position'. 

0214. Also, as described above, if a motion of one same 
System is instructed by one same name, an optimal motion 
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is Searched and Selected on a previously registered graph, 
based on the current position. Therefore, a motion instruc 
tion Such as "angry” or the like, which has abstract and rich 
patterns, can be instructed in a simple manner. 
0215. The robot apparatus 1 can operate separately 
respective componential parts of itself That is, commands 
concerning respective componential parts can be executed. 
Such componential parts of the (entire) robot apparatus 1 
will be the head part 2, leg parts 4, and tail part 5, as shown 
in FIG. 21. 

0216) In the robot apparatus 1 thus constructed, the tail 
part 5 and the head part 2 can be moved individually. That 
is, Since resources of these parts do not compete with each 
other, these parts can be operated individually. Meanwhile, 
the entire robot apparatus 1 and the head part 2 cannot be 
moved individually. That is, Since resources of the entire 
apparatus and this part compete with each other, the entire 
robot apparatus 1 and the head part 2 cannot be moved 
individually. For example, contents of a command concern 
ing the head part 2 cannot be executed while a motion of the 
entire apparatus, a command of which contains a motion of 
the head part 2, is being executed. For example, it is possible 
to Swing the tail part 5 while Swinging the head part 2. On 
the other hand, it is impossible to Swing the head part 2 while 
a trick is carried out by the entire apparatus. 
0217 Table 1 shows combinations of resources in cases 
where resources compete with action command information. 
S16 Supplied from the action determination mechanism part 
41 and resources do not compete with it. 

TABLE 1. 

COMBINATION OF PARTS COMPETITION OF RESOURCES 

HEAD, TAIL NO 
HEAD, ENTIRE YES 
LEGS, ENTIRE YES 
HEAD, LEGS, TAIL NO 

0218. Thus, if commands whose resources compete with 
each other are Supplied, either a command concerning a 
motion of the entire apparatuS 1 or a command concerning 
a motion of the head part 2 must be executed in advance. The 
following will explain processing in case where Such com 
mands are executed. 

0219. In case where either one command is executed in 
advance because resources compete with each other, e.g., in 
case where the motion of the entire apparatus 1 is finished 
and a command concerning the head part 2 is then executed, 
the motion of the head part 2 is started from the last position 
attained through the motion of the entire apparatuS 1. 
However, the last position after the motion of the entire 
apparatuS 1 is not always a position Suitable for the head part 
2 to Start a motion. The head part 2 makes a sharp motion 
which results in an unnatural behavior if the motion of the 
head part 2 is started in a State where the last position after 
the motion of the entire apparatuS 1 is not Suitable for the 
head part 2 to Start a motion, i.e., in case where positions 
before and after transition takes place in response to a 
different command are not continuous with each other. This 
is a problem caused in case where the current position (or 
motion) and the aimed position (or motion) are associated 
with the entire robot apparatuS 1 and the componential parts 
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thereof, and the network (graph) composed of nodes and 
arcs constructed for controlling the entire robot apparatuS 1 
and the network (graph) composed of nodes and arcs con 
Structed for controlling the respective componential parts of 
the robot apparatus 1 are constructed Separately without any 
asSociation provided therebetween. 
0220. An unnatural motion which the robot apparatus 1 
makes due to discontinuous positions before and after tran 
Sition as described above can be eliminated by preparing a 
position transit plan Such that transit motions continue 
Smoothly. Specifically, this problem is eliminated by pre 
paring a position transit plan adopting a basic position 
common to the entire apparatus and the componential parts 
on graphs. 

0221 Explained below will be a case where information 
concerning a network used for the position transit plan of the 
robot apparatuS 1 is constructed into a hierarchical Structure, 
as a whole, from information (graph) concerning the entire 
network and information (graph) concerning the network of 
respective componential parts. For example, information 
used for the position transit plan, which is composed of the 
information (graph) concerning the entire network and the 
information (graph) concerning the componential parts, is 
constructed in the position transit mechanism part 42 as 
shown in FIG. 8 described above. 

0222. The basic position is a position to which the robot 
apparatus temporarily transits to shift the State between an 
motion of the entire and a motion of componential parts. An 
example of the basic position is a sitting position as shown 
in FIG. 22.B. A procedure of smoothly connecting transit 
motions will be explained with respect to a case where the 
Sitting position is Set as a basic position. 
0223 Specifically, explanation will be made of a case 
where the current position is grasped as a position NDo on 
the graph of the entire apparatus, as shown in FIG. 23, and 
a motion a of the head part is executed as a target. 
0224. On the graph of the entire apparatus, an oriented 
arc a which lets the position of the entire robot apparatus 1 
transit from the current position NDo to the basic position 
ND, is selected. If the entire apparatus takes the basic 
position, the entire apparatus is grasped as being in the State 
(node) of the basic position on the graphs of the head part, 
leg parts, and tail part. 

0225. On the graph of the head part, an optimal oriented 
arca is selected from the State of the basic position ND, 
and a route to an aimed motion (self-motion arc) a of the 
head part 2 is determined. 

0226. At this time, a search for a route from the current 
position NDo to the basic position ND, on the graph of the 
entire apparatus and a Search for a route from the basic 
position ND to an aimed motion a on the graph of the 
head part are carried out by means of the shortest distance 
Search as described above. 

0227. According to this procedure, selection of a transit 
route (position transit plan) which Smoothly connects 
motions of the entire apparatus and the componential part is 
made on the graphs of the entire apparatus and the head part. 
Further, the control mechanism part 43 outputs position 
transit information S19 to the control mechanism part 43, 
based on the position transit plan. 
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0228. The above example is a specific example in which 
a motion of the entire apparatus is continued Smoothly to a 
motion of a componential part. Explained next will be a 
Specific example in which a motion of a componential part 
is continued Smoothly to a motion of the entire apparatus. 
More specifically, as shown in FIG. 24, explanation will be 
made of the case where the head part 2 is grasped as being 
in a position NDo on the graph of the head part, the leg parts 
4 are grasped as being in a position ND on the graph of the 
leg parts, and a motion a of the entire apparatus is executed 
as a target. 

