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(57) ABSTRACT 

In a robot apparatus and a control method therefor, firstly, 
partial or whole State Space of a behavioral model is 
expanded or reduced, Secondly, transition to a predetermined 
node in the behavioral model is described as transition to a 
Virtual node and a node group to be allotted to the Virtual 
node is Sequentially changed, thirdly, the number of emo 
tions and/or desires which are used for generating actions is 
gradually increased, and fourthly, an environment is evalu 
ated to update each Sensitivity corresponding to each emo 
tion and desire, on the basis of the evaluated. In the robot 
apparatus and the character discriminating method for the 
robot apparatus, a pet robot is provided with: detecting 
means for detecting outputs from other pet robots, character 
discriminating means for discriminating characters of the pet 
robots on the basis of the result detected by the detecting 
means, and character changing means for changing the 
character on the basis of the result judged by the character 
discriminating means. 
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ROBOT APPARATUS AND CONTROL METHOD 
THEREFOR, AND ROBOT CHARACTER 

DISCRIMINATING METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a robot apparatus 
and a control method therefor, and a robot character dis 
criminating method, and more particularly to, for example, 
a pet robot. 

BACKGROUND ART 

0002. As the first background art, in recent years, a 
four-legged walking type pet robot has been proposed and 
developed by the applicant of the present application. Such 
a pet robot has a shape Similar to a dog and a cat which are 
raised in a general home, and is adapted to be able to 
autonomously act in response to approach from the user 
Such as “patting” or "petting, a Surrounding environment or 
the like. 

0003. Also, this pet robot is mounted with a learning 
function to change revelation probability of corresponding 
action on the basis of approaches Such as “patting” and 
"petting from the user, a growth function for Stepwise 
changing the degree of difficulty of the action and the level 
of complicatedness on the basis of accumulation, elapsed 
time or the like of the approaches concerned, or the like to 
thereby provide high marketability and amusement charac 
teristics as the “pet robot.” 
0004. In such a pet robot, there are prepared behavioral 
models consisting of individual probability State transition 
models for each growth stage (hereinafter, referred to as 
“growth stage”), and the behavioral model is switched to the 
behavioral model of the above described “growth stage” on 
the basis of approaches from the user, accumulation of 
elapsed time or the like to thereby express the “growth.” 
Also, in the pet robot, the transition probability at a corre 
sponding place in the behavioral model is caused to change 
in response to approaches from the user is changed to 
thereby express the above described “learning.” 

0005 According to this method, however, the behavioral 
model is switched to a new behavioral model every time the 
pet robot "grows,' and therefore, the pet robot Starts a new 
action for each "growth' as if the character was Suddenly 
changed, and the result of the “learning until then is to be 
canceled. This has led to a problem that the user, who has 
been used to and familiar with the action pattern until then, 
feels unnaturally. 

0006 Also, according to the method, even if there is any 
duplicate action pattern, it is necessary to prepare a behav 
ioral model portion for the action pattern for each "growth 
Stage,” and therefore, there is a problem that an operation for 
generating the behavioral model will become complicated 
by that much. 
0007. Therefore, if it is made possible to carry forward 
the action pattern or the learning result to the next "growth 
Stage' during, for example, "growth,” it will be possible to 
get rid of Such unnaturalneSS during "growth' as described 
above for expressing more organism-like "growth,” and it is 
considered that the entertainment characteristics could be 
that much improved. 
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0008 Further, as the second background art, in recent 
years, a study for modeling the emotion of a human being on 
a computer and expressing the emotion has been Vigorously 
promoted. AS the robot technological attempts of Such 
modeling, there have been known in Japan, the face robot of 
a laboratory of Fumio Hara in the Tokyo Science college, or 
WAMOEBA 2 of a laboratory of Sugano in the Waseda 
University, the cat robot of OMURON Co., Ltd. or the like 
(“Model and Expression of Generation of Artificial Emo 
tion” by Fumio Hara; Mathematical science, vol. 32, No. 7, 
page 52-58, 1994, “Study of Emotional Exchange between 
Human Being and Robot, Setting and Trial of Robot for 
Evaluation “WAMOEBA-2 by Ogata, Sugano; Lecture 
thesis of robotics and mechatronicS lecture meeting of Japan 
mechanics learned society, vol. A., 1996, pp. 449-452, and 
“Interactive Pet Robot having Emotion” by Tajima, Saito, 
OSumi, Kudo, Shibata, Preparatory copies of Science lecture 
meeting of Japan Robot learned Society, Vol. 16, page 11-12, 
1998). 
0009. In these studies, their subjects reside in how behav 
iors or expressions similar to those of a living thing can be 
obtained by initially employing already completed emotion 
and instinct models. However, in the case where the growth 
processes of the living thing are taken into consideration, it 
is impossible to estimate that the emotion and instinct 
thereof always work on the basis of the same models from 
a BABY period to an adult period. Therefore, the above 
mentioned modeling of human emotion has involved an 
unnatural problem from the viewpoint of “growth”. 
0010 Further, in the case where an application that an 
autonomous robot treated as a pet is equipped with emotion 
or instinct is considered, it is difficult for a user to understand 
and accept the robot which has initially perfect emotion and 
instinct. For “example, in a robot having a plurality of 
desires (for instance, affection desire” and “exercise desire', 
etc.) as the instinct and a plurality of emotional behaviors 
(for instance, “joy”, “sadness” and “fear”, etc.) as the 
emotion, Since the internal motions of the robot are com 
plicated, the user hardly understand what the robot currently 
wants or how the robot currently feels. 
0011 Further, in the above robot, if the emotion and the 
instinct of the robot do not change and are always the Same, 
the user is liable to lose interest in the robot. Thus, the robot 
is disadvantageously insufficient in View of commercializa 
tion and amusement characteristics. 

0012 Furthermore, as the third background art, there 
have conventionally been proposed and developed the So 
called quadruped walking type pet robots which act in 
accordance with users commands and Surrounding envi 
ronments. This kind of pet robot has a form quite Similar to 
that of a quadruped animal Such as a dog or a cat which is 
bred at home and is configured to assume a posture of 
prostration when the robot receives an order of “prostrate” 
and take an action of “hand lending when the user Stretches 
out his hand before a mouth of the robot. 

0013 By the way, such a pet robot has a model of 
emotion as well as a mechanism which determines an action 
by himself and a feature of the pet robot which can be called 
as a character is changed under no influence due to another 
robot. 

0014. Here, the character of an animal is formed under 
influences due to Surrounding environments and when two 
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pets are bred together, for example, existence of a pet 
influences largely on forming of a character of the other pet 
in actual circumstances. 

DISCLOSURE OF THE INVENTION 

0.015 The present invention has been achieved in con 
sideration of the above described points, and is aimed to 
propose: firstly, a robot apparatus and control method there 
for which are capable of improving the entertainment char 
acteristics, Secondly, a robot apparatus and control method 
therefor which are capable of improving the amusement 
characteristics; thirdly, a robot apparatus and a robot char 
acter discriminating method which are capable of forming 
the character more real. 

0016. In order to solve such problems, a robot apparatus 
according to the present invention is provided with: memory 
means for Storing behavioral model; and action generating 
means for generating actions by the use of partial or full State 
Space of the behavioral model, and the action generating 
means is caused to change State Space to be used for action 
generation, of the behavioral models while expanding or 
reducing the State Space. As a result, this robot apparatus is 
capable of reducing discontinuity in action output before and 
after change in State Space to be used for action generation 
because the State Space to be used for action generation 
continuously changes. Thereby, output actions can be 
changed Smoothly and naturally, thus making it possible to 
realize a robot apparatus which improves the entertainment 
characteristics. 

0.017. Also, according to the present invention, in a robot 
apparatus having a behavioral model consisting of State 
transition models and for generating action on the basis of 
the behavioral model concerned, transition to a predeter 
mined node in the behavioral model is described as transi 
tion to a virtual node consisting of imaginary nodes, a 
predetermined first node group is allocated to the virtual 
node concerned, and change means for changing a node 
group to be allocated to the virtual node is provided. AS a 
result, in this robot apparatus, it is possible to provide 
consistency in the output action because the behavioral 
model, which becomes the basis, is fixed. Thereby, output 
actions can be changed Smoothly and naturally, thus making 
it possible to realize a robot apparatus which improves the 
entertainment characteristics. 

0.018 Further, in the present invention, a control method 
for the robot apparatus is provided with a first step for 
generating action by the use of partial or full State Space of 
the behavioral model, and a Second step for changing State 
Space to be used for action generation, of the behavioral 
models while expanding or reducing the State Space. As a 
result, according to the control method for this robot appa 
ratus, it is possible to reduce discontinuity in action output 
before and after change in State Space to be used for action 
generation because the State Space to be used for action 
generation continuously changes. Thereby, output actions 
can be changed Smoothly and naturally, thus making it 
possible to realize a control method for a robot apparatus 
which improves the entertainment characteristics. 
0.019 Further, according to the present invention, in the 
control method for the robot apparatuS., transition to a 
predetermined node in the behavioral model is described as 
transition to a virtual node consisting of imaginary nodes, 
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and there are provided a first Step for allocating a predeter 
mined node group to the Virtual node concerned, and a 
Second Step for changing the node group to be allocated to 
the Virtual node. As a result, according to the control method 
for this robot apparatus, it is possible to change the output 
action with consistency because the basic behavioral model 
is determined. Thereby, output actions can be changed 
Smoothly and naturally, thus making it possible to realize a 
control method for a robot apparatus which improves the 
entertainment characteristics. 

0020) Further, according to the present invention, there is 
provided a robot apparatus which generates an action on the 
basis of the parameter value of each emotional behavior of 
an emotion model and/or the parameter value of each desire 
of an instinct model which are Sequentially updated in 
accordance with prescribed conditions, the robot apparatus 
comprising restricting means for restricting the number of 
the emotional behaviors or the desires used for generating 
the action So as to increase or decrease them Stepwise. AS a 
result, according to this robot apparatus, the emotion and/or 
instinct can be changed as if the emotion and/or instinct of 
a real living thing “grew'. 

0021 Further, according to the present invention, there is 
provided a robot apparatus which generates an action on the 
basis of the parameter value of each emotional behavior of 
an emotion model and/or the parameter value of each desire 
of an instinct model, the robot apparatus comprising emo 
tional behavior and/or desire updating means for Sequen 
tially updating the parameter value of each emotional behav 
ior and/or the parameter value of each desire, depending on 
corresponding Sensitivity individually Set to each emotional 
behavior and/or each desire, on the basis of externally 
applied Stimulation and/or the lapse of time; and Sensitivity 
updating means for evaluating an environment and respec 
tively updating the Sensitivity corresponding to each emo 
tional behavior and/or each desire on the basis of the 
evaluated result. Consequently, according to this robot appa 
ratus, the Sensitivity of each emotional behavior and/or each 
desire can be optimized relative to the environment. 

0022. Still further, according to the present invention, 
there is provided a control method for a robot apparatus 
which generates an action on the basis of the parameter 
value of each emotional behavior of an emotion model 
and/or the parameter value of each desire of an instinct 
model which are Sequentially updated in accordance with 
prescribed conditions, the control method for the robot 
apparatus comprising: a fist Step of restricting the number of 
the emotional behaviors and/or the desires used for gener 
ating the action during an initial time and a Second step of 
increasing or decreasing Stepwise the number of the emo 
tional behaviors and/or the desires used for generating the 
action. As a result, according to the control method for a 
robot apparatus, the emotion and/or instinct can be changed 
as if the emotion and/or instinct of a real living thing “grew'. 

0023 Still further, according to the present invention, 
there is provided a control method for a robot apparatus 
which generates an action on the basis of the parameter 
value of each emotional behavior of an emotion model 
and/or the parameter value of each desire of an instinct 
model, the control method for a robot apparatus comprising 
a first Step of updating the parameter value of each emotional 
behavior and/or the parameter value of each desire, depend 
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ing on corresponding Sensitivity individually Set to each 
emotional behavior and/or each desire, on the basis of 
externally applied Stimulation and the lapse of time; and a 
Second Step of evaluating an environment and respectively 
updating the Sensitivity corresponding to each emotional 
behavior and/or each desire on the basis of the evaluated 
result. Therefore, according to this control method for a 
robot apparatus, the Sensitivity of each emotional behavior 
and/or each desire can be optimized relative to the environ 
ment. 

0024. Further, the robot apparatus according to the 
present invention comprises detecting means for detecting 
an output from another robot and character discriminating 
means which discriminates a character of the other robot 
apparatus on the basis of a result detected by the detecting 
means. As a result, Such a robot apparatus discriminates the 
character of the other robot apparatus on the basis of the 
detection result of the output from the other robot apparatus, 
which is detected by the detecting means, with the character 
discriminating means. Thereby, the robot apparatus can 
change own character based on the discrimination result of 
the character of the other robot apparatus, thus making it 
possible to realize a robot apparatus which can form its 
character more real. 

0.025 Further, the character discriminating method for 
robot apparatus according to the present invention detects an 
output from a robot apparatus and discriminates a character 
of the above described robot apparatus on the basis of a 
detection result. Accordingly, using the character discrimi 
nating method for robot apparatus can realize the character 
discriminating method for robot apparatus which can change 
own character on the basis of the discrimination result of the 
character of another robot apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.026 FIG. 1 is a perspective view showing an external 
appearance configuration of a pet robot according to a first 
and Second embodiments. 

0.027 FIG. 2 is a block diagram showing a circuit con 
figuration of the pet robot. 
0028 FIG. 3 is a conceptual view showing software 
configuration of a control program. 
0029 FIG. 4 is a conceptual view showing software 
configuration of a middleware layer. 
0030 FIG. 5 is a conceptual view showing software 
configuration of an application layer. 
0.031 FIG. 6 is a conceptual view for explaining a 
behavioral model library. 
0.032 FIG. 7 is a schematic diagram showing probability 
automation. 

0033) 
0034 FIG. 9 is a conceptual view showing detailed 
configuration of the behavioral model library. 

FIG. 8 is a chart showing a state transition table. 

0.035 FIG. 10 is a conceptual view showing a growth 
model of the pet robot. 
0.036 FIG. 11 is a conceptual view for explaining acqui 
Sition and forgetfulness of an action pattern along with 
growth. 
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0037 FIG. 12 is a conceptual view for explaining a 
difference file in the first embodiment. 

0038 FIG. 13 is a conceptual view for explaining tran 
Sition from a plurality of nodes to a starting point node of 
one action pattern. 
0039 FIG. 14 is a conceptual view for explaining utili 
Zation of a virtual node. 

0040 FIG. 15 is a conceptual view showing configura 
tion of a behavioral model of each action-related conditional 
item in the Second embodiment. 

0041 FIG. 16 is a conceptual view for explaining an 
action pattern file. 
0042 FIG. 17 is a conceptual view for explaining a 
difference file according to the Second embodiment. 
0043 FIG. 18 is a perspective view showing the con 
figuration of the external appearance of a pet robot accord 
ing to a third and fourth embodiments. 
0044 FIG. 19 is a block diagram showing the circuit 
configuration of the pet robot. 
004.5 FIG. 20 is a conceptual view showing the software 
configuration of a control program. 
0046 FIG. 21 is a conceptual view showing the software 
configuration of a middleware layer. 
0047 FIG.22 is a conceptual view showing the software 
configuration of an application layer. 
0048 FIG. 23 is a conceptual view used for explaining a 
behavioral model library. 
0049 FIG. 24 is a schematic diagram showing a prob 
ability automaton. 

0050 
0051 FIG. 26 is a conceptual view showing the detailed 
configuration of the behavioral model library. 

FIG. 25 is a chart showing a state transition table. 

0052 FIG. 27 is a conceptual view showing the growth 
model of the pet robot. 
0053 FIG. 28 is a conceptual view showing an emotion 
parameter file for each "growth Stage'. 
0054 FIG. 29 is a flowchart used for explaining the 
growth of Sensitivity and instinct. 
0055 FIG. 30 is a conceptual view showing an instinct 
parameter file for each "growth Stage'. 
0056 FIG. 31 is a block diagram explaining the fifth 
embodiment. 

0057 FIG. 32 is a perspective view showing an embodi 
ment of a pet robot according to the fifth embodiment. 
0.058 FIG. 33 is a block diagram showing a circuit 
composition of a pet robot. 
0059 FIG. 34 is a schematic diagram showing data 
processing in a controller. 
0060 FIG. 35 is a schematic diagram showing data 
processing by an emotion and instinct model Section. 
0061 FIG. 36 is a schematic diagram showing data 
processing by the emotion and instinct model Section. 
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0.062 FIG. 37 is a schematic diagram showing data 
processing by the emotion and instinct model Section. 

0.063 FIG.38 is a block diagram of component members 
for changing parameters of an emotion model in the above 
described pet robot. 
0.064 FIG. 39 is a characteristic diagram showing an 
emotion expression ratio of a mate robot. 

0065 FIG. 40 is a state transition diagram of finite 
automaton in a behavior determination mechanism Section. 

0.066 FIG. 41 is a diagram showing a graph of posture 
transition in a posture transition mechanism Section. 
0067 FIG. 42 is a block diagram showing the component 
members for changing the parameters of the emotion model 
in the pet robot described in the fifth embodiment and is 
descriptive of another embodiment for changing the param 
eters of the emotion model. 

0068 FIG. 43 is a block diagram of component members 
for changing the parameters of the emotion model in the pet 
robot described in the fifth embodiment, which comprises a 
dialogue analysis mechanism Section for analyzing dialogue 
between a mate robot and a user. 

0069 FIG. 44 is a perspective view showing another 
embodiment of the pet robot described in the fifth embodi 
ment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0070 Hereinafter, with reference to the drawings, the 
detailed description will be made of an embodiment accord 
ing to the present invention. 

(1) First Embodiment 
(1-1) Configuration of Pet Robot According to First Embodi 
ment 

0071. In FIG. 1, reference numeral 1 denotes a pet robot 
according to the first embodiment as a whole, which is 
configured Such that leg units 3A to 3D are coupled to a 
trunk unit 2 in front and in rear, and on both Sides thereof, 
and a head unit 4 and a tail unit 5 are coupled to the front 
end and rear end of the trunk unit 2 respectively. 

0.072 The trunk unit 2, as shown in FIG. 2, contains a 
control unit 16 in which a CPU (Central Processing Unit) 10, 
a DRAM (Dynamic Random Access Memory) 11, a flash 
ROM (Read Only Memory) 12, a PC (Personal Computer) 
card interface circuit 13 and a signal processing circuit 14 
are connected to each other with an internal bus 15, and a 
battery 17 as a power source for the pet robot 1. In addition, 
the trunk unit 2 contains an angular velocity Sensor 18, an 
acceleration sensor 19 or the like for detecting the direction 
and acceleration of the movement of the pet robot 1. 
0.073 Disposed at predetermined positions in the head 
unit 4 are a CCD (Charge Coupled Device) camera 20 for 
picking up external conditions, a touch Sensor 21 for detect 
ing pressure given by physical approaches Such as "petting 
and “patting from the user; a distance Sensor 22 for 
measuring a distance to a front object; a microphone 23 for 
collecting external Sounds, a Speaker 24 for outputting 
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sounds such as barks; LEDs (Light Emitting Diode) (not 
shown) corresponding to “eyes” of the pet robot 1; and the 
like. 

0074. Further, on joint portions of each leg unit 3A to 3D, 
each coupled portion between each leg unit 3A to 3D and the 
trunk unit 2, a coupled portion between the head unit 4 and 
the trunk unit 2, a coupled portion between the tail unit 5 and 
the tail 5A, and the like, there are disposed actuators 25 to 
25, and potentiometers 26 to 26, having Several degrees of 
freedom. 

0075 Various sensors including the angular velocity sen 
Sor 18, acceleration Sensor 19, touch Sensor 21, distance 
Sensor 22, microphone 23, Speaker 24, and each potentiom 
eter 26 to 26, the LEDs and the actuator 25 to 25, are 
connected to the Signal processing circuit 14 in the control 
unit 16 via corresponding hubs 27 to 27, and the CCD 
camera 20 and the battery 17 are directly connected to the 
Signal processing circuit 14. 
0076. At this time, the signal processing circuit 14 Suc 
cessively captures Sensor data, image data and audio data to 
be Supplied from each of the above described Sensors, and 
Successively Stores these data in predetermined positions of 
the DRAM 11 via the internal bus 15. The signal processing 
circuit 14 Successively captures battery residual amount data 
indicating the battery residual amount to be Supplied from 
the battery 17, together with those data to store them in a 
predetermined position of the DRAM 11. 
0077. Each sensor data, image data, audio data and 
battery residual amount data, which have been Stored in the 
DRAM 11, will be utilized when the CPU 10 controls the 
operation of this pet robot 1 later. 
0078 Actually, the CPU 10 reads out, when power Sup 
ply for the pet robot 1 is initially turned on, a control 
program stored in a memory card 28 loaded in the PC card 
slot (not shown) of the trunk unit 2 or in the flash ROM 12, 
via the PC card interface circuit 13 or directly, to store it in 
the DRAM 11. 

