DESCRI RTI ON- ROBOT AND | TS CONTROL METHOD AND RECORDI NG MEDI UM

TECHNI CAL FI ELD The present invention relates to a robot and its
control method and recording nedium and is suitably applied to a pet
robot . BACKGROUND ART In recent years, a four-I|egged wal ki ng pet

robot that perforns actions autonomically responding to the direction from
the user and the surroundi ng environnment has been devel oped by the
applicant of the present invention. Such pet robot has the simlar shape
to dogs and cats being raised in general households and acts responding to
the direction fromthe user and the sygrRYB4EAR environment. In
such pet robot, if the enotion such as "anger™ and "joy" can be expressed
in response to the action of the user such as "hit" and "pat", the user
can comruni cate with the pet robot

ROBOT AND ITS CONTROL METHOD AND RECORDING MEDIUM

TECHNICAL FIELD
The present invention relates to a robot and its control
method and recording medium, and is suitably applied to a pet

robot.

BACKGROUND ART

In recent years, a four-legged walking pet robot that
performs actions autonomically responding to the direction from
the user and the surrounding environment has been developed by the
applicant of the present invention. Such pet robot has the similar
shape to dogs and cats being raised in general households and acts
responding to the direction from the user and the surrounding
environment. |

In such pet robot, if the emotion such as "anger"™ and "joy"
can be expressed in response to the action of the user such as
"hit" and "pat", the user can communicate with the pet robot
smoothly. Hence, it is considered that the user's affection and
curiosity to the pet robot can be improved and entertainment

factor can be further improved.

DISCLOSURE OF THE INVENTION



snoot hLy. Hence, it is considered that the user's affection and curiosity
to the pet robot can be inproved and entertai nnent factor can be further

I mproved. DI SCLOSURE OF THE | NVENTI ON The present

i nventi on has been done considering the above point and is proposing a
robot and its control method and recording nedium capable of further

I nproving the entertai nnent factor. To obvi ate such probl em
according to the present invention, we provide a light emtting neans to
function as eyes for the sake of appearance, an external sensor for
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control neans for flashin Ight emtting neans 1 n order to express
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Accordingly, the user can easily recognize enotion of said robot. Thus,
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and the robotic device capable of further inproving the entertai nnent
factor cgdetsyrealized.

To obviate such problem according to the present invention,
we provide a light emitting means to function as eyes for the sake
of appearance, an external sensor for detecting the external
condition and/or the input from the outside, and a control means
for flashing the light emitting means in order to express emotions
based on the output of the external sensor in the robot.
Accordingly, the user can easily recognize emotion of said robot.
Thus, communications between the user and the robot can be
conducted smoothly and the robotic device capable of further
improving the entertainment factor can be realized.

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

communications between the user and the robotic device can be



Furthernore, according to the present invention, since in the control

nmet hod of the robot conprising the light emtting neans functioning as
eyes for the sake of appearance and the external sensor for detecting the
external condition and input fromthe outside, the first step for

recogni zing the external condition and/or the input fromthe outside based
on the output of the external sensor and the second step for flashing the
light emtting nmeans in order to express enotions are provided, the user
can easily recognize the emotion of the robot based on the light emtting
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capabl e of further inprovin he entertai nnent factor can be realized.
Further npg£1i2680rding to the present invention, in the recording nedium
on which the control program of the robot having the light emtting neans

functioni ng asrgyesefibréd Nad@bfdPig to the present invention, in the
recording medium on which the control program of the robot having
the light emitting means functioning as eyes for the sake of
apprearance and the external sensor for detecting the external
condition and/or input from the outside is recorded, the control
program having the first step for recognizing the external
condition and/or the input from outside based on the output of the
external sensor and the second step for flashing the light
emitting means to express emotions is recorded. As a result,
according to the control program recorded onto this recording
medium, since the user can easily recognize emotions of said
robotic device based on the light emitting condition of the light
emitting means of the robotic device, the communications between
the user and the robotic device can be smoothly conducted. Thus,
the recording medium capable of further improving the

entertainment factor of the robotic device can be realized.

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

robot.



appearance and the external sensor for detecting the external condition
and/or input fromthe outside is recorded, the control program having the
first step for recognizing the external condition and/or the input from
out si de based on the output of the external sensor and the second step for
flashing the light emtting neans to express enotions is recorded. As a
result, according to the control programrecorded onto this recording

medi um since the user can easily recogni ze enotions of said robotic

devi ce based on the Iight enitting condition of the light emtting neans

of the robotic SIS £ ANsk C
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devi ce can be the recordlng medi um capabl e of
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realized. BRI 'EF DESCRI 1 is a perspective
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of the present invention. 2 is a block dlagran1shomﬁng t he
construcééﬁﬁr@ilarpet robot . 3
Fig. 6 is a brief linear diagram illustrating each emotion.
Fig. 7 is a conceptual diagram illustrating the probability
automaton. .
Fig. 8 is a conceptual diagram showing the condition
transition table.

Fig. 9 is a brief linear diagram illustrating the other

embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to the accompanying drawings one embodiment
of the present invention will be described in detail hereunder.
(1) Construction of Pet Robot 1 according to the Embodiment of

the Present Invention

In Fig. 1, 1 generally shows a pet robot according to the
embodiment of the present invention. And this pet robot 1 is
comprised of leg units 3A ~ 3D connected respectively to the front
and back and left and right of the body unit 2, and a head unit 4
and a tail unit 5 connected respectively to the front edge part
and the rear edge part of the body unit 2.

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

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



Fig. 3-is a perspective view show ng the construction of LED. Fig. 4

IS a perspective view showi ng the construction of LED. Fig. 5is a
bl ock diagramillustrating the processing of controller. Fig. 6is
a brief linear diagramillustrating each enotion. Fig. 7is a
conceptual diagramillustrating the probability automaton. Fig. 8
Is a conceptual diagram showing the condition transition table.

Fig. 9is a brief linear diagramillustrating the other enbodi nent.

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Wth reference to the
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descri bed in detai Construction of Pet Robot 1 according
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generally shows a pet robot according to the enbodinent of the present

inventi o Ayl sbdSedein@®tbddy Sunfem®rised of leg units 3A ~ 3D
connected respectively to the front and back and left and right of the

body unit 2, anskeove@d iflitheé! heddl thitid AMEdD 5(EHHPRS (eshipRsd ldvid)y t o
the front edge part
camera 15 which functions as actual "eyes", an external sensor
unit 18 comprised of a microphone 16 to function as ears and a
touch sensor 17, and LED (light emitting diode) to function as
"eyes" for the sake of appearance, and a speaker 20 to function as
"mouth) are placed respectively on the predetermined positions.

Furthermore, actuators 21, ~ 21, for several degrees of
freedom are placed respectively to the joints of leg units 3A ~ 3D,
the connecting parts of leg units 3A ~ 3D and the body unit 2, the
connecting part of the head unit 4 and the body unit 2, and the
root part of the tail 5A in the tail unit 5 (Fig. 1).