0229. On the graph of the head part, an oriented arc ao 
which lets the position of the head part 2 transit from the 
current position NDo to the basic position ND, is Selected. 
On the graph of the leg parts, oriented arcs a and 12 which 
let the position of the leg parts 4 transit from the current 
position NDro to the basic position ND, through the position 
NDr. Suppose that the tail part 5 has originally been in the 
basic position. If respective componential parts come to 
their basic positions, the position is grasped as a basic 
position also on the graph of the entire apparatus. 
0230. Further, on the graph of the entire apparatus, an 
optimal oriented arc as is Selected from the State of the basic 
position ND, and a route to the motion (Self-motion arc) a 
of the entire apparatus is determined. 
0231. For example, the motion of each componential part 
may be executed at the same time when a motion of another 
componential part is executed to transit to a basic position, 
or the motion of each componential part may be executed 
with limitations added. For example, the motion of each 
componential part may be executed at a certain timing. 
Specifically, in case where a command is issued with respect 
to a motion of the entire apparatus 1 while the head part 2 
is used to make a trick, the head part 2 cannot transit to the 
basic position ND because it is just executing a trick. 
Therefore, the leg parts 4 are firstly brought into the state of 
the basic position ND, and the had part 2 is then let transit 
to the state of the basic position ND, after it finishes the 
trick. 

0232 Also, each componential parts can be arranged to 
move in consideration of the balance of the position of the 
entire apparatus 1. For example, if the head part 2 and the leg 
parts 4 are moved simultaneously or if the head part is firstly 
Set in the basic position ND, the balance is lost and the 
robot apparatus Stumbles over. In this case, the leg parts 4 
are firstly brought into the State of the basic position ND, 
and the head part 2 is then let transit to the State of the basic 
position ND. 
0233. By preparing-a position transit plan in which the 
State is let once transit to the basic position, motions can be 
continued Smoothly. 

0234. In addition, if resources of the parts not used are 
released, the resources can be used for another purpose. For 
example, if the resources of the head part 2 are released 
while the robot apparatus is walking, the head part 2 can be 
let track (follow) a moving ball. 
0235. Note that the basic position is not limited to one 
basic position. For example, a plurality of positions Such as 
the Sitting position, Sleeping position, and the like can be Set 
as basic positions. In this manner, a shift from a motion of 
the entire apparatus to any of motions of componential parts 
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or a shift from any of motions of componential parts to a 
motion of the entire apparatus can be achieve by a shortest 
motion through a shortest distance (or shortest time). Also, 
this Setting of a plurality of basic positions leads to enrich 
ment of expressions of the robot apparatus 1. 
0236 Also, a determination or the like of a position or 
motion in the position transit mechanism part 42 as 
described above is made on the basis of action command 
information S16 from the action determination mechanism 
part 41. Further, the action determination mechanism part 41 
normally sends the action determination instruction infor 
mation S16 to the position transit mechanism part 42 with 
out limitations. That is, while a motion is executed, a 
command concerning another motion is issued, and the 
command thus issued is Sent to the position transit mecha 
nism part 42. There is provided a command Storage part for 
Storing action command information S16 Sent from the 
position transit control part 42 in correspondence with the 
command. This command Storage part Stores action com 
mand information S16 generated by the action determination 
mechanism part 41 and can further perform a So-called list 
operation. The command Storage part is, for example, a 
buffer. 

0237. In this manner, if a command sent from the action 
determination mechanism part 41 cannot be executed at 
present, e.g., when a tick (predetermined motion) is being 
carried out, the command thus Sent is Stored into the buffer. 
For example, a newly sent command D is newly added as a 
list to the buffer, as shown in FIG. 25A. After the trick is 
finished, normally, the oldest command is picked up from 
the buffer, and a route Search is carried out. For example, if 
commands are stored as shown in FIG. 25A, the oldest 
command A is executed at first. 

0238 Commands are thus stored into the buffer and are 
executed one after another in the order from the oldest 
command. However, it is also possible to perform a list 
operation to insert or cancel a command. 
0239). As for insertion of a command, a command D is 
inserted into a command group which has been Stored. In 
this manner, a route Search for the command D can be 
executed, prior to commands A, B, and C waiting for 
execution. 

0240 AS for cancellation of a command; a command 
which has already been stored in a buffer is cancelled. In this 
manner, a command unnecessitated due to any reason is 
prevented from execution. 
0241 The buffer can include a plurality of command 
Storage areas corresponding to the entire robot apparatus 1 
and the respective componential parts. In this case, com 
mands for motions of each the entire apparatus and the 
componential parts are stored as shown in FIG. 26. By thus 
comprising areas for Storing commands corresponding to the 
entire and the componential parts, the following operation is 
enabled. 

