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The preSent invention reiates relates to a mioEo Tobot—which.
has a very small size of, for example, about one cubic centimeter
and which can be controlled in a wireless manner.

BACKGROUND TECHNIQUE

In the case of controlling ; robot in-a wireless manner,
conventionally, control called radio control was carried out and
a control system using an electric wave was used. In order to”
perform direction control, steering was made in accordance with a
control signal superimposed on an electric wave. Further, in
order to make a robot autonomously proceed in a desired
direction, a directional antenna was used or a visual sensor or
the like was used together. Wheels were used in a running
portion to thereby reduce running resistance. Further, terminals
for changing were constituted by rigid contacts and formed in an
recess portion of a body.

However, such a robot control system as mentioned above is
not suitable for minimization because numbers of electric
elements were required in a transmission side aé well as in a
reception side because of using an electric wave, and a steering
mechanism was further reéuired. Further, in order to constitute
the system adapted to make a robot autonomously move toward a
direction from which an electric wave was transmitted, it was
necessary to additionally provide such an antenna or sensor as
mentioned above, and the control system was therefore not
suitable for minimization also in.this point. Furthermore, in

the case where part other than a driving portion was supported by
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whi ch can be controlled in a wrel ess nmanner. T .. Teee. .
BACKGROUND TECHNI QUE In the case of controfti-ag a- roboT |n-a vii rel ess
manner, conventionally, control called radio control was carried out and

a cont ruheslysi etheisiolptarcallelr ndtc goaveenas lisede uheven dedrtion pehénr m
direction control, steering was nmade in accordance with a control signal
super i nipvs echerl sarwesd ee camald. wawhel 1 eFmintien zat honovaerdi Hf ekt avhemothe

aut ononmously proceed in a desired direction, a directional antenna was
used orvheedswgrsdyge.or The charging termlnals could not be made

llQJ

small in view of handling, and they were an obstacle to
minimization.

Further, even if it was intended to make such a robot
operate any work, the situation were such that there is no any
mechanism suitable therefor. .

Further, it was impossible to mount a battery of a large
capacity because of a demand for minimization, and although it..
was desirable to perform contactlessly charging in view of |
wireless control, the situation was that such a charging
mechanism was not yet developed.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide a micro
robot having a size of about one cubic centimeter.

It is another object of the present invention té provide a
micro robot in which a work mechanism is proQided in a robot body
having a size of about one cubic centimeter.

IF is a further object of the present invention to provide a
micro robot which has a size of about one cubic centimeter and
which is chargeable contactlessly.

According to an aspect of the present invention, a micro
robot comprises: at least two sensors having respective detection
regions partly overlapping each other; at least one pair of
driving means being driven independently of each other and having
driven points separated from each other in the direction
perpendicular to a direction of movement; a control portion for

controlling the driving means on the basis of outputs of the
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the |li ke was used together. \Weels were used in a cunning..-portkan-t0

t her eby reduce running resistance. Further, termniinal’s To&"Chanang wer e
constituted by rigid contacts and formed in an Tecess porbron of "a body.
However, such a robot control system as nentioned above is not suitable

for m rsemngerts 0 it ryedddles poivet! edlurice poredent Soresepprpimgea in a
transm ssion side as well as in a reception side because of using an

el ect r i powew esowaruk arclitaeye e tmﬁcb&mbsmswa&hbudtheingeqehmsdan&ﬂthéer in
order to constitute

control portion, the control portlon and the power source portion
being arranged between the driving means. By such a

configuration, it is made possible to achieve minimization.
Particularly by the fact that the respective detection regions of
the sensors are overlapped each other,'it is possible to obtaip a
function that the robot can be m&ved autonomously toward a targe;
by means of a simple circuit. Further, since the driving means

are controlled independently of each other, complicated operation
can be controlled by means of a simple mechanism. Furthermore,
since the control portion and the power source portion are

arranged between the pair of driving means, the robot body can be
miniﬁized.

According to another aspect of the present invention, the
micro robot is supported by thfee points including the two driven
-points which are driven relative to a running ground.by the pair
of driving means, and one sliding point which slidably contacts
with the ruhning ground. Accordingly, balanced and stable
running can be carried out.

According to a further aspect of the present invention, in
the micro robot, a line segment connecting the two driven points
interlinks with the direction of gravity of the micro robot at
its center of gravity depending on inclination of the running
ground, and the position of the sliding point varies between the
front and back of the interlinkage. The sliding point varies
depending on the positional relation between the line segment

connecting the driven points and the center of gravity, and on an

upward slope, therefore, the center of gravity of the robot takes
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t he system adapted to nake a robot autononously move, toware-a _di kection
fromwhich an electric wave was transmtted, it %as*. necessary-fe -,
additionally provide such an antenna or sensor as -penti-Oned above, "and the
control systemwas therefore not suitable for minimzation also in this
poi nt . a edgitdramuppeirn thiane thesdrikeneppantsosbdethatharhen fiviickiirangdorti on
was supported by

force becomes large to thereby improve the climbing force.

According to a still further'aspect of the present

invention, the micro robot further comprises a flexible

protrusion which projects from a body and which is conductive

with the power source portion. Not only the protrusion portion

functions as a sliding portion so that the running resistance is

reduced to improve the running prbperty as well as the property
of running covering the whole distance, but also the protrusion
portion is made to be electrically conductive with the power
source portion so as to function as a charging terminal so that
the charging work has become easy and such a risk of damaging the
power source portion due to concentration of stress has been
prevented from occurring.

According to anther aspect of the present invention, in the
micro robot, each of the driving means includes a motor
constituted by a stepping motor, so that the quntity'of'movement
can be programmed with the number of steps.

According to a further aspect of the present invention, in
the migro robot, the control portion carries out accelerating
control on the driving means at the time of starting driving of
the driving means, and wherein the control portion makes the
driving condition of one of the driving means coincide with that
of the other driving means when the driving of the one driving
means is started while the other driving means is being driven.
Thus, the mode of movement can smoothly shifted from turning
movement to straight movement.

According to a still further aspect of the present

invention, the micro robot further comprises an obstacle sensor
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-2- wheel s, the robot could not go over a | arge-uneven-.portion.when

the wheels were small, while mninzation was dlffyeulb when the: Jiheel s
were |large. The charglng termnals coul d not be-frde” = “sialLl- in_view of
handl i ng, and they were an obstacle to m ni m zati on. Furt her, even

i f it wesr igdititthd @ndtstaddle a0 @Bat when the obstacle sensor
detects an obstacle the control portion reversely drives at least
one of the driving means for a predetermined period of time and
then returns the at least oné driving means to its normal
operation. Thus, it is possible to make the micro robot
automatically move in the direction to go away far from the

obstacle.

According to anothér'aspect Qf the present invention, in the
micro robot, the control portion detects presence or absence of
rotation of a motor included in each of the driving means on the
basis of an induced voltage in a winding of the motor. For
example, if the fact that the motor is not rotating is detected,
all the motors are driven to reversely rotate for a predetermined
period of time, the motor which was detected so that it did not
rotate is then drive for a predetermined period of time, and
thereafter the normal operation is carried out so th;t the micro
robot can be made to automatically move in the direction away far
from the obstacle.