Then, the CCD camera 15 of the head unit 4 shoots picture of
surrounding condition, and transmits the resultant image signal
S1A to the controller 10. Moreover, the microphone 16 collects the
command sounds such as "walk", "lie-down" or "chase after a ball"
to be given from the user as musical scales via a sound commander
(not shown in Fig.) and transmits the resultant audio signal S1B
to the controller 10.

Furthermore, as it is clear in Fig. 1, the touch sensor 17
is provided on the upper part of the head unit 4, and detects the
pressure received by the physical action such as "pat"” and "hit"”

from the user and outputs the detection result to the controller



and the rear edge part of the body unit 2. In this case as shown in
Fig. 2, a controller 10 for <controlling the whol e operation of this pet
robot 1 and a battery 4

11 as the power source of this pet robot 1, and an internal sensor unit 14
conprised of a battery sensor 12 and a tenperature sensor 13 are stored in
the body unit 2. Moreover, in the head unit 4 a CCD (charge coupl ed
device) camera 15 which functions as actual "eyes", an external sensor
unit 18 conprised of a m crophone 16 to function as ears and a touch

sensor Iy gguglﬁggggﬁﬁgndé%gégiég;§H§§F¥ dcfunction as "eyes" for the

sake of appeararnce, and a speaker 20 unction as "nouth) are placed
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[err] for several degrees of freedom are placed respectively to the
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the body unit 2, the connecting part of the head unit 4 and the body unit
2, and tdent¥eDlePaad ¢ 4 Satedty Demdiniwy t@idntity detddiord)signal S2A.
While the temperature sensor 13 detects the internal temperature
of the pet robot 1 and transmits the detection résult to the
controller 10 as a temperature detection signal S2B.

The controller 10 judges the surrounding and internal
condition of the pet robot 1, directions from the user, and the
existence or non-existence of actions from the user based on the
image signal S1A, audio signal S1B and the pressure detection
signal S1C (hereinafter these are all together referred to as
external sensor signal S1) to be supplied respectively from the
CCD camera 15, the microphone 16 and the touch sensor 17 of the
external sensor unit 18, and the battery remaining quantity
detection signal S2A and the temperature detection signal S2B
(hereinafter these are all together referred to as internal sensor
signal S82) to be supplied respectively from the battery sensor and
the heat sensor of the internal sensor unit 14.

Then, the controller 10 determines the following action
based on this judgement result and the control program stored in
the memory 10A in advance, and by driving necessary actuators 21, ~
21, based on the determined result, makes the head unit 4 swing up
and down, and right and left, or makes the tail of the tail unit 5

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



Then, the CCD canera 15 of the head unit 4 shoots picture of surrounding
condition, and transmts the resultant inmage signal SIA to the controller
10. Moreover, the m crophone 16 collects the conmand sounds such as

"wal k", "lie-down" or "chase after a ball" to be given fromthe user as
nmusi cal scales via a sound commander (not shown in Fig.) and transmts the
resul tant audio signal S1B to the controller 10. Furthernore, as it

is clear in Fig. 1, the touch sensor 17 is provided on the upper part of
the head unit 4, and detects the pressure received by the physical action
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signal S2A. Wiile the tenperature sensor 13 detects the interna

tenper attie LED driving signal S4 to the LED 19 as "eyes" in appearance,
it makes the LED 19 flash.

Accordingly, this pet robot 1 can act autonomically based on
the surrounding and internal condition and the existence or non-
existence of the command or approach from the user.

Hence the detailed construction of the LED 19 as "eyes" for
the sake of appearance of the pet robot 1 will be shown in Fig. 3.
As is clear from Fig. 3, the LED 19 comprises a pair of red colors
LED 1SR, and 19R, emitting red light respectively and a pair of
green colors LED 19G, and 19G, emitting green light respectively.

In this case, each of red colors LED 19R, and 19R, of which
the light emitting unit has a rectilinear shape with the
predetermined length. And these are placed approximately on the
middle stage in the longitudinal direction of the head unit 4 so
that these becomes closer as proceeding frontward of the head unit
4 shown by an arrow a. Thus, in this pet rocbot 1, by lighting up
these red LED 19R;, and 19R, together, this pet robot 1 can show the
expression of "anger" as if it gets angry turning up its eyes.

Furthermore, each of green colors LED 19G, and 19G, of which
the light emitting unit has an arc shape with the predetermined
length. And these are placed on the immediately proceeding places

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



of the pet ‘robot 1 and transmts the detection result to the controller 10
as a tenperature detection signal S2B. The controller 10 judges the
surrounding and internal condition of the pet robot 1, directions fromthe
user, and the existence or non-existence of actions fromthe user based on
the image signal SIA audio signal S1B and the pressure detection signa
S1C (hereinafter these are all together referred to as external sensor
signal S1) to be supplied respectively fromthe CCD canmera 15, the

m crophone 16 and the touch sensor 17 of the external sensor unit 18, and
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detection signal” S2B (hereinafter these are all together referred to as
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sensor and the heat. sensor of the internal sensor unit
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result and the control program stored in the nenory 10A in advance, and by

driving ifedas S Maughiaiqars 21, ~ 21[err] based on the determ ned result,
makes the head unit 4 swing up and down, and right and left, or mnakes the
tail of the tan tiiig et Taboed 19r the wpp@remlrwfoﬂ emeum:dns bi:elrﬁlam rehlees
t he robot wal k.
near front edge of the head unit 4 to the 1mmed1ately before the
touch sensor 17 is covered with the black semi-transparent cover
4A formed of such as synthetic resin so that these red colors LED
19R,, 19R, and green colors LED 19G,, 19G, are covered up.

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

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

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

will be described in detail as follows:

The controller 10 executes various processings as described



Furthernor€, in this case, by giving the predeterm ned audio signal S3 to
the speaker 20 as required, the controller 10 outputs sounds based on said
audi o signal S3 to outside, or by outputting the LED driving signal $S4 to
the LED 19 as "eyes" in appearance, it nmakes the LED 19 fl ash.

Accordingly, this pet robot 1 can act autonom cally based on the
surroundi ng and internal condition and the existence or non- existence of
t he conmand or approach fron1the user . Hence the detail ed
construction of the LED 19 as "eyes" for the sake of appearance of the pet
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emtting green light respectively. In this case, each of red colors
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rectilinear shape with the predetermned Iength. And these are place
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Furt hernore, each of green colors LED 19F err] and 19Ferr] of which
of the condition recognition unit 30, an action determining unit
32 for determining the succeeding action based on the recognition
result of the condition recognition unit 30 and the output of the
emotion/instinct model unit 31, and an action forming unit 33 for
making the pet robot form the action corresponding to the
determination result of the action determining unit 32.

Then, these condition recognition unit 30, the motion/
instinct model unit 31, the action determining unit 32 and the
action forming unit 33 will be described in detail as follows.
(2-1) Construction of Condition Recognition Unit 30

The condition recognition unit 30 recognizes the specific
condition based on the external information signal S1 to be given
from the external sensor unit 18 (Fig. 2) and the internal
information signhal 82 to be given from the internal sensor unit 14
(Fig. 2) and notifies the recognition result to the motion/
instinct model unit 31 and the action determining unit 32 as a
condition recognition information $10.