0242. It is possible to add synchronization information 
for reproducing motions of different componential parts 
Such as the head part and the leg parts in Synchronization 
with each other. For example, as shown in FIG. 27, com 
mands respectively Stored in the command Storage areas of 
the head part 2 and the leg parts 4 are added with information 
concerning numbers of the order in which reproductions of 
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commands are to be started. Information indicating one 
Same number, e.g., information whose reproduction should 
be started fifth is assigned as Synchronization information. 
0243 In this manner, if the third motion of the head part 
2 whose execution has been Started earlier by two ranks 
should end before the fourth motion of the leg parts 4 whose 
execution has been Started earlier by one rank, execution of 
only the fifth command is prevented from being started, with 
respect to the head part 2. After waiting until reproduction 
of the fourth motion of the leg parts 4 which is added with 
the information of the fifth rank is finished, reproduction 
requests for the motions of the head part 2 and the leg parts 
4 which are added with the information of the fifth ranks can 
be issued simultaneously. In this manner, for example, it is 
possible to realize expressions of the robot apparatuS 1 with 
a greater impact by issuing Start of the motion of Swinging 
laterally the head part 2 and Start of the motion of inclining 
the leg parts 4 leftward and rightward. 
0244. Also, by the list operation, a plan of a series of 
motions before and under execution can be stopped halfway 
or a command with a higher priority can be inserted later 
into a higher rank. Therefore, it is possible to construct a 
Scenario with enough flexibility. 
0245. As described above, a search for an optimal route 
to an aimed position or motion based on action command 
information S16 Sent from an action determination mecha 
nism part 41, and a determination of a position transit plan 
are realized because the position transit mechanism part 42 
comprises a motion route search device 60 as shown in FIG. 
28. 

0246 The motion route search part 60 comprises a com 
mand hold part 1, a route Search part 62, and a graph Storage 
part 63. 
0247 A command concerning the entire apparatus and 
the componential parts is Supplied to the motion route Search 
part 60 from the action determination mechanism part 41. 
For example, an aimed position or an aimed part (e.g., the 
head part) of a motion, a command for a list operation with 
respect to a current command and a Series of commands 
issued in the past, information concerning the characteristic 
of the command itself, or the like is appended to action 
command information S16. In the following, the information 
thus appended will be called appended information. 
0248. The command for a list operation with respect to a 
current operation and a Series of commands issued in the 
past is a command for inserting a newly issued command 
explained with reference to FIG. 25B, into the top of a group 
of commands which are not yet eXecuted. Also, information 
concerning the characteristic of the command itself(herein 
after called command characteristic information) is a param 
eter concerning the walking direction, which has been 
explained in FIG. 17, a parameter concerning a command, 
which has been explained in FIG. 18, e.g., the parameter of 
“three steps” where the motion is “walk forward”, or infor 
mation for Synchronizing another motion, which has been 
explained in FIG. 19. 
0249. The command storage part 61 serves to store action 
command information S16 sent from the action determina 
tion mechanism part 41, as described above, and is a buffer, 
for example. The command Storage part 61 performs pro 
cessing based on the contents of appended information, if 
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action command information S16 has appended information. 
For example, if a command for inserting a command as 
information concerning a list operation is included in the 
appended information, an operation for inserting action 
command information S16, which has just reached, at the 
top of the row of commands in a Standby State in the 
command Storage part 61 is carried out together in accor 
dance with the contents of the command. 

0250 Also, if there is command characteristic informa 
tion as appended information, the command Storage part 61 
Stores it together with the command. 
0251 This command storage part 61 grasps what com 
mand is being executed and what command is waiting at 
what rank in the order. To realize this, for example, com 
mands are Stored with order ranks added. 

0252) In addition, the command storage part 61 has four 
Storage areas corresponding to the entire apparatuS 1, the 
head part 2, the leg parts 4, and the tail part 5, as has been 
described previously. Further, the command Storage part 61 
can make a determination that a command for moving the 
entire apparatus cannot be executed while a command for 
moving the head part 2 is being executed or a determination 
that a command which is now moving the head part and a 
command for moving the leg parts 4 can be issued indepen 
dently from each other. That is, it is possible to perform 
processing which prevents resources of the entire apparatus 
and the componential parts from competing with each other, 
So that a So-called Solution for competition between 
resources can be achieved. 