According to a further aspect of the present invention, in
the micro robot, the control portion drives the driving means
while accelerating, and wherein the control portion performs
driving with driving pulses the width of which is widened at the
time of starting while narrowed at the time of high speed.
Accordingly, large driving force can be obtained, and the energy
efficiency is so improved that the consumption of the power
source portion is.reduced.

According to a still further aspect of the present
invention, in the micro robot, the control portion makes the

respective timings of supplying driving pulses to the driving
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operate any work, the situation were such that thete. I s.-no_-any _-fechani sm
sui tabl e therefor. Further, it was inpossilil e**to houmt. a 'ba:ttejy of a
| arge capacity because of a demand f or m ni mi zatt on, ‘and akthough.it was
desirable to performcontactlessly charging in view of wireless control,
t he sitimeahsncomscidexit seicth @adiniodhey . mEahahisncaas thé yedpeevel oped.
DI SCLOSURE OF | NVENTI ON It is an object of the present invention to
provi destiraight rumhing haiimprovedze of about one cubic centineter.
According to another aspect of the present invention, the
micro robot further comprises at least two screws driven by the
driving means, and wherein the control portion makes the
respective timings of supplying driving pulses to the driving

means shift from each other. The respective timings of sending

out driving pulses are shifted sa that the rapid consumption of

the power source is prevented from océurring.
Ty According to a further aspect of the present invention, a~
micro robot comprises: at least two direction control sensors
having respective detection regions partly overlapping each
other; at least one pair of driving means being driven
independently of each other and having driven points separated
from each other in the direction perpendicular to a direction of
movement; a work control sensor which receives a work instruction
contactlessly from an operation side; a work driving-means; and a
control portion for controlling the driving means on the basis of
outputs of the direction control sensors and for controlling the
work driving means on the basis of an output of the work control
sensor. The traveling direction is automatically controlled oﬁ“
the basis of an output of the direction control sensor, and after
the robot has been moved to a desired position, an instruction is
given from the operatioh side to the work control senﬁor to
thereby drive the work driving means so that a desired work is
carried out.

According to a still further aspect of the present
invention, a micro robot comprises; a reception sensor for

contactlessly receiving an external instruction; at least one
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It is another object of the present invention to.provide-a_ --mcr-e_r-ebot in
whi ch a work mechanismis provided in a robot body-.*havinga.size: of about
one cubic centineter. It is a further object of the préSent”l.nvVention
to provide a mcro robot which has a size of about one cubic centineter
and whpehri ofcniyging| reanntbeites¥tiven indepepdendilyy afo eachaofder of t he
present invention, a mcro robot conprises: at |east two sensors having
respect Bu@ Haviegi énivergpointpaseriratad |Hn mpda@therhdn the | east one

pair of _driving nmeans being driven jindependent|ly of each other and having
direction perpendicular to a direction of movement; a work

driving means; and a control portion for driving the driving
‘means and for controlling the work driving means, on the basis of
an output of the reception sensor. This micro robot is provided
with no direction control sensor but the function of the
direction control sensor is giveﬁ to the réception sensor.
Accordingly, the travéling direction can be controlled and work
can be carried out on the basis of an external instruction
through the reception sensor.

According to another aspect of the present invention, the
micro robot further comprises a signal transmission element for
externally and contactlessly transmitting a signal and a

" detection element; and wherein the control means causes the
signal transmission element to transmit information detected by
the detection element. Thus, the éituation of the rbbot is
informed to the outside.

According to a further aspect of the present invention, in
the micro robot, the work driving means includes a micro pump
which is driven to discharge a fluid bit by bit.

According to a still further aspect of the present
invention, in the micro robot, the work driving means includes a
hand mechanism and a driving means for driving the hand
mechanism, By this hand mechanism, it is made possible to carry
out handling such as conveying parts or the like.

According to another aspect of the present invention, a
micro robot is attached to an end portion of an endoscope, and

comprises: a photovoltaic element for receiving light through
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driven points separated fromeach other in the di.restior- perpendi.cular to
a.direction of novenent; a control portion for conrrolllng-the dr|V|ng
neans on the basis of outputs of the — .i.%. .- -

> optical fibers and for supplying a péwer source voltage; a micro
pump for discharging a fluid; and a control portion for analyzing

a control signal superimposed on the light obtained through the
optical fibers to thereby drive the micro pump. By means of the
endoscope, it is possible that while the inside of body is being
inspecting, the micro pump is driven at a desired position to
thereby discharge, for example, a medical fluid.

According to a further aspeét of the piesent invention, a
micro robot comprises: a robot body provided with a built-in
motor and disposed within a non-magnetic pipe containing a fluid
therein; and an exciting device provided at the ocutside of the
non-magnetic pipe and for éhpplying a stator of the motor with
magnetic flux corresponding to the number of poles of the motor.
Thus, driving energy can be supplied contactlessly from the
outside and the driving of the motors can be controlled.

According to a still further aspect of the present
invention, in the micro robot, the exciting device ié supported
so as to be movable in the direction of length of the non-

-magnetic pipe. With the movement of the excitation device, the
robot body moves so that the position control of .the robot body
can be carried out.

According to another aspect of the present invention, a
micro robot comprises: at least two sensors having respective
detection regions partly overlapping each other; at least one
pair of driving means being driven independently of each other
and having driven points separated from each other in the
direction perpendicular to a direction of movement; a control
portion for controlling the driving means on the basis of outputs

of the sensors; and a contactlessly chargeable power source

This Sheet Has Been Replac

T




sensors; and a chargeabl e power source portion fgr. Supplyiirg a.-power

source voltage to the sensors, the driving neans :and:the "contror portion,

the control portion and the power source portloﬁ“bE|ng arranged ‘between

the driving-nmeans. By such a -configuration, it is nmade possible to achieve
m ni mi Regteen foxr supplaring By powerf a@urt:ﬁavo%hégeegoe%he VRERRQLEL | e
regions_of the sensors are overl apped each other, it is_possible to obtain
a fund@gisHngaeanse al“@b@ﬂ’lec§ﬁnl§é°EDP@§ta9PonoﬁbG§¢ ytReRgtrGtianget Dby

means of a sinple circuit. Further, since the driving_ neans
regions are overlapped each other, a function of autonomous

movement toward a target can be realized with a simole circuit.
Further, since the driving means are controlled independently of
each other, complicated operation can be controlled by means of a
simple mechanism to thereby make it possible to minimize the
micro robot body. Further, sinco the power source poftion is
made chargeable contactlessly, perfect wireless control can be
made.

According to a further aspect of the present invention, in
the micro robot, each of the driving means includes a built-in
motor so that an induced voltage is generated in a.winding of the
motor by a magnetic field of an éxternally provided charging
coil, the induced voltage being used after rectified to charge
the power source. The micro robot further comprises a mechanism
by which the micro robot automatically moves toward é stand in
which the charging coil is provided. Accordingly, if the voltage
of the power source portion becomes low, the robot moves
automa;ically toward the charging stand so that the power source
portion is automatically charged.