0079 Then, on the basis of each sensor data, image data, 
audio data and battery residual amount data to be Succes 
sively stored in the DRAM 11 from the signal processing 
circuit 14 as described above, the CPU 10 judges self 
conditions and Surrounding conditions, the presence or 
absence of any instruction and approaches from the user, and 
the like. 

0080) Further, the CPU 10 determines a next action on the 
basis of this judgment result and the control program Stored 
in the DRAM 11, and drives necessary actuators 25 to 25, 
on the basis of the determination result concerned to thereby 
move the head unit 4 left, right, up or down, wag a tail 5A 
of the tail unit 5, and drive each leg unit 3A to 3D for 
walking among others. 

0081. At this time, the CPU 10 produces audio data as 
required, and gives it to the Speaker 24 through the Signal 
processing circuit 14 as an audio signal to thereby output 
Voice based on the audio signal concerned outward, or to 
light, put out or blink the LED. 
0082. As described above, this pet robot 1 is adapted to 
be able to autonomously act depending on conditions of the 
Self and Surroundings and any instruction and approach from 
the user. 
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(1-2) Software Configuration of Control Program 
0083 FIG. 3 shows a software configuration of the 
control program in the pet robot 1. In this FIG. 3, a device 
driver layer 30 is located at the lowest layer of this control 
program, and is configured by a device driver Set 31 con 
Sisting of a plurality of device drivers. In this case, each 
device driver is an object allowed to directly access hard 
ware to be used in an ordinary computer Such as the CCD 
camera 20 (FIG. 2) and a timer, and receives an interruption 
from corresponding hardware for processing. 

0084. A robotic server object 32 is located in the upper 
layer of the device driver layer 30, and is configured by: a 
Virtual robot 33 consisting of a Software group for providing 
an interface for accessing hardware Such as, for example, 
various Sensors and actuators 25 to 25, described above; a 
power manager 34 consisting of a Software group for 
managing Switching or the like of the power Supply; a device 
driver manager 35 consisting of a Software group for man 
aging other various device drivers, and a designed robot 36 
consisting of a Software group for managing the mechanism 
of the pet robot 1. 
0085. The manager object 37 is configured by an object 
manager 38 and a Service manager 39. In this case, the object 
manager 38 is a Software group for managing Start and end 
of each Software group included in the robotic Server object 
32, a middleware layer 40 and an application layer 41, and 
the Service manager 39 is a Software group for managing 
connections of the objects on the basis of information on 
connections between the objects written in a connection file 
stored in the memory card 28 (FIG. 2). 
0.086 The middleware layer 40 is located in the upper 
layer of the robotic server object 32, and is configured by a 
Software group for providing this pet robot 1 with basic 
functions Such as image processing and audio processing. 
The application layer 41 is located in the upper layer of the 
middleware layer 40 and is configured by a Software group 
for determining the actions of the pet robot 1 on the basis of 
results of processing obtained by processing by each Soft 
ware group constituting the middleware layer 40. 

0087. In this respect, FIG. 4 and FIG. 5 show concrete 
Software configuration of the middleware layer 40 and the 
application layer 41 respectively. 

0088. The middleware layer 40 is, as is obvious also from 
FIG. 4, configured by: a recognition system 57 having 
signal processing modules 50 to 55 for musical scales 
recognition, for distance detection, for posture detection, for 
the touch Sensor, for movement detection and for color 
recognition, an input Semantics converter module 56 and the 
like, and an output System 65 having an output Semantics 
converter module 57, signal processing modules 58 to 64 for 
posture management, for tracking, for operation playback, 
for walking, for falling-down and Standing-up, for LED 
lighting and for Sound reproducing, and the like. 

0089. In this case, each signal processing module 50 to 55 
in the recognition System 57 captures corresponding data 
from among Sensor data, image data and audio data to be 
read out from the DRAM 11 (FIG. 2) by a virtual robot 33 
in the robotic Server object 32, and carries out predetermined 
processing on the basis of the data to Supply the processing 
results to the input semantics converter module 56. 
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0090. On the basis of the processing result to be given 
from each of these signal processing modules 50 to 55, the 
input Semantics converter module 56 recognizes the Self 
conditions and the Surroundings, Such as “detecting a ball, 
“fell down,”“has been petted,”“has been patted,”“hearing 
musical Scales of do-re-mi-fa,”“detecting a moving object,” 
or “detecting an obstacle,” and any instruction and approach 
from the user, and outputs the recognition results to the 
application layer 41 (FIG. 2). 
0091. The application layer 41 is, as shown in FIG. 5, 
configured by five modules: a behavioral model library 70, 
an action Switching module 71, a learning module 72, an 
emotion model 73 and an instinct model 74. 

0092. In this case, the behavioral model library 70 is, as 
shown in FIG. 6, provided with respectively-independent 
behavioral models 70 to 70, by bringing each of them into 
correspondence with pre-Selected Several conditional items 
respectively, Such as “when the battery residual amount has 
got low,”“when standing up after falling down,”“when 
dodging an obstacle,”“when expressing an emotion,” and 
“when detecting a ball.” 

0093. When the recognition result is given from the input 
semantics converter module 56, or when a fixed time period 
has elapsed since the final recognition result was given, or 
the like, these behavioral models 70 to 70, determine a next 
action while referring to a parameter value of corresponding 
emotion held in the emotion model 73, and a parameter 
value of a corresponding desire held in the instinct model 74 
as described later, as required, to output the determination 
result to the action Switching module 71. 

0094. In this respect, in the case of this embodiment, each 
behavioral model 70 to 70, uses, as the technique of 
determining the next action, algorithm which is referred to 
as “probability automaton,” to probably determine to which 
node NODE to NODE, a transition is made from one node 
(state) NODE to NODE, as shown in FIG. 7, on the basis 
of transition probabilities P to P, which have been set 
respectively for arcs ARC to ARC connecting the nodes 
NODE, to NODE, 
0.095 Concretely, each behavioral model 70, to 70, has 
such a state transition table 80 for each of nodes NODE to 
NODE as shown in FIG. 8 by bringing each of them into 
correspondence with each of nodes NODE to NODE, 
which form own behavioral models 70 to 70, respectively. 
0096. In this state transition table 80, with respect to the 
nodes NODE to NODE, input events (recognition result), 
which are transition conditions, are enumerated in order of 
priority in a column of “Input Event Name,” and the other 
transition conditions are described in the corresponding lines 
in columns of “Data Name” and “Data Range.” 

0097 Accordingly, in a node NODE represented on 
the state transition table 80 of FIG. 8, when recognition 
result “detecting a ball' has been given, the fact that the 
“SIZE” of the ball is within a range of “from 0 to 1000” to 
be given together with the recognition result, or when 
recognition result “detecting an obstacle' has been given, 
the fact that the “distance” to the obstacle to be given 
together with the recognition result is within a range of 
“from 0 to 100,” is a condition required to make a transition 
to another node. 
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0.098 Also, in this node NODE, if any recognition 
result is not inputted, of parameter values of each emotion 
and each desire, which are held respectively by the emotion 
model 73 and the instinct model 74, to which the behavioral 
model 70 to 70 periodically refers, the parameter value of 
any of “JOY,”“SURPRISE" and “SUDNESS,” which are 
held by the emotion model 73, is within a range of 50 to 
100, transition can be made to another node. 
0099. In the state transition table 80, in a row of “Tran 
sition Target Node' in a column of “Transition Probability 
to Another Node,” names of nodes, to which a transition can 
be effected from the node NODE to NODE, are enumer 
ated, and when all conditions described in columns of "Input 
Event Name,”“Data Name” and “Data Range” are met, 
transition probability of each of other nodes NODE to 
NODE, to which the transition can be effected, is respec 
tively described in a position corresponding thereto in the 
column of “Transition Probability to Another Node.” Action 
to be outputted when transiting to the node NODE to 
NODE, is described in a row of “Output Action” in the 
column of “Transition Probability to Another Node.” In this 
respect, the Sum of probability in each column in the column 
of “Transition Probability to Another Node” is 100%). 
0100 Accordingly, in the node NODE represented in 
the state transition table 80 of FIG. 8, when, for example, 
the recognition result that “detecting a ball” and the “SIZE 
of the ball is within a range of “from 0 to 1000” has been 
given, it is possible to transit to “Node NODE (node 120)” 
at a probability of "30%" and at the time, the action of 
“ACTION 1” is to be outputted. 
0101) Each behavioral model 70 to 70, is configured 
such that the nodes NODE to NODE, described as such a 
State transition table 80 are connected in a great number, and 
when recognition result has been given from the input 
Semantics converter module 56 among others, the next 
action is adapted to be determined by using probability 
through the use of the state transition table 80 for the 
corresponding nodes NODE to NODE to output the deter 
mination result to the action Switching module 71. 
0102) Of action to be outputted respectively from each 
behavioral model 70 to 70, in the behavioral model library 
70, the action switching module 71 selects action outputted 
from a predetermined higher-priority behavioral model 70 
to 70, and transmits a command (hereinafter, referred to as 
“action command”) to the effect that the action concerned 
should be taken to the output semantics converter 57 in the 
middleware layer 40. In this respect, in this embodiment, a 
behavioral model 70 to 70, shown on the lower side in FIG. 
6 is Set higher in priority level. 
0103) Also, the action switching module 71 notifies the 
learning module 72, the emotion model 73 and the instinct 
model 74 to the effect that the action has been completed on 
the basis of action-completed information to be given by the 
output Semantics converter 57 after the action is completed. 
0104. On the other hand, of recognition results to be 
given by the input Semantics converter 56, the learning 
module 72 inputs the recognition result of an instruction, 
received as approach from the user, Such as “was patted” and 
“was petted.” 
0105. On the basis of this recognition result and a notice 
from the action Switching module 71, the learning module 
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72 changes transition probability, to which the behavioral 
model 70 to 70, corresponding thereto in the behavioral 
model library 70 corresponds in such a manner as to lower, 
when it “was patted (scolded),” the revelation probability of 
the action and to raise, when it “was petted (praised), the 
revelation probability of the action. 
0106. On the other hand, concerning six emotions in 
total: “JOY,”“SADNESS,”“ANGER,”“SURPRISE,”“DIS 
GUST" and “FEAR,” the emotion model 73 holds param 
eters for expressing intensity of the emotion for each emo 
tion. The emotion model 73 is adapted to successively 
update the parameter value for each of these emotions on the 
basis of Specific recognition results of “has been patted, 
“has been stroked” or the like to be given by the input 
Semantics converter module 56 respectively, elapsed time, a 
notice from the action switching module 71, or the like. 
0107 Concretely, on the basis of the recognition result 
from the input Semantics converter 56 and a degree (prede 
termined) of work of the action of the pet robot 1 at the time 
on its emotion, the parameter value of each desire, which the 
instinct model 74 holds, and a degree (predetermined) of 
work of the action of the pet robot 1 at the time on its 
emotion, degrees of restraint and Stimulus to be affected by 
other emotions, elapsed time or the like, the emotion model 
73 uses the following equation in a predetermined period: 

Et--1=Et-kxAEIt (1) 

to calculate a parameter value Et+1) of the emotion in the 
next period assuming an amount of fluctuation of the emo 
tion to be calculated by a predetermined operation expres 
Sion to be AEt, the current parameter value for the emotion 
to be Et, a coefficient for expressing a rate (hereinafter, 
referred to as “sensitivity”) to change the emotion in accor 
dance with the recognition result or the like to be k. 
0108. The emotion model 73 replaces this arithmetic 
result with the current parameter value Et of its emotion to 
thereby update the parameter value of the emotion. In this 
respect, it has been determined in advance the parameter 
value of which emotion should be updated in response to 
each recognition result and notices from the action Switching 
module 71, and when a recognition result of, for example, 
“has been patted” is given, the parameter value for the 
emotion of “ANGER' rises, while when a recognition result 
of “has been stroked” is given, the parameter value for the 
emotion of “JOY rises. 

0109. In contrast, the instinct model 74 holds, concerning 
four desires of “EXERCISE,”“AFFECTION,”“APPETITE” 
and “CURIOSITY,” which are independent of one another, 
a parameter for representing intensity of the desire for each 
of these desires. The instinct model 74 is adapted to suc 
cessively update these parameter values for the desires on 
the basis of recognition results to be given from the input 
Semantics converter module 56, elapsed time, notices from 
the action switching module 71 or the like respectively. 
0110 Concretely, concerning the “EXERCISE,”“AF 
FECTION,” and “CURIOSITY,” assuming an amount of 
fluctuation of the desire to be calculated by a predetermined 
operation expression on the basis of the action output, 
elapsed time, recognition result or the like of the pet robot 
1 to be AIk, the current parameter value of the desire to be 
Ik, and a coefficient for representing the Sensitivity of the 
desire to be k, the instinct model 74 calculates the parameter 
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value Ik--1 for the desire in the next period through the use 
of the following equation in a predetermined period: 

IIk+=IIk+kxAIk (2) 
and replaces this arithmetic result with the current parameter 
value Ik of the desire to thereby update the parameter value 
of the desire. In this respect, it has been determined in 
advance the parameter value of which desire should be 
changed in response to the action output, recognition result 
or the like, and if there has been a notice (notice to the effect 
that the action has been taken) from, for example, the action 
Switching module 71, the parameter value for the “EXER 
CISE will become lower. 

0111. As regards the “APPETITE,” on the basis of the 
battery residual amount data to be given through the input 
Semantics converter module 56, assuming the battery 
residual amount to be B, the instinct model 74 calculates 
the parameter value Ik for the “APPETITE" through the 
use of the following equation: 

IIk=100-B, (3) 
in a predetermined period, and replaces this arithmetic result 
with the current parameter value Ik for the appetite to 
thereby update the parameter value for the “APPETITE” 
concerned. 

0112) In this respect, in this embodiment, the parameter 
values for each emotion and each desire are regulated So as 
to fluctuate within a range of 0 to 100 respectively, and 
values for the coefficients k and k are also individually set 
for each emotion and for each desire. 

0113. On the other hand, the output semantics converter 
module 57 of the middleware layer 40 gives, as shown in 
FIG. 4, Such an abstract action command as "ADVANCE, 
*JOY,”“YELP” or “TRACKING (Chase a ball)” to be 
given by the action Switching module 71 of the application 
layer 41 as described above to the corresponding Signal 
processing modules 58 to 64 of the output system 65. 
0114. When an action command is given, these signal 
processing modules 58 to 64 generate a Servo command 
value to be given to a corresponding actuator 25 to 25, 
(FIG. 2) in order to take the action, audio data of sound to 
be outputted from a speaker 24 (FIG. 2) and/or driving data 
to be given to the LEDs serving as “Eyes,” on the basis of 
the action command to Successively transmit these data to 
the corresponding actuator 25 to 25, Speaker 24 or LEDS 
through a virtual robot 33 of the robotic server object 32 and 
the signal processing circuit 14 (FIG. 2) Successively. 
0115 AS described above, this pet robot 1 is adapted to 
be able to autonomously act in response to conditions of the 
Self and Surroundings and any instruction and approach from 
the user in accordance with the control program. 
(1-3) Growth Model of Pet Robot 1 
0.116) Next, the description will be made of a growth 
function installed in this pet robot 1. This pet robot 1 has the 
growth function which continuously changes the action as if 
it "grew in response to approach or the like from the user. 
0117 More specifically, this pet robot 1 is provided with 
five “growth stages” of “tweety,”“baby period,”“child peri 
od,”“young period’ and “adult period’ as growth processes. 
The behavioral model library 70 (FIG. 5) in the application 
layer 41 is provided with behavioral models 70 to 70s, 
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which are brought into correspondence with the “tweety, 
“baby period,”“child period,”“young period” and “adult 
period’ respectively as a behavioral model 70 as shown in 
FIG. 9 concerning all conditional items (hereinafter, 
referred to as "growth-related conditional item') relating to 
“growth' such as the “Operation,”“Action” or the like, of 
each conditional item Such as the above described “when the 
battery residual amount is getting low.” The behavioral 
model library 71 is adapted to determine the next action 
through the use of the behavioral model 70 of the “tweety 
period’ in the initial Stage concerning these growth-related 
conditional items. 

0118) In this case, each behavioral model 70 of the 
“tweety period' has a small number of nodes NODE to 
NODE, (FIG. 7), and the contents of actions to be outputted 
from these behavioral models 70 are also actions or 
operations corresponding to the “tweety period’ like “walk 
ing in pattern 1 (walking pattern for “tweety period”)” or 
“making sounds in pattern 1 (bowwow pattern for “tweety 
period”).” 
0119) Thus, this pet robot 1 acts, in the initial stage, so 
that it becomes as "simple” movement as Simply “walk, 
'Stand” and “lie down” concerning, for example, “opera 
tion,” and so that it becomes “monotonous” by repeatedly 
performing the same action concerning “action' in accor 
dance with each behavioral model 70 in the “tweety.” 
0120) At this time, the learning module 72 (FIG. 5) in the 
application layer 41 holds parameters (hereinafter, referred 
to as "growth parameters') representing degrees of "growth” 
therein, and is adapted to Successively update the value of 
growth parameter in accordance with the number of times, 
elapsed time or the like of approaches (instructions) Such as 
“was petted” or “was patted” from the user on the basis of 
the recognition result, elapsed time information or the like to 
be given from the input semantics converter module 56. 
0121 The learning module 72 evaluates the value of this 
growth parameter every time the power to the pet robot 1 is 
turned on, and when the value exceeds a threshold which has 
been Set in advance by bringing it into correspondence with 
the “baby period,” notifies the behavioral model library 70 
of this. When this notice is given, the behavioral model 
library 70 changes, concerning each growth-related condi 
tional item described above, the behavioral models to be 
used respectively to the behavioral model 70 of the 
“BABY. 

(0122) At this time, each behavioral model 70 in the 
“baby period” has a greater number of nodes NODE to 
NODE, than the behavioral model 70 in the “tweety," and 
the contents of actions to be outputted from these behavioral 
models 702 are also higher in degree of difficulty and more 
complicated (in a growth level) than the actions in the 
“tweety.” 

0123 Thus, this pet robot 1 acts, in accordance with these 
behavioral models 702 thereafter, so as to become 
"slightly higher and more complicated movement by 
increasing the number of actions, for example, “operation,” 
and So as to become action “at least with an objective' 
concerning the “action.” 

0.124. In the same manner as in the above described case 
thereafter, every time the value of the growth parameter 
exceeds each threshold Set in advance by bringing it into 
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correspondence with the “child period,”“young period’ and 
“adult period’ respectively, further the learning module 74 
notifies the behavioral model library 71 of this. Every time 
this notice is given, the behavioral model library 71 succes 
Sively changes, concerning each growth-related conditional 
item described above, the behavioral models to be used 
respectively to the behavioral models 70s to 70s, of the 
“child period,”“young period” and “adult period.” 

0125) At this time, each behavioral model 70s, to 70s, 
in the “child period,”“young period” and “adult period” has 
a greater number of nodes NODE to NODE as the “growth 
Stage” riseS respectively, and the contents of actions to be 
outputted from these behavioral models 70s, to 70s also 
become higher in degree of difficulty and level of compli 
catedness of the action as the "growth Stage” rises. 
0126. As a result, this pet robot 1 successively stepwise 
changes the “operation' from “simple” toward “higher level 
and more complicated,” and the “action” from “monoto 
nous” toward “action with intention” as the “growth stage” 
rises (more specifically, changes from “tweety period’ to 
“baby period,” from “baby period” to “child period,” from 
“child period” to “young period” and from “young period” 
to “adult period”). 
0127. As described above, this pet robot 1 is adapted to 
cause its action and operation to "grow” in five Stages: 
“tweety,”“baby period,”“child period,”“young period” and 
“adult period’ in accordance with instructions to be given by 
the user and elapsed time. 
0128. In this respect, in case of this embodiment, the 
growth model of the pet robot 1 is a model which branches 
off in and after the “child period” as shown in FIG. 10. 
0129. More specifically, in case of the pet robot 1, the 
behavioral model library 70 in the application layer 41 (FIG. 
5) is provided with a plurality of behavioral models respec 
tively as behavioral models 70s, to 70s for the “child 
period,”“young period’ and “adult period” concerning each 
growth-related conditional item described above. 