0253 Also, the command storage part 61 remembers the 
ranks of the order in which commands have been issued over 
different parts. For example, if commands are Supplied in the 
order from the entire apparatus 1 to the leg parts 4, the head 
part 2, and the entire apparatuS 1, the commands concerning 
the entire apparatuS 1 are Stored as commands executed first 
and fourth in the command Storage part 61, the command 
concerning the leg parts 4 is Stored as a command executed 
Second, and the command concerning the head part 2 is 
Stored as a command executed third. Thus, the order of the 
commands remembers the order. In this manner, at first, the 
command Storage part 61 sends a command concerning the 
entire apparatus 1, which has been executed first, to the route 
Search part 62. AS Soon as reproduction of the contents of the 
command is finished, the command Storage part 61 sends the 
command concerning the leg parts 4, which has been 
executed Second, and the command concerning the head part 
2, which has been executed third. After the componential 
parts finish reproduction of the contents of these commands, 
the command Storage part 61 sends the command concern 
ing the entire apparatus 1, which has been executed fourth, 
to the route Search part 62. 
0254 The route search part 62 starts a so-called route 
Search by the command Supplied from the command Storage 
part 61. The graph Storage part 63 Stores graphs correspond 
ing to the parts Sectioned in the command Storage part 61. 
That is, the graph Storage part 63 Stores graphs correspond 
ing to the entire apparatus 1, the head part 2, the leg parts 4, 
and the tail part 5. Based on the graphs stored in the graph 
Storage part 63, the route Search part 62 searches an optimal 
route to an aimed position or motion as the contents of a 
command, using the distance or weight described previously 
as an indeX. 
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0255. Further, based on the position transit plan obtained 
by the route Search, the route Search part 62 sends position 
transit information S18 to the control mechanism part 43 
until an aimed position or motion is executed. 
0256 AS described above, the position transit mechanism 
part 42 searches an optimal route to an aimed position or 
motion in accordance with a command and prepares a 
position transit plan, based on action command information 
S16 sent from the action determination mechanism part 41. 
In accordance with the position transit plan, the position 
transit mechanism part 42 outputs the position transit infor 
mation S18 to the control mechanism part 43. 
0257 (3-5) Processing in Control Mechanism Part 
0258 Returning to FIG. 3, the control mechanism part 43 
generates a control Signal S5 for driving actuators 23, based 
on position transit information S18. The part 43 then sends 
this signal to the actuators 23, to drive the actuators 23. 
Thus, the robot apparatus 1 is let make a desired motion. 
0259 Also, the control mechanism part 43 returns a end 
notification (reproduction result) made on the basis of the 
position transit information S18, to the route search part 62, 
until an aimed position or motion is reached. The route 
Search part 62 which has received an end notification notifies 
the graph Storage part 63 of the end of the motion. The graph 
Storage part 63 updates information on the graph. That is, for 
example, if the position transit information S18 is to let the 
leg part 2 make a motion of transiting from the State of the 
Sleeping position to the State of the Sitting position, the graph 
storage part 63 which has received an end notification moves 
the graph position of the node of the leg part 2 corresponding 
to the Sleeping position to the graph position of the Sitting 
position. 
0260 For example, if an aimed motion is to “thrash legs” 
(Self-motion arc) in the sitting position, the route Search part 
62 further sends “thrash legs” as position transit information 
S18 to the control mechanism 43. The control mechanism 
part 43 generates control information for thrashing the leg 
parts 4, based on the position transit information S18, and 
Sends this information to the actuatorS 23 to execute a 
motion of thrashing leg parts 4. When the control mecha 
nism part 43 completes reproduction of a predetermined 
motion, the control mechanism part 43 sends an end noti 
fication thereof again to the route Search part 62. The route 
Search part 62 notifies the graph Storage part 63 of the 
completion of the motion of thrashing the leg parts 4. 
However, in case of a Self-motion arc, it is unnecessary to 
update information on the graphs, and therefore, the current 
position of the leg parts 4 goes to the Sitting position. 
However, the position at the end of thrashing the leg parts 4 
is the Sitting position of the leg parts, which is equal to the 
position before this motion was started. Therefore, the graph 
Storage part 63 does not change the current position of the 
leg parts. 
0261 Meanwhile, the route search part 62 notifies the 
command Storage part 61 of that reproduction of an aimed 
position or motion has ended. Since the aimed position or 
motion has been completed without problems, i.e., Since the 
contents of the command have been accomplished without 
problems, the command Storage part 61 erases the com 
mand. For example, if thrashing of legs is Supplied as an 
aimed motion as described above, this command is erased 
from the command Storage area of the leg parts 4. 
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0262. As described above, the action determination 
mechanism part 41, the motion route Search part 60, and the 
control mechanism part 43 transmits information, So basic 
functions of the action determination mechanism part 41, the 
motion route Search part 60, and the control mechanism part 
43 are realized. 

0263 FIG.29 shows a series of processing procedures of 
a route Search in the motion route Search part 60, which is 
carried out on the bases of the command generated in the 
action determination mechanism part 41, and motions which 
are carried out on the basis of a route Search result. 

0264. At first, in a step SP1, the action determination 
mechanism part 41 Supplies a command to the motion route 
search part 60. In a subsequent step SP2, the command 
storage part 61 of the motion route search part 60 adds the 
command to a command group. 
0265 For example, as shown in FIG. 26, a command 
concerning the tail part is added. If command information 
for making an insertion is added as a list operation to the 
command, the command is inserted into a row of commands 
in accordance with the command information. 

0266. In a Subsequent step SP3, the command storage 
part 61 determines whether or not there is a command which 
can be started. 

0267 For example, it is determined that there is no 
command that can be started, if the first command concern 
ing the entire apparatus is being executed in case where the 
command storage part 61 grasps a command concerning the 
entire apparatus as a first command (being currently repro 
duced), Stored commands concerning the head part as Sec 
ond and third commands, a command concerning the leg 
parts as a fourth command, and Stored commands concern 
ing the tail part 5 as fifth and Sixth commands. 

0268 If there is no command that can be started, the 
processing goes to the Step SP4. Otherwise, if there is a 
command that can be started, the processing goes to the Step 
SP5. At the time point when the processing goes to the Step 
SP3, a command concerning a componential part cannot be 
executed while the entire robot apparatuS 1 is making a 
motion. Therefore, the processing goes to the Step SP4. 
Meanwhile, if the motion has ended at the time point when 
the processing goes to the Step SP3, the processing further 
goes to the step SP5. 

0269. In the step SP4, the command storage part 61 waits 
for elapse of a predetermined time. For example, after 
waiting for elapse of 0.1 Second, the command Storage part 
61 determines again whether or not there is a command that 
can be started, in the step SP3. 
0270. For example, if the command concerning the entire 
apparatus, which was being executed, has been finished after 
waiting for elapse of 0.1 second in the step SP4, the second 
command concerning the head part, the fourth part concern 
ing the leg parts, and the fifth command concerning the tail 
parts are grasped as commands that can be started, in the Step 
SP3. 

0271 The third command concerning the head part is 
grasped as a command that can be started, as Soon as 
execution of the Second command concerning the head part 
is finished. The Sixth command concerning the tail part is 
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grasped as a command that can be started, as Soon as 
execution of the fifth command concerning the head part is 
finished. 

0272. Thus, in case where there is no command that can 
be started immediately in the Step SP3, the processing goes 
to the step SP4 and waits for elapse of a predetermined time. 
In this manner, the processing waits for completion of a 
predetermined motion in the entire apparatus or componen 
tial parts. A next command can be executed at a Suitable 
timing. 
0273. In the step SP5, based on the contents of a next 
command Sent from the command Storage part 61, the route 
Search part 62 determines whether or not a motion route to 
an aimed position from the current position on the graph 
corresponding to the command Stored in the graph Storage 
part 63 can be found. 
0274 For example, in case of a command concerning a 
motion of the head part 2, the route Search part 62 deter 
mines whether or not there is a route that can reach an aimed 
State or motion from the current position (state) on the graph 
of the head part, as shown in FIG. 30. The case where a 
route can be found is a case where there is a path (arc) that 
can reach an aimed State or motion from the current position 
(state). As shown in FIG. 30, this is a case where there are 
a plurality of oriented arcs at and a that can reach an aimed 
position from the current position. The case where no route 
can be found is a case where there is no path to an instructed 
State or motion. 