According to a still'further aspect of the present
invention, in the micro robot, a photovoltaic element or a
thermoelectric geoeration element is connected to the power
source portion so that the photovoltaic element or the
-thermoelectric generation element generates electricity in
response to light or in response to heat absorption/generation of
an externally provided heat absorption/generation body to thereby

charge the power source portion. Thus, the power source portion

This Sheet Has Been Rep

- -



are controlled independently of each other, conpkicated: operatian..can be
control l ed by neans of asinple mechanism Furthermeje,- :gkncestRe <Lontrol
portion and the power source portion are arrang@d.between.t*he pair -of
driving neans, the robot body can be mnimzed. Accordi ng to anot her

aspect!xg 4ﬁ}i4€§eﬁﬁgbphgggaﬁégg, the mcro robot is supported by three

pointsﬁ nc points which are driven relative to a

';;Jpggglgygggﬁaggggrt,hs BRbEte?! cdEkYiR9; IPa8AneEP6k AW tHd YRR P Ydir i ch
portion so that the booster circuit performs automatic boosting
operation in accordance with é voltage of the power source
portion. Thus, the circuit can bé made to operate normally even
if the voltage of the power source portion becomes low.

According to another aépect of the present invention, a
micro robot comprises: a driving.heans having a built-in motor
for driving a fin to rotate; an arm adapted to open outward so as

"} to engage with a pipe inner wall; a contactlessly chargeable
power source portion for supplying a power source voltage to the
sensor, the driving means and the control portion; and a control
portion which stops the driving of the motor and oﬁens the arm so
as to stop within a fluid, when the voltage of the power source
portion becomes a value not higher than a predetermined reference
voltage value. When the fin is rotated by a flow of.the fluid
during stoppage, an induced voltage is generated in a winding of
the motor so that the power source portion is charged by the
induced voltage after rectified. Accordingly, the charging can
be made automatically inside a fluid.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side view of an embodiment of the micro robot
according to the present invention.

Fig. 2 is a top view of Fig. 1.

Fig. 3 is a bottom view 6f Fig. 1.

Fig. 4 is an explanatory view in the case where the robot
body goes up on the inclined running ground.

Fig. 5 is a side view of another embodiment of the micro

robot according to the present invention. : —
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with the running ground. Accordingly, balanced apd. Stable.” Tunni‘pg can be
carried out. According to a further aspect: af ¢ he presanbnrnventlon
in the micro robot, a line segment connecting fhe“two driVen points

interlinks with the direction of gravity of the mcro robot at its center

of gravity @&genélms g@nbbiebh Nt éRNoPfFige sUNNing ground, and the
position of the sliding point varies between the front and back of the

interlinkageiglhe s$ki 8hnenPet§edVvaiaesvierpendi Nghedl dFe YIRS iabove
relation betmeen the line segnent connecting the driven points and the
cent er mehtdoaeidt micaodrobotn
Fig. 8 is a block diagram showing in detail the circuit
portion.
Fig. 9 1is a circuit diagram of the sensor.
Fig. 10 is a plan view of the driving portion.

Fig. 11 is a development viéw of the driving portion of Fig.q
10.

Fig. 12 is a timihg chart showing the basic operation of the
robot of the embodiment of Fig. 1 or Fig. 5.

Fig. 13 is a timing chart showing the basic operation of the
robot of the embodiment of Fig. 5 at the time of starting the
driving.

Fig. 14 is a timing chart showing the operation of the robot
of the embodiment of Fig. 5 at the time of starting the driving.

Fig. 15 is a waveform diagram of the driving pulses of the
robot of the embodiment of Fig. 5.

Fig. 16 is a flowchart showing the processing (No. 1) in the
case of avoiding an obstacle.

Fig. 17 is an explanatory view of the above avoiding
operation.

Fig. 18 is a flowchart showing the processing (No. 2) in the
case of avoiding an obstacle.

Fig. 19 is an explanatory view of the above avdiding
operation.

Fig. 20 is a timing chart showing a method of detecting
presence or absence of the rotation of the stepping motor.

Figs. 21, 22 and 23 are a front view, a side view and a back
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upmard slope, therefore, the center of gravity of t.he robot.takes
4 -

a position upper than the driven point$§ 58 thab-the trLctJonaI

force becones Iarge to thereby inprove the cllnbtng torce.-.. R

~

view of an embodiment of the micro robot according to the present
invention.

Fig. 24 is a block diagram showing the peripheral circuits
of the motor driving circuit.of the embodiment of Fig. 21 through
23,

Fig. 25 is a top view of a further embodiment of the micro
robot according to the present invention.

Fig. 26 is a block diagramhéhowing in detail the circuit
portion of the embodiment of Fig. 25.

Fig. 27 is a flowchart showing the control operation of the
circuit portion of Fig. 26.

Fig. 28 is a flowchart showing the operation in the case
where the work control sensor is not provided in Fig. 25 and 26.

Fig. 29 is a block diagram showing in detail another
embodiment of the circuit portion.

Fig. 30 is a top view of the robot body of another
embodiment of the present invention.

Fig. 31 is a flowchart showing the control operation of the
circuit portion of Fig. 29.

F;g. 32 is a sectional view showing an example in which the
micro robot according to the present invention is applied to aﬁn
endoscope.

Fig. 33 is a bottom view of a further embodiment of the
micro robot according to the present invention.

Fig. 34 is a side view of the micro robot of Fig. 33.

Fig. 35 is a side view of another embodiment of the micro
robot according to the present invention.

Fig. 36 is a bottom view of the micro robot of Fig. 35.

Fig. 37 is a block diagram showing in detail the c1rcu1t
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According to a still further aspect of the present;:-lnvqntlon- “tRE M cro
robot further conprises a flexible protrusion _Wwhi ch-projects ﬁ:onra body
and which is conductive with the power source porfion.” Not only the
protrusion portion functions as a sliding portion so that the running

' esi St gRagiich off RECHIS (BBLRVE:! PegEunanangreperty as well as the
property of running covering the whole distance, but also the protrusion

portion is made B8 e @ ebiichakltysheRIHGt tHe BYbhbréheovdiion WRINafe
portion so as to function as a charging term nal so that
micro robot of Figs. 35 through 37.
Fig. 39 is a view showing the state in which the micro robot
of Fig. 35 has raised its hand.
Fig. 40 is a view showing the state in which the micro robot

of Fig. 35 has opened its hand.

Fig. 41 is a conceptual vieﬁ of a further embodiment of theﬁ

micro robot according to the present invention.
f) = Fig. 42 is a side view of Fig. 41.

Fig. 43 is a view showing in detail the work motor.

Figs. 44, 45 and 46 are views showing principle of operation
of the work motor.

Fig. 47 is a block diagram shdwing in detail the circuit
portion in which a mechanism for performing charging by
electromagnetic induction.

Fig. 48 is a block diagram showing in detail the motor
driving circuit of the embodiment of Fig. 47.

Fig. 49 is a diagram showing discharge characteristic of an
electr;c double layer capécitor constituting the power source
portion.

Fig. 50 is a circuit explanatory view showing in detain a
voltage regulator. |

Figs. 51, 52 and 53 are operation explanatory §iews of;a
boosting means.

Fig. 54 is a perspective view of a charge stand.