In practice, the condition recognition unit 30 constantly

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



the light émtting unit has an arc shape with the predeterm ned |ength.
And these are placed on the imedi ately proceedi ng places of the
corresponding red colors LED 19R err] and 19R err] on the head unit

7 4 placing inside of the arc in the front direction (an arrow
a). Wth this arrangenent, by lighting up these red colors LED 19F err],
19 err] together, this pet robot can show the expression of "joy" as if

it is laughing. In this pet robot 1, the upper part of the box body
fromthe near front edge of the head unit 4 to the imedi ately before the
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of such as synthetic resin so that these red colors LED [err] and green
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are difficult to be confirnmed fromthe outside mhen_the LED 19 is not
lightedigpa Gallime ot Mherkand avk@n1hankFRoY fids ithid! edceRnitiene can be

easily confirmed visually fromthe outside. Thereby, the feeling of
physi calresult to the emotion/instinct model unit 31 and the action
determining unit 32,

Furthermore, the condition recognition unit 30 constantly
monitors the audio signal S1B to be given from the microphone 16
(Fig. 2). And when it recognizes that the command sound such as
"walk", "lie down", or "chase after a ball" is entered based on
the audio signal S1B, it notifies the recognition result to the
emotion/instinct model unit 31 and the action determining unit 32.

Furthermore, the condition recognition unit 30 constantly
moﬁitors the pressure detection signal S1C (Fig. 2) to be given
from the touch sensor 17 (Fig. 2). And when it detects the
pressure of more than the predetermined threshold value and the
short period of time (such as less than 2 seconds), it recognizes
that "it is hit (is scolded)”. And when it detects the pressure of
less than the predetermined threshold value and the long period of

 time (such as over 2 seconds), it recognizes that "it is patted
(it is praised)™ and notifies the recognition result to the |
emotion/instinct model unit 31 and the action determining unit 32.

Furthermore, the condition recognition unit 30 constantly
monitors the temperature detection signal S2B (Fig. 2) to be given
from the temperature sensor 13 (Fig. 2) of the internal sensor

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

10



di sorder caused by the exposure of "eyes" of two kinds (red color LED
[err] and green color LED [err] can be effectively avoi ded. I n
this connection, in this pet robot 1, the optical axis of the CCD canera
15 which functions as actual "eyes" are placed in parallel with an arrow a
on the edge part of the head unit 4. Thus, the front condition to which
the head unit 4 is faced can be certainly photographed by this CCD canera
1. (2) Processing of Controller 10 Next, the processing of
controller 10 in the pet robot 1 wll be described in detail as foll ows:
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8 above according to the contrtol programstored in the nenory
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according to the functions as showm in Fig. 5; i.e., a condition
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enotion/instinct nodel unit 31 for determ ning the
(2-2) Construction of Emotion/Instinct Model Unit 31

The emotion/instinct model unit 31 holds the parameter to
show the strength of emotional action on the total of 6 emotional
actions, "joy", "sadness", "surprise", "fear", "disgust" and
"anger", in each emotional action. Then the emotion/instinct model
unit 31 successively updates the parameter value of each emotional
action based on the specific recognition result such as "is hit"
and "is patted" to be given from the condition recognition unit 30
respectively as the condition recognition information S10, the
action determining information 812 showing the determined output
action to be given from the action determining unit 32 and the
time elapsed.

More specifically, based on the degree of recognition result
to be obtained based on the condition recognition information S10
and the output action based the action determining information 812
act upon that emotional action (that is preset) and the degree of
control and stimulation received from the other emotional action,
the emotion/instinct model unit 31 calculates the parameter value
of the emotional action in the following cycle E [t + 1] in

utilizing the following EQUATION:

E[t+ 1] =E [t] +k, X AE [t1] . . (1)
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conditton of feeling and instinct based on the recognition result of the
condition recognition unit 30, an action determning unit 32 for

determ ning the succeedi ng action based on the recognition result of the
condition recognition unit 30 and the output of the enotion/instinct nodel
unit 31, and an action formng unit 33 for making the pet robot formthe
action corresponding to the determnation result of the action determ ning
unit 32. Then, these condition recognition unit 30, the notion/

i nstinct nodel unit 31, the action determning unit 32 and the action
formng unit 33 will be described in detail as follows. (2-1) Construction
of Condition Recognition Unit 30 The condition recognition unit 30
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S1 to be given fromthe external Sensor unit 18 (Fig. 2) and the internal

I nf or mat hpntKé gpRédStetRi REed dEyeAtisQ-tBer£nf ernal sensor unit 14 (Fig.
2) and notifies the recognition result to the notion/ instinct nodel unit

31 and tkeaglhirpenteparametay vialle 32f asmotienalli acbionesagniti pn
i nf ormati on S10. In practice, the condition recognition unit 30

const ant CyeffDEL ént Sshéwingutiee sdg@gobe DA ghargef 1 b eMet{shhT agetbod S
(Flo corresponding to the recognition regult = k,.

Then, the emotion/instinct model unit 31 updates the
parameter value of that emotional action by replacing this
calculation result with the current parameter value of emotional
activity E [t]. In this connection, which emotional action
parameter value to each recognition result and each output
activity would be updated is predetermined. For example, when the
recognition result such as "hit" is given, the parameter value of
emotional action of "anger" rises and the parameter of emotional
action of "joy" drops. And when the recognition result such as
"patted"” is given, the parameter of emotional action of "joy"
rises and the parameter value of emotional action "sadness" drops.
In this connection, more detailed explanations on each emotional
action and an example of concrete causes that these emotional
actions vary will be shown in Fig. 6.

Similarly, the emotion/instinct model unit 31 holds the
parameter showing the strength of desire per desire on four
independent desires, "desire for exercise", "desire for love",

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

model unit 31 successively updates these parameter values of
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2) of the external sensor unit 18. And when it detects such as "red round
article" or "vertical plane", it recognizes that "there is a ball" or
"there is a wall" and notifies the recognition result to the
enotion/instinct nodel unit 31 and the action determning unit 32.
Furthernore, the condition recognition unit 30 constantly nonitors the
audi o signal S1B to be given fromthe mcrophone 16 (Fig. 2). And when it
recogni zes that the conmand sound such as "wal k", "lie down", or "chase
after a ball" is entered based on the audio signal S1B, it notifies the

recogni He%'lrre%swatséd) o & hef FdaYiitidn FesuTrdEranithe3 bondd tilkm action

determ ning unit . Furthernore, the condition recognition unit 30
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fromthe touch sensor 17 (Flg 2). And when it detects the pressure of
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(such as less than 2 seconds), it recognizes that "it is hit (is
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predeterm ned threshold value and the long period of tinme (such as over 2
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the recognition result to the enption/instinct nodel unit 31 and the

acti on detldowimghgwolie BEing the following EQUATION at the fixed cycle
based on the output action of the pet robot 1, the time elapsed
and the recognition result on the "desire for exercise", "desire

for love" and "curiosity".