0130) Actually, as the behavioral model 70 for, for 
example, the “child period’ in each growth-related condi 
tional item, there are prepared a behavioral model (CHILD 
1) for causing the pet robot to perform action of a “fidgety’ 
character having careleSS and quick movement, and a behav 
ioral model (CHILD 2) for causing it to perform action of a 
“calm' character having Smoother and slower movement 
than the CHILD 1. 

0131) Also, as the behavioral model 70 for the “young 
period,” there are prepared a behavioral model (YOUNG 1) 
for causing it to perform action of a "rough' character 
having more careleSS and quicker movement than the “fidg 
ety' character of the “child period,” a behavioral model 
(YOUNG 2) for causing it to perform action and operation 
of an “ordinary' character having slower and Smoother 
movement than the YOUNG 1, and a behavioral model 
(YOUNG 3) for causing it to perform action of “calm” 
character having slower operation and less amount of action 
than the YOUNG 2. 

(0132) Further, as the behavioral model 70s for the 
“adult period, there are prepared a behavioral model 
(ADULT 1) for causing it to perform action of a very 
excitable “aggressive' character having more careleSS and 
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quicker movement than the "rough' character of the "young 
period,” a behavioral model (ADULT2) for causing it to 
perform action of an excitable “fidgety' character having 
Smoother and slower movement than the ADULT 1, a 
behavioral model (ADULT 3) for causing it to perform 
action of a “gentle' character having Smoother and slower 
movement and a less amount of action than the ADULT2, 
and a behavioral model (ADULT4) for causing it to perform 
action of a “quiet character having further slower move 
ment and a less amount of action than the ADULT3. 

0133) When notifying the behavioral model library 70 in 
order to raise the "growth Stage' as described above, the 
learning module 72 (FIG. 5) in the application layer 41 
designates the behavioral model (CHILD 1, CHILD 2, 
YOUNG 1 to YOUNG 3 and ADULT 1 to ADULT4) of 
which “character' should be used as a behavioral model in 
the next "growth Stage' in each growth-related conditional 
item on the basis of the number of times or the like of “was 
petted” and “was stroked,” in and after the “child period,” in 
the “growth stage” thereof. 

0134). As a result, the behavioral model library 70 
changes, on the basis of this designation, the behavioral 
models 70s, to 70s to be used in and after the “child 
period’ concerning each growth-related conditional item to 
behavioral models (CHILD 1, CHILD 2, YOUNG 1 to 
YOUNG 3 and ADULT 1 to ADULT 4) of the designated 
“character' respectively. 

0135) In this case, in and after the "child period,” when 
shifting to the next “growth stage,” the “character” in the 
next “growth stage” is determined by the “character” in the 
present “growth Stage,” and therefore, a shift can be only 
made between the “characters” which are connected by 
arrows in FIG. 10. Therefore, when the behavioral model 
(CHILD.1) of the “fidgety” character is used in, for example, 
the “child period,” the pet robot 1 cannot shift to the 
behavioral model (YOUNG 3) of the “calm” character in the 
“young period.” 

0.136 AS described above, this pet robot 1 is adapted to 
change also its “character along with the "growth' in 
response to approaches or the like from the user as if a 
genuine animal formed its character in accordance with how 
the owner raise or the like. 

(1-4) Concrete Configuration of Behavioral Model 70 
0.137 Next, the description will be made of concrete 
configuration of the behavioral model 70 (FIG. 9) of each 
growth-related conditional item described above. 

0.138. In the case of this pet robot 1, the behavioral model 
70 of each growth-related conditional item has vast state 
Space in which each of all the action patterns which the pet 
robot 1 is capable of revealing has been Stored. 

0.139 Ofstate space of these behavioral models 70, with 
a State Space portion, in which basic actions in this pet robot 
Such as “walking,"lying down” and "standing” are gener 
ated, as a core, these behavioral models 70 use only a 
limited portion including the core concerned in the “tweety,' 
and thereafter, every time it "grows,' permit transition to a 
State space portion to be newly increased (state space portion 
in which actions and a Series of action patterns enabling to 
be newly revealed will be generated), and sever a State space 
portion which has been no longer used (state space portion 
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in which actions and a Series of action patterns which will 
not be caused to be revealed will be generated) to thereby 
generate behavioral models 70 to 70s in each "growth 
Stage.” 

0140. As a method of permitting the transition to the state 
Space portion to be newly increased and for Severing any 
unnecessary State Space as described above, this pet robot 1 
uses a method of changing the transition probability to the 
State Space in response to the "growth.” 
0141 For example, in FIG. 11, assuming that a transition 
condition from a node NODE to a node NODE is that 
“detecting a ball,” and that a series of node groups 90 from 
the node NODE is used to perform a series of action 
patterns to “approach the ball to kick it,” when the ball has 
been found at the node NODEA, an action pattern PA to 
“chase the ball to kick it” can be revealed at transition 
probability P, but if the transition probability P is “0.” Such 
an action pattern PA will never be revealed. 
0142. In this pet robot 1, in the case where such an action 
pattern PA is caused to be revealed after a certain "growth 
stage” is reached, this transition probability P is set to “0” 
in advance in the initial Stage and this transition probability 
P is caused to be changed to a predetermined numerical 
value higher than “0” when the “growth stage” concerned is 
reached. Conversely, in the case where this action pattern 
PA, is caused to be forgotten when a certain "growth stage" 
is reached, the transition probability from the node NODEA 
to the node NODE is caused to be changed to “0” when the 
"growth stage' is reached. 
0143. In this pet robot, as the concrete technique for 
updating the transition probability at a necessary point as 
described above, each behavioral model of the above 
described growth-related conditional item is provided with 
such files (hereinafter, referred to as difference files) 91A to 
91D as shown in FIG. 12 by bringing it into correspondence 
with each “growth stage” of the “baby period,”“child period, 
“young period” and “adult period’ respectively. 

0144). In these difference files 91A to 91D, there are 
contained the node name (number) of a node (which corre 
sponds to the node A in FIG. 11), at which the transition 
probability should be changed as described above, a place in 
the state transition table 80 (FIG. 8) of the node, at which 
the transition probability should be changed, and the tran 
Sition probability at the place concerned after the change in 
order to reveal the new action as described above on rising 
to the. "growth stage.” 

0145 The behavioral model 70 of each growth-related 
conditional item generates action in accordance with the 
behavioral model 70 for the “tweety period” in the initial 
Stage, and when a notice to the effect that it has "grown' is 
given from the learning module 72 (FIG. 5) as described 
above thereafter, the transition probability at each of respec 
tively designated places is changed to the numerical value 
designated concerning each node described in the difference 
files 91 to 91D concerned on the basis of the difference files 
91 to 91D for the corresponding “growth stage. 
0146 For example, in the case of an example shown in 
FIGS. 8 and 12, when the pet robot has grown to the “baby 
period,” in the behavioral model 70 for each growth-related 
conditional item, the transition probability in the “first 
column” and the “first row” in the area. (in FIG. 8, a portion 
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which is below the “Output Action” row and on the right of 
the “Data Range” column) in the state transition table 80, in 
which the transition probability for the node NODE has 
been described, will be changed to “20%), and the tran 
sition probability in the “first column” and the “n-th row” in 
the State transition table concerned will be changed to 
“30%), and so forth respectively. In addition, in the 
behavioral model 70 for each growth-related conditional 
item, concerning other nodes NODE, NODEzo, . . . 
described in the difference file 91A for this “baby period,” 
the corresponding transition probability will be similarly 
changed respectively. 
0147 In this case, among transition probability, whose 
numerical value will be changed in this manner, there are 
included transition probability, in which the transition prob 
ability until then has been “0” (that is, a transition to a node, 
which Serves as the Starting point of a Series of action 
patterns, has been prohibited) and transition probability, in 
which the transition probability after the change becomes 
“0, (that is, a transition to a node, which serves as the 
Starting point of a Series of action patterns, is prohibited). 
However, the transition probability is changed from “0” to 
a predetermined numerical value in this manner, or the 
transition probability after the change becomes “0.” 
whereby the Series of action patterns may become revealed 
in a new “growth Stage,” or the Series of action patterns may 
not be revealed. 

0.148. In this respect, even when the necessary transition 
probability has been changed as described above, values for 
each transition probability in each difference file 91A to 91D 
are Selected in Such a manner that the Sum of each transition 
probability to be included in the corresponding column in 
the state transition table 80 after the change amounts, to 
100%). 
(1-5) Operation and Effect of this Embodiment 
0149. In the above described configuration, of vast state 
Space in which all the action patterns have been Stored, with 
a State Space portion for performing basic action as a core, 
this pet robot 1 uses only a limited portion including the core 
concerned in the “tweety,” and thereafter, every time it 
"grows,” Severs the State Space portion which has been no 
longer used except for the core, and permits a transition to 
a State Space portion which should be newly increased to 
thereby generate behavioral models 70 to 70 in each 
"growth Stage,” and to act in accordance with the behavioral 
models 70 to 70, concerned thus generated. 
0150. Therefore, this pet robot 1 is capable of reducing 
discontinuity in the output action before and after the 
“growth' to thereby express the “growth' more naturally 
because the state space of the behavioral models 70 to 
70, in each "growth Stage' continuously changes. In this 
petrobot 1, Since the State Space portion for generating basic 
actions is shared in all "growth stages, the learning result 
of the basic action can be Successively carried forward to the 
next "growth Stage.” 
0151. Further, in this pet robot 1, since the state space 
portion for generating basic action is shared in all “growth 
Stages' as described above, it is easy to prepare behavioral 
models 70 to 70 for each "growth stage,” and it is also 
possible to curtail the amount of data for the entire behav 
ioral models as compared with a case where individual 
behavioral models are prepared for each "growth Stage' as 
in the conventional case. 
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0152. Further, this pet robot 1 severs the unnecessary 
State Space for a Series of action patterns in accordance with 
the "growth' as described above, and permits a transition to 
necessary State Space for a Series of action patterns, to 
thereby generate behavioral models 70 to 70 in each 
"growth Stage.” Therefore, it is possible to divide each Series 
of action patterns into parts, and to further facilitate an 
operation for generating the behavioral model 70 of each 
growth-related conditional item by that much. 

0153. According to the above described configuration, of 
vast State Space in which all the action patterns have been 
Stored, with a State Space portion for performing basic action 
as a core, this pet robot 1 uses only a limited portion 
including the core concerned in the “tweety,” and thereafter, 
every time it "grows, Severs the State Space portion which 
has been no longer used except for the core, and permits a 
transition to a State Space portion which should be newly 
increased to thereby generate the behavioral models 70 to 
70 in each "growth stage,” thereby it is possible to reduce 
discontinuity in the output action before and after the 
"growth' by continuously changing the State Space for the 
behavioral models 70 to 70 in each "growth stage." 
Thus, the "growth' can be expressed more naturally, and it 
is possible to realize a pet robot capable of improving the 
entertainment characteristics. 

(1-6) Other Embodiments 

0154) In this respect, in the above described first embodi 
ment, the description has been made of the case where the 
present invention is applied to four-legged walking type pet 
robots 1 and 100, but the present invention is not limited 
thereto, but is widely applicable to robots of various embodi 
ments in addition. 

O155 Also, in the above described first embodiment, the 
description has been made of the case where the State Space 
of the behavioral model 70 to 70s, of each "growth 
Stage' is Successively expanded along with the “growth,” 
but the present invention is not limited thereto, but it may be 
possible to Successively reduce the State Space of the behav 
ioral model 70 to 70s in each "growth stage" or to 
reduce the state space of the behavioral model 70 to 
70 in any of the “growth stages” in the course of the 

k(5) . 
eXpanSIOn. 

0156 Further, in the above described first embodiment, 
the description has been made of the case where the pet 
robot 1 or 100"grows' in five stages, but the present 
invention is not limited thereto, but it may be possible to 
cause the pet robot to "grow at Several Stages other than five 
Stages. 

O157. Further, in the above described first embodiment, 
the description has been made of the case where the memory 
means for storing a behavioral model (behavioral model 
including all action patterns which the pet robot 1 is capable 
of performing), and action generating means for generating 
action by the use of partial or full State Space of the 
behavioral model concerned are configured by one behav 
ioral model 70 and the CPU 10, but the present invention is 
not limited thereto, but is widely applicable to various 
configurations in addition. 
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(2) Second Embodiment 
(2-1) Principle 
0158 When a transition to a series of action patterns PA 
to be newly acquired by the “growth” is made only from a 
specific state (node NODEA) as shown in FIG. 11, it is 
possible to control the revelation of the action pattern only 
by changing the transition probability P. When, however, 
this transition occurs from a plurality of States (nodes 
NODE to NODEA) as shown in FIG. 13, it is not easy to 
control all corresponding transition probability Po to P. 
0159. In such a case, an imaginary node (hereinafter, 
referred to as virtual node) NODE can be provided in the 
behavioral model as shown in FIG. 14, and transition from 
each node NODEA to NODEA to a node NODE, which 
Serves as a starting point of a Series of action patterns PA, 
can be replaced with transition to the virtual node NODEs 
in such a manner that the virtual node NODE is brought 
into correspondence with the node NODE, which is the 
Starting point of the above described Series of action patterns 
PA. 
0160 Thus, it also becomes easy to control the transition 
probability, and even when this Series of action patterns PA 
is replaced with another Series of action patterns PA along 
with "growth,' this can be easily performed only by chang 
ing correspondence of a real node to the Virtual node 
NODE from the node NODE at the starting point of the 
previous action pattern PA to a node NODE at the Starting 
point of the next action pattern PA. 
(2-2) Configuration of Pet Robot 100 According to this 
Embodiment 

0161 Reference numeral 100 in FIG. 1 denotes a pet 
robot according to the Second embodiment as a whole, and 
is configured in the same manner as a pet robot 1 according 
to the first embodiment with the exception that it is different 
in configuration of the behavioral model 70 (FIG. 9) of 
each growth-related conditional item along with the 
“growth.” 
0162 More specifically, in this pet robot 100, the behav 
ioral model 70 of each growth-related conditional item is, 
as shown in FIG. 15, provided with a behavioral model 
(hereinafter, referred to as basic behavioral model) 101 for 
generating basic action common to each "growth Stage” 
Such as "standing,"sitting down” and “walking respec 
tively, and within this basic behavioral model 101, there are 
provided several virtual nodes NODE to NODE. 
0163 The behavioral model 70 for each growth-related 
conditional item is provided with action pattern files 102A to 
102E by bringing it into correspondence with each “growth 
stage” respectively. These action pattern files 102A to 102E 
are obtained by collecting, into files, as shown in FIG. 16 
respectively, each virtual node NODE to NODE within 
the basic behavioral model 101 in its “growth stage,” and 
State transition tables for node groups for respectively gen 
erating each Series of action patterns PA to PA, which has 
been brought into correspondence respectively. 

0164. Further, the behavioral model 70 for each growth 
related conditional item is, as shown in FIG. 17, provided 
with files (hereinafter, referred to as difference file 103) 
which have summarized correspondence tables 103A to 
103E representing correspondence relation between each 
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virtual node NODE to NODE in each “growth stage” 
and each real node (node at the starting point of any of action 
patterns PA to PA stored in the action pattern files 102A to 
102E of the “growth stage,” and so forth) The behavioral 
model 70 for each growth-related conditional item reads 
out, in the initial Stage, the data of the action pattern file 
102A for the “tweety period” to add the data to the basic 
behavioral model 101, and on the basis of the correspon 
dence table 103A for the “tweety period’ stored in the 
difference file 103, converts each virtual node NODE to 
NODE within the basic behavioral model 101 to a real node 
to thereby generate the behavioral model 70 for the 
“tweety period’ for generating action on the basis of the 
behavioral model 70 concerned. 
0.165. Thereafter, when a notice to the effect that it has 
“grown” is given from the learning module 72 (FIG. 5), the 
behavioral model 70 for each growth-related conditional 
item adds the data for the action pattern file 102B for the 
“baby period’ to the basic behavioral model 101 in place of 
the data for the action pattern file 102A for the “tweety,” and 
converts each virtual node NODE to NODE within the 
basic behavioral model 101 to a real node on the basis of the 
correspondence table 103B for the “baby period” stored in 
the difference file 103 to thereby generate the behavioral 
model 702 for the “baby period,” for generating action on 
the basis of the behavioral model 70 concerned. 
0166 Further similarly thereafter, every time a notice to 
the effect that it has "grown' is given from the learning 
module 72, the behavioral model 70 for each growth 
related conditional item Successively changes the data for 
action pattern files 102A to 102E to be added to the basic 
behavioral model 101 to the data for the “child period,” for 
the “young period” and for the “adult period,” and converts 
each virtual node NODE to NODE within the basic 
behavioral model 101 into a real node on the basis of the 
correspondence table 103C to 103E for the “growth stage” 
stored in the difference file 103 to thereby successively 
generate the behavioral models 70s, to 70s, for the “child 
period,”“young period’ and “adult period,” for generating 
action on the basis of the behavioral model 70s to 70s. 
0167 As described above, this pet robot 100 is adapted to 
change its action in response to the "growth' by Succes 
Sively changing the action patterns PA to PA to be brought 
into correspondence with each Virtual node NODEk to 
NODE within the basic behavioral model 101 respectively 
along with the “growth.” 
(2-3) Operation and Effect of this Embodiment 
0.168. In the above described configuration, this pet robot 
100 changes its action in response to the “growth' by 
Successively changing the action patterns PA to PA to be 
brought into correspondence with each virtual node NODE 
to NODE within the basic behavioral model 101 respec 
tively along with the “growth.” 

0169. In this pet robot 100, therefore, since the basic 
behavioral model 101 for generating a basic behavioral 
model is shared in all the “growth Stages, it is possible to 
provide consistency in action throughout all the “growth 
Stages,” and the learning result of the basic action can be 
Successively carried forward to the next "growth Stage.” 
0170 In this pet robot 100, since the basic behavioral 
model 101 is shared in all the “growth stages” as described 
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above, it is easy to prepare the behavioral model, and it is 
also possible to curtail the amount of data for the entire 
behavioral models as compared with a case where individual 
behavioral models are prepared for each "growth Stage' as 
in the conventional case. 

0171 Further in this pet robot 100, it is possible to divide, 
into parts, each action patterns PA to PA to be brought into 
correspondence with each virtual node NODE to NODE 
within the basic behavioral model 101 respectively, and to 
further facilitate an operation for generating the behavioral 
model 70 of each growth-related conditional item by that 
much. 

0172 Further in this pet robot 100, since virtual nodes 
NODE to NODEs are utilized as described above in 
addition to Similar operation effect to Such operation effect 
to be obtained in the first embodiment, it can be made 
possible to easily generate the behavioral model 70 for 
each growth-related conditional item even when shifts to a 
certain Series of action patterns PA may occur in nodes 
NODE to NODEAs here and there as shown in, for 
example, FIG. 13. 
0173 According to the above described configuration, 
the basic behavioral model 101 is provided with virtual 
nodes NODE to NODE, therein, each behavioral model 
70 for the “tweety period" is generated in such a manner 
that (node at the starting point of) each Series of action 
patterns PA to PA for the “tweety period” is brought into 
correspondence with each virtual node NODE to NODE 
respectively, and thereafter, each behavioral model 702 to 
70s for the “baby period,” for the “child period,” for the 
“young period’ and for the "adult period’ is generated in 
Such a manner that each Series of action patterns PA to PA 
to be brought into correspondence with each virtual node 
NODE to NODEk respectively is replaced with action 
patterns for the “baby period,” for the child period,” for the 
“young period” and for the “adult period” along with the 
“growth.” Therefore, it is possible to provide consistency in 
action throughout all the “growth stages.” Thus, it is possible 
to express the "growth' more naturally, and to realize a pet 
robot capable of improving the entertainment characteris 
tics. 

(3) Other Embodiments 
0.174. In this respect, in the above described second 
embodiment, the description has been made of the case 
where the present invention is applied to four-legged walk 
ing type pet robots 1 and 100, but the present invention is not 
limited thereto, but is widely applicable to robots of various 
embodiments in addition. 