0275 If no transit route is found to an aimed position 
from the current position, the processing goes to the Step 
SP6. Otherwise, if a transit route is found, the processing 
goes to the step SP7. If a transit route to an aimed position 
(or motion) is found, the route (arc) as (where k is an integer 
up to n including 0) is stored and this becomes information 
of a position transit plan. 
0276. In the step SP6, the command storage part 61 
erases the command from the list, considering that no 
motion route is found. By thus erasing the command if no 
motion route is found, a Subsequent command can be picked 
up. After thus erasing a command, the command Storage part 
61 determines again whether or not there is a command that 
can be started, in the step SP3. 
0277. In the step SP7, i=0 is set. In the subsequent step 
SP8, whether or not i is n or less is determined. The case 
where i is n means that an aimed position or motion is 
completed. That is, the n-th arc is an oriented arcan which 
directly transits to an aimed node or an aimed Self-motion 
arcan. If i=0 is Satisfied, i is confirmed as being n or less at 
least in this step SP8. 
0278 If i is n or less, the processing goes to the step 
SP10. Otherwise, if i is greater than n, the processing goes 
to the step SP9. 
0279. In the step SP10, the control mechanism part 43 
performs production of an arc a, based on position transit 
information S18 Supplied from the route search part 62. For 
example, if the robot apparatus is at the current position (first 
position), as shown in FIG. 30, the motion of the first 
oriented arc ao is carried out. 
0280. In the step SP11, the route search part 62 receives 
a notification of a motion. In the Step SP12, the graph Storage 
part 63 updates the position on the graph. 
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0281. In the subsequent step SP13, i=i-1 is set as i to 
execute a next arc, to achieve an increment. Subsequently, 
the processing returns to the step SP8, and whether or not i 
is n or leSS is determined again. 
0282. In the step SP9 whose processing is carried out if 

i is greater than n, i.e., if a motion to an aimed position is 
executed or if an arc (oriented arc or Self-notion arc) as an 
aimed motion is executed, the command Storage part 61 
erases a command which has just been finished from Stored 
commands. Further, the processing returns to the Step SP3, 
and the command Storage part 61 determines again whether 
or not there is a command that can be started. 

0283) If an aimed position or motion is associated with 
the entire apparatus and the componential parts, an optimal 
route is Searched on the graphs corresponding to them in the 
steps SP5 and SP6, as has been explained with reference to 
FIGS. 23 and 24. In the processing from the step SP7, 
corresponding processing is carried out. That is, the position 
is let transit to a basic position, and the contents of an 
oriented arc to an aimed position or motion are executed. 
0284. Also, the commands are stored into the command 
Storage part 61 as has been described above. Since resources 
do not compete with each other, the respective componential 
parts of the robot apparatus 1 can perform Simultaneous 
motions, based on Such a command. Hence, with respect to 
the processing procedure (flow) as described above, flows of 
respective componential parts can exist in parallel with each 
other, So that a plurality of flows can be executed Simulta 
neously. Accordingly, in case where a flow of a command 
concerning the entire apparatus is being processed, proceSS 
ing of flows of commands concerning respective compo 
nential parts is not carried out but is put in a Standby State. 
0285) (4) Motion and Effect 
0286. In the structure as described above, the feeling/ 
instinct model part 40 of the controller 32 changes the states 
of the feeling and instinct of the robot apparatus 1, based on 
supplied input information S1 to S3. The changes of the 
feeling and instinct of the robot apparatus 1 are reflected on 
actions of the robot apparatus 1, thereby to let the robot 
apparatus 1 move autonomously, based on its own feeling 
and instinct. 

0287 Further, various positions and motions are let tran 
sit on the basis of graphs which register nodes and arcs, 
thereby to enable various expressions by the robot apparatus 
1. 

0288 That is, it is possible to have a large number of 
expression patterns depending on a combination of motions 
by using previously registered graphs. Also, natural and 
Smooth transit of position from the current position to an 
aimed position or motion can be realized, So that balance is 
not unintentionally lost during a motion. 
0289 (5) Other Embodiments 
0290 The above embodiment has been explained with 
respect to the case where a command from a user, which is 
transmitted by infrared light from a remote controller, is 
received. However, the present invention is not limited 
hitherto but a command from a user, which is transmitted by 
a radio wave or a Sound wave can be received. 

0291 Also, the above embodiment has been explained 
with respect to the case where a command from a user is 
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inputted through a command receiving part 30 comprised of 
a remote controller receiving part 13 and a microphone 11. 
However, the present invention is not limited hitherto. For 
example, a computer may be connected to a robot apparatus 
1, and a command from a user can be inputted through the 
computer thus connected. 

0292 Also, the above embodiment has been explained 
with respect to the case where States of the feeling and 
instinct are determined with user of emotion units 50A to 
50F indicating emotions such as “delight”, “Sorrow”, 
“anger', and the like as well as desire units 51A to 51D 
indicating “desire for motion”, “desire for love”, and the 
like. The present invention, however, is not limited hitherto. 
For example, an emotion unit indicating “loneliness” may be 
added to the emotion units, and a desire unit indicating a 
“desire for sleep” may be added to the desire units 51. 
Furthermore, the States of the feeling and the instinct may be 
determined by using emotion units and desire units con 
Structed by various kinds of units or a various number of 
units. 

0293. The above embodiment has been explained with 
respect to a structure in which the robot apparatus 1 has a 
feeling model and an instinct model. However, the present 
invention is not limited hitherto but the structure may 
include only the feeling model or instinct model. Further 
more, the Structure may include another model that will 
decide the action of an animal. 