Fig. 55 is a block diagram showing the configuration of an
energy supply device.

Flg 56 is a flowchart showing the operation at the time of
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the charging work has becone easy and such a risk of danmging the power -
source portion due to concentration of stress ha$ heen: :teveamted From
occurring. According to anther aspect of the- pfesent: jnwvention, in
the micro robot, each of the driving neans includes a notor constituted

by a stappbmi i®Hargihd.nat the quntity of novement can be programed
wi th the nunber of st'eps. According to a further aspect of the

present invepid ons7 iy 4 - dRtCHA ewOBe! anbBRefOBMBOAIMENE | O R MRS HUt
accelerating control on the driving neans at the tine of starting driving
of robot according to the present invention.

Fig. 58 is a back view of Fig. 57.

Fig. 59 is a sectional view along 59-59 in Fig. 58.

Fig. 60 is a view for explaining the function of the arm of

Fig. 57.

Fig. 61 is a block diagram éhowing the configuration of tﬁe

control portion in the case where charging is made by means of a
}  photovoltaic element.

Fig. 62 is a flowchart showing the operation of the
embodiment of Fig. 61l.

Fig. 63 is a flowchart showing the operation in the case of
control in combination of charging, avoiding obstacles, working,
and returning to the base portion.

THE. BEST MODE FOR .CARRYING OUT THE INVENTIQN

Fig. 1 is a side view showing a micro robot according to an
embodiment of the present invention, and Fig. 2 is a top plan
view thereof. A pair of sensors 12 and 14 are provided at front
portiops of a robot body 10 as shown in the drawings. Although a
light sensor constituted, for example, by a photodiode, a )
phototransistor, or the like, an ultrasonic sensor for converting
an acoustic wave into a voltage with a piezo-electric element, or
the like is used as each of the sensors 12 and 14, a
phototransistor is used in this embodiment. The sensors 12 and
14 have fields of view Al and A2 as their detection regions
respectively. Since the fields of view Al and A2 overlap each

other at the center portion, the sensors 12 and 14 have an

overlapped field of view A3. Therefore, when light from a light
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the driving neans, and wherein the control portign-Jakes {he drivimng
condltlon of one of the dri'ving neans coincide with that Df the~other

the other driving neans is being driven. Thus, the nbde of novenent can
snoot hi'gowtdd texth Strsonnt (fimoindg tMBteasmtlnotberﬁlgh@ obHveiemtA3, the
According to a still further aspect of the present invention, the mcro
robot fsendwrs dfdmandds deteied: Abec lighser Being disposed in a left

side portion of the robot body 10, the sensor 12 is stated as an
L-sensor in a flowchart of the drawing which will be described
Jlater. Similarly to this, being disposed in a right side portion
in the robot body 10, the sensor 14 is stated as an R-sensor.

Fig. 3 is a bottom plan view of Fig. 1. A light source
portion 16 is located at a centfél portion and is constituted,
for example, by an electric double layer capacitor, an Ni-Cd
battery, and the like. A circuit portion 22 is provided in the
close vicinity of the power source portion 16. The circuit
portion 22 includes a CMOS-IC 24, a pull-down chip resistor 26,
and the like, mounted on a circuit substrate 23, the detail
thereof being described later. Respective driving portions 28
and 30 are provided-therein with stepping motors and reduction
gear mechanisms, and controlled by the circuit portion 22 so as
to drive wheels 36 and 38 fitted onto output shafts 32 and 34 to
rotate through the stepping motors and the reduction gear
mechanisms. Rubber is attached onto an outer circumference of
each oﬁ the wheels 36 and 38. Further, the shape of each of the
wheels 36 and 38 is.not limited to a circle but each of the h
wheels 36 and 38 may be formed into any one of various shapes
such as a triangle, a square, and the like in accordance with the
use.

A spacer 39 supports the light source portion 16, the
circuit portion 22, and the driving portions 28 and 30 on a
housing 39a. The light source portion 16 and the circuit portion
22 are provided between the pair of driving portions 28 and 30 so

that they overlap each other. Consequently, the power source
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for detecting an obstacle so that when the-obstacke sensor,

detecté an obstacle the control portion reversely ﬂrJVQS'at-Ieést -One of
the driving means for a predeternined period of fitwe and -tien returns the
at | east one driving neans to its nornal

——

portion 16 and the circuit portion 22 can occupy wide areas
considering the whole volume. Therefore, a large current can be
efficiently derived because the internal resistance of the
capacitor and secondary battéry can be made low in the power
source portion 16, and ihe circuit portion 22 is advantageous in
mounting of a large-sized IC chip having a complicated function.
Further, since the driving portions 28 and 30 are provided
separately of each other, any maénetic interference or the like
is not generated therebetween.

Sliding portions 1 and 2 are provided on'the bottom portion
of the micro robot body 10 so that one of the sliding portions is
in contact with a running ground 3. In the embodiment of Fig. 1,
the center of gravity G of the micro robot body 10 is located at
a portion slightly lefthand in the drawing (hereinafter, referred
to "forward") relative to the vertical direction 4 of a dfiving
point 36a where the wheel 36 contacts with the running ground 3
and therefore the sliding portion 1 contacts with thé running
ground.

Fig. 4 is an explanatory diagram showing a case where the
running grounded 3 is inclined and the robot body 10 climbs the
slope. Here, it is assumed that the climbing ability of the .
driving portions is approximate to the limit. 1In such a
situation, the center of gravity G is located at a portion
righthand in the drawing (hereinafter, referred to as "backward")
relative to the vertical direction 3 and therefore the sliding
portion 2 contacts with the running ground 3. 1In this case, in
order to improve the climbing ability, it is necessary that not
only the torque of the driving portions is increased but the

frictional resistance of the sliding portion is decreased and the
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oberation. Thus, it is possible to make the mcrg rabot .- aufomatjcal ly nove
in.the direction to go away far fromthe obstacke,s, = :ympoﬁdgntho
anot her aspect of the present invention, in the ~ni.cto-robot+*the-control
portion detects presence or absence of rotation of a notor included in
each offrtik¢idniali fgroeao€ thet 8eivbagipobht a¥ba nkidedtnedgese iThat visdi ng
of the notor. For exanple, if the fact that the notor is not rotating is
det ect dah, climbinige esrbremslyr eeguivingt the edeiving fatcs e iftoris
-predeterm ned period of tine, the notor which was detected so that it did
not . preferable that the center of gravity is located so that the

whole weight is applied onto the driving point 364 in the state

where such a force that a front portion of the micro robot body

10 will be lifted'up by reaction of the driving force of the

driving portions and a force due to the relation between the

-

center of gravity and the verticél direction are added to eacﬁ
other. 1In other words, it is preferable that the configuration
is made such that the center of gravity G is located in the front
of the vertical direction when the running ground is a horizontal
path or a downward slope and, on the contrary, the center of
gravity G is located in the rear of the vertical direction in the
vicinity of the limit of the climbing ability, that is, it is
preferable thaﬁ the center of gravity G is in positional relation
with respect to the vertical direction 3 of the driving point in
accordance with the running ground 3. |

Figs. 5 and 6 are a side view and a bottom plan view
respectively, showihg a robot body according to another
embodiment of the present invention. In this embodiment, a
tactual sense portion 18 and a tail 20 are provided for the
purpose of charging and balancer.