0.175 Also, in the above described second embodiment, 
the description has been made of the case where the State 
space of the behavioral model 70 to 70s of each 
"growth Stage' is Successively expanded along with the 
“growth,” but the present invention is not limited thereto, 
but it may be possible to Successively reduce the State Space 
of the behavioral model 70 to 70s, in each "growth 
Stage' or to reduce the State Space of the behavioral model 
70 to 70s in any of the “growth stages” in the course of 
the expansion. 

0176 Further, in the above described second embodi 
ment, the description has been made of the case where the 
pet robot 1 or 100"grows” in five stages, but the present 
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invention is not limited thereto, but it may be possible to 
cause the pet robot to "grow at Several Stages other than five 
Stages. 

0177. Further, in the above described second embodi 
ment, the description has been made of the case where 
change means for changing a node group to be allocated to 
the virtual node NODE to NODE is configured by one 
behavioral model 70, and the CPU 10, but the present 
invention is not limited thereto, but is widely applicable to 
various configurations in addition. 
(3) Third Embodiment 
(3-1) Configuration of Pet Robot According to Third 
Embodiment 

0178. In FIG. 18, reference numeral 110 generally 
denotes a pet robot according to a third embodiment. Leg 
units 112A to 112D are respectively connected to the front 
right, front left, rear right, and rear left parts of a body unit 
111 and a head unit 113 and a tail unit 114 are respectively 
connected to the front end part and the rear end part of the 
body unit 111. 
0179. As shown in FIG. 19, in the body unit 111 a control 
unit 126, a CPU (Central Processing Unit) 120, a DRAM 
(Dynamic Random Access Memory) 121, a flash ROM 
(Read Only Memory) 122, a PC (Personal Computer) card 
interface circuit 123 and a signal processing circuit 124 are 
connected to each other with an internal bus 125 and a 
battery 127 serving as the power source of the pet robot 110 
are contained. Further, an angular Velocity Sensor 128 and an 
acceleration Sensor 129 for detecting the orientation or the 
acceleration of the movement of the pet robot 110 or the like 
are also accommodated in the body unit 111. 
0180 Further, disposed at predetermined positions in the 
head unit 113 are a CCD (Charge Coupled Device) camera 
130 for picking up the image of an external condition, a 
touch Sensor 131 for detecting applied pressure due to 
physical actions from a user Such as "petting” or “patting, 
a distance Sensor 132 for measuring a distance to a front 
object, a microphone 133 for collecting external Sounds, a 
Speaker 134 for Outputting Sounds Such as bark and LEDS 
(Light Emitting Diode) (not shown) corresponding to the 
“eyes” of the pet robot 110. 
0181 Further, actuators 135 to 135, for the number of 
degrees of freedom and potentiometers 136 to 136, are 
respectively disposed in the joint parts of the leg units 112A 
to 112D, the connecting parts between the leg unit 112A to 
112D and the body unit 111, the connecting part between the 
head unit 113 and the body unit 111 and the connecting part 
between the tail 114A of the tail unit 114 or the like. 

0182 Various kinds of sensors, the LED and the actuators 
135 to 135, such as the angular velocity sensor 128, the 
acceleration sensor 129, the touch sensor 131, the distance 
sensor 132, the microphone 133, the speaker 134 and the 
potentiometerS 136 to 136, are connected to the Signal 
processing circuit 124 of the control unit 126 with corre 
sponding hubs 27 to 27. The CCD camera 130 and the 
battery 127 are directly connected to the Signal processing 
circuit 124. 

0183 At this time, the signal processing circuit 124 
Sequentially fetches Sensor data, image data and audio data 
Supplied from the above described Sensors and Sequentially 
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stores them in prescribed positions in the DRAM 121 
through an internal buS 125. Further, the Signal processing 
circuit 124 Sequentially fetches battery residual amount data 
indicating battery residual amount Supplied from the battery 
127 as well as them and Stores it in a prescribed position in 
the DRAM 121. 

0.184 The sensor data, the image data, the audio data and 
the battery residual amount data stored in the DRAM 121 in 
such a way are used when the CPU 120 controls the 
operation of the pet robot 110 after that. 
0185. In practice, during an initial time when the power 
Source of the pet robot 110 is turned on, the CPU 120 reads 
out a control program Stored in a memory card 138 inserted 
in the PC card slot (not shown) of the body unit 111 or in the 
flash ROM 122 directly or through the PC card interface 
circuit 123 and stores it in the DRAM 121. 

0186. Further, the CPU 120 then judges its own and 
circumferential States or whether or not there exist an 
instruction and an action from a user on the basis of the 
Sensor data, the image data, the audio data and the battery 
residual amount data which are Sequentially Stored in the 
DRAM 121 from the signal processing circuit 124 as 
mentioned above. 

0187 Still further, the CPU 120 determines a subsequent 
conduct on the basis of the judged result and the control 
program stored in the DRAM 121 and drives desired actua 
tors 135 to 135 on the basis of the determination result, so 
that the CPU 120 permits the pet robot to act, such as to 
move the head unit 113 upward and downward and right 
ward and leftward, to wag the tail 114A of the tail unit 114 
and to drive the respective leg units 112A to 112D to walk. 
0188 At this time, the CPU 120 generates the audio data 
as required and Supplies the audio data to the Speaker 134 as 
an audio signal through the Signal processing circuit 124 to 
output a voice based on the audio signal to an external part, 
and turn on or off or flickers the above described LEDs. 

0189 As described above, the pet robot 110 is designed 
to autonomously conduct in accordance with its own and 
circumferential States and the instruction and action from the 
USC. 

(3-2) Software Configuration of Control Program 
0190. The software configuration of the above described 
control program in the pet robot 110 is shown in FIG. 20. In 
FIG. 20, a device driver layer 140 is located in the lower 
most layer of the control program and composed of a device 
driver set 141 having a plurality of device drivers. In this 
case, each device driver is an object which is allowed to 
directly access a hardware employed in an ordinary com 
puter such as the CCD camera 130 (FIG. 19) or a timer and 
executes a processing by receiving an interruption from a 
corresponding hardware. 
0191) Further, a robotic server object 142 is located in a 
layer higher than the device driver layer 140. The robotic 
server object 142 comprises a virtual robot 143 composed of 
Software groups for providing interfaces to have access to, 
for instance, the hardware Such as the above described 
various types of sensors or the actuators 135 to 135, etc., 
a power manager 144 composed of Software groups for 
managing the Switching of the power Source or the like, a 
device driver manager 145 composed of Software groups for 
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managing various kinds of other device drivers and a 
designed robot 146 composed of Software groups for man 
aging the mechanism of the pet robot 110. 
0.192 A manager object 147 comprises an object manager 
148 and a service manager 149. In this case, the object 
manager 148 comprises Software groups for managing the 
Start and end of each of Software groups included in the 
robotic server object 142, a middleware layer 150 and an 
application layer 151. The service manager 149 comprises 
Software groups for managing the connection of the objects 
on the basis of connection information between the objects 
written in a connection file stored in the memory card 138 
(FIG. 19). 
0193 The middleware layer 150 is located in a layer 
higher than the robotic server object 142 and is composed of 
Software groups for providing the basic functions of the pet 
robot 110 Such as image processing or audio processing. The 
application layer 151 is located in a layer higher than the 
middleware layer 150 and is composed of software groups 
for determining the action of the pet robot 110 on the basis 
of the result processed by the Software groups constituting 
the middleware layer 150. 
0194 The specific software configurations of the middle 
ware layer 150 and the application layer 151 are respectively 
shown in FIGS. 21 and 22. 

0.195 AS apparent from FIG. 21, the middleware layer 
150 comprises a recognition system 167 including signal 
processing modules 160 to 165 for recognizing Sound Scales, 
for detecting a distance, for detecting a posture, for a touch 
Sensor, for detecting a movement and for recognizing a color 
and an input Semantics converter module 166 and an output 
System 175 including an output Semantics converter module 
167 and signal processing modules 168 to 174 for managing 
a posture, for tracking, for reproducing a motion, for walk 
ing, for Standing up after falling down, for lighting the LEDS 
and reproducing Sounds and the like. 
0196. In this case, the respective signal processing mod 
ules 160 to 165 of the recognition system 167 fetch the 
corresponding data from among the Sensor data, the image 
data and the audio data read from the DRAM 121 (FIG. 19) 
by the virtual robot 143 of the robotic server object 142, 
execute prescribed processing on the basis of the fetched 
data and Supply the processed results to the input Semantics 
converter module 166. 

0197) The input semantics converter module 166 recog 
nizes its own and circumferential States or the instructions 
and the actions from the user Such as “detected a ball', 
“detected a falling-down”, “was touched”, “was patted”, 
“heard the Scales of do, mi, So”, “detected a moving object' 
or “detected an obstacle”, on the basis of the processed 
results Supplied from the Signal processing modules 160 to 
165 and outputs the recognition results to the application 
layer 151 (FIG. 19). 
0198 As shown in FIG. 22, the application layer 151 
comprises five modules including a behavioral model library 
180, an action Switching module 181, a learning module 
182, an emotion model 183 and an instinct model 184. 

0199. In this case, in the behavioral model library 180, as 
shown in FIG. 23, respectively independent behavioral 
models 180 to 180, are provided so as to correspond to 
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previously Selected Several condition items. Such as “when a 
battery residual amount is getting low”, “when Standing up 
after falling-down”, “when avoiding an obstacle”, “when 
expressing an emotion”, “when detecting a ball' or the like. 
0200. Then, when the recognition results are respectively 
Supplied from the input Semantics converter module 166 or 
when a prescribed time passes after the last recognition 
result is supplied or the like, these behavioral models 180, 
to 180, respectively determine Subsequent actions by refer 
ring to the parameter values of corresponding emotional 
behaviors held in the emotion model 183 or the parameter 
values of corresponding desires held in the instinct model 
184 if necessary as mentioned later and output the determi 
nation results to the action Switching module 181. 
0201 In this embodiment, the respective behavioral mod 
els 180 to 180, uses, as methods for determining subse 
quent actions, an algorithm called a probability automaton 
for probably determining to which node NODE to NODE, 
the transition is made from one node (state) of NODE" to 
NODE, on the basis of a transition probability P' to P, 
respectively Set to arcs ARC to ARC for connecting the 
NODE to NODE, together. 
0202 Specifically, each behavioral model 180 to 180, 
has a state transition table 190 as shown in FIG. 25 for each 
of these nodes NODE to NODE, so as to correspond to 
each of the nodes NODE to NODE, which respectively 
form their own behavioral models 180 to 180. 
0203. In this state transition table 190, input events 
(recognition results) which are regarded as transition con 
ditions in the nodes NODE to NODE are listed in order 
of priority in the row of “input event name” and further 
conditions of the transition conditions are described in 
corresponding columns in the rows of “data name' and 
“range of data'. 
0204 Thus, in the node NODE shown in the state 
transition table 190 in FIG. 25, in the case where the 
recognition result of “detected a ball' is obtained, the “size 
(SIZE)” of the ball which is given together with the recog 
nition result needs to be located within a range of “0 to 
1000', as a condition to shift to other node, or in the case 
where the recognition result of “detected an obstacle 
(OBSTACLE)” is obtained, a “distance (DISTANCE)” to 
the obstacle which is given together with the recognition 
result needs to be located within a range of “0 to 100”, as a 
condition to shift to other node. 

0205 Further, in the node NODE, even in the case 
where there is no input of recognition result, the node can 
shift to another node when the parameter value of any one 
of “joy (JOY)", “surprise (SURPRISE)” or “sadness (SAD 
NESS)” of the parameter values of respective emotional 
behaviors and respective desires held in the emotion model 
183 and the instinct model 184 to which the behavioral 
models 180 to 180, periodically refer is within a range of 
“50 to 100. 

0206 Further, in the state transition table 190, the names 
of nodes which can shift from the nodes NODE to NODE, 
are enumerated in the row of “transition destination node' in 
the column of “transition probability to other nodes”. Fur 
ther, the transition probability to each of other nodes 
NODE to NODE to which the node can shift when all 
conditions described in the rows of “input event name', 
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"data name' and "range of data” are completed, is respec 
tively described in a corresponding position in the column of 
“transition probability to other nodes'. Actions to be out 
putted upon shift to the nodes NODE to NODE are 
described in the row of “output action” in the column of 
“transition probability to other nodes'. In this connection, 
the sum of the probability in respective rows in the column 
of “transition probability to another nodes” is 100%). 
0207. Therefore, in the node NODE seen in the state 
transition table 190 shown in FIG. 25, for instance, in the 
case where the recognition result of “detected a ball 
(BALL)” in which the “SIZE (size)” of the ball is located 
within a range of “0 to 1000” is given, the node NODE 
can shift to a “node NODE” with the probability of “30 
%” and the action of “ACTION 1” is outputted at that time. 
0208. The behavioral models 180 to 180, are configured 
so that the nodes NODE to NODE, respectively described 
in such a state transition table 190 are linked together. When 
recognition results are Supplied thereto from the input 
semantics converter module 166, the action modules 180 to 
180, Stochastically determine next actions by using the State 
transition table 190 of the corresponding nodes NODE to 
NODE, and output the determination results to the action 
Switching module 181. 
0209 The action switching module 181 selects the action 
outputted from the behavioral models 180 to 180, high in 
predetermined priority from among the actions outputted 
from the behavioral models 180 to 180, of the behavioral 
model library 180 and transmits a command for executing 
the action (called it an action command, hereinafter) to the 
output semantics converter 167 of the middleware layer 150. 
In the present embodiment, the behavioral models 180 to 
180 described in the lower side in FIG. 23 are set to be 
higher in priority. 
0210. The action Switching module 181 informs the 
learning module 182, the emotion model 183 and the instinct 
model 184 of the completion of the action on the basis of 
action completion information Supplied from the output 
semantics converter 167 after the completion of the action. 
0211. On the other hand, the learning module 182 inputs 
the recognition results of teaching received as actions from 
the user such as “hit' or “patted” of the recognition results 
Supplied form the input Semantics converter 56. 
0212. Then, the learning module 182 changes the corre 
sponding transition probability to the behavioral models 
180, to 180, so as to lower the appearance probability of an 
action upon "hit (Scolded), and raise the appearance prob 
ability of an action upon “patted (praised)” on the basis of 
the recognition result and information from the action 
Switching module 181. 
0213 The emotion model 183 holds a parameter indicat 
ing the intensity of an emotional behavior for each emo 
tional behavior of the total of six emotional behaviors 
including 'joy', "Sadness”, “anger”, “Surprise”, “disgust 
and “fear”. The emotion module 183 is adapted to sequen 
tially update the parameter values of these emotional behav 
iors on the basis of the Specific recognition results. Such as 
“hit” and “patted”, etc. respectively supplied from the input 
Semantics converter module 166, the lapse of time and 
information from the action switching module 181 or the 
like. 
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0214) Specifically, the emotion model 183 calculates the 
parameter value Et+1) of an emotional behavior during a 
next cycle by using a following equation (4) for a prescribed 
cycle, assuming that the quantity of fluctuation of an emo 
tional behavior calculated by a prescribed operation expres 
Sion on the basis of the recognition result from the input 
Semantics converter 56 and a degree (preset) of the action of 
the pet robot 110 at that time which acts on the emotional 
behavior, the parameter value of each desire held by the 
instinct model 184 and the degree (preset) of the action of 
the pet robot 110 at that time which acts on the emotional 
behavior, a degree of Suppression and Stimulation receiving 
from other emotional behavior, the lapse of time or the like 
is AEIt', the present parameter value of the emotional 
behavior is Et, and a coefficient expressing a rate (called 
it a sensitivity, hereinafter) of changing the emotional behav 
ior depending on the recognition result, etc. is k". 

Et+1=Et-k'xAEIt (4) 

0215. Then, the emotion model 183 replaces the calcu 
lated result by the present parameter value Et of the 
emotional behavior to update the parameter value of the 
emotional behavior. It is previously determined to update 
which emotional behavior of all emotional behaviors in 
respect of its parameter value relative to each of the recog 
nition results and the information from the action Switching 
module 181. For instance, in the case where the recognition 
result of “hit' is supplied, the parameter value of the 
emotional behavior of "anger' is raised. In the case where 
the recognition result of “patted' is Supplied, the parameter 
value of the emotional behavior of “joy' is increased. 
0216 AS compared therewith, the instinct model 184 
holds a parameter indicating the intensity of a desire for each 
desire of mutually independent four desires including an 
“exercise desire”, an “affection desire”, an “appetite desire” 
and a “curiosity desire”. Then, the instinct model 184 is 
adapted to Sequentially update the parameter values of these 
desires respectively on the basis of the recognition results 
Supplied from the input Semantics converter module 166, the 
lapse of time and the notification from the action Switching 
module 181 or the like. 

0217 Specifically, the instinct model 184 calculates the 
parameter value Ik--1" of a desire during a next cycle by 
using a following equation for a prescribed cycle, assuming 
that the quantity of fluctuation of the desire calculated by a 
prescribed operation expression on the basis of the action 
output of the pet robot 110, the lapse of time and the 
recognition results, etc. is AIk' in respect of the “exercise 
desire”, the “affection desire” and the “curiosity', the 
present parameter value of the desire is Ik', and a coeffi 
cient indicating the Sensitivity of the desire is k". 

0218. The calculated result is replaced by the present 
parameter value Ik" to update the parameter value of the 
desire. It is previously determined which desire is changed 
in respect of its parameter value relative to the action output 
or the recognition results, etc. For instance, when there is a 
notification (information of an action) sent from the action 
Switching module 181, the parameter value of the “exercise 
desire' decreases. 

0219. Further, as for the “appetite desire”, the instinct 
model 184 calculates the parameter value Ik of the “appe 
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tite desire” in accordance with a following equation for a 
prescribed cycle, assuming that a battery residual amount is 
B' on the basis of the battery residual amount data Supplied 
through the input Semantics converter module 166. 

I k'-100-B, (6) 

0220. The calculated result is replaced by the present 
parameter value Ik of the appetite desire to update the 
parameter value of the “appetite desire'. 

0221) In the present embodiment, the parameter values of 
the emotional behaviors and desires are regulated So as to 
respectively vary within a range of 0 to 100. Further, the 
values of coefficients k" and k are individually Set for each 
emotional behavior and for each desire. 

0222. The output semantics converter module 167 of the 
middleware layer 150 supplies abstract action commands 
Such as “advancement', 'joy', 'cry' or “tracking (chase a 
ball)' supplied from the action switching module 181 of the 
application layer 151 as mentioned above to the correspond 
ing signal processing modules 168 to 174 of the output 
system 175, as shown in FIG. 21. 

0223) Then, when the action commands are supplied to 
the Signal processing modules 168 to 174, these signal 
processing modules 168 to 174 generate Servo command 
values to be supplied to the actuators 135 to 135 (FIG. 19) 
for carrying out the actions, the audio data of Sound output 
ted from the speaker 134 (FIG. 19) or driving data supplied 
to the LED of the “eye' on the basis of the action commands 
and Sequentially transmit these data to the corresponding 
actuators 135 to 135, the speaker 134 or the LEDs through 
the virtual robot 143 of the robotic server object 142 and the 
signal processing circuit 124 (FIG. 19). 
0224. In such a way, the pet robot 110 is designed to carry 
out the autonomous actions in accordance with its own and 
circumferential States and the instructions and the actions 
from the user on the basis of a control program. 

(3-3) Growth Model of Pet Robot 
(3-3-1) Growth of Action 
0225 Now, a growth function mounted on the pet robot 
110 will be described below. In the pet robot 110, is mounted 
the growth function for changing its action in accordance 
with the actions from the user as if a real animal grew. 