0294. Also, the above embodiment has been explained 
with respect to the case where a next action is determined by 
an action determination mechanism part 41, based on a 
command Signal S1, an external information signal S2, an 
internal information signal S3, feeling/instinct State infor 
mation S10, and action information S12. However, the 
present invention is not limited hitherto but a next action 
may be determined on the basis of a part of the information 
of the command Signal S1, external information Signal S2, 
internal information signal S3, feeling/instinct State infor 
mation S10, and action information S12. 

0295 Also, the above embodiment has been explained 
with respect to the case where a next action is determined 
with use of an algorithm called a finite automaton 57. The 
present invention, however, is not limited hitherto, but an 
action may be determined with use of an algorithm called a 
State machine which has an infinite number of States. In this 
case, a State may be newly generated every time when input 
information S14 is Supplied, and an action may be deter 
mined in accordance with the State thus generated. 
0296 Also, the above embodiment has been explained 
with respect to the case where an algorithm called finite 
automaton 57 is used to determine a next action. The present 
invention, however, is not limited hitherto but an action may 
be determined with use of an algorithm called probability 
finite automaton in which a plurality of States are Selected as 
candidates of a transit destination, based on the input infor 
mation S14 currently Supplied and the State at this time, and 
the State of the transit destination is determined at random by 
means of random numbers, among the plurality of States thus 
Selected. 

0297 Also, the above embodiment has been explained 
with respect to the following case. That is, if action com 
mand information S16 indicates a position to which the 
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current position can directly transit, the action command 
information S16 is Sent directly as position transit informa 
tion S18 to the control mechanism part 43, without changes. 
On the other hand, if the action command information S16 
indicates a position to which the current position cannot 
directly transit, such position transit information S8 that lets 
the position once transit to another position to which the 
current position can transit and thereafter lets the position 
transit to an aimed position is generated and Sent to the 
control mechanism part 43. However, the present invention 
is not limited hitherto but action command information S16 
is received and Sent to the control mechanism part 43, only 
in case where the action command information S16 indicates 
a position to which the current position can directly transit. 
Meanwhile, if the action command information S16 indi 
cates a position to which the current position cannot directly 
transit, the action command information S16 may be denied. 
0298 Also, the above embodiment has been explained 
with respect to the case where the present invention is 
applied to a robot apparatus 1. However, the present inven 
tion is not limited hitherto but may be applied to other 
various robot apparatuses Such as a robot apparatus and the 
like used for games or in the field of entertainment. AS 
shown in FIG. 31, the present invention can be applied to a 
character which moves as computer graphics, e.g., an ani 
mation or the like using an articulated character. 
0299 The outer appearance of the robot apparatus 1 to 
which the present invention is applied is not limited to the 
structure as shown in FIG. 1 but may be arranged to be more 
similar to an actual dog, as shown in FIG. 32, or may be 
arranged to be a humanoid robot having a human shape. 

INDUSTRIAL APPLICABILITY 

0300. A robot apparatus according to the present inven 
tion makes a motion corresponding to Supplied input infor 
mation, and comprises model change means including a 
model, which causes the motion, for determining the motion 
by changing the model, based on the input information. 
Therefore, the robot apparatus can autonomously act based 
on States of the feeling and instinct of the robot apparatus, 
by changing the model, based on input information, thereby 
to determine a motion. 

0301 A motion control method according to the present 
invention is to make a motion in accordance with Supplied 
input information, and the motion is determined by changing 
a model which causes the motion, based on the input 
information. As a result, the robot apparatus can act autono 
mously based on the States of its own feeling and instinct. 
0302) Another robot apparatus according to the present 
invention makes a motion in accordance with Supplied input 
information, and comprises motion determination means for 
determining a next operation Subsequent to a current motion, 
based on the current motion and the input information 
Supplied next, Said current motion corresponding to a history 
of input information Supplied Sequentially. Therefore, the 
robot apparatus autonomously can act based on the States of 
its own feeling and instinct, by determining a next motion 
Subsequent to a current motion, based on the current motion 
corresponding to a history of input information Supplied 
Sequentially, and the input information Supplied next. 
0303 Another motion control method according to the 
present invention is to make a motion in accordance with 
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Supplied input information, and a next motion Subsequent to 
a current motion is determined, based on the current motion 
and the input information to be Supplied next, the current 
motion corresponding to a history of input information 
Supplied Sequentially. As a result, the robot apparatus can act 
autonomously, based on the State of its own feeling or 
instinct, for example. 
0304 Further, another robot apparatus according to the 
present invention comprises: graph Storage means for Stor 
ing a graph which registers the positions and the motion and 
which is constructed by connecting the positions with the 
motion for letting the positions transit, and control means for 
Searching a route from a current position to an aimed 
position or motion, on the graph, based on the action 
command information, and for letting the robot apparatus 
move, based on a Search result, thereby to let the robot 
apparatus transit from the current position to the aimed 
position or motion. Therefore, a route from the current 
position to the aimed position or motion is Searched on the 
graph by the control means, and a motion is made on the 
basis of the Search result. The current position can thus let 
transit to the aimed position or motion. In this manner, the 
robot apparatus can enrich its own expressions. 
0305 Further, in another motion control method accord 
ing to the present invention, based on action command 
information, a route from a current position to an aimed 
position or motion is Searched on a graph which registers 
positions and motions and which is constructed by connect 
ing the positions with motions for letting the positions 
transit, and a motion is made, based on a Search result, 
thereby to make transit from the current position to the 
aimed position or motion. As a result, it is possible to enrich 
expressions of a robot apparatus and a character which 
moves as a computer graphic. 

1. A robot apparatus which makes a motion corresponding 
to Supplied input information, comprising 

model change means including a model for causing the 
motion, for determining the motion by changing the 
model, based on the input information. 