I [k+1] =1 [k] +k, x A I [k]

where the quantity of desire change to be calculated by the
predetermined Equation to be A I [k];
the parameter value of desire of subtraction to be I [k]; and
the coefficient showing the sensitivity of that desire to be k.
And by replacing this calculation result with the current desire
parameter value I [k], that desire parameter value will be updated..
In this connection which desire parameter value to be changed is
determined in advance. And when a notice informing that the action
has been taken is received from the action determining unit 32,
the parameter value of "desire for exercise" will drop.

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

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

13



Furthernore, the condition recognition unit 30 constantly nonitors the
tenperature detection signal S2B (Fig. 2) to be given fromthe tenperature
sensor 13 (Fig. 2) of the internal sensor wunit 14 (Fig. 2). And when it
detects the tenperature of nore than 10
predeterm ned tenperature, it recognizes that "internal tenperature has
gone up" and inforns the recognition result to the enotion/instinct nodel
unit 31 and the action determning unit 32. (2-2) Construction of

Enotion/ I nstinct Mddel Unit 31 The ernotion/instinct nodel unit 31
hol ds t hea Daé 28R @aph&ti 8 0K6E Neosd® eNglk £f1 FrREi RFath8CEbPIoRInghe total
of 6 enotional actions, "joy", "sadness", "surprise", "fear", "disgust"

and "angeUATION eAfRtHYHixulciald.on. Then the enotion/instinct node
unit 31 successively updates the paraneter value of each enotional action

based on the specific recognition result such as "is hit" and "is patted"
to be given fromthe condition recognition unit 30 respectively as the
condi ti on [kerogniodon BNfornation S10, the action determ.nigBy i nformation
S12 showi ng the determ ned out put

Where the remaining quantity of battery to be B,

Then, the emotion/instinct model unit 31 updates the parameter
value of "appetite for food" by replacing this calculation result
with the current appetite parameter value I[k].

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

(2 - 3) Construction of Action Determining Unit 32

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

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

action determining unit 32 uses the algorithm called as

14



action to be given fromthe action determning unit 32 and the tine

el apsed. More specifically, based on the degree of recognition
result to be obtained based on the condition recognition information S10
and the output action based the action determning information S12 act
upon that enotional action (that is preset) and the degree of control and
stinmulation received fromthe other enotional action, the enotion/instinct
nodel unit 31 cal cul ates the paraneter value of the enotional action in
the following cycle E[t + 1] in wutilizing the follow ng EQUATI O\ E[t

+ 1] = prdddabi i t8f dutomdt&di I1fed {determining whether to tdahsit from one
Where the quantity of change of enotional action to be calculated by the

predet emBdieNdiE{atbothe Bahk] or WHechUbtRBE RaHaTRLEE, V-2l NEDEf Haweld &l
action = E [t]; Coefficient show ng the degree of change its envotional

action #hy resMEidiih (PrdbibilEaag Pt hop restl ftespdd€ivély to arcd ERe, the
enotion/instinct nodel unit 31 updates the
ARC, connecting between each NODE, ~ NODE,.

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

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

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

result is "the range from 0 to 1000 (0, 1000)".

Furthermore, in this node NODE,,,, even in the case where no

15



par anmet-er value of that enotional action by replacing this calculation
result with the current paraneter value of enotional activity E[t]. In
this connection, which enotional action paraneter value to each
recognition result and each output activity would be updated is
predeterm ned. For exanple, when the recognition result such as "hit" is
given, the paraneter value of enotional action of "anger" rises and the
paranmeter of enotional action of "joy" drops. And when the recognition
result such as "patted" is given, the paraneter of enotional action of

"Joy" T irRDoMAItilde RAALY iR s OhHRIPWi¥Rr ¥Hd UF madhriter YRRs

In this connéction, nore detailed explanations on each enotional action

and an ew@r&tqforﬁqn%&%r@uq%y t(Ryy )i esqipiigena su:@iirsma WYy will

be shown in Fig. 6. larly, the emotion/instinct unit 31
hol ds t he'saﬁﬁfe%!?tmmmﬁrﬂd?@ e Hairanft die Sidldie o flREdH é?r[btleﬂfal
I ndependent desires, "desire for exercise' "desire for |ove" "appetite

for foodackibn’ eid @EdH desihen Jfh & RMAYd)SlrgtEnctRidRle 1URidi 8B1 to

successi vel y updates these paraneter val ues of

12 which the action determining unit 32 refers periodically is in
"the range from 50 to 100 (50, 100)", it can be transferred to its
own or the other node.

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

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

at this moment, the action or motion of "ACTION" will be sent out.
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desires based on the recognition result fromthe condition recognition
unit 30, the tinme el apsed and the notice fromthe action determ ning unit
32. More specifically, the enotion/instinct nodel unit 31 calcul ates
t he paraneter value of the desire | [k + 1] in the follow ng cycle using
the follow ng EQUATION at the fixed cycle based on the output action of
the pet robot 1, the tine elapsed and the recognition result on the
"desire for exercise", "desire for love" and "curiosity". I [k + 1] =
[k] + k[err] x [err] | [Kk] (2) where the quantity
of desire changgdd, M alAUA Gbdut tihe cdiRdalel Beed il O e A |
[K]; the paraneter val ue of desire of subtraction to be |I [k]; and the
coef fi ci ROBE SROWODE, { A8s&80BLE | ¥kt ¥haf cbhal ti8a! £8ah8i PEoKI( gible 40n¢if¥ed
repl aci ng this calctlation result with the current desire par anmet er val ue
| [K], tbege€l@stle paraneter value will be updated. |In this connection
whi ch desire paraneter value to be changed is determ ned in advance. And
when a notice iwifth iHiG tdiafarigednedftl,| Gherhahd edhdidli®th ireddrffitiesh from
the action determning unit 32, the paraneter value of "desire for
exerci seinfiotmation.S10 is sbPPEDEEr fréastiie OBohdEt DG t LéFodRIBidn NGnit 30
quantity detection

and/or the fixed time has been elapsed since the action is

conducted the last, the action determining unit 32 determines the
next action or motion (action or motion described on the line of
"Output action") in utilizing the condition transition table 40 of
the corresponding node NODE, ~ NODE, from among action model stored
in the memory 10A, and outputs the determination result to the
emotion/instinct model unit 31 and the action forming unit 33 as
the action determination information S12.

(2 — 3) Processing of Action Forming Unit 33

Based on the action determination information S12 to be
given from the action determining unit, the action forming unit 33
transmits driving signals S13, ~ 813, to the hecessary actuators
21, ~ 21, (Fig. 2), and transmits the necessary audio signal S3 to
the speaker 20 (Fig. 2), and sends out the LED driving signal S4
to the LED 19.