0226 Specifically, in the pet robot 110, five “growth 
Stages' including a “tweety period’, a “baby period', a 
“child', a “young” and an “adult period” are provided as 
growth processes. In the behavioral model library 180 (FIG. 
22) of the application layer 151, behavioral models 180 
to 180s, are respectively provided corresponding to the 
“tweety period”, “baby period”, “child', the “young” and 
the “adult period.” as behavioral models 180 as shown in 
FIG. 26, in respect of all condition items (called them 
condition items related to growth, hereinafter) related to four 
items of a “walking State', a “motion', an “action' and a 
“sound (bark)” of the respective condition items such as the 
above described “when the battery residual amount gets 
low'. Then, concerning these condition items related to 
growth in the behavioral model library 181, a next action is 
determined by employing the behavioral model 180 of 
the “tweety period' during an initial time. 
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0227). In this case, each behavioral model 180 in the 
“tweety period” has the small number of nodes NODE to 
NODE, (FIG. 24). Further, the contents of the action 
outputted from these behavioral models 180 are equiva 
lent to actions or the contents of actions which correspond 
to those of the “tweety period” such as “move forward in 
accordance with a pattern 1 (walking pattern for the “tweety 
period’ or "cry in accordance with a pattern 1 (crying pattern 
for the “tweety period”). 
0228 Thus, the pet robot 110 acts and operates in accor 
dance with each behavioral model 180 of the “tweety 
period' during the initial time, for instance, “walkStotter 
ingly with Small Steps in “a walking State’, makes a "simple 
movement'. Such as Simply “walking”, “standing”, “sleep 
ing” as for “motion', makes a "monotonous” action by 
repeating the same actions as for “action' and generates a 
“small and short” cry as for “sound” 
0229. Further, at this time, the learning module 182 (FIG. 
22) of the application layer 151 holds a parameter (called it 
a growth parameter, hereinafter) indicating the degree of 
"growth' therein and Sequentially updates the value of the 
growth parameter in accordance with the number of times of 
actions (teaching) from the user such as “patted” or “hit” or 
the lapse of time on the basis of the recognition results or the 
lapse of time information, etc. Supplied from the input 
Semantics converter module 166. 

0230. Then, the learning module 182 evaluates the value 
of the growth parameter every time the power Source of the 
pet robot 110 is turned on. When the above described value 
exceeds a preset threshold value So as to correspond to the 
“baby period’, the learning module 182 informs the behav 
ioral model library 180 of it. When being given this infor 
mation, the behavioral model library 180 changes the behav 
ioral models used respectively for the above described 
condition items related to growth to the behavioral models 
1802, of the “baby period”. 
0231.) At this time, each behavioral model 1802, of the 
“baby period” has the number of nodes NODE to NODE, 
larger than those of the behavioral model 180 in the 
“tweety period”. Further, the contents of the actions output 
ted from these behavioral models 180 are more difficult 
and more complicated in a level (growth level) than those of 
the actions in the “baby period”. 
0232 Thus, the pet robot 110 then acts and operates in 
accordance with these behavioral models 1802, so as to 
"slightly Securely walk' by increasing the rotating Speed of 
the respective actuators 135 to 135, (FIG. 19), for instance, 
as for the “walking State', to make "a little higher and more 
complicated' movement by increasing the number of 
actions, as for the “motion', to have “a little purposeful” 
conduct as for the “action” and to have “a little long and loud 
Sounds” as for the “sound'. 

0233. Further, every time the value of growth parameter 
exceeds threshold values respectively preset So as to corre 
spond to the “child”, the “young” and the “adult period’, the 
learning module 184 informs the behavioral model library 
181 of it in the similar way to the above described case. 
Further, the behavioral model library 181 sequentially 
changes the behavioral models to the behavioral models 
180, to 180s in the “child", the "young" and the “adult 
period’, respectively as for the above described condition 
items related to growth every time this information is 
Supplied thereto. 
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0234. At this time, as the “growth stage” is raised, the 
number of nodes NODE to NODE, of each of the behav 
ioral models 180s to 180s of the “child", the “young" 
and the “adult period’ increases. Further, as the “growth 
Stage' is raised, the contents of the actions outputted from 
these behavioral models 180 to 180s are more difficult 
and more complicated in the level. 
0235. As a result, as the “growth stage” in the pet robot 
110 rises (in other words, when the “tweety period” changes 
to the “baby period’, the “baby period’ changes to the 
“child', the “child” changes to the “young” and the “young” 
changes to the “adult period”), the “walking State' changes 
from “walking totteringly' to “walking securely”, the 
“motion” changes from a “simple” motion to a “high level 
and complicated' motion, the “action' changes from the 
“monotonous action” to the “purposeful action” and the 
“sound' changes from the “small and short Sound” to the 
"long and large Sound', Sequentially Stepwise. 

0236 AS described above, in the pet robot 110, the action 
and operation are designed to "grow” in the course of five 
stages of the “tweety period’, the “baby period’, the “child', 
the “young” and the “adult period” in accordance with 
teaching given from the user and the lapse of time. 
0237. In the present embodiment, the growth model of 
the pet robot 110 is a model which branches after the 
“young” as shown in FIG. 27. 
0238 Specifically, in case of the pet robot 110, in the 
behavioral model library 180 of the application layer 151 
(FIG. 22), a plurality of behavioral models are prepared as 
the behavioral models 180 to 180s, of the “child 
period’, the "young period’ and the “adult period’ respec 
tively for the above described condition items related to 
growth. 

0239). In practice, as the behavioral models of, for 
instance, the “child period” of the condition items related to 
growth, are prepared a behavioral model (CHILD 1") for 
performing an action of a “wild” character whose movement 
is rough and rapid and a behavioral model (CHILD 2) for 
performing an action of a “gentle' character whose move 
ment is Smoother and slower than the former. 

0240 Further, as the behavioral models of the “young 
period”, are prepared an action mode (YOUNG 1') for 
performing an action of a "rough' character whose move 
ment is rougher and faster than that of the “wild” character 
of the “child period”, a behavioral model (YOUNG 2) for 
performing an action and operation of an “ordinary char 
acter whose movement is slower and Smoother than that of 
the YOUNG 1', and a behavioral model (YOUNG 3') for 
performing an action of a “gentle' character whose move 
ment is much slower and whose amount of movement is 
lower than that of the YOUNG 2'. 

0241 Still further, as behavioral models of the “adult 
period”, are prepared a behavioral model (ADULT 1) for 
performing an action of a very irritable and "aggressive” 
character whose movement is rougher and faster than that of 
the “rough' character of the “young period’, a behavioral 
model (ADULT2) for performing an action of an irritable 
and “wild” character whose movement is Smoother and 
slower than that of the ADULT 1", a behavioral model 
(ADULT3") for performing an action of a “gentle' character 
whose movement is Smoother and slower and whose amount 
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of movement is lower than that of the ADULT 2 and a 
behavioral model (ADULT4) for performing an action of a 
“quiet character whose movement is much slower and 
whose amount of movement is lower than that of the 
ADULT3'. 

0242. Then, when the learning module 182 (FIG.22) of 
the application layer 151 Supplies information for raising the 
“growth stage” to the behavioral model library 180, as 
described above, the learning module 182 designates which 
character is used from among the characters, and which 
behavioral model is used from among the behavioral models 
CHILD 1", CHILD 2', YOUNG 1' to YOUNG 3' and ADULT 
1' to ADULT 4 as the behavioral model of a next “growth 
Stage' of the condition items related to growth on the basis 
of the number of times of “hit” and “patted”, etc. in the 
“growth stage” after the “child period”. 
0243 As a result, the behavioral model library 180 
changes the behavioral models used after the “child period” 
to the behavioral models of the designated “characters' 
respectively for the condition items related to growth on the 
basis of the designation. 
0244. In this case, after the “child period’, the “charac 
ter” in a next "growth Stage' is determined depending on the 
“character” in the present “growth stage' upon shift to the 
next “growth stage”. In FIG. 27, a character can be changed 
only to another character of the “characters' connected 
together by arrow marks. Therefore, for example, in the case 
where the behavioral model (CHILD 1') of a “wild” char 
acter is employed in the “child period’, it cannot be changed 
to the behavioral model (YOUNG 3') of a “gentle” character 
in the "young period’. 
0245. As described above, the pet robot 110 is designed 
to change its “character' with its “growth' in accordance 
with the actions from the user or the like as if the character 
of a real animal were formed by a breeding method of an 
OWC. 

(3-3-2) Growth of Emotion and Instinct 
0246. In addition to the above configuration, in the case 
of the pet robot 110, the emotion and instinct are designed 
to “grow” as the above described actions “grow”. 
0247 More specifically, in case of the pet robot 110, in 
the emotion model 183 (FIG. 22) of the application layer 
151, are stored files (called them emotion parameter files, 
hereinafter) 200A to 200E in which the values of coefficient 
k" of the equation (1) relative to each emotional behavior for 
each of the “growth stages” as shown in FIGS. 29(A) to 
29(E) are respectively described. 
0248. The emotion model 183 is designed to cyclically 
update the parameter values of the emotional behaviors 
respectively on the basis of the equation (4) by using the 
values of coefficient k" described in the emotion parameter 
file 200A for the “tweety period' during the initial time 
(namely, the “growth stage” is a stage of the “tweety 
period”. 

0249 Further, every time the “growth stage” rises, the 
learning module 182 Supplies information for informing the 
rise of the stage to the emotion model 183 as in the case of 
the behavioral model library 180 (FIG. 22). Then, the 
emotion model 183 respectively updates the values of coef 
ficient k of the equation (4) for the respective emotional 
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behaviors to corresponding values described in the emotion 
parameter files 200B to 200E of the corresponding “growth 
Stages' every time this information is Supplied. 

0250) At this time, for example, in the “tweety period', 
all the values of coefficient k" of other emotional behaviors 
than a “joy' and a “fear” are set to “0”, as apparent from 
FIG. 29(A). Accordingly, in the “tweety period”, it is only 
the emotional behaviors of “joy' and “fear” that the values 
of parameters of the emotional behaviors cyclically updated 
change. Since the parameter values of other emotional 
behaviors are always constant, the emotional behaviors 
except "joy' and "fear” are Suppressed. Consequently, in the 
“tweety period”, only the “joy' and the “fear” of six 
emotional behaviors can be expressed as the actions (in 
other words, only the respective parameter values of 'joy' 
and “fear” of six emotional behaviors are employed for 
generating the actions). 
0251) Further, as shown in FIG. 29(B), in the “baby 
period’, all the values of coefficient k" of the emotional 
behaviors other than “joy”, “fear” and “anger” are set to “0”. 
Accordingly, in the “baby period', it is limited to the 
emotional behaviors of “joy”, “fear” and “anger” that the 
values of parameters of the respective emotional behaviors 
cyclically updated change. Since the parameter values of 
other emotional behaviors are always constant, the emo 
tional behaviors except the “joy', the “fear” and the “anger” 
are Suppressed. As a result, in the “baby period’, the "joy', 
the "fear” and the “anger' of the six emotional behaviors can 
be expressed as the actions. 

0252) Similarly, as shown in FIGS. 29(C) to 29(E), only 
the emotional behaviors of “joy”, “fear”, “anger” and “sur 
prise' can be expressed as the actions in the “child period” 
and all the emotional behaviors can be expressed as the 
actions in the “young period” and the “adult period”. 

0253) As described above, in the pet robot 110, as the 
"growth stage” rises, the number of emotional behaviors 
which can be expressed as actions (the number of emotional 
behaviors employed for generating actions) increases. Thus, 
with the “growth” of the action, the emotion can “grow'. 

0254. Similarly to the above, in the instinct model 184 
(FIG.22) of the application layer 151, are stored files (called 
them instinct parameter files, hereinafter) 201A to 201E in 
which the values of coefficient k, of the equation (5) relative 
to each desire for each of the "growth Stages as shown in 
FIGS. 30(A) to 30(E) are described. 
0255 The instinct model 184 is adapted to cyclically 
update the parameter values of the respective desires on the 
basis of the equation (5) by employing the values of coef 
ficient k, described in the instinct parameter file 201A in the 
“tweety period’, during an initial time (that is to say, the 
“growth stage” is a stage of the “tweety period”). 

0256 Further, every time the “growth stage” rises, a 
notification for informing the instinct model 184 of this is 
supplied to the instinct model 182 from the learning module 
182 (FIG. 22), as in the case of the emotion model 183. 
Then, the instinct model 184 is adapted to update the values 
of coefficient k, in the equation of (5) for each desire to 
corresponding values described in the instinct parameter 
files 201B to 201E of the corresponding “growth stages” 
every time the notification is Supplied thereto. 
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0257 At this time, in the “tweety period’, as apparent 
from FIG. 30(A), all the values of coefficient k, of other 
desires than “appetite” are set to “0”. Accordingly, in the 
“tweety period”, it is limited only to the “appetite” that the 
values of parameter of the desires which are cyclically 
updated change. Since the parameter values of other desires 
are always constant, the desires except the “appetite' are 
Suppressed. Consequently, in the “tweety period', only the 
“appetite” of four desires can be expressed as an action (in 
other words, only the parameter value of the “appetite” of 
the four desires is employed for generating an action). 
0258. Further, in the “baby period’, as apparent from 
FIG.30(B), all the values of coefficient k, of desires except 
the “appetite” and an “affection desire” are set to “0”. 
Therefore, in the “baby period', it is limited only to the 
“appetite” and the “affection desire” that the values of 
parameters of the desires cyclically updated change, and the 
parameters of other desires are always constant values. AS a 
result, in the “baby period', desires other than the “appetite” 
and the "affection desire” are Suppressed and only the 
“appetite” and the “affection desire” of the four desires can 
be expressed as the actions. 

0259 Similarly, as shown in FIGS. 30(C) to 30(E), in the 
“child period', desires of the “appetite”, “the affection 
desire” and "curiosity' can be represented as actions. In the 
“young period” and the “adult period”, all the desires can be 
expressed as actions. 

0260 AS described above, in the pet robot 110, as the 
“growth stage” rises, the number of desires (the number of 
desires used for generating actions) which can be expressed 
as the actions and operations increases, as shown in FIG. 30 
(B). Thus, with the “growth” of the action, the instinct is 
allowed to “grow”. 

(3-4) Operation and Effects of First Embodiment 
0261) The pet robot 110 having the above described 
configuration can express only a part of the emotional 
behaviors and desires of six emotional behaviors and four 
desires as the actions during an initial time. Then, as the 
"growth Stage” rises, the number of emotional behaviors and 
desires which can be expressed as the actions increases. 

0262 Therefore, since the emotion and instinct of the pet 
robot 110 also “grow” with the “growth” of the actions, the 
"growth' can be more biologically and naturally expressed, 
and the user can enjoy the processes thereof. 

0263. Further, since the emotion and instinct models of 
the pet robot 110 first start from two simple emotional 
behaviors and one desire, the user can grasp the actions of 
the pet robot 110 with ease. Then, when the user is accus 
tomed to the emotion and instinct models, the emotion and 
instinct models become complicated little by little, So that 
the user can readily understand or meet the emotion and 
instinct models in each "growth Stage'. 

0264. According to the above described configuration, 
Since only a part of the emotional behaviors and desires of 
the Six emotional behaviors and the four desires can be 
expressed as the actions during an initial time, and then, as 
the "growth stage” rises, the number of emotional behaviors 
and desires which can be expressed as the actions is 
increased, the "growth' can be more biologically and natu 
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rally expressed, So that the pet robot capable of improving 
an entertainment characteristic can be realized. 

(3-5) Other Embodiments 
0265. In the above described third embodiment, although 
there is described a case in which the present invention is 
applied to a four-footed walking type pet robot, it should be 
noted that the present invention is not limited thereto, and 
can be widely applied to, for instance, a two-footed robot or 
other various kinds of robot apparatuses. 
0266 Further, in the above described third embodiment, 
although there is described a case to which the emotion 
model 183 and the instinct model 184 are applied as restrict 
ing means for restricting the number of emotional behaviors 
or desires used for generating the action So as to increase 
Stepwise, needless to Say, the present invention is not limited 
thereto, and the number of emotional behaviors or desires 
used for generating the action may be restricted So as to 
increase Stepwise in, for instance, the behavioral model 
library 180 or the learning module 182. 
0267 Still further, in the above described third embodi 
ment, although there is described a case in which the number 
of emotional behaviors or desires used for generating the 
action is restricted So as to increase Stepwise on the basis of 
the externally applied prescribed stimulation (for instance, 
“hit” or “patted”) and the lapse of time, it should be noted 
that the present invention is not limited thereto, and the 
number of emotional behaviors or desires used for generat 
ing the action may be restricted So as to increase Stepwise, 
in addition thereto or in place thereof, on the basis of other 
conditions (for example, a desired action can be Successfully 
done) except the above. 
0268 Still further, in the above described third embodi 
ment, although there is a described a case in which the 
number of emotional behaviors and desires is increased in 
the course of five Stages including the “tweety period’, the 
“baby period’, the “child period”, the “young period’, and 
the “adult period” so as to meet the “growth” of the action, 
it should be recognized that the present invention is not 
limited thereto, and a "growth Stage’ except them may be 
provided. 

0269. Still further, in the above described third embodi 
ment, although there is described a case in which a plurality 
of behavioral models 180 to 180, are provided in the action 
library 180 as the action generating means for generating the 
action on the basis of the respective parameter values of the 
emotional behaviors and desires and the behavioral models 
180 to 180, it should be recognized that the present 
invention is not limited thereto, and the action may be 
generated on the basis of one behavioral model and various 
kinds of other configurations may be broadly applied to the 
configuration of the action generating means. 

0270. Still further, in the above described third embodi 
ment, although there is described a case in which the 
behavioral model changing means for changing the behav 
ioral models 180 to 180s (FIG. 26) to the behavioral 
models 1802 to 180s high in growth level on the basis of 
the accumulation of prescribed Stimulation (for instance, 
“hit” or “pat”) and the lapse of time comprises the learning 
module 182 and the behavioral model library 180, needless 
to Say, the present invention is not limited thereto and 
various kinds of other configurations can be widely applied. 
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0271 Still further, in the above described third embodi 
ment, although there is described a case in which, as the 
emotional behaviors, Six emotional behaviors including 
“joy”, “sadness”, “anger”, “surprise”, “disgust” and “fear” 
are provided and, as the desires, four desires including 
“exercise”, “affection”, “appetite” and “curiosity' are pro 
vided, it should be noted that the present invention is not 
limited thereto and various kinds and various numbers may 
be broadly applied to the number and kinds of the emotional 
behaviors and desires. 

(4) Fourth Embodiment 
(4-1) Configuration of Pet Robot 205 According to Fourth 
Embodiment 

0272. In FIG. 18, reference numeral 205 generally 
denotes a pet robot according to a fourth embodiment, which 
is configured similarly to the pet robot 110 according to the 
third embodiment except a point that the sensitivity of 
desires and emotional behaviors is changed in accordance 
with a circumferential State or actions from a user or the like. 

0273 Specifically, in the pet robot 110 of the third 
embodiment, when the emotion or the instinct is updated as 
mentioned above, the equation (4) or (5) is used. However, 
an external output (sensor data from various kinds of Sen 
Sors, image data, audio data, etc.) on which the update at this 
time depends is greatly dependent upon an environment in 
which the pet robot 110 is present or a manner by which a 
user treats the pet robot. 
0274 For instance, in the case where the user frequently 
“hits” the pet robot or seldom “pats” the pet robot, the pet 
robot 110 is brought to a state in which the emotion of 
“anger' is amplified for most of time, because he is “hit', so 
that the emotion of 'joy' is not expressed as an action or 
operation when he is only unexpectedly “patted”. Accord 
ingly, for the pet robot 110 positioned in Such a State, the 
sensitivity of “joy' is raised more than that of “anger” so that 
the number and kinds of emotions expressed as the actions 
or operations need to be adjusted not to be biased. 
0275 Thus, in the pet robot 205 according to the fourth 
embodiment, the parameter values of each emotional behav 
ior and each desire are respectively Separately integrated for 
a long time, these integrated values are compared with each 
other between the parameters and the sensitivity of the 
emotional behavior or the desire is raised or lowered when 
the rate of the integrated value relative to the total is 
extremely large or Small, So that all emotional behaviors and 
desires can be equally expressed as actions or operations. So 
as to meet the environment or the manner by which the user 
treats the pet robot. 
0276. In practice, in the pet robot 205, the emotion model 
207 of an application layer 206 shown in FIG. 22 sequen 
tially calculates the integrated values E." of parameter 
values for the respective emotional behaviors after a power 
Source is finally turned on and the lapse of time Ti" after the 
power Source is finally turned on at intervals of prescribed 
periods AT" (for instance, at intervals of 1 to 2 minutes) in 
accordance with following mathematical equations. 