2. The robot apparatus according to claim 1, wherein the 
model change means includes a feeling model for expressing 
a feeling through a motion, as the model, or an instinct 
model for expressing an instinct through a motion, as a 
model having a property different from the feeling model, 
and wherein 

the model change means changes the feeling model, based 
on the input information, thereby to change a feeling 
State for causing the motion, or changes the instinct 
model, based on the input information, thereby to 
change an instinct State for causing the motion. 

3. The robot apparatus according to claim 1, wherein the 
model change means uses a plurality of models having 
different properties, as the model. 

4. The robot apparatus according to claim 3, wherein the 
model change means a feeling model for expressing a 
feeling through a motion, as a first property model, and an 
instinct model for expressing an instinct through a motion, 
as a Second property model, and wherein 

the model change means changes the feeling model, based 
on the input information, thereby to change a feeling 
State for causing the motion, and changes the instinct 
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model, based on the input information, thereby to 
change an instinct State for causing the motion. 

5. The robot apparatus according to claim 1, wherein the 
model change means has a plurality of kinds of models, as 
the model, with respect to one same property. 

6. The robot apparatus according to claim 5, wherein the 
model change means changes individually levels of the 
plurality of kinds of models, based on the input information, 
thereby to change the State which causes the motion. 

7. The robot apparatus according to claim 3, wherein the 
model change means has a plurality of kinds of models with 
respect to each of the models having different properties. 

8. The robot apparatus according to claim 7, wherein the 
model change means changes individually levels of the 
plurality of kinds of models of the plurality of models having 
different properties, based on the input information, thereby 
to change the State which causes the motion. 

9. The robot apparatus according to claim 3, wherein the 
model change means changes the models having different 
properties which are influencing each other. 

10. The robot apparatus according to claim 7, wherein the 
model change means changes desired models among the 
models having different properties, with the desired models 
influencing each other. 

11. The robot apparatus according to claim 1, wherein the 
model change means changes the model in accordance with 
an action of the robot apparatus. 

12. The robot apparatus according to claim 1, wherein the 
model change means changes the model in a way inherent to 
the robot apparatus itself. 

13. The robot apparatus according to claim 1, wherein the 
input information is constructed by user command informa 
tion Supplied to the robot apparatus from a user. 

14. The robot apparatus according to claim 1, wherein the 
input information is constructed by an action on the robot 
apparatus from a user. 

15. The robot apparatus according to claim 1, wherein the 
input information is constructed by environmental informa 
tion around the robot apparatus. 

16. The robot apparatus according to claim 15, wherein 
the input information is constructed by information concern 
ing a motion of another robot apparatus existing around the 
robot apparatus. 

17. The robot apparatus according to claim 1, wherein the 
input information is constructed by information concerning 
a condition inside the robot apparatus. 

18. The robot apparatus according to claim 1, wherein the 
input information is constructed by information concerning 
a current or past action of the robot apparatus. 

19. A motion control method for making a motion in 
accordance with Supplied input information, wherein 

a model which causes the motion is changed, based on the 
input information, thereby to determine the motion. 

20. The method according to claim 19, wherein the model 
is a feeling model for expressing a feeling through a motion, 
or an instinct model having a property different from that of 
the feeling model, for expressing an instinct through a 
motion, and wherein 

the feeling model is changed, based on the input infor 
mation, thereby to change a feeling State which causes 
the motion, or the instinct model is changed, based on 
the input information, thereby to an instinct State which 
causes the motion. 
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21. The method according to claim 19, wherein the model 
is a feeling model for expressing a feeling through a motion, 
and an instinct model for expressing an instinct through a 
motion, as a model of a Second property, and wherein 

the feeling model is change, based on the input informa 
tion, thereby to change a feeling State which causes the 
motion, and the instinct model is changed, based on the 
input information, thereby to change an instinct State 
which causes the motion. 

22. A robot apparatus which makes a motion in accor 
dance with Supplied input information, comprising 

motion determination means for determining a next 
operation Subsequent to a current motion, based on the 
current motion and the input information Supplied next, 
Said current motion corresponding to a history of input 
information Supplied Sequentially. 

23. The apparatus according to claim 22, wherein the 
input information is constituted by combining all or part of 
user command information Supplied from a user, informa 
tion concerning an action from the user, information con 
cerning an environment, information concerning a condition 
inside the robot apparatus, information concerning a current 
or past action, information concerning a State of a feeling 
and/or an instinct. 

24. The apparatus according to claim 22, wherein the 
motion determination means determines the next motion 
with use of finite automaton having a finite number of 
motions. 

25. The apparatus according to claim 22, wherein the 
motion determination means uses probability-finite automa 
ton by which a plurality of motions are Selected as candi 
dates for a transit destination, based on the current motion 
and the input information, and a desired motion among the 
Selected plurality of motions is determined at random by 
random numbers. 

26. The apparatus according to claim 22, wherein the 
motion determination means uses a fact that a time for which 
a current motion has been being executed reaches a prede 
termined value, a fact that specific input information is 
inputted, or a fact that a level of a desired feeling model or 
instinct model among a plurality of kinds of feeling models 
and a plurality of kinds of instinct models that determine 
States of a feeling and instinct of the robot apparatus exceeds 
a predetermined threshold value, as a condition for letting 
the current motion transit to the next motion. 

27. The apparatus according to claim 22, wherein the 
motion determination means determines a motion as a transit 
destination, based on whether or not a level of a desired 
feeling model or instinct model among a plurality of kinds 
of feeling models and a plurality of kinds of instinct models 
that determine States of a feeling and an instinct exceeds a 
predetermined threshold value. 