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

flashing pattern based on the LED driving signal S3.
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signal - S2A (Fig. 2) to be given via the condition recognition unit 30, the
enotion/instinct nodel unit 31 cal culates the paraneter

13 val ue of "appetite for food" |I [k + 1] using the foll ow ng
EQUATI ON at the fixed cycle. I [k] = 100 - Blerr]
(3) Were the remaining quantity of battery to be B[err] Then, the

enotion/instinct nodel unit 31 updates the paraneter value of "appetite
for food" by replacing this calculation result wth the current appetite

parameter val ue I[Kk]. ~ In this connection, according to the _
enbodi mepd) ORI’ i P bt ERibLilIN MY IRI Ml each notion
and each desire is regulated so that these will change wi thin the range

fromO to 100, rees ,aliso thadf Petl edbotahiuethd eellativh HetveendtheS @imotion

i ndi vidually per each enotion and each desire. (2 - 3) Construction of

Action [Bierdddicy Ak tee flashing of LED 19 tat functions as "eyes" for
the sake of appearance will be described in the following
paragraphs.

In this pet robot 1, the succeeding action and motion will
be determined based on the corresponding condition transition
table 40 (Fig. 8) in the action determining unit 32 that is one of
functions of the controller 10 as described above.

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

Furthermore, at the time when the recognition result of
"pat" is given from the condition recognition unit 30, the action
determination unit 32 determines the succeeding action and motion
in utilizing the corresponding condition transition table 40 as
described above, and as well as transmitting the determined action
and motion to the action forming unit 33 as the action determining
information S12, reads the parameter value of "joy" in the
emotion/instinct model unit 31, and informs this to the action
forming unit 33.

Thus, at this moment, by driving the necessary actuators 21,
~ 21,, the action forming unit 33 makes it act to express the

specified "joy". And also or in place of this, it flashes each
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The action determining unit 32 determines the next action based on the
condition recognition information S10 to be supplied fromthe condition
recognition unit 30, the paraneter value of each enotion and each desire
in the enotion/instinct nodel unit 31, the action nodel stored in the
menory 10A in advance and the tinme elapsed, and sends out the _
determ nation result to the enotion/instinct nodel unit 31 and the action
forming unit 33 as the action determ nation information S12. In
this case, as a nethod to determ ne the next action, the action

det er m Nig¥ediNidoldt LFEF 10, ah 88! i 1B LRl 8hBS the lazger said value

14 probabi l ity autonaton for determ ning er to transit
from one bt NENE Fadtdo e fH3EhiMg \Wdle Ydimdiodexwk ehr LPis based on
the transition probability [err] set respectively to arcs [err]

connect i pEragigearmtsadthd Pl robot IM¥h TIHdIL AHY emdAJRHIdE WMoy as
transition table 40 per each node [err] as shown in Fig. 8 is stored in
t he menoyf i®Ais laughing.

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

Furthermore, when the recognition result "hit" is supplied
from the condition recognition unit 30, the action determining
unit 32 determines the following action and motion using the
corresponding condition transition table 40, and as well as
sending the determined action and motion out to the action forming
unit 33 as the action determination information S12, reads out the
value of parameter of "anger" in the emotion/instinct model unit
31, and informs this to the action forming unit 33.

Thus, at this moment, the action forming unit 33, by driving
the necessary actuator 21; ~ 21, based on the action determination
information S12 to be given from the action determining unit 32,
makes the robot act to express the specified "anger", and also or
instead, makes each red color LED 19R,, 19R, flash corresponding to
the value of parameter of "anger” at that time so that the larger
said value becomes the faster the flashing cycle becomes. With
this arrangement, the pet robot 1 can express the emotion of

"anger" as if it gets angry.

19



as an actioh nodel, and the actin deternmning unit 32 determ nes the next
action based on this condition transition table 40. At this point, in
the condition transition table 40, the input events (recognition result of
the condition recognition unit 30) making the transition as prerequisite
in that [err] are listed in the colum of "Input Event" in priority
order, and additional conditions on that condition are described on the
corresponding lines in the colums of "Nane of Data" and "Range of Data".
Accordingly, in the node NODE[err] defined in the condition transition

table of Fig. &n ﬁ%f&ﬂﬂwﬂéﬁu&e%{@%éﬂ%&rﬁ%ﬂaéﬂ tcH Fed TSR TED I

to the self or the other node; i.e., recognition result "detected
a ball (Pokl) 1958 gh¥eBachS zsen(ﬁ.t:EEi of 1@@ bel LrbO 1B Bhy@ktdd oS @adh
recogni tion result is in he range fron10 to 1000 (0, 1000)", and when

the recog@tphenactesh! (suhshachicrsoNel eci Rdr{ @BSBPCLErrebfofi¥&Nto” ERHE
di stance (DI STANCE)" to that obstacle to be gi ven with said recognition

resul t i|gpetifi&apgodhotibnt Ped0f t8, eAPPEss. the prefidtébaingde, in this

node NODE[err], even In the case where no

15 "surprise” such as "large sound input (SOUND)" in the condition
transition table 40.

Furthermore, when the action determining unit 32 is supplied
with the specific recognition result to express "surprise" from
the condition recognition unit 30, determines the following action
and motion in utilizing the corresponding condition transition
table 40 and informs the determination result to the action
forming unit 33.

Thus, at this moment, the action forming unit 33, by driving
the necessary actuator 21, ~ 21, based on the action determination
information S12 to be given from the action determining unit 32,
makes the pet robot 1 conduct the action showing the specified
"surprise” and simultaneously, flashes each red color LED 19R,,
19R, and each green LED 19G,, 19G, successively and alternately.
Thus, the pet robot 1 can express the emotion of "surprise" by
alternately repeating the expression of laughing and the
expression of anger.

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

result by the flashing each of red LED 19R,, 1SR, and/or each green
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recognition'result is put in, when either one of paranmeter val ues of
enotional actions "joy (JOY)", "surprise (SURPRISE)" or "sadness (SADNESS)
anong the paraneter val ues of each enotional action and each desire of the
enotion/instinct nodel unit 31 to which the action determning unit 32
refers periodically is in "the range fromb50 to 100 (50, 100)", it can be

transferred to its own or the other node. Furthernore, in the
condition transition table 40, names of nodes that can be transited from
the node [err] are listed in rows of "Node of transiting end" in the
col um ofgpThapSi t1o@r aRali itk sti@ngt her node". And sinultaneously, the
transit progabf1|ty o? thg%lnoge Férr] at the time when al

condi ti ong )deéﬁéf%f.bﬁ NaR@ClF £bBEs ObF "H?@EPpéséﬂQ%ml%'&fﬁent "Data val ue”
and " Range of data" are satisfied wll be described on the 1line of the

node [err] AdcdPEi k| toMLId fa}égﬁiﬁg éEﬁﬁE*ﬁétidhtOiﬁtﬂﬁisﬁ%QE"roEGQ 1

the action or notion to be out put this nonent will be descr d on the

line of whdhptheagkeenhits! fhkhuppeenpasti QRouthe seudoef 17y apg thanhead
probability of each line on the columm of "Transition probability to other

node" beqades4,l2@H%LED 19R, ari€CDIR] Fllhsh segldanedusd ynathe NAVE eobotof
this exanpl e, when the recognition result that "the size (SIZE)" of that

bal |l is &xpmressebethangmotiof bd AAget®, as0af) it gegisvangryt byatulkding up

tranSfer;ig eyes. On the other hand, when the user pats said robot, green
LED 19R,, 19R, simultaneously flash, and the robot expresses the
emotion of "joy" as if it is laughing. Moreover, when loud sound
is generated in the surrounding area, red LED 19R,, 19R, and green
LED 19G,, 19G, flash alternately and the robot expresses the
emotion of "surprise" as if it is surprised by opening and closing
its eyes.