Although respective sliding portions 18a and 20a are
provided in the tactual sense portion 18 and the tail 20 so as to
have the same functions as those of the foregoing sliding
portions 1 and 2, the sliding portions 18a and 20a contact with a
running ground 3 in the outside of a robot body 10.

Consequently, since a force acting on the sliding portions 1l8a

and 18a is small so that the frictional resistance is small and a
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rotate is then drive for a predeterm ned period of :ti-#e, and--thereatt.er
the normal operation is carried out so that the m croe, rabqt:*ean - -pe made to
automatically nmove in the direction away far fromthe” obstdele: RN
According to a further aspect of the present invention, in the mcro
robot , mumniogntlosls per thenefloreckesde dBeéending muartsionshillte andel28baiireg,
and wherein the control portion perforns driving wth driving pulses the
wi dt h gfromtiideld iip wheéchadtualt sense | perbionthd tand) the |taida2Cowdd theirhe
time of high speed.

end portions respectively, the bending portlons 18b and 20b being

smoothly curved relative to the running ground. In such a

configuration, the robot body can easily run while sliding even

if the running ground is considerably uneven.

The tactual sense portion 18 and the tail 20 have not only

flexibility but electrical conduétivity, and one of them is

connected to a power source portion 16 constituted by an electric
oy double layer capacitor, é secondary battery, and the like. In-
.such a configuration, not only treatment can be easily performed
because the power source portion 16 can be charged through a
projection portion of the tactuallsense portion 18 or the tail 20
but no stress concentrates to theréby hardly cause destruction
because of the flexibility thereof.

Fig. 7 is a partially enlarged view showing the side surface
of each of wheels 34 and 36 of the micro robot according to the
present invention. Concave and Convex portions 35 and 37 are
provided in an outer peripheral portion and high frictional
agents_35a and 37a such as rubber, plastic materials, or the
like, are stuck. In such a configuration, if each of the high'”
frictional agents 35a and 37a is in a fluid phase a curing
property, the agents are cured into illustrated shapes by surface
tension so that only the portions of the high frictional agents
'37a contact with the running ground. Consequently, the load of
the micro robot concentrates so that the high frictional agents
37a are apt to elastically change so as to obtain large
frictional resistance to thereby improve the climbing ability.

Further, the shapes of the concave and convex portions are not
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Accordingly, large driving force can be obtained, ang-the-energy -- -
efficiency is so inproved that the consunption of the*power::*source por
I s reduced. According to a still further aspéet--of “the.present. -

tion

i nvention, in the mcro robot, the control portion nakes the respective

ti m ngdisfitedppspythgserini thipuemeedimentie bt Viithgrill do to attach

high frictional agents onto contacting portions in the same

manner as in the foregoing case even in the case where arms or

the like are used in place of the wheels.

Fig. 8 is a block diagram showing the circuit portion 22 in
detail. A CPU core 40 constituted by an ALU, various registers,

and the like is connected to an ROM 42 carrying programs stored

therein, an address decoder 44 for the ROM 42, an RAM 46 for

storing various data, and an address decoder 48 for the RAM 46.

-7}y A quartz vibrator 50 is connected to an oscillator 52 and an

oscillation signal of the oscillator 52 is supplied to the CPU

core 40 as a clock signal. Outputs of sensors 12 and 14 are

inputted to an I/0 control circuit 54 and outputted to the CPU
core 40. A voltage regulator 56 is provided for stably supplying
a circuit portion 22 with the voltage of a power source portion
16. A motor driving control circuit 58 performs delivery of the

control signal between the motor driving control circuit 58 and

the CPU core 40 so as to control stepping motors 64 and 66

through motor driving circuits 60 and 62 respectively. Power

the like are supplied from the power source portion 16.

The stepping motor 64 is stated as an R-motor in a flowchart
of the drawing which will be described later because the motor 64

is built in a driving pdrtion 30 and disposed at a right side

portion in the robot body 10, and, similarly to this, the

stepping motor 66 is stated as an L-motor because the motor 66 is

built in the driving portion 28 and disposed at the left side

portion in the robot body 10.

Fig. 9 is a circuit diagram of the sensor 12. The sensor 12
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means coincident with each other. In this case the pr oper.ty..of straight’
running is | mpr oved. Accordi ng to another a$péet of the present’

i nvention, the mnicro robot further conprises at |®ast twQ'SgFews driven by
the - driving nmeans, and wherein the control portlon makes the respectlve

tim ngfs Oéor?%%}/te%g s lergx%t%"grsé%sslts or ?.2 Itiéiengmittear of which is

connected in series to a pull-down resistor 26. A light
detection output is taken out of the emitter of the
phototransistor 12b, shaped in the 1/0 control circuit 54, and
then supplied to the CPU core 40. Although the cirquit diagram
shows an example of the sensor 12, the sensor 14 has quite the
same configuration as that of the sensor 12.

Fig. 10 is a plan view showing the driving portion 30, and
Fig. 11 is a devglopment thereof. The stepping motor 64 has an
exciting coil 68 and a rotor 70 constituted by a magnet. An
electromagnetic two-pole stepping motor used in an electronic
clock is utilized in this embodiment. The rotor 70 drives a
pinion 72, the pinion 72 drives a pinion 74 through a gear, the
pinion 74 drives a pinion 76 through a gear, and the thus speed-
reduced pinion 76 dri§es the wheel 38 to rotate. The mechanism
of Figs. 6 and 7 utilizes the mechanism of an electronic clock.
Also the mechanism of a driving portion 28 is the same as that
shown in Figs. 6 and 7. Since the stepping motors 64 and 66 are
arranged so as drive the wheels to rotate through speed reduction
from h;gh seed rotation aé shown in Figs. 6 and 7, the driving
portions 30 and 28 can be minimized in size. Further, since thé
exciting coil 68 is provided far away from the rotor 70, the
driving portions 30 and 28 can be decreased in thickness and size
also in this point of view.

Fig. 12 is a timing-chart showing an example of the
fundamental operation of the robot according to the foregoing
embodiments. When no light is incident into the sensors 12 and
14, the outputs thereof are zero V. When light is incident,

however, the sensors output voltages corresponding to the
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means shift from each other. The respective t|n1ng$ af* sendiz:ng  out "drFi vi ng
pulses are shifted so that the rapid consunption Qf -the-pdwen source:i s

prevented from occurring. According to a further aspecf” of the
present invention, a mcro robot conprises: at |least two direction control

sensorquah&ﬁtygofesbghttveTMetawtputlvalﬁagesrnréIwaunﬁuﬁmﬁHMag@deadhh
other; at |east one pair of driving neans being driven independently of

each oahdlesé.mddhahi:eghdld veol paget sn seipar (@ ccorftrod edaicudithéd iamdt he
directi.on perpendicular to a direction of novenent; a work control sensor
whi ch ¢©c9|sgppalﬂdrk0|hher¢kﬁ|cmre 40 so that the motor driving

control circuit 58 supplies forward and backward driving pulses
alternately to the stepping motors 64 and 66 through the driving
circuits 64 and 66 respectively. Consequently,'in a period Sy
during which the sensor 12 is receiving light, the stepplng motor
64 operates to drive the wheel 38 to rotate. In a period S, h

during whxch the sensor 14 is receiving light, the stepping motor

s 66 operates to drive the wheel 36 to rotate. In a period W

o

during which both the sensors 12 and 14 are receiving light, both
the stepping motors 64 and 66 operate to drive the wheels 38 and
36 to rotate respectively.