28. The apparatus according to claim 22, wherein the 
motion determination means changes a parameter which 
characterizes an action to be carried out as a motion at a 
transit destination, in correspondence with a level of a 
desired feeling model or instinct model among a plurality of 
kinds of feeling models and a plurality of kinds of instinct 
models that determine States of a feeling and an instinct 
exceeds a predetermined threshold value. 

29. A motion control method for making a motion in 
accordance with Supplied input information, wherein 
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a next motion Subsequent to a current motion is deter 
mined, based on the current motion and the input 
information to be Supplied next, the current motion 
corresponding to a history of input information Sup 
plied Sequentially. 

30. A robot apparatus which is let make a motion, based 
on action command information, to transit between a plu 
rality of positions, comprising: 

graph Storage means Storing a graph which registers the 
positions and the motion and which is constructed by 
connecting the positions with the motion for letting the 
positions transit, and 

control means for Searching a route from a current posi 
tion to an aimed position or motion, on the graph, based 
on the action command information, and for letting the 
robot apparatus move, based on a Search result, thereby 
to let the robot apparatus transit from the current 
position to the aimed position or motion. 

31. The apparatus according to claim 30, further com 
prising action command information Storage means for 
temporarily Storing the action command information, 
wherein the control means Searches a route from the current 
position to the aimed position or motion, on the graph, based 
on the action command information Sequentially Supplied 
from the action command information Storage means. 

32. The apparatus according to claim 31, wherein the 
action command information is added with additional infor 
mation concerning the action command information. 

33. The apparatus according to claim 32, wherein the 
additional information is the command operation informa 
tion, and wherein 

the action command information Storage means performs 
an operation on newly Supplied action command infor 
mation and previously Supplied action command infor 
mation, based on the command operation information. 

34. The apparatus according to claim 32, wherein the 
additional information is delayed input information which 
instructs contents of a motion in details, and wherein the 
control means controls finely the aimed motion, based on the 
detailed input information. 

35. The apparatus according to claim 34, wherein the 
detailed input information is information concerning a 
parameter of a motion, and wherein 

the control means executes the aimed motion in accor 
dance with the parameter. 

36. The apparatus according to claim 34, wherein the 
detailed input information is information concerning a num 
ber of repetitions of a motion, and wherein 

the control means repeatedly executes the aimed motion, 
based on information concerning the number of rep 
etitions. 

37. The apparatus according to claim 34, wherein the 
detailed input information is information concerning a 
repetitive motion, and wherein 

the control means executes the aimed motion until infor 
mation concerning an end of repetition is inputted. 

38. The apparatus according to claim 30, wherein motions 
on the graphs are added with weights, and wherein 

the control means Searches a route with reference to the 
weights. 
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39. The apparatus according to claim 38, wherein the 
control means Searches a route which Sets a Sum of the 
weights to a minimum value. 

40. The apparatus according to claim 30, wherein the 
control means Searches a route in correspondence with a 
physical shape and a mechanism. 

41. The apparatus according to claim 30, wherein an 
entire of the robot apparatus is constructed by a plurality of 
componential parts, wherein 

the graph Storage means Stores a plurality of graphs 
respectively corresponding to the entire and the com 
ponential parts, and wherein 

the control means Searches route with respect to the entire 
and the componential parts on the graphs, respectively, 
and lets the entire and the componential parts move, 
based on each Search result. 

42. The apparatus according to claim 41, wherein a basic 
position common to the entire and the componential parts is 
registered on the plurality of graphs, and wherein 

the control means Searches a route from the current 
position to the aimed position or motion, between the 
graphs through the basic position, when the current 
position and the aimed position or motion bridge over 
the entire and the componential parts. 

43. The apparatus according to claim 41, wherein the 
action command information is added with Synchronization 
information for Synchronizing a motion with a different 
componential part, and wherein 

the control means lets the different componential part 
move Synchronously, based on the Synchronization 
information. 

44. The apparatus according to claim 30, wherein the 
control means execute a motion of transiting from the 
current position to the aimed position, with an expression 
added. 

45. The apparatus according to claim 30, wherein a 
plurality of equal motions are registered on the graph, and 
wherein 

the control means Searches a route to one of the plurality 
of equal motions, referring at least to the current 
position, when the plurality of equal motions are 
instructed by the action command information. 

46. The apparatus according to claim 45, wherein the 
control means Searches a route to one of the plurality of 
equal motions that is the shortest and is executable. 
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47. The apparatus according to claim 30, wherein a 
neutral position is registered on the graph, and wherein 

the control means once Sets the neutral position and then 
lets the neutral position transit to the aimed position or 
motion, when an actual position is unclear. 

48. The apparatus according to claim 47, wherein the 
control means Sets the neutral position through a slower 
motion than a normal motion in a normal transit. 

49. A motion control method for making a motion, based 
on action command information, thereby to control transit 
between a plurality of positions, comprising the Steps of 

Searching, based on the action command information, a 
route from a current position to an aimed position or 
motion on a graph which registers the positions and the 
motion and which is constructed by connecting the 
positions with a motion for letting the positions transit, 
and 

executing a motion based on a Search result, thereby to 
make transit from the current position to the aimed 
position or motion. 

50. The method according to claim 49, wherein the action 
command information is temporarily Stored in action com 
mand information Storage means, and wherein 

a route from the current position to the aimed position or 
motion is Searched on the graph, based on the action 
command information Sequentially Supplied from the 
action command information Storage means. 

51. The method according to claim 49, wherein motions 
on the graph are added with weights, and a route is Searched 
with reference to the weights. 

52. The method according to claim 49, wherein a motion 
of a robot apparatus which can transit to a plurality of 
positions. 

53. The method according to claim 52, wherein an entire 
of the robot is constructed by a plurality of componential 
parts, and wherein 

the route is Searched with respect to the entire and the 
componential parts, on a plurality of graphs respec 
tively corresponding to the entire and the componential 
parts, and the entire and the componential parts are 
moved, based on Search results, respectively. 