Accordingly, in this pet robot 1, the user can easily
recognize the emotion condition of this pet robot 1 based on the
flashing condition of LED 19. Moreover, since the robot expresses
the emotion corresponding to the action of the user such as "pat”
and "hit", communications between user and the robot can be more
smoothly carried out.

According to the foregoing construction, since the emotion
of the pet robot 1 is realized by flashing the LED 19 as "eyes"
for the sake of appearance, the communication with the user can be
more smoothly conducted, and thereby the pet robot capable of

improving the entertainment factor remarkably c¢an be realized.

(5) Other Embodiments
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to "the node NODE120 (node 120)" in the probability of "30[%, and at this

nonment, the action or notion of "ACTION' will be sent out.

16 Then, the action nodel is conprised of a nunber of
nodes [err] described as the condition transition table 40 |inked

t oget her. Wth this arrangenent, when the condition recognition

i nformation S10 is supplied fromthe condition recognition unit 30 and/or
the fixed tinme has been el apsed since the action is conducted the |ast,
the action determning unit 32 determ nes the next action or notion

(action or mot gy dgmdditet OG- iddE HMove (ﬂ&sm&e Gl W3 H[}{é Waddd deng

the condition tranS|t|on table 40 of the correspon ng node [err] from

anong aCéﬂ:?ﬂyﬂiQE eth&! Pr&fent NiAPENEESR' Yo 12 f0@R01 & Q&t waikEngGHEE MrEBbLON
result to enotion/instinct nodel unit 31 and the action formng unit

33 as tb%@ﬁét?ﬂcé@&e&@ Pa§l oD, | HidRdY Onehel redeht iHveltaas SidIthax
Action Form ng Unit

only limited to this but also can be widely applied to the robotic
device having various other shapes (including such as Toy).

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

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

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

Moreover, the embodiment described above has dealt with the

case of utilizing the LED for 2 colors of red LED 18R,, 18R, and
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Based on the action determination information S12 to be given fromthe
action determning unit, the action formng unit 33 transmts driving

signals [err] to the necessary actuators [err] (Fig. 2), and transmts
t he necessary audio signal S3 to the speaker 20 (Fig. 2), and sends out
the LED driving signal S4 to the LED 19. Thus, based on the driving
signal s [err] the action formng unit 33 drives the necessary actuators
[err] to the predeterm ned state, and/or outputs sounds based on the
audio signal 3 fromthe speaker 20, and/or flashes the LED 19 with the

E;aSh|n9gBéEheLE?b$§@d ongdhasl ERed ey 19 .51 A8REvEB, the present invention
e

F@1at|onsh|p bet ween Enotion and "By Fl ashi ng

Then, inikhhstPehliyOhohited! k6 tALiat bak BekéeceRet REDELE! bAR cBIBKESY Mdrend
t he flashlng of LED 19 tat functions as "eyes" for the sake of appearance
w Il be daraarthedel Bollbesfl bhlyopengrepaiadr apls these mayl bet Bins tged tbot 1,
t he succeedi ng action and notion wll

light with the predetermined light emitting pattern corresponding
to emotions.

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

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

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

recording the control program in the pet rocbot 1. However, the
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be determi'ned based on the corresponding condition transition table 40
(Fig. 8 in the action determning unit 32 that is one of functions of the

controller 10 as descri bed above. In this case, the action to flash
each green color LED 19 err], 19derr] out of LED 19 is connected to each
out put action (such as "ACTION 2" in Fig. 8) corresponded to the

recognition result of "patted (PAT)". Furthernore, at the tinme when

the recognition result of "pat" is given fromthe condition recognition
unit 30, the action determ nation unit 32 determ nes the succeeding action

and ot dsen® iHvdneidld i16hSOISHESPOhiKed Ol th09 Buensldd ONid adher#d) as
descri bed above, and as well as transmtting the determ ned action and

notion £© ¢the Peddedidg meditun Nta 8D’ FdCordttid SleieFdl prgyramimidati on
S12, reads the paraneter value of "joy" in the enotion/instinct nodel unit

31, anccamfRspFodiics tivid hevariowd otiver rgeording@media can Theiswidélyhis
nmonment, by driving the necessary actuators [err] the action formng unit
33 makesppliedt to express the specified "joy". And also or in place of
this, it flashes each 18
Furthermore, the embodiment described above has dealt with
the case of placing the touch sensor 17 on the upper part of the
head unit 4 of the pet robot 1. However, the present invention is
not only limited to this but also the touch sensor may be placed
on the other place. However, by arranging the touch sensor 17 on
the forehead or the vertex of the head part, communications
between the pet robot 1 and the user can be easily conducted and
makes the user easily transfer his feelings toward the pet robot 1.
And this is apparent experimentally and from experience.
Furthermore, the embodiment described above has dealt with
the caée of applying the touch sensor 17 as the means for
detecting the motion from the user such as "hit" or "pat”. However,
the present invention is not only limited to this but also a
switch may be placed in place of the touch sensor 17. And
detecting the motion such as "hit" from the user by on/off of said

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

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

The present invention can be applied to an entertainment

robot such as a pet robot.
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green color’ LED [err] in order that the larger said value becones the
faster the flashing cycle beconmes. Wth this arrangenent, the pet robot 1
can express the enmotion of "joy" as if it is |aughing. Simlarly,
the action to flash each red color LED [err] in the LED 19 is connected to
each output action (such as "ACTION 3" in Fig. 8) corresponded to the
recognition result such as "hit (HT)" in the condition transition table.
Furt hernore, when the recognition result "hit" is supplied fromthe
condition recognition unit 30, the action determning unit 32 determ nes

the follow ng action and notion using tdearMdr respondi ng condi
transition table 40, and as well as sending the det e&“\mm mg%‘m\“
40

notion out to the action formng unit 33 as the acti

information S12, reads out the value of paraneter of "%ﬂder in the
enDtlon/qnstlnctAn§@E$tue¢ﬁ prBdinghd informs this to the action formng
unit 33. Thus, at thls nonment, the action formng unit 33, by

driving the nesebsghy &aitvbing heaRs bepeflunBtibRiAGt 48NePes ef8 NBheOBake
information S12 to be given fromthe action determning unit 32, nakes the
robot acbft appeptiraneei;he specified "anger", and also or instead, nakes
each red color LED [err] flash corresponding to the value of paraneter
of "anger" at té&matexteenad sdnsorhforadgtecting the external condition and
input from outside; and
a control means for flashing said light emitting means in
order to express the emotion based on the ocutput of said external

sensor. v

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

said light emitting means is formed of light emitting diode.