E"=E'+E (t)'xAT" (7) 
Ti"=T'+AT (8) 

0277. In the above equations, it is assumed that the 
parameter value of the emotional behavior at that time is 
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E(t)', the integrated value of the parameter values of the 
emotion up to that time after the power Source is finally 
turned on is E., and the lapse of time up to that time after 
the power Source is finally turned on is T. 
0278. Further, the emotion model 207 integrates the 
integrated values E." of each emotional behavior and the 
integrated value Ti" of the lapse of time, upon Stop of 
turning on the power source of the pet robot 205 (upon 
shut-down of a system), respectively with the corresponding 
total integrated value Erotal of total integrated value 
Ecota) for each emotional value or the total integrated value 
Tutotal which are stored in respectively prepared files 
(called them total emotional behavior integrated value files, 
hereinafter), and stores these total integrated values. 
0279. Then, the emotion model 207 reads out the total 
integrated value Tancrotal of the lapse of time from the 
total emotional behavior integrated value file, every time the 
power of the pet robot 205 is turned on. When the total 
integrated value Tuctoral exceeds a preset threshold value 
(for example, 10 hours), the total integrated value Erotal 
of each emotional behavior stored in the total emotional 
behavior integrated value file is evaluated. Specifically, the 
evaluation is executed by calculating the rate of the total 
integrated value Electoral of the emotional behavior rela 
tive to the total value (X. Ek(TOTAL) of the total integrated 
value Electoral of each emotional behavior. 
0280 Then, when the rate of the total integrated value 
k(TOTAL) of an emotional behavior is lower than a preset 

threshold value to the emotional behavior the emotion model 
207 raises, the value of the coefficient k," of the emotional 
behavior described in the emotion parameter files 200A to 
200E of the corresponding “growth stage” of the emotion 
parameter files 200A to 200E described above referring to 
FIGS. 28(A) to 28(E) by a prescribed amount (for instance, 
0.1). When it is lower than the threshold value, the value of 
this coefficient k," is lowered by a prescribed amount (for 
instance, 0.1). In such a way, the emotion model 207 adjusts 
the coefficient k" indicating the Sensitivity of the emotional 
behavior. 

0281. The threshold value can be set with a tolerance to 
Some degree for each emotional behavior So that the indi 
viduality of each robot is not injured. In the present embodi 
ment, for instance, as for the emotional behavior of 'joy', 10 
%) to 50% relative to the total value (X, Erota) of the 
total integrated value Erotal of each emotional behavior 
is set, as for “sadness”, 5% to 20% relative to the total 
value is set, and as for “anger', 10% to 60% relative 
thereto is Set. 

0282. Further, when the emotion model 207 completes 
the same processing for all the emotional behaviors, the 
emotion model 207 returns the total integrated value Ecto 
TAL) of each emotional behavior and the total integrated 
value Turora of the lapse of time to “0”. Then, while the 
emotion model 207 changes the parameter values of each 
emotional behavior in accordance with the equation (4) by 
using a newly determined coefficient k" for each emotional 
behavior, the emotion model 207 newly starts the integration 
of the parameter values of each emotional behavior and the 
lapse of time in accordance with the equation (7), and then, 
repeats the same processing as mentioned above. 
0283 AS mentioned above, in the pet robot 205, the 
Sensitivity of each emotional behavior is changed, So that all 
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the emotional behaviors can be equally expressed as the 
actions operations So as to meet the environment or a manner 
by which the user treats the pet robot. 
0284. Similarly to the above, the instinct model 208 
(FIG.22) sequentially calculates the integrated values I," of 
parameter values for respective desires after the power 
Source is finally turned on and Sequentially calculates the 
integrated value T" of the lapse of time after the power 
Source is finally turned on in accordance with the equation 
(8) at intervals of prescribed periods AT" (for instance, at 
intervals of 1 to 2 minutes) in accordance with a following 
mathematical equation. 

0285) In the above equation, it is assumed that the param 
eter value of the desire at that time is I.(t)' and the integrated 
value of the parameter values of the desire up to that time 
after the power Source is finally turned on is I". 
0286 Further, the instinct model 208 integrates the inte 
grated values I" of each desire and the integrated value T. 
of the lapse of time, upon stop of turning on the power source of the petrobot 
205 respectively with the corresponding total integrated value k(TOTAL) of 

total integrated value Irotal for each desire or the total 
integrated value Tancrotal of the lapse of time which are 
Stored in respectively prepared files (called them files for 
integrating desires, hereinafter) and stores these total inte 
grated values. 

0287. Then, the instinct model 208 reads out the total 
integrated value Tancrotal of the lapse of time from the 
total desire integrated value file, every time the power of the 
pet robot 205 is turned on. When the total integrated value 
Tancrotal exceeds a preset threshold value (for example, 10 
hours), the total integrated value Irora of each desire 
Stored in the total desire integrated value file is evaluated. 
Specifically, the evaluation is executed by calculating the 
rate of the total integrated value Irotal of the desire 
relative to the total value (X Irotal) of the total integrated 
Value total of each desire. 
0288 Then, when the rate of the total integrated value 
k(TOTAL) of a desire is lower than a preset threshold value to the 
desire, the instinct model 208 raises the value of the coef 
ficient k of the desired described in the desire parameter 
files 201A to 201E of the corresponding “growth stage” of 
the desire parameter files 201A to 201E described above 
referring to FIGS. 30(A) to 30(E) by a prescribed amount 
(for instance, 0.1). When it is lower than the threshold value, 
the value of this coefficient k is lowered by a prescribed 
amount (for instance, 0.1). The threshold value at this time 
is Set with a tolerance to Some degree for each desire as 
mentioned above. 

0289. Further, when the instinct model 208 completes the 
same processing for all the desires, the instinct model 208 
returns the total integrated value Irotal of each desire 
Stored in the total desire integrated value file and the total 
integrated value Tancrotal of the lapse of time to "0". Then, 
while the instinct model 208 changes the parameter values 
of each desire in accordance with the equation (5) by using 
a newly determined coefficient k, for each desire, the 
instinct model 208 newly starts the integration of the param 
eter values of each desire and the integration of the lapse of 
time in accordance with the equation (9), and then, repeats 
the same processing as mentioned above. 
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0290. As mentioned above, in the pet robot 205, the 
Sensitivity of each desire is changed, So that all the desires 
can be equally expressed as the actions or operations So as 
to meet the environment or a manner by which the user treats 
the pet robot. 
(4-2) Operation and Effects of Fourth Embodiment 
0291. In the pet robot 205 with the above mentioned 
configuration, the parameter values of each emotional 
behavior and each desire are respectively Sequentially inte 
grated and the Sensitivity of each emotional behavior and 
desire are changed at intervals of prescribed periods AT on 
the basis of the integrated result. 
0292 Accordingly, in the pet robot 205, all the desires 
can be equally expressed as the actions or operations So as 
to meet the environment and a manner according to which 
the user treats the pet robot. Therefore, this pet robot 205 has 
high amusement characteristics, as compared with the pet 
robot 110 in the third embodiment. 

0293 With the above described configuration, the param 
eter values of each emotional behavior and each desire are 
Sequentially integrated and the Sensitivity of each emotional 
behavior and desire are changed at intervals of prescribed 
periods AT on the basis of the integrated result. Therefore, 
all the desires can be equally expressed as the actions or 
operations So as to meet the environment and a way by 
which the user treats the pet robot. Thus, the pet robot 
capable of improving much more an amusement character 
istic. 

(4-3) Other Embodiments 
0294. In the above described fourth embodiment, 
although there is described a case in which the present 
invention is applied to a four-footed walking type pet robot 
205, it should be noted that the present invention is not 
limited thereto, and can be widely applied to, for instance, 
a two-footed robot or various kinds of other robot appara 
tuses than it. 

0295) Further, in the above described fourth embodiment, 
although there is described a case to which the emotion 
model 207 and the instinct model 208 are applied as restrict 
ing means for restricting the number of emotional behaviors 
or desires used for generating the action So as to increase 
Stepwise, needless to Say, the present invention is not limited 
thereto, and the number of emotional behaviors or desires 
used for generating the action may be restricted So as to 
increase Stepwise in, for instance, the behavioral model 
library 180 or the learning module 182. 
0296 Still further, in the above described fourth embodi 
ment, although there is described a case in which the number 
of emotional behaviors or desires used for generating the 
action is restricted So as to increase Stepwise on the basis of 
the externally applied prescribed stimulation (for instance, 
“hit” or “patted”) and the lapse of time, it should be noted 
that the present invention is not limited thereto, and the 
number of emotional behaviors or desires used for generat 
ing the action may be restricted So as to increase Stepwise, 
in addition thereto or in place thereof, on the basis of other 
conditions (for example, a desired action can be Successfully 
done) except the above. 
0297 Still further, in the above described fourth embodi 
ment, although there is described a case in which the number 
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of emotional behaviors and desires is increased in Such order 
as shown in FIGS. 29(A) or 29(B), the present invention is 
not limited thereto, and the emotional behaviors or the 
desires may be increased in other order than the above order. 
0298 Still further, in the above described fourth embodi 
ment, although there is a described a case in which the 
number of emotional behaviors and desires is increased in 
the course of five Stages including the “tweety period’, the 
“baby period’, the “child period’, the “young period’, and 
the “adult period” so as to meet the “growth” of the action, 
it should be recognized that the present invention is not 
limited thereto, and a "growth Stage’ except them may be 
provided. 

0299 Still further, in the above described fourth embodi 
ment, although there is described a case in which the number 
of emotional behaviors and desires used for generating the 
action Sequentially increases, needless to Say, the present 
invention is not limited thereto, and the number of emotional 
behaviors and desires used for generating the action may be 
initially decreased or decreased halfway (for instance, the 
"growth Stage” Such as an “old age period’ is provided after 
the “adult period” so that the number of emotions or desires 
is decreased upon shift of the "growth stage” to the “old age 
period”). 

0300 Still further, in the above described fourth embodi 
ment, although there is described a case in which a plurality 
of behavioral models 180 to 180, are provided in the action 
library 180 as the action generating means for generating the 
action on the basis of the respective parameter values of the 
emotional behaviors and desires and the behavioral models 
180 to 180, it should be recognized that the present 
invention is not limited thereto, and the action may be 
generated on the basis of one behavioral model and various 
kinds of other configurations may be broadly applied to the 
configuration of the action generating means. 

0301 Still further, in the above described embodiment, 
although there is described a case in which the behavioral 
model changing means for changing the behavioral models 
180 to 180s (FIG. 26) to the behavioral models 180 
to 180s high in growth level on the basis of the accumu 
lation of prescribed stimulation (for instance, “hit” or “pat”) 
and the lapse of time comprises the learning module 182 and 
the behavioral model library 180, needless to say, the present 
invention is not limited thereto and various kinds of other 
configurations can be widely applied. 

0302) Still further, in the above described fourth embodi 
ment, although there is described a case in which, as the 
emotional behaviors, Six emotional behaviors including 
“joy”, “sadness”, “anger”, “surprise”, “disgust” and “fear” 
are provided and, as the desires, four desires including 
“exercise”, “affection”, “appetite” and “curiosity' are pro 
vided, it should be noted that the present invention is not 
limited thereto and various kinds and various numbers may 
be broadly applied to the number and kinds of the emotional 
behaviors and desires. 

0303 Still further, in the above described fourth embodi 
ment, although there is described a case in which the 
emotion model 207 and the instinct model 208 as the 
emotional behavior or desire updating means update the 
parameter values of the respective emotional behaviors and 
desires on the basis of the externally applied Stimulation and 
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the lapse of time, it should be recognized that the present 
invention is not limited thereto and the parameter values of 
the respective emotional behaviors and desires may be 
updated on the basis of conditions other than the above 
conditions. 

0304) Still further, in the above described fourth embodi 
ment, although there is described a case in which the value 
of the coefficient k" or k, of the equation (4) or (9) is 
changed, as a method for respectively updating the Sensi 
tivity to each emotional behavior or each desire by the 
emotion model 207 and the instinct model 208 as the 
Sensitivity changing means, needless to Say, the present 
invention is not limited thereto and the Sensitivity to each 
emotional behavior and each desire may be updated by any 
method other than the above method. 

0305) Furthermore, in the above described fourth 
embodiment, although there is described a case in which the 
environment is evaluated on the basis of the rate of the total 
integrated value Electotal or lectotal of the parameter 
values of the emotional behavior or the desire which are 
Sequentially updated, relative to the total value (EElectoral 
X. Itotal) of the total integrated values Electotal or 

royal of the parameter values of all the emotional behaviors 
or desires, it should be noted that the present invention is not 
limited thereto and the environment may be evaluated on the 
basis of the number of times or the frequency of Specific 
external stimulation such as “hit' or “patted” and a variety 
of methods other than the above methods may be widely 
applied as a method for evaluating the environment. 
(5) Fifth Embodiment 
0306 The fifth embodiment will be described in detail 
using the accompanying drawings. The present invention is 
applicable to a pet robot which acts like a quadruped animal. 
0307 As shown in FIG. 31, a pet robot comprises 
detecting means 215 which detects an output from another 
pet robot, character discriminating means 216 which dis 
criminates a character of the other pet robot on the basis of 
a detection result obtained by the detecting means 215 and 
character changing means 217 which changes a character on 
the basis of a discriminating result obtained by the character 
discriminating means 216. 
0308 Accordingly, the pet robot discriminates the char 
acter of the other robot apparatus by the character discrimi 
nating means 216 on the basis of the detection result of the 
output from the other pet robot obtained by the detecting 
means 215. The pet robot is capable of changing a character 
of its own by the character changing means 217 on the basis 
of the discriminating result of the character of the other pet 
robot. 

0309 Though described in detail later, the detecting 
means 215 detects an emotion or the like expressed by an 
action of the other pet robot and the character changing 
means 217 changes the character by changing parameters or 
the like of an emotion model which determines an action of 
the pet robot itself deriving from an emotion. 
0310. The pet robot is capable of changing the character 
of its own on the basis of an action or the like of the other 
pet robot as described above. 
0311. Accordingly, the pet robot has a character which is 
shaped like that of a true animal and can act on the basis of 
the character. 
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0312 Now, description will be made of a specific con 
figuration of a pet robot to which the present invention is 
applied. 

(5-1) Configuration of Pet Robot 
0313 A pet robot 210 is configured as a whole as shown 
in FIG. 32, and composed by coupling a head unit 211 
which corresponds to a head, a main body unit 212 which 
corresponds to a trunk, leg units 213A through 213D which 
correspond to legs and a tail unit 214 which corresponds to 
a tail So that the pet robot 210 acts like a true quadruped 
animal by moving the head unit 211 and the leg units 213A 
through 213D and the tail unit 214 relative to a main body 
unit 212. 

0314. Attached to predetermined locations of the head 
unit 211 are image recognizing Section 220 which corre 
spond to eyes and consist, for example, of CCD (Charge 
Coupled Device) cameras for picking up an image, micro 
phoneS 221 which correspond to ears for collecting a Voice, 
and a Speaker 222 which corresponds to a mouth for giving 
Sounds. Furthermore, attached to the head unit 211 are a 
remote controller receiver 223 which receives a command 
transmitted from a user by way of a remote controller (not 
shown), a touch sensor 224 which detects touch with a user's 
hand or the like, and an image display 225 which displayS 
an internally generated image. 

0315. A battery 231 is attached to a location of the main 
body unit 212 corresponding to a ventral Side and an 
electronic circuit (not shown) is accommodated in the main 
body unit 212 for controlling the action of the pet robot 210 
as a whole. 

0316 Joint portions of the leg units 213A through 213D, 
coupling portions between the leg units 213A through 213D 
and the main body unit 212, a coupling portion between the 
main body unit 212 and the head unit 211, a coupling portion 
between the main body unit 212 and the tail unit 214 and the 
like are coupled with actuators 233A through 233N respec 
tively which are driven under control by the electronic 
circuit accommodated in the main body unit 212. By driving 
the actuators 233A through 233N, the pet robot 210 is let to 
act like a true quadruped animal as described above while 
Swinging the head unit 211 up, down, left and right, wagging 
the tail unit 214, walking and running by moving the leg 
units 213A through 213D. 
(5-2) Circuit Configuration of Pet Robot 210 
0317 Description will be made here of a circuit configu 
ration of the pet robot 210 by using FIG. 33. The head unit 
211 has a command receiving Section 240 which comprises 
a microphone 221 and a remote controller receiver 223, an 
external Sensor 241 which comprises an image recognizing 
Section 220 and a touch Sensor 224, a speaker 222 and an 
image display 225. Furthermore, the main body unit 212 has 
a battery 231, and comprises a controller 242 which controls 
an action of the pet robot 210 as a whole and an internal 
sensor 245 which comprises a battery sensor 243 for detect 
ing a residual amount of the battery 231 and a heat Sensor 
244 for detecting heat generated in the pet robot 210. 
Furthermore, actuators 233A through 233N are disposed at 
predetermined locations respectively in the pet robot 210. 

0318. The command receiving section 240 is used for 
receiving commands given from the user to the pet robot 
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210, for example, commands such as “walk’, "prostrate” 
and “chase a ball', and configured by the remote controller 
receiver 223 and the microphone 221. When a desired 
command is input by a user's operation, a remote controller 
(not shown) transmits an infrared ray corresponding to the 
above described input command to the remote controller 
receiver 223. Upon receiving this infrared ray, the remote 
controller receiver 223 generates a reception signal SIA and 
sends out this signal to the controller 242. When the user 
emits Sounds corresponding to a desired command, the 
microphone 221 collects Sounds emitted from the user, 
generates an audio signal SIB and Sends out this signal to the 
controller 242. In response to a command given from the 
user to the pet robot 210, the command receiving section 240 
generates a command Signal S1 comprising the reception 
Signal SIA and the audio signal SIB, and Supplies the 
command Signal to the controller 242. 
03.19. The touch sensor 224 of the external sensor 241 is 
used for detecting a spurring from the user to the pet robot 
210, for example, Spurring of "tapping or “striking” and 
when the users makes a desired spurring by touching the 
above described touch sensor 224, the touch sensor 224 
generates a touch detection Signal S2A corresponding to the 
above described Spurring and Sends out this signal to the 
controller 242. 

0320 The image recognizing section 220 of the external 
Sensor 241 is used for detecting a discriminating result of an 
environment around the pet robot 210, for example, Sur 
rounding environment information Such as “dark” or “a 
favorite toy is present” or a movement of another pet robot 
Such as "another pet robot is running, photographs an 
image around the above described pet robot 210 and sends 
out an image Signal S2B obtained as a result to the controller 
242. This image recognizing Section 220 captures an action 
which expresses an emotion of the other pet robot. 
0321) The external sensor 241 generates an external 
information signal S2 comprising the touch detection signal 
S2A and the image Signal S2B in response to external 
information given from outside the pet robot 210 as 
described above, and sends out the external information 
Signal to the controller 242. 
0322 The internal sensor 245 is used for detecting an 
internal condition of the pet robot 210 itself, for example, an 
internal condition of “hungry” meaning a lowered battery 
capacity or "fevered', and is configured by the battery 
sensor 243 and the heat sensor 244. 

0323 The battery sensor 243 is used for detecting a 
residual amount of the battery 231 which supplies power to 
each circuit of the pet robot 210 and sends out a battery 
capacity detection signal S3A to the controller 242 as a 
detection result. The heat Sensor 244 is used for detecting 
heat in the pet robot 210 and Sends out a heat detection Signal 
S3B to the controller 242 as a detection result. The internal 
Sensor 245 generates an internal information Signal S3 
comprising the battery capacity detection signal S3A and the 
heat detection Signal S3B in correspondence to internal 
information of the pet robot 210 as described above and 
sends out the internal information signal S3 to the controller 
242 as described above. 

0324. On the basis of the command signal S1 supplied 
from the command receiving Section 240, the external 
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information signal S2 Supplied from the external Sensor 241 
and the internal information signal S3 Supplied from the 
internal Sensor 245, the controller 242 generates control 
signals S5A through S5N for driving the actuators 233A 
through 233N and sends out the control signals to the 
actuators 233A through 233N, thereby making the pet robot 
210 act. 

0325 At this time, the controller 242 generates a audio 
Signal S10 and an image Signal S11 to be output outside as 
occasion demands, and informs required information to the 
user by outputting the audio signal S10 outside by way of the 
Speaker 222 and Sending out the image Signal S11 to the 
image display 225, thereby providing a desired image on the 
display. 

(5-3) Data Processing in Controller 
0326 Now, description will be made of data processing 
performed in the controller 242. In accordance with pro 
grams preliminarily Stored in a predetermined memory area 
used as Software, the controller 242 processes the command 
Signal S1 Supplied from the command receiving Section 240, 
the external information Signal S2 Supplied from the external 
Sensor 241 and the internal information signal S3 Supplied 
from the internal sensor 245, and Supplies a control signal S5 
obtained as a result, to the actuatorS 23. 