In the simplest driving example, therefore, when light froﬁ
the light source exists in the field of view Al (however, ekcept
the field of view A3), the light sensor 12 detects the light so
that the stepping motor 64 drives the wheel 38 to rotate
correspondingly to the light detection output. At this time, the
wheel 36 is in the stopped state and therefore the whole robot
body 1Q moves to turn left. When light from the light source
exists in the field of view A2 (however, except the field of viéw
A3), on the contrary, the light sensor 14 detects the light so
that the stepping motor 66 drives the wheel 36 to rotate
correspondingly to the light detection output. At this time,. the
wheel 38 is in the stopped state and therefore the whole robot
body moves to turn right. Further, when light from the light
source exists in the field of view A3, the light sensors 12 and
14 detect the light so that the stepping motors 64 and 66 operate

to drive the wheels 38 and 36 to rotate correspondingly to the
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portion for controlling the driving neans on the basie’of: butputs of .t he
di.rection control sensors and for controlling the work ~dr.ivi.0g- means on
the basis of an output of the work control sensor. The traveling direction
i s aut gughitcdekgceohr obkpdtenrespecbisedy of Re ouiquultnf thlee rdiborction
control sensor, and after the robot has been noved to a desired position,
an i nsbobdgt LOnmbosesgsteaighem t Pheopebat i bodpi I i ddmrtnodlledcast r ol sensor
to thereby drive the work driving nmeans so that a desired work is
described above so as to move toward the light source.

contactl essly froman operation side; a work driving means; and a__control

Further, the embodiment has shown one .combination between
the position of the sensors and the arrangement of the driving
portions which move in the direction'of the field of view, but

the 1nventlon is not limited to this embodiment.

Although description has been made above as to the operation

in the case where driving is performed at a predetermined speed

"y when either of the light sensors 12 and 14 detects light, the —
driving force becomes high if driving is performed with
acceleration at the time of starting drive.

Fig. 13 is a flowchart showing the fundamental operation
when acceleration control is performed at the time of starting
drive. - First, the CPU core 40 sets the clock frequency Rc of
driving pulses for driving the stepping motor 64 to 16 Hz (Sl1),
and next resets the value Rc of a counter for countieg the
driving pulses (S2). Next, judgment is made as to whether the
light detection output from the sensor 12 exists or not (83). 1In
the case where the light detection output exists, the CPU core 40
applies driving pulses having the clock frequency Rc to drive fﬂe
stepping motor 64 and counts the pulses at that time (S4).
Judgment is made as to whether the count value Rn is a
predetermined value, fof example, 15 or not (S85), and if the
value is not 15, the foregoing processings.(SB) and (S4) are
repeated.

After driving corresponding to.15 pulses is carried out with -
the driving pulse of the clock freguency Rc (=16Hz),.judgment is

made as to whether the clock frequency Rc of the dr1v1ng pulses
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pérrieg out . ' According-tb a still further aspeect of.the preseni..
i.nvention, a micro robot conprises; a reception senses_ fer:.contactlesdsly
receiving an external instruction; at least one .i."..®  "..*<..° " .=
" ‘has reached 128 Hz (the maximum value) or not. If the judgment
proves that the frequency does not reach the value, the CPU core
40 sets the clock frequency Rc of the driving pulse, for example,
.into 32 Hz (87) and'repeats fhe foregoing operations in the same
manner as in the foregoing case. Then, when the clock frequency
Rc of the driving puise reaches 128 Hz (the maximum value) (S6),

driving is performed at the dfiving pulse of the frequency

thereafter. When no light detecéion output from the sensor 12
exists (S3), the stepping motor 64 is stopped (S8).

Although the flowchart shows the relation between the sensor
12.(L—sensor) and the stepping motor 64 (R-motor), the relation
between the sensor 14 (R-sensor) and the stepping motor 66 (L-
motor) is guite the same as the above relation.

Although description has not been made as to the relation
between the sensors 12 and 14 in order to facilitate the
understanding on the flowchart of Fig. 13, for example, if the
sensor 14 is in the state of light detection so that.the.stepping
motor 66 is driven to thereby make the robot body 10 move toward
the.light source, the sensor 12 comes into the state of light
detect;on. In such a case, therefore, it is neceséary to make
the driving state of the stepping motor 64 driven by the sensofn
12 coincide with that of the stepping motor 66. If both the
driving states do not coincide with each other, the robot body 10
becomes impossible to.move linearly at a point of time when the
robot body 10 is turned toward the light source. That is, it is
impossible to change the movement from turning one to linear one.

Fig. 14 is a flowchart showing the control when the
foregoing points are considered. Similarly'to the foregoing

case, the CPU core 40 sets the clock frequency Rc of the driving
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péir of driving nmeans being driven independently of each Qfher and having

-
s m e e L R tw Aamaa

driven points separated fromeach other in the di*feGt!on peupendlcular to
a.direction of novenent; a work driving neans; and,a cont 1°dl, -portion:for
driving the driving means and for controlling the work dr|V|ng means, on
the baputseé fan the psteppindiancroepi4 oo sihdr (SINi andi thenr vhsetss
provided wth no direction control sensor but the function of the

di rect the vahee oRc sefisthe jcoupten for tepuntdngpttihen nymhesr of the

driving pulses (S2). Next, judgment is made as to whether the
light detection output of the other sensor 14 exists or not
(82a). In the case where the light detection output of the
sensor 14 exists, the clock fregquency Lc of the.driving pulses of

the control system and the value Ln of the counter at the sensor

14 side are initialized so as to be coincident with the clock
frequency Rc of the driving pulses and the value Rn of the

"4 counter at the sensor 12 side respectively. After such setting,
processing is performed in the same manner as in' the flowchart of
Fig. 9. Although this flowchart shows the oberation of the
control system for the sensor 12, the operation of the control
system for the sensor 14 is the same as the above operation.

That is, when the control system for the other sensor is in
the driving state at the time of starting drive, the driving for
the control system for the one sensor is started aftér the
driving state of the control system for the other sensor has been
taken in as the initial value. Therefore, the direction is
changed with acceleration when only one of the sensors detects
light, and then when both the sensors detect light, both the
control systems are made to be in the same driving state at that
moment so that straight moving is performed. Consequently, the
change from turning movement to linear movement can be smoothly
performed to thereby improve the light response property.