3. A robot as defined in Claim 1, characterized by:
said control means;
expresses the strength of said emotion by flashing pattern

of said light emitting means.

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

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

said control means;

expresses said emotion by said color of said light emitting

means flashing the light.

25



sai d val ue becormes the faster the flashing cycle becones. Wth this

arrangenent, the pet robot 1 can express the enotion of "anger" as if it
gets angry. 19 On
t he other hand, the action to flash each red color LED [err] and each

green LED [errulmmmlm [ nected to each output action (such as
"ACTION 4" in HY H”;ms”amded to the specific recognition result to
express the predeterrinéd s"surprise" such as "large sound i nput ( SOUND)"
in the condition transition table 40. Furt hernore, when the action

determining unit 32 is supplied wth the specific recognition result to
express "surprise" from the condition recognition unit 30, determ nes the

fol l owi gy acti ganropBE HBt HEFihB8dULh! c1kif Lhecemprespagdi ng condition
transition table 40 and inforns the determnation result to the action

form ng unit 33 moving uhhiYs, adl hhieivBABNheahBeraet HelviAgNsaIdURLYiRg,
by driving the necessary actuator [err] based on the action determ nation
unit; and characterized by:
said control means;
expresses said emotion by controlling said driving means and

driving said moving unit with the predetermined pattern in

addition to the flashing of said light emitting means.

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

said control means;

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

determines the emotion based on the emotion model updated;
and

flashes said light emitting means so that said emotion

determined will be expressed.

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

according to said emotion to be expressed.

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

said robot comprising a head; and
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information S12 to be given fromthe action determning unit 32, makes the
pet robot 1 conduct the action show ng the specified "surprise" and
si mul t aneously, flashes each red color LED [err] and each green LED [err]

successively and al ter nately.um",ﬁ" l"ﬂ E ' obot 1 can express the
enotion of "surprise" by alt INg t he expression of |aughing

and the expression of anger. WY h %t hé above arrangenent, this pet
robot 1 can express the enotion of "joy" to be "patted", the enotion of
"anger" to be "hit", and the enotion of "surprise" to the specific

recogni tion resa{d Dyghbeeh eehhdineach; Oisrﬁﬂaé&li) bRr&did Regdoangach

green LED [err] as

expressi ebvered4iviGnchakeni -2RenEbheent @_Evbhﬁ‘_ Present Embodi ment
According to the foregoing construction, in this pet robot 1 when the user

hits the upper part (touch sensor 17) of the head wunit 4, red LED [err]
flash sinultaneously and said robot
9. A control method of the robot comprising the light emitting

means to function as eyes for the sake of appearance and an
external sensor for detecting the external condition and/or inputs
from the outside, comprising:

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

the second step for flashing said light emitting means to

express emotions based on said recognition result.

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

said second step;

expresses the strength of said emotion according to the

flashing pattern of said light emitting means.

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

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

said second step;

expresses the emotion by flashing said colors of said light
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expresses the enotion of "anger" as if it gets angry by turning up its
eyes. On the other hand, when the user pats said robot, green LED [err]

si mul taneously flash, and the robot expresses the enotion of "joy" as if
it is laughing. Mdreover, when |loud sound is generated in the surrounding
area, red LED [err] and green LED [err] flash alternately and the

robot expresses the enotion of "surprisgyg uif wniit g rprised by opening
and closing its eyes. Accor di ngl ﬂ“lmml"‘“"“mﬂ” bot 1, the user
can easily recognize the enotion conditien of thits pet+*robot 1 based on
the flaghiedingnedehhen of LED 19. Moreover, since the robot expresses the
enotion corresponding to the action of the user such as "pat" and "hit",
comuni cati ons between user and the robot can be nore snoothly carried

out . According to the foregoing construction, since the enption of

the pet 1gbot aidorterdl zestidd fdASthadrdbet L&D dSF dved epesClaimro f he sake
of appearance, the comrunication with the user can be nore snoothly

conduct edhagadtebeeelybiy/ie pet robot capable of inproving the
entertai nment factor remarkably can be realized. (5) Oher Enbodinents
21 said robot comprising; a moving unit, and a driving means
for driving said moving unit; and
said second step;'
expresses said emotion by controlling said driving means and

driving said moving unit in addition to the flashing of said light

emitting means.

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

said second step;

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

determines emotion based on the emotion model updated; and

flashes said light emitting means so that said emotion

determined will be expressed.

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

characterized by:
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The enbodi nent described above has dealt with the case of applying the
present invention to a four-|egged wal king pet robot 1 constructed as Fig.
1. However, the present invention is not only limted to this but also can

be widely applied to the r ' i i ng various ot her shapes
(including such as Toy). (1 l“ﬂ“'u me"ImH the enbodi ment descri bed above
has dealt with the case of #appl yitngrthe ED 19 as the light emtting

nmeans. However, the present invention is not only limted to this but
also in short, various other light emtting means that emt |ights can be

widely applied. gaid contBofUpPo§ramScompeisdagthe Iight emtting el ement 50
arranged in the array shape and col or or blacg and white display can be

applied. And al grebyidgpl ¥t8p rB8SLebb@hizeflyt theJeitBabfialacorai tebyt 8hd/or
shapes can be displayed as eyes for the sake of appearance, and thereby, a

variety anhpotpiresn dhe QUtsitlecHART Sh the outpul IdFesdilE exte@rmaiIbodi nent
descri bed above has dealt with the case of expressing three (3) enotions

(enoti ongenari;omsnd "joy", "anger" and "surprise" according to the |ight
emtting condition of the LED 19 functioning as eyes for the sake of
appear ance. Howeher setbadpseepnfornfiashingi sandt 1dghy emittédgt meahbi sobut
also in addition to these enotions or in place of these enptions, the

ot her enebiporess engitions acdd ) s@yd reesgmidgsised result; and

said control program is recorded onto said recording medium.

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

pattern of said light emitting means.

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

emitting means.