0327 Functions of the controller 242 for the data pro 
cessing are classified into an emotion and instinct model 
Section 250 used as emotion and instinct model changing 
means, a behavior determination mechanism Section 251 
used as action State determining means, a posture transition 
mechanism Section 252 used as posture transition means and 
a control mechanism section 253 as shown in FIG. 34, and 
the controller 242 inputs the command Signal S1 Supplied 
from outside, the external information signal S2 and the 
internal information signal S3 to the emotion and instinct 
model Section 250 and the behavior determination mecha 
nism section 251. 

0328. The emotion and instinct model section 250 has a 
basic emotion group 260 which comprises emotion units 
260A through 260C adopted as a plurality of independent 
emotion models and a basic desire group 261 which com 
prises desire units 261A through 261C adopted as a plurality 
of independent desire models. In the basic emotion group 
260, the emotion unit 260 expresses an emotion of “delight', 
the emotion unit 260B expresses an emotion of “sadness” 
and the emotion unit 260C expresses an emotion of “anger'. 
0329. The emotion units 260A through 260C express 
degrees of emotions as intensities, for example, from 0 to 
100 levels, and change the intensities of the emotions from 
one minute to the next on the basis of the command Signal 
S1, the external information signal S2 and the internal 
information signal S3 which are Supplied. Accordingly, the 
emotion and instinct model Section 250 expresses an emo 
tion state of the pet robot 210 by combining the intensities 
of the emotion units 260A through 260C which change from 
one minute to the next, thereby modeling changes with time 
of the emotions. 

0330. In the basic desire group 261, the desire unit 261A 
expresses a desire of “appetite”, the desire unit 261B 
expresses a desire of “desire for Sleep' and the desire unit 
261C expresses a desire of “desire for movement'. Like the 
emotion units 260A through 260C, the desire unit 261A 
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through 261C express degrees of desires as intensities, for 
example, from 0 to 100 levels, and change the intensities of 
the desires from one minutes to the next on the basis of the 
command Signal S1, the external information Signal S2 and 
the internal information signal S3 which are Supplied. 
Accordingly, the emotion and instinct model section 250 
expresses an instinct State of the pet robot 210 by combining 
the intensities of the desire units 261A through 261C which 
change from one minutes to the next, thereby modeling 
changes with time of the instincts. 
0331. The emotion and instinct model section 250 
changes the intensities of the emotion units 260A through 
260C and the desire units 261A through 261C as described 
above on the basis of input information S1 through S3 which 
comprises the command Signal S1, the external information 
signal S2 and the internal information signal S3. The emo 
tion and instinct model Section 250 determines the emotion 
State by combining the changed intensities of the emotion 
units 260A through 260C, determines the instinct state by 
combining the changed intensities of the desire units 261A 
through 261C, and Sends out determined emotion State and 
instinct State to the behavior determination mechanism Sec 
tion 251 as emotion and instinct state information S10. 

0332 The emotion and instinct model section 250 com 
bines emotion units which are desired in the basic emotion 
group 260 So as to restrain or Stimulate each other, thereby 
changing an intensity of one of the combined emotion units 
when an intensity of the other emotion unit is changed and 
realizing the pet robot 210 which has natural emotions. 
0333 Concretely speaking, the emotion and instinct 
model section 250 combines the “delight' emotion unit 
260A with the "sadness' emotion unit 260B So as to restrain 
each other as shown in FIG. 36, thereby enhancing an 
intensity of the “delight’ emotion unit 260A when the pet 
robot 210 is praised by the user and lowering an intensity of 
the “sadness' emotion unit 260B as the intensity of the 
“delight' emotion unit 260A is enhanced even when the 
input information S1 through S3 which changes the intensity 
of the “sadness' emotion unit 260B is not supplied at this 
time. Similarly, the emotion and instinct model section 250 
naturally lowers an intensity of the “delight' unit 260A as an 
intensity of the “sadness' emotion unit 260B is enhanced 
when the intensity of the “sadness' emotion unit 260B is 
enhanced. 

0334) Furthermore, the emotion and instinct model Sec 
tion 250 combines the "sadness' emotion unit 260B with the 
“anger' emotion unit 260C so as to stimulate each other, 
thereby enhancing an intensity of the "anger' emotion unit 
260C when the pet robot is struck by the user and enhancing 
an intensity of the “sadness' emotion unit 260B as the 
intensity of the “anger' emotion unit 260C is enhanced even 
when the input information S1 through S3 which enhances 
the intensity of the “sadness' emotion unit 260B is not 
supplied at this time. When an intensity of the “sadness” 
emotion is enhanced, the emotion and instinct model Section 
250 similarly enhances an intensity of the “anger' emotion 
unit 260C naturally as the intensity of the “sadness' emotion 
unit 260B is enhanced. 

0335 AS in a case where the emotion units 260 are 
combined with each other, the emotion and instinct model 
Section 250 combines desire units desired in the basic desire 
group 261 So as to restrain or Stimulate each other, thereby 
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changing an intensity of one of the combined desire units 
when an intensity of the other desire unit is changed and 
realizing the pet robot 210 which has natural instincts. 
0336 Returning to FIG. 34, action information S12 
representing a current action or a past action of the pet robot 
210 itself, for example, “walked for a long time” is supplied 
to the emotion and instinct model Section 250 from the 
behavior determination mechanism Section 251 disposed at 
a later Stage So that the emotion and instinct model Section 
250 generates emotion and instinct state information S10 
which is different dependently on an action of the pet robot 
represented by the above described action information S12 
even when identical input information S1 through S3 is 
g|Ven. 

0337 Specifically, the emotion and instinct model section 
250 has intensity increase/decrease functions 265A through 
265C which are disposed at a stage before the emotion units 
260A through 260C as shown in FIG. 37 and generate 
intensity information S14A through S14C to enhance and/or 
lower intensities of the emotion units 260A through 260C on 
the basis of the action information S12 representing an 
action of the pet robot 210 and the input information S1 
through S3, and enhances and/or lowers the intensities of the 
emotion units 260A through 260C in correspondence to the 
intensity information S14A through S14C output from the 
above described intensity increase/decrease functions 265A 
through 265C. 
0338. The emotion and instinct model section 250 
enhances an intensity of the “delight' emotion unit 260A, 
for example, when the pet robot makes a courtesy to the user 
and is tapped on the head, that is, when the action informa 
tion S12 representing a courtesy to the user and the input 
information S1 through S3 representing being tapped on the 
head are given to the intensity increase/decrease function 
55A, whereas the emotion and instinct model Section 250 
does not change the intensity of the “delight' emotion unit 
260A even when the pet robot is tapped on the head during 
execution of Some task, that is, when the action information 
S12 representing execution of a task and the input informa 
tion S1 through S3 representing being tapped on the head are 
given to the intensity increase/decrease function 265A. 
0339) The emotion and instinct model section 250 deter 
mines intensities of the emotion units 260A through 260C 
while referring not only to the input information S1 through 
S3 but also to the action information S12 representing the 
current or past action of the pet robot 210, thereby being 
capable of preventing an unnatural emotion from arising 
which enhances an intensity of the “delight' emotion unit 
260A, for example, when the user taps on the head for 
mischief during execution of Some task. By the way, the 
emotion and instinct model section 250 is configured to 
Similarly enhance and/or lower intensities also of the desire 
units 261A through 261C respectively on the basis of the 
input information S1 through S3 and the action information 
S12 which are supplied. 
0340 When the input information S1 through S3 and the 
action information S12 are input, the intensity increase/ 
decrease functions 265A through 265C generate and output 
the intensity information S14A through S14C as described 
above dependently on parameters which are preliminarily 
set, thereby making it possible to breed the above described 
pet robot 210 So as to be a pet robot having an individuality, 
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for example, a pet robot liable to get angry or a pet robot 
having a cheerful character by Setting the above described 
parameters of the pet robot 210 at different values. 
0341 Furthermore, parameters of the emotion model can 
be changed dependently on a character of another robot 
apparatus (hereinafter referred to as a mate robot). In other 
words, a character of the pet robot 210 is changed through 
interactions with the mate robot, thereby shaping the char 
acter with a characteristic Such as “He that touches pitch 
shall be defiled”. It is therefore possible to realize the pet 
robot 210 having a character which is formed naturally. 
0342 Specifically, it is possible to form a character which 
is adapted to the mate robot apparatus by disposing an 
emotion recognition mechanism Section 271, a memory and 
analysis mechanism Section 272, and a parameter change 
mechanism section 273 as shown in FIG. 38. 

0343. The emotion recognition mechanism section 271 
recognizes whether or not an action of the mate robot 
expresses Some emotion as well as a kind and an intensity of 
an emotion when the action expresses an emotion. Specifi 
cally, the emotion recognition mechanism Section 271 com 
prises a Sensor which detects an action of the mate robot and 
an emotion recognizing Section which recognizes an emo 
tion of the mate robot on the basis of a sensor input from the 
Sensor, captures the action of the mate robot with the Sensor 
and recognizes the emotion of the mate robot from the 
Sensor input with the emotion recognizing Section. The 
sensor input is, for example, the external information signal 
S2 out of the above described input signals and may be the 
audio signal S1B from the microphone 221 shown in FIG. 
33 or the image Signal S2B from the image recognizing 
Section 220 shown in FIG. 33. 

0344) Speaking of recognition of an emotion, the emotion 
recognition mechanism Section 271 recognizes an emotion 
expressed by Sounds emitted from the mate robot or an 
action of the mate robot which is used as the Sensor input. 
0345 Specifically, the pet robot 210 has an action pattern 
for actions deriving from emotions of the mate robot as 
information and compares this action pattern with an actual 
action of the mate robot, for example, a movement of a 
moving member or an emitted Sound, thereby recognizing 
an emotion expressed by an action of the mate robot. For 
example, the pet robot 210 has an action pattern for a 
movement of a foot of the mate robot when the above 
described mate robot is angry and detects an angry State of 
the mate robot when a movement of the foot of the mate 
robot which is obtained with the image recognizing Section 
220 is coincident with the action pattern. 
0346 Actions of the pet robot 210 have been determined, 
for example, on the basis of a preliminarily registered 
emotion model. In other words, the actions of the pet robot 
210 result from expressions of emotions. On a premise that 
the mate robot also has a similar emotion model, the pet 
robot 210 is capable of comprehending an action as a result 
of what emotion of the mate robot from the action pattern for 
the mate robot. By comparing the action information held by 
the pet robot itself with motion information of the mate 
robot, the pet robot is easily capable of comprehending 
emotions of the mate robot. 

0347 By recognizing emotions as described above, the 
pet robot 210 is capable of recognizing that the mate robot 
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is angry when the pet robot 210 detects an angry action, for 
example, an angry Walking manner or an angry eye. 

0348 The emotion recognition mechanism section 271 
Sends information of an emotion expressed by the mate 
robot which is recognized as described above to the memory 
and analysis mechanism Section 272. 

0349. On the basis of the information sent from the 
emotion recognition mechanism Section 271, the memory 
and analysis mechanism Section 272 judges a character of 
the mate robot, for example, an irritable character or a 
pessimistic character. Specifically, the memory and analysis 
mechanism section 272 stores the information sent from the 
emotion recognition mechanism Section 271 and analyzes a 
character of the mate robot on the basis of a change of the 
information within a certain time. 

0350 Specifically, the memory and analysis mechanism 
Section 272 takes out information within the certain time 
from information stored in a data memory (not shown) and 
analyzes an emotion expression ratio. When information of 
an emotion related to “anger' is obtained at a ratio shown in 
FIG. 39, for example, the memory and analysis mechanism 
Section 272 judges that the mate robot has a character which 
is liable to be angry. 

0351. The memory and analysis mechanism section 272 
Sends information of a character of the mate robot obtained 
as described above to the emotion parameter change mecha 
nism section 273. 

0352. The emotion parameter change mechanism 63 
changes parameters of the emotion model (specifically, the 
emotion and instinct model section) 250. Concretely speak 
ing, the emotion parameter change mechanism Section 273 
changes parameters of the emotion units related to the 
emotions of “anger' and "sadness”. 

0353. Furthermore, the parameters of the above described 
intensity increase/decrease functions 265A through 265C 
may be changed as the parameters related to the emotions. 
Since the intensity information S14A through S14C is 
generated from the input information S1 through S3 and the 
action information S12 in accordance with the changed 
parameters of the intensity increase/decrease functions 265A 
through 265C in this case, it is possible to breed the pet robot 
210 so as to have, for example, a character which is liable 
to be angry or cheerful. 

0354) Input into the emotion model section 250 are 
sensor inputs which are the input information S1 through S3 
and the action information S12, and output to the behavior 
determination mechanism Section 251 is emotion State infor 
mation S10a which are to be used as emotion values 
corresponding to the parameters (intensities) changed by the 
emotion parameter change mechanism Section 273. The 
behavior determination mechanism Section 251 disposed at 
a later Stage determines an action of the pet robot 210 on the 
basis of the emotion values (emotion State information 
S10a), thereby expressing a character through the action. 
0355 The pet robot 210 changes the parameters (inten 
Sities) of the emotion model in correspondence to a character 
of the mate robot as described above, thereby naturally 
forming a character. When the pet robot 210 is in contact 
with another robot which is liable to be angry, for example, 
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the pet robot 210 increases parameters of a liability to be 
angry of its own and makes itself liable to be angry. 
0356 Returning to FIG. 34, the behavior determination 
mechanism Section 251 determines a next action on the basis 
of input information S14 which comprises the command 
Signal S1, the external information signal S2, the internal 
information signal S3, the emotion and instinct State infor 
mation S10 and the action information S12, and sends out 
contents of the above described determined action to the 
posture transition mechanism Section 252 as action com 
mand information S16. 

0357 Specifically, the behavior determination mecha 
nism Section 251 uses an algorithm called finite automaton 
267 which has a finite number of action states (hereinafter 
referred to as States) expressing a history of the input 
information S14 Supplied in the past as shown in FIG. 40, 
and determines a next action by making transition of a State 
at that time to another State on the basis of the input 
information S14 which is currently supplied and the above 
described state at that time. The behavior determination 
mechanism Section 251 makes transition of a State as 
described above each time the input information S14 is 
Supplied and determines an action dependently on the above 
described state to which the transition is made, thereby 
determining the action referring not only to the current input 
information S14 but also to the past input information S14. 
0358 Accordingly, the behavior determination mecha 
nism section 251 makes transition to a state ST5 of “stand 
ing”, for example, when the input information S14 of “pet 
robot has lost sight of a ball” is supplied at a state ST1 of 
“pet robot is chasing a ball', whereas the behavior determi 
nation mechanism Section 251 makes transition to a State 
ST4 of “standing” when the input information S14 of “get 
up” is supplied at a state ST2 of "lying". It will be under 
stood that actions which are identical at these states ST4 and 
ST5 are classified as different states due to different histories 
of the past input information S14. 
0359 The behavior determination mechanism section 
251 actually makes transition of a current State to a neXt State 
when predetermined trigger is made. Concrete examples of 
the trigger are a definite time reached by an execution time 
of an action at a current State, input of Specific input 
information S14, and a predetermined threshold value 
exceeded by an intensity of a unit desired out of intensities 
of the emotion units 260A through 260C and the desire units 
261A through 261C which is represented by the emotion and 
instinct state information S10 Supplied from the emotion and 
instinct model Section 250. 

0360. At this time, the behavior determination mecha 
nism Section 251 Selects a transition destination State on the 
basis of whether or not a predetermined threshold value is 
exceeded by an intensity of a unit desired out of intensities 
of the emotion units 260A through 260C and the desire units 
261A through 261C which are represented by the emotion 
and instinct state information S10 Supplied from the emotion 
and instinct model section 250. Accordingly, the behavior 
determination mechanism Section 251 is configured to make 
transition to a State which is different dependently on inten 
sities of the emotion units 260A through 260C and the desire 
units 261A through 261C even when an identical command 
Signal S1 is input. 
0361. When the behavior determination mechanism sec 
tion 251 detects a palm stretched before the eye on the basis 
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of the Supplied external information Signal S2, detects an 
intensity of the “anger' emotion unit 260C not higher than 
the predetermined threshold value on the basis of the emo 
tion and instinct state information S10 and detects “pet robot 
is not hungry”, that is, a battery voltage not lower than a 
predetermined threshold value on the basis of the internal 
information Signal S3, for example, the behavior determi 
nation mechanism Section 251 therefore generates action 
command information S16 for allowing the pet robot to take 
an action of “hand lending in correspondence to the palm 
stretched before the eye and sends out this information to the 
posture transition mechanism Section 252. 
0362. Furthermore, when the behavior determination 
mechanism section 251 detects a palm stretched before the 
eye, detects an intensity of the “anger' emotion unit 260C 
not higher than the predetermined threshold value and “pet 
robot is hungry', that is, a battery voltage lower than the 
predetermined threshold value, for example, the behavior 
determination mechanism Section 251 generates the action 
command information S16 for allowing the pet robot to take 
an action of "licking up a palm' and Sends out this infor 
mation to the posture transition mechanism Section 252. 
0363. Furthermore, when the behavior determination 
mechanism section 251 detects a palm stretched before the 
eye and an intensity of the “anger' emotion unit 260C not 
lower than the predetermined threshold value, for example, 
the behavior determination mechanism Section 251 gener 
ates the action command information S16 which allows the 
pet robot to take an action of "looking aside in anger” 
whether or not “pet robot is not hungry”, that is, whether or 
not the battery voltage is not lower than the predetermined 
threshold value. When the parameters of the emotion model 
(intensities of the emotion units) are changed in correspon 
dence to the mate robot which has a character liable to get 
angry, for example, intensities of the emotion model often 
exceed the predetermined threshold value and the pet robot 
210 often takes the action of “looking aside in anger” 
0364. On the basis of an intensity of a unit desired out of 
intensities of the emotion units 260A through 260C and the 
desire units 261A through 261C represented by the emotion 
and instinct state information S10 Supplied from the emotion 
and instinct model Section 250, the behavior determination 
mechanism Section 251 determines parameters of an action 
to be taken at the transition destination State, for example, a 
walking Speed, magnitudes and Speeds of movements of the 
hands and feet, a pitch and loudness of a Sound to be emitted 
or the like, generates the action command information S16 
corresponding to the parameters of the above described 
action, and sends out this information to the posture transi 
tion mechanism Section 252. 

0365. By the way, the input information S1 through S3 
which comprises the command Signal S1, the external infor 
mation signal S2 and the internal information signal S3 is 
input not only into the emotion and instinct model Section 
250 but also into the behavior determination mechanism 
Section 251 since this information has contents which are 
different dependently on timings of input into the emotion 
and instinct model Section 250 and the behavior determina 
tion mechanism section 251. 

0366 When the external information signal S2 of "tapped 
on the head' is Supplied, for example, the controller 242 
generates the emotion and instinct State information S10 of 
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“delight' with the emotion and instinct model section 250 
and Supplies the above described emotion and instinct State 
information S10 to the behavior determination mechanism 
section 251, but when the external information signal S2 of 
“a hand is present before the eye” is Supplied in this State, 
the controller 242 generates action command information 
S16 of “willing to lend a hand” in the behavior determina 
tion mechanism section 251 on the basis of the above 
described information S10 of “delight” and the external 
information signal S2 of "a hand is present before the eye, 
and sends out the action command information S16 to the 
posture transition mechanism Section 42. 

0367 Returning to FIG.34, the posture transition mecha 
nism Section 252 generates posture transition information 
S18 for transition from a current posture to a next posture on 
the basis of the action command information S16 supplied 
from the behavior determination mechanism section 251 and 
sends out the information S18 to the control mechanism 
Section 253. In this case, a posture to which transition is 
possible from the current posture is determined, for 
example, dependently on physical forms of the pet robot 210 
Such as forms and weights of the body, hands and feet, 
coupled conditions of component members and mechanisms 
of the actuators 233A through 233N such as bending direc 
tions and angles of the joints. 

0368 Postures to which transition is possible are classi 
fied into those to which direct transition is possible from a 
current posture and others to which the direct transition is 
impossible from the current posture. From a lying down 
state of the quadruped pet robot 210 with the four feet 
largely thrown out, for example, the direct transition is 
possible to a prostrating State, but impossible to a Standing 
State, and the pet robot 210 must take actions in two stages 
of once drawing the hands and feet near the body and then 
Standing up. Furthermore, there are postures which cannot 
be taken safely. The quadruped pet robot 210 easily falls 
down, for example, when the pet robot 210 attempts to give 
a hurrah with two forefeet raised in a Standing posture. 