Fig. 15 is a waveform diagram of the driving pulses. 1In
order to improve the driving force when the speed increases at
the time of starting drive as shown in the flowcharts of Figs. 13

and 14, for example, the pulse width is enlarged to be 7.8 msec
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Accordingly, the traveling direction can be controlled and work can be

------

carried out on the basis of an external instructidh “.through. ihe: reception
sensor. According to another aspect of the pfesent ‘| Averiti ofi; -t he
mcro robot further conprises a signal transm ssion el enent for external ly

and copj aché ESsded éf A dilddl & Lﬂﬂf'tl ¥ 13 ndet egihed ehenpaiseand

wherein the control nmeans causes t S|gnal transm ssion elenent to
transngiatnf @écbdd ey dad eéﬁeectzk&;uéﬂtq; GRicaidsohighgmene. pibse, wideh is

situation of the robot is inforned to the outside.
made to be 6.3 msec in the case of the clock frequency of 32 Hz,
5.9 msec in the case of the clock freguency of 64 Hz, and 3.9
msec in the case of the clock freguency of 128 Hz. Thus, it is

possible to supply driving pulse corresponding to.a required

driving force to thereby make it possible to perform rational

-

driving.

Fig. 16 is a flowchart showing processiﬁg in the case of
"y avoiding an obstacle, and Fig. 17 is a diagram for explaining ‘the
avoiding operation. An obstacle sensor constituted by an
ultrasonic sensor, an overcurrent sensor, or a touch sensor, or
any combination of those sensors is provided at the front portion
of the robot body 10, although such an obstacle sensor is not
illustrated in the drawing.

First, by using the obstacle sensor, judgment is made as to
whether there is an obstacle or not (Sl11). 1If there is no
qbstacle, work is continued as it is (or advancing is made as it
is) (8l12). 1If there is any oﬁstacle, on the contrary, the
steppipg motor 64 or 66 is reversely rotated (S13). This state
is continued for a predetermined time, for example, 5 minutes -
(814). Since this time may be set to a value sufficient for
changing the direction, the time is not limited to the above-
mentioned value. Alterﬁatively the distance of movement may be
set in place of the time. Thereafter, judgment is made by means
of the obstacle sensor again as to whether there is any obstacle
or not (S1ll). By repeating such processing, the direction is
changed if there is any obstacle to thereby avoid the obstacle.

Fig. 18 is a flowchart showing the processing in the case
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According to a further aspect of the present inventiqps i-i's-{he nieru:
robot, the work driving means includes a micro punp : which:izs «drisen %o

di scharge a fluid bit by bit. According to a"still further dspect of
the present invention, in the mcro robot, the work driving nmeans includes
a hamdherehaoliision s diéveotedrsamstieorbakis/iofg anhénfundd wedltagesin By
this hand nmechanism it is made possible to carry out handling such as
conveythg phepping motori&rd an obstawls dish@vaddedot BEA Hiégeclofist Re

present invention, a ) . .
diagram for explaining the avoiding operation. The stepping

motors 64 and 66 are turned dn (521) and judgment is made as to
whether the stepping motor 64 is rotating in this state or not
(822). 1If the motor 64 is rotating, judgment is made as to

whether the stepping motor 66 is rotating or not (S23). If also

the stepping mbtor 66 is rotatiné, it is concluded that there is
no cbstacle and work is continued (S24). Further, the method of

— detection as to whether the stepping motors 64 and 66 are = -
rotating or not is performed by utilizing the fact that a large
voltage is induced in the exciting coil 68 when the motor rotates
and, on the contrary, a small voltage is induced in the exciting
coil 68 when the motor is not rotating.

FPig. 20 is a timing-chart showing the method of detection as
to whether the sﬁepping motor is rotating or not. When the
stepping motor is in the rotating state as shown in fhe drawing
and in the case where the rotor 70 rotates after application of
the driving pulses, an induced voltage is induced and an induced
curren; flows in the exciting coil 68 as the rotor 70 rotates.

The value of the induced current is detected, for example, by
using a comparator so that the rotating state can be grasped.

When the stepping motor is not in the rotating state, on the
contrary, the rotor'70 never rotate after application of the
driving pulses so that no induced voltage is induced and no
induced current flows in the exciting coil 68. Thus, it is
possible to detect the fact that the stepping motor is not in the -
rotating state.

In the case where it is concluded that the stepping motor 64
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mcro robot is attached to an end portion of an endostope;-.and CONPFi-Ses:
a: photovoltaic el ement for receiving light through: -"%. 12, t.optical

fibers and for supplying a power source vol tage; a*m-cro -- .-

is not rotating in detection of rotation of the stepﬁing motor 64
(822), the driving for the stepping motors 64 and 66 is stopped
(S25) and the stepping motors 64 and 66 are made to rotate
reversely (S26). The reversé driving state is contihued, for
example, for 5 minutes (S27). Next, the stepping motor 64 which
had been concluded so as to to be in the not-rotating state is
driven again (S28) and the state is continued, for example, for 5
minutes (S29). Then, the operation is returned to the first -
processing (S21). Further, in the case where the stepping motor

Y 66 is concluded so as not to be rotating in detection of rotation

.“ of the stepping motor 66 (S23), the driving for the stepping
motors 64 and 66 are stopped (S30) and the stepping motors 64 and
66 are reversely rotated (S31). The reverse driving state is
continued, for example, for 5 minutes (S32). The stepping motor
66 is driven again (S833) and this state is continued for 5
minutes (S29), Thereafter, the operation is returned to the
first processing (821). |

As described above, the fact that the stepping motors 64 and

66 are rotating or not is detected, and if it is concluded that
one of the stepping motors 64 and 66 is not rotating, the driving
for the stepping motors is once stopped and then the stepping -
motors are reversely rotated. Next, the one stepping motor which
is concluded so as to be not rotating is rotated again. For
example, when the robot-body 10 collides against a wall and a
state where the stepping motor 66 is not rotating is generated,
the driving for the stepping motors 64 and 66 are stopped once
and the stepping motors-are reversely rotated so as to retreat
the robot body 10. Then, the'stepping motor 66 is driven to

thereby change the direction. Thereafter, the stepping motors 64
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punp for discharging a fluid; and a control portion for anad yzi ng "k
control signal superinposed on the |ight obtained tthtoaght the - optiscals
fi.bers to thereby drive the micro punp. By nmeans of the énddScope, it is
possi ble that while the inside of body is being inspecting, the mcro punp
IS driemd &6 ardesriednpesi hsoBot maké hthebyoblos diedywd 0 moves )shmaigghta
medi cal fl uid. According to a further aspect of the present
i nvent iComseguemitdyo tbleotrobotpbbdysl0acanbbravellywhpirle iatwsd ddind an built-in
not or and di sposed within a non-magnetic pipe containing a fluid

obstacle.

Although description haé been made as to avoidance of an
obstacle in the state where the stepping motors 64 and 64 are
being driven in accordance with the flowchart of Fig. 18, the

same processing is performed also in the case where either one of

the stepping motor 64 and 66 is Being driven. When, for example,

the stepping motor 64 is being driven, it is possible to cope
"y with a trouble in such a manner that the stepping motor 64 is
driven in the processing (S21) in Fig. 18, and then processing
(822) and processings (S25) through (S29) are performed.
Similarly to this, also'in the case where the stepping motor 66
is being driven, it is possible to cope with a trouble in such a
manner that the stepping motor 66 is driven in the processing
(s23) in Fig. 18 and then the processing (523), the processings
{S30) through (S33), and the processing (S29) are pefformed.