17. A recording medium as defined in Claim 14, characterized by:
said robot comprising;
a moving unit, and a driving means for driving said moving
unit; and

said second step;
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according to the light emitting condition of the LED 19. Mor eover ,
t he enbodi nent descri bed above has dealt with the <case of utilizing the
LED for 2 colors of red LED [err] and

22 green LED [err] as the LED 19. “mmm sent
invention is not only limted to this but also t/yell "m @ﬂlor or
more than three colors may be prepared and these may e &m sted the |ight

with the predetermned light emtting pattern corresponding to enotions.
Furthernore, the enbodi nent descri bed above has dealt with the case of

meking the flashifgsyede Hfid @n&ﬁ%r}%)% gcﬁti%x?énsfé}%f MY Gnd ?‘wf%l‘ﬁ%&t?é‘

becones. However, "the present invention not © tothis

al so the bréabtegmsned #ﬁgbérﬁ”EBﬁE99119ﬁgtQQi?EEEiQiHByméﬁnEnfﬁeéaﬁgtﬁén
t he stronger the enotion becones. In shoft, 1f the light emtting pattern

of the LEE,1P148HiAgDP8aighepgRe &RiEtesRgNHeRdst 0 the strength of emption,
various other 1light emtting patterns Can be applied as the light emtting
18. A recording medium as defined in Claim 14, characterized by:
said second step;
updates the emotion model which the pre-held emotion is
modeled based on the recognition result at the first step;
determines emotion based on said updated emotion model; and
flashes said light emitting means to express said emotion

determined.
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pattern.: ’ Furthernore, the enbodi nent descri bed above has dealt with
the case of applying the CCD canera 15, m crophone 16 and the touch sensor
17 as the external sensor for detecting the external condition and the
external input. However, the present invention is not only Iimted to this
but also, in short, if the sensor that can detect the external condition
and the external input, various other sensors can be wdely applied as
external sensors in addition to and in place of these sensors.

Mor eover, the enbodi nent descri bed above has dealt with the case of
applying the menory 10A as the recordi ngggggpe for recording the control
programin the pet robot 1. However, the

23 present invention is not only limted to this but also, in
short, if the recording nediumthat can record the control program and

can reproduce t hig§ndé2lin04hellrdot! aned 4120 JoRdrd1C ?détl?;%d’\ﬂa@ﬂ YecdRelingd.
Furt hernore, the enbodi nent descri bed above has dealt w't

medium, the light emitting element to function as eyes for the
sake of appearance is flashed so that the emotion can be expressed,
the user can easily recognize the emotion of said robotic device
based on the light emitting condition of light emitting element.
And thus, the attachment and curiosity of the user to the robot
can be increased, and the entertainment factor of the robot can be

further improved.
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t he case of 'placing the touch sensor 17 on the upper part of the head unit
4 of the pet robot 1. However, the present inventionis not only limted
to this but also the touch sensor nmay be placed on the other place.
However, by arranging the touch sensor 17 on the forehead or the vertex of
t he head part, conmunications between the pet robot 1 and the user can be
easily conducted and nekes the user easily transfer his feelings toward
the pet robot 1. And this is apparent experinmentally and from experience.
Furt hernore, the enbodi nent described above has dealt with the case of
appl ying the touch sensor 17 as the neans for detecting the notion from
the user such as "hit" or "pat". However, the present invention is not
only imted to this but also a switch nmay be placed in place of the touch
sensor 17. And detecting the notion such as "hit" fromthe user by on/off
of said switch, the LED 19 may be flashed based on said detection result,

and the enotion of pet robot nmay be expressed. | NDUSTRI AL APPLI CABI LI TY
The present invention can be applied to an entertai nnent robot such as a

pet robot. 24

FIG. 1
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different colors respectively; and characterized by: sai-d contro

nmeans; expresses said enotion by said color of said light emtting
means flashing the |ight. 25

5. A robot as defined in Claim1l, conprising: a noving unit; and
a driving neans for driving said noving wunit; and characterized by:

said control neans; expresses said enotion by controlling said
driving neans and driving said noving unit with the predeterm ned pattern
in addition to the flashing of said |ight emtting neans. 6. A robot
as defined in Caim1l, characterized by: - said control neans;

updates the enotion nodel which the pre-held enotion is nodel ed based on
t he output of said external sensor; and

FIG. 3

3/9



det erm nes t’he enotion based on the enotion nodel updated; and

flashes said light emtting neans so that said enotion determned wll be
expressed. 7. A robot as defined in C-aim1l, characterized by:

said light emtting neans; has the light emtting unit of a
plurality of shapes according to said enotion to be expressed. 8. A
robot as defined in CQaim1l, characterized by: sai d robot conprising
a head; and 26 sai d
light emitting nmeans; is placed on said head and covered with a

sem -transparent cover. 9. A control nethod of the robot conprising
the light emtting
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means to function as eyes for the sake of appearance and an external
sensor for detecting the external condition and/or inputs fromthe
out si de, conpri sing: the first step for recogni zi ng said external
condition and/or said input fromthe outside based on the output of said
external sensor; and t he second step for flashing said |ight
emtting neans to express enptions based on said recognition result.

10. A control nethod of the robot as defined in Claim9, characterized
by: sai d second step; expresses the strength of said
enotion according to the flashing pattern of said |light emtting neans.
11. A control nethod of the robot as defined in Caim9, characterized
by: said robot conprising multiple light emtting nmeans that emt
lights with different colors respectively; and sai d second step;
expresses the enotion by flashing said colors of said |ight

27
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having the*light emtting means to function as eyes for the sake of
appearance and an external sensor for detecting the external condition
and/or inputs fromthe outside is recorded, characterized by:

28 said control program conprising; ’ the first
step for recognizing the external condition and/or input fromthe outside
based on the output of said external sensor; and the second step
for flashing said light emtting nmeans to express enotions based on said
recognition result; and said control programis recorded onto said
recordi ng nmedi um 15. A recordi ng nmedium as defined in C aim 14,
characterized by: in said second step; the strength of said

enotion is expressed by the flashing pattern of said |ight emtting neans.

FIG.7
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16. A recording nediumas defined in Claim14, characterized by:

said robot conprising multiple light emtting nmeans emtting lights with
different colors respectively; and sai d second step;

expresses said enotion by said colors flashing of said light emtting
means. 17. A recording nediumas defined in Claim 14, characterized
by: sai d robot conpri sing; a noving unit, and a driving neans
for driving said noving unit; and sai d second step;

29 expresses said enotion by driving said noving unit

with the predetermned pattern controlling said driving neans in addition
to flashing said |ight emtting neans.
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18. ‘A recording nedium as defined in Caim14, characterized by:

sai d second step; updates the enotion nodel which the pre-held
enotion is nodel ed based on the recognition result at the first step;
determ nes enotion based on said updated enotion nodel; and fl ashes

said light emtting neans to express said enotion determ ned.
30
L 4

EXPLANATION OF REFERENCE NUMERALS

~a

1 - PET ROBOT, 4 — HEAD UNIT, 4A - SEMI-TRANSPARENT COVER,

10 — CONTROLLER, 10A - TOUCH SENSOR, 15 — CCD CAMERA, 16 -
_MICROPHQNE, 17 - TOUCH SENSOR, 19R,, 19R, — RED LED, 19G,, 19G, —
GREEN LED, 21, ~ 21, — ACTUATOR, 30 — CONDITION RECOGNITION UNIT,
31 - EMOTION/INSTINCT MoﬁEL UNIT, 32 - FACTION DETERMINING UNIT,
33 - ACTION FORMING UNIT, 40 - CONDITION TRANSITION TABLE, 83 -
AUDIO SIGNAL, S4 — LED DRIVING SIGNAL, 810 - CONDITION RECOGNITION
INFORMATION, S11 — ACTION DETERMINING INFORMATION, S12 — DRIVING

SIGNAL

9/9