0369. When postures to which transition is possible are 
preliminarily registered and the action command informa 
tion S16 Supplied from the behavior determination mecha 
nism section 251 indicates a posture to which the direct 
transition is possible, the posture transition mechanism 
Section 42 sends out the above described action command 
information S16 as posture transition information S18 with 
out modification to the control mechanism section 253, but 
when the action command information S16 indicates a 
posture to which direct transition is impossible, the posture 
transition mechanism 252 generates the posture transition 
information S18 which causes transition once to another 
posture to which transition is possible and then transition to 
a target posture, and Sends out the information to the control 
mechanism section 253. Accordingly, the pet robot 210 is 
capable of avoiding an event of an unreasonable attempt to 
take a posture to which transition is impossible or an event 
of falling down. 

0370 Specifically, the posture transition mechanism sec 
tion 42 is configured to preliminarily register postures which 
the pet robot 210 can take and record postures between 
which the transition is possible. The posture transition 
mechanism Section 252 uses an algorithm called directed 
graph 270 which expresses postures which the pet robot 210 
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can take as nodes ND through NDs and connects the 
postures between which the transition is possible, that is, the 
nodes ND through NDs with directed arcs a through ao, 
for example, as shown in FIG. 41. 
0371 When the action command information S16 is 
Supplied from the behavior determination mechanism Sec 
tion 251, the posture transition mechanism Section 252 plans 
posture transition by Searching for a path from a node ND 
corresponding to a current posture to a node ND correspond 
ing to a posture to be taken next which is indicated by the 
action command information S16 in directions indicated by 
the directed arcs a So as to connect the current node ND to 
the next node ND and sequentially recording nodes ND 
existing in the Searched path. Accordingly, the pet robot 210 
is capable of realizing an action indicated by the behavior 
determination mechanism Section 251 while avoiding the 
event to make the unreasonable attempt to take the posture 
to which the transition is impossible or the event of falling 
down. 

0372. When the action command information S16 of “sit 
down” is Supplied in a node ND indicating a current posture 
of “prostration', for example, the posture transition mecha 
nism Section 252 gives the posture transition information 
S18 of “sit down” to the control mechanism section 253 
utilizing a fact that the direct transition is possible from the 
node ND indicating the posture of “proStration' to a node 
NDs indicating a posture of “sitting down”. When the action 
command information S16 of “walk” is supplied, in contrast, 
the posture transition mechanism Section 252 plans posture 
transition by searching for a path from the node ND of 
“prostration” to a node ND of “walking”, generates the 
action command information S18 which emits a command 
of “stand up” and then a command of “walk', and sends out 
the action command information S18 to the control mecha 
nism section 253. 

0373) Returning to FIG. 34, the control mechanism sec 
tion 253 is configured to allow the pet robot 210 to take a 
desired action by generating the control Signal S5 for driving 
the actuators 233A to 233N on the basis of the action 
command information S18 and Sending out this signal to the 
actuators 233A to 233N to drive the actuators 233A to 233N. 

(5-4) Operations and Effect 
0374. In the above described configuration, the emotion 
and instinct model Section 250 changes States of an emotion 
and an instinct of the pet robot 210 on the basis of the 
supplied input information S1 through S3 and reflects 
changes of the States of the emotion and the instinct on an 
action of the pet robot 210, thereby allowing the pet robot 
210 to autonomously act on the basis of the states of 
emotions and instincts of its own. 

0375 The emotion and instinct model section (emotion 
model section shown in FIG. 38) 250 is capable of deter 
mining an action dependently on a character which is 
changed in correspondence to a character of the mate robot. 
Accordingly, the user can enjoy a character formation pro 
cess of the pet robot 210 in correspondence to another robot 
and gain an interest in breeding. 
0376 Furthermore, the behavior determination mecha 
nism section 251 of the controller 242 determines a next 
State Successive to a current State on the basis of the a current 
State corresponding to a history of the input information S14 
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which is Supplied Sequentially and the input information S14 
which is supplied next, thereby allowing the pet robot 210 
to autonomously act on the basis of States of the emotions 
and instincts of its own. 

0377 Furthermore, the posture transition mechanism 
Section 252 of the controller 242 makes transition from a 
current posture of the pet robot 210 to a posture correspond 
ing to the action command information S16 by changing the 
current posture through a predetermined path, thereby 
avoiding the event to take an unreasonable posture or the 
event of falling down. 

0378. The above described configuration changes states 
of an emotion and an instinct of the pet robot 210 on the 
basis of the input information S1 through S3 supplied to the 
controller 242, determines an action of the pet robot 210 on 
the basis of changes of States of the emotion and the instinct, 
Selects a posture to which transition is possible dependently 
on the above described determined action and moves the pet 
robot 210, thereby making it possible to realize the pet robot 
210 which is capable of autonomously acting on the basis of 
emotions and instincts of its own, and taking actions quite 
Similar to those of a true pet. 

(5-5) Other Embodiments 
0379) Note that, in the aforementioned fifth embodiment, 
though the emotion parameter change mechanism Section 
273 changes a character in correspondence to a character of 
the mate robot by modifying the parameters of the emotion 
model in the above described embodiment, the present 
invention is not limited by the embodiment and the character 
can be changed by modifying parameters of the behavior 
determination mechanism section 251 as shown in FIG. 42. 
In this case, adjustable parameters of the behavior determi 
nation mechanism Section 251 are changed. For example, 
transition probabilities are changed though the finite 
automaton makes transition of States by Supplying the input 
information S14. 

0380 Further, in the aforementioned fifth embodiment, 
though a character State is changed only on the basis of an 
emotion expressed by the mate robot in the above described 
embodiment, the present invention is not limited by the 
embodiment and reference can be made also to other infor 
mation. The character State can be changed, for example, by 
disposing a dialogue analysis mechanism Section 274 as 
shown in FIG. 43 and analyzing dialogue between the mate 
robot and the user (owner). 
0381. The dialogue analysis mechanism section 274 ana 
lyzes the dialogue between the user and the mate robot, for 
example, a language emitted from the user to the mate robot 
or a gesture shown by the user to the mate robot. The 
dialogue analysis mechanism Section 274 analyzes, for 
example whether the user is Scolding or Striking the mate 
robot or the like. The dialogue analysis mechanism Section 
251 sends an analysis result to the memory and analysis 
mechanism Section 272. 

0382. The dialogue analysis mechanism section 274 dis 
criminates a character of the mate robot on the basis of 
information of an emotion expressed by the mate robot 
which is Supplied from the emotion recognition mechanism 
section 271 and the analysis result which is obtained with the 
dialogue analysis mechanism Section 274. 
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0383 Though the mate robot will be judged to have 
character which is liable to be angry in a case where only 
barking information is Sent as information from the emotion 
recognition mechanism Section 271, reference to the dia 
logue with the user prevents the mate robot from being 
easily judged to have the character which is liable to be 
angry in a case where the mate robot is struck by the user and 
barking, thereby making it possible to perform composite 
judgement dependently on environments. 

0384 Further, in the aforementioned fifth embodiment, 
though a character of the pet robot 210 is changed So as to 
match with a character of the mate robot in the above 
described embodiment, the present invention is not limited 
by the embodiment and it is possible to change the character 
of the pet robot 210 to as to be opposed to the character of 
the mate robot, that is, in a reverse direction. 

0385) Further, in the aforementioned fifth embodiment, 
though reference is made to an action of the mate robot to 
judge a character of the mate robot in the above described 
embodiment, the present invention is not limited by the 
embodiment and it is possible to judge a character of the 
mate robot through data communication with the mate robot. 
The data communication may be radio communication or 
communication through wire. 

0386 Further, in the aforementioned fifth embodiment, 
though the mate robot is single in the above described 
embodiment, the present invention is not limited by the 
embodiment and the mate robot may be in a plurality. In this 
case, the pet robot 210 is capable of discriminating robots 
and changing a character of its own collectively from the 
plurality of robots or individually from specific robots. 
Accordingly, the pet robot 210 is capable of changing the 
character of its own dependently on characters of the plu 
rality of mate robots when these robots have characters 
which are different from one another. 

0387 Under a circumstance where a plurality of robots 
exists as described above, it is further necessary to discrimi 
nate individual robots. In this case, faces are patterned as 
predetermined so that the pet robot 210 is capable of 
discriminating the robots individually. For example, the 
So-called bar codes may be attached to the mate robots as 
predetermined marks so that the pet robot 210 can discrimi 
nate the plurality of robots individually. In a case where 
characters of the mate robots are to be judged through the 
data communication, discriminating information may be 
attached to character data so that the pet robot 210 can 
discriminate the plurality of robots. The discriminating 
information can be, for example, discriminating numbers of 
devices of the mate robots, for example, IDs of the so-called 
memory sticks (trade mark in SONY Co.) which are memory 
media configured to be detachable. 

0388 Further, in the aforementioned fifth embodiment, 
though description is made mainly of emotion recognition 
from actions of movable members of the mate robot in the 
above described embodiment, the present invention is not 
limited by the embodiment and it is possible to recognize an 
emotion of the mate robot from a contact State of mate robot 
with the touch sensor 224. 

0389. Further, in the aforementioned fifth embodiment, 
though the pet robot 210 receives a user's command sent 
from the remote controller with the infrared ray, the present 
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invention is not limited by the embodiment and the pet robot 
210 may be configured to receive a user's command Sent, for 
example, with a radio wave or an acoustic wave. 
0390 Further, in the aforementioned fifth embodiment, 
though the user's command is input through the command 
receiving Section 240 which comprises the remote controller 
receiver 223 and the microphone 221 in the above described 
embodiment, the present invention is not limited by the 
embodiment and it is possible, for example, to connect a 
computer to the pet robot 210 and input a user's command 
via the above described connected computer. 

0391) Further, in the aforementioned fifth embodiment, 
though States of an emotion and an instinct are determined 
using the emotion units 260A through 260C expressing the 
emotions of “delight”, “sadness” and “anger” as well as the 
desire units 261A through 261C expressing the desires of 
“appetite”, “desire for sleep” and “desire for movement” in 
the above described embodiment, the present invention is 
not limited by the embodiment and it is possible to add an 
emotion unit expressing an emotion of "loneliness” to the 
emotion units 260A through 260C and add an desire unit 
expressing “desire for love' to the desire units 261A through 
261C or determine States of an emotion and an instinct using 
a combination of other various kinds of emotion units and 
desire units. 

0392 Further, in the aforementioned fifth embodiment, 
though a next action is determined by the behavior deter 
mination mechanism section 251 on the basis of the com 
mand Signal S1, the external information Signal S2, the 
internal information signal S3, the emotion and instinct State 
information S10 and the action information S12 in the above 
described embodiment, the present invention is not limited 
by the embodiment and a next action may be determined on 
the basis of Some information out of the command Signal S1, 
the external information signal S2, the internal information 
signal S3, the emotion and instinct state information S10 and 
the action information S12. 

0393. Further, in the aforementioned fifth embodiment, 
though a next action is determined using the algorithm 
called finite automaton 267 in the above described embodi 
ment, the present invention is not limited by the embodiment 
and an action may be determined by using an algorithm 
called State machine which has States in a number which is 
not finite, and in this case, a new State is to be generated each 
time the input information S14 is Supplied and an action is 
to be determined in accordance with the above described 
generated State. 

0394 Further, in the aforementioned fifth embodiment, 
though the next action is determined using the algorithm 
called finite automaton 267 in the above described embodi 
ment, the present invention is not limited by the embodiment 
and an action may be determined using an algorithm called 
probability finite automaton which selects a plurality of 
States as prospective transition destinations on the basis of 
the input information S14 currently Supplied and a State at 
that time, and determines a transition destination State out of 
the Selected plurality of States at random using random 
numbers. 

0395. Further, in the aforementioned fifth embodiment, 
though the action command information S16 is sent with no 
modification to the control mechanism section 253 as the 
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posture transition information S18 when the action com 
mand information S16 indicates a posture to which direct 
transition is possible or the posture transition information 
S18 for transition once to a posture to which transition is 
possible and then to a target posture is generated and Sent to 
the control mechanism section 253 when the action com 
mand information S16 indicates a posture to which the direct 
transition is impossible in the above described embodiment, 
the present invention is not limited by the embodiment and 
it is possible to configure to accept the action command 
information S16 and send this information to the control 
mechanism Section 43 only when the action command 
information S16 indicates a posture to which direct transi 
tion is possible, and refuse the above described action 
command information S16 when this information indicates 
a posture to which the direct transition is impossible. 
0396 Further, in the aforementioned fifth embodiment, 
though the present invention is applied to the pet robot 210 
in the above described embodiment, the present invention is 
not limited by the embodiment and the present invention is 
applicable to other various kinds of robots, for example, 
robot apparatuses which are used in entertainment fields 
Such as games and exhibitions. 
0397) Furthermore, an appearance of the pet robot 210 to 
which the present invention is applied is not necessarily 
configured as shown in FIG. 32 but may be configured as 
shown in FIG. 44 so as to resemble to a real dog. 

INDUSTRIAL APPLICABILITY 

0398. The present invention is applied to robots which 
are used in an entertainment field Such as a game and a 
exhibition, pet robots which are used as pets, and the like. 

1. A robot apparatus comprising: 

memory means for Storing behavioral models, and 

action generating means for generating action by the use 
of partial or full State Space of Said behavioral model, 
and wherein 

Said action generating means changes Said State Space to 
be used for Said action generation, of Said behavioral 
models while expanding or reducing Said State Space. 

2. The robot apparatus according to claim 1, wherein: 

said behaviorall models consists of probability state tran 
Sition models, and 

Said action generating means changes said transition 
probability to a transition-prohibited State, to a prede 
termined value higher than 0, by Setting Said transition 
probability of said behavioral models to 0, thereby said 
State Space to be used for Said action generation of Said 
behavioral models is expanded. 

3. The robot apparatus according to claim 1, wherein: 

said behavioral model consists of probability state tran 
Sition models, and 

Said action generating means Sets transition probability to 
a target State to 0 to thereby reduce Said State Space to 
be used for Said action generation of Said behavioral 
models. 
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4. The robot apparatus according to claim 1, having 
growth models which grow Stepwise, and wherein 
Said action generating means changes State Space to be 

used for Said action generation of Said behavioral 
models in accordance with Said growth of Said growth 
models while expanding or reducing it. 

5. A robot apparatus, having behavioral models compris 
ing State transition models and for generating action on the 
basis of said behavioral model, wherein: 

in Said behavioral model, transition to a predetermined 
node is described as transition to a virtual node con 
Sisting of imaginary nodes, and a predetermined node 
group is allocated to Said virtual node, and 

changing means for changing Said node group to be 
allocated to Said virtual node is provided. 

6. The robot apparatus according to claim 5, having 
growth models which grow Stepwise, and wherein 
Said changing means changes Said node group to be 

allocated to Said Virtual node, in accordance with Said 
growth of Said growth models. 

7. A control method for a robot apparatus, having behav 
ioral models, and for generating action on the basis of Said 
behavioral model, comprising: 

a first Step of generating Said action by the use of partial 
or full State Space of Said behavioral model; and 

a Second Step of changing Said State Space to be used for 
Said action generation, of Said behavioral models while 
expanding or reducing Said State Space. 

8. The control method for a robot apparatus according to 
claim 7, wherein: 

Said behavioral models comprise probability State transi 
tion models, and 

in Said Second Step, by Setting transition probability of 
said behavioral models to 0, said transition probability 
to a transition-prohibited State is changed to a prede 
termined value higher than 0, thereby Said State Space 
to be used for Said action generation of Said behavioral 
models is be expanded. 

9. The control method for a robot apparatus according to 
claim 7, wherein: 

Said behavioral models comprises probability State tran 
Sition models, and 

in Said Second Step, transition probability to a target State 
is Set to 0 to thereby reduce Said State Space to be used 
for Said action generation of Said behavioral models. 

10. The control method for a robot apparatus according to 
claim 7, wherein: 

Said robot apparatuS has growth models which grow 
Stepwise; and 

in Said Second Step, State Space to be used for Said action 
generation of Said behavioral models is changed in 
accordance with Said growth of Said growth models 
while expanding or reducing it. 

11. A control method for a robot apparatus, having behav 
ioral models comprising State transition models, and for 
generating action on the basis of Said behavioral models, 
comprising: 
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a first Step of describing transition to a predetermined 
node in Said behavioral models as transition to a virtual 
node consisting of imaginary nodes, and allocating a 
predetermined node group to Said virtual node, and 

a Second step of changing Said node group to be allocated 
to Said virtual node. 

12. The control method for a robot apparatus according to 
claim 11, wherein: 

Said robot apparatus has growth models which grow 
Stepwise; and 

in Said Second Step, Said node group to be allocated to Said 
Virtual node is changed in accordance with Said growth 
of Said growth models. 

13-32. (canceled) 
33. A robot apparatus, comprising: 

detecting means for detecting an output from another 
robot apparatus, and 

character discriminating means for discriminating a char 
acter of Said another robot apparatus on the basis of a 
result detected by Said detecting means. 

34. The robot apparatus according to claim 33, compris 
ing 

character changing means for changing own character on 
the basis of the result detected by said character dis 
criminating means. 

35. The robot apparatus according to claim 33, wherein: 

Said detecting means comprises: 

an action detecting Section for detecting an action of Said 
another robot apparatus, and 

emotion recognizing means for recognizing an emotion of 
Said another robot apparatus on the basis of a result 
detected by Said action detecting means, and wherein 

Said character discriminating means discriminates a char 
acter 

of Said another robot apparatus on the basis of Said 
emotion recognized by Said emotion recognizing 
CS. 

36. The robot apparatus according to claim 35, wherein 

Said character discriminating means discriminates a char 
acter of Said another robot apparatus on the basis of Said 
emotion within a definite Lime, which is recognized by 
Said emotion recognizing means. 

37. The robot apparatus according to claim 35, wherein: 

Said detecting means detects emotion data or character 
data from Said another robot apparatus, and 

Said character discriminating means discriminates a char 
acter of Said another robot apparatus on the basis of Said 
emotion data or character data. 

38. The robot apparatus according to claim 34, wherein 

Said character changing means changes a parameter of a 
character model which determines own character, on 
the basis of a result discriminated by Said character 
discriminating means. 
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39. The robot apparatus according to claim 33, compris 
ing 

action control means for moving the robot apparatus as a 
whole and component members, on the basis of action 
information, and wherein 

Said character changing means changes Said action infor 
mation on the basis of a result discriminated by Said 
character discriminating means. 

40. The robot apparatus according to claim 35, compris 
ing 
memory means for Storing action patterns deriving from 

an emotion of another robot apparatus, and wherein 
Said emotion recognizing means recognizes an emotion 
by comparing an action of Said another robot apparatus 
with Said action pattern. 

41. The robot apparatus according to claim 33, compris 
ing 

dialogue detecting means for detecting a dialogue 
between another robot apparatus and a user, and 
wherein 

Said character discriminating means discriminates a char 
acter of Said another robot apparatus by referring to a 
result detected by Said dialogue detecting means. 

42. A character discriminating method for robot appara 
tus, comprising: 

a detecting step for detecting an output from a robot 
apparatus to discriminate a character of Said robot 
apparatus on the basis of a detected result. 
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43. The character discriminating method for robot appa 
ratus according to claim 42, wherein 

a character discriminating result is used for changing a 
character of another robot apparatus. 

44. The character discriminating method for robot appa 
ratus according to claim 43, wherein 

an emotion is recognized from an action of Said robot 
apparatus which is an output from Said robot apparatus, 
to discriminate a character of Said robot apparatus on 
the basis of a recognition result of the emotion. 

45. The character discriminating method for robot appa 
ratus according to claim 44, wherein 

the character of Said robot apparatus is discriminated on 
the basis of a recognition result of Said emotion within 
a definite time. 

46. The character discriminating method for robot appa 
ratus according to claim 42, wherein 

emotion data or character data from Said robot apparatus 
which is an output from Said robot apparatus is 
detected, to discriminate a character of Said robot 
apparatus on the basis of Said emotion data or character 
data. 

47. The character discriminating method for robot appa 
ratus according to claim 44, wherein 

another robot apparatus which Stores action patterns 
deriving from an emotion of Said robot apparatus 
recognizes an emotion by comparing an action of Said 
robot apparatus with said action pattern. 
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