Figs. 22 through 23 are a front elevation, a side elevation,
and a rear elevation showing a micro robot according to a further
embodiment of the present invention, respectively. The
configuration is made such that sensors 82a through 824 are
provided on a front portion of a robot body and screws 84a
through 844 are provided on a rear portion thereof so that
driving in a fluid can be performed. Since the four, left,
right, upper and lower screws 84a through 84d are provided so as
to be driven by stepping motors respectively, it is a matter of
course that the robot body 80 can be controlled in the left/right
direction as well as in the up/down direction. Further, the

robot of Fig. 1 or 5 has only two motors and therefore respective
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therein; and an exciting device provided at the outside of.the . __ .
non- magnetic pi pe and for supplying a stator of the meiorr diith ragneri ¢
flux corresponding to the nunber of poles of the notuc: - “Thus.” drivi-ng
energy can be supplied contactlessly fromthe outside and the driving of

the nOgPI$ikGNpREsEONLFO d¥hlied to AN mItEst @nathki Ehmbutifehgaspeat of
the present “ihvention, in e mcro robot, the exciting device |s )

suppor ¢gds &RbOGiMEnLE HEWAE, ithd ftqmilrfge@tﬂ at iefingepglbest ishehnoted
magnetic pipe. Wth the novenent of the excitation device, the robot body
noves gPot hedch hetPesi by Qe tddla @firdid ¢ @hownbadyFig. 24 because

the four screws 84a through é4d are provided and it is therefore

necessary to provide four stepping motors for driving the screws

84a through 844 and because if the stepping motors are driven on

the basis of the driving pulses of the same timing, the

T

consumption of a power source poftion 16 remarkably increases.

Fig. 24 is a block diagram showing circuits in the periphery
of a motor driving circuit. In the circuit diagram, motor |
driving circuits 86 and 88 are provided in addition to motor
driving circuits 60 and 62 of Fig. 8 and the driving circuits
drive stepping motors 64, 66, 90, and 92 respectively. Further,
the stepping motors 64, 66, 90, and 92 drive the screws 84a
through 844 to rotate respectively. In this embodiment; phase
difference circuits 94 through 100 for controlling the phases of
the motor driving circuits 60, 62, 86, and 88 are provided and
the phase adjustment angles of the phase difference circuits 94
through 100 are different from each other so that the driving
pulseslare not produced from the motor driving circuits 60, 62,
86, and 88 in the same timing. h

Although description has been made as to the example in
which 1i§ht is detected by means of sensors so that the robot
body advances toward the light in the foregoing embodiments, a
subject to be detected is not limited to light, it may be
magnetism, heat (infrared rays), sound, an electromagnetic wave,
and so on. Moreover, the robot body can be controlled so as not
to move toward a subject to be detected but to run away

therefrom. 1In this case, in the embodiment of Fig. 1 or 5, the

.
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can be_carried out. According to another aspect.- of Ihe”present

i.nventi on,

detection regions partly overlappi ng each other; at.-Least..ong- ‘pait-.of

driving neans being driven independently of each ot her

poi nt sserpar Aled § nurnedc et ker therebe adivecthenspeppingimotar 64 so

direction of novenent; a control portion for controlling the driving neans
on t hasas drdfveotheutwheedf 38he Thesseasoanilldaisontened estf yta hchgosth) e
power.

source
drive the stepping motor 66 so as to drive the wheel 36. When

boﬁh the sensors 12 and 14 are in the turned-on state, the
stepping motors 64 énd 66 are reversely driven to thereby
reversely drive the wheels 38 and 36 respectively so that the

robot body 10 is retreated or made to run away. Further, if two

-

kinds or more of subjects to be detected are prepared and if

control is made so that the robot body 10 moves toward one

subject to be detected and run away from the other subject to be
detected, it ié possible to perform delicate control. 1It is a
matter of course that this control can be applied to the robot
body 100 of Figs. 21 through 23.

Not only the movement direction of the robot body is
determined on the basis of a subject such as light or the like to
be detected, but, for example, a movement locus may be programmed
in advance so as to perform control on the basié of tﬁe movement
locus. Alternatively, the movement locus may be controlled by
application of instruction from the outside. Moreover, a
suitab;e combination of the foregoing controls may be performed
while a studying function is given thereto. -

Fig. 25 is a top plan view showing a micro robot according
to a still further embodiment of the present invention. A pair
of direction control sensors 12 and 14 are provided at a front
portion of a robot body 10 as shown in the drawing, and a work
control sensor 15 is further provided at an upper portion of the
robot body 10 as shown in the drawing so that working instruction
is received from the outside through the work control sensor 15

as will be described later. Moreover, the bottom plan view of

a mcro robot conprises: at |east two sensor$ hévlng.rbspECtlve

and havi ng driven
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portlon for supplylng a power source voltage to the sensqr&“fthe ~drad ng
means and the control portion. Since the detection: regldns-ﬁTe omﬁrlapped
each other, a function of autononpbus === -- --

the robot body 10 is the same as that of the embodiment of. Fig.

6.

Fig. 26 is a block diagram showing a circuit portion 22 of
the embodiment of Fig. 25 in detail. A CPU core 40 constituted
by an ALU, various registers, and the like is connected to an ROM

42 carrying prograhs stored therein, an address decoder 44 for -

the ROM 42, an RAM 46 for storing various data, and an address

-

decoder 48 for the RAM 46. A quértz vibrator 50 is connected to
an oscillator 52 and an oscillation signal of the oscillator 52
'} is supplied to the CPU core 40 as a clock signal. Outputs of
direction control sensors 12 and 14 and an output of a work
control sensor 15 are inputted to an 1/0 cohtrol circuit 54 and.
outputted to the CPU core 40. A motor driving control circuit 58
performs delivery of control signals between the motor driving
control circuit 58 and the CPU core 40 so as to control stepping
motors 64 and 66 through motor ariving circuits 60 and 62
respectively and so as to control a work actuator 67 ihrough an
actuator driving circuit 63.
The stepping motor 64 is stated as an R-motor in a flowchart

of the drawing which will be described later because the motor 64
is built in a driving portion 30 and disposed at a right side -
portion in the robot body 10, and, similarly to this, the
stepping motor 66 is stated as an L-motor because the motor 66 is
built in the driving portion 28 and disposed at a left side
portion in the robot body 10.

| Fig. 27 is a flowchart showing the control operation of the
circuit portion of Fig. 26. Movement is performed toward a
light-emitting target on the basis of the direction control

sensors 12 and 14, and the work sensor 15 receives instruction
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¢ the drivin fft rol | ed i ndependent.t y.-of .each other, ., '
lecated oper ontrolled by nmeans of .a. scnpte nechanh3n1to

seby make it nimze the mcro robot- body"Further' Si nce
EpOWer sour ce portlon |s made chargeable contactl essly, perfect

- g b h f th
R %38 PPBREEDs o £F Fy mersand BREAS ARG WERIG TOERCT i Roiudes |
T Npi PREOT ¢AQ EBF oYl W%ﬁﬂgé@'d@@&ézs t92N@N2eedibR BolkpgLNg of

gensor 12 is in the turned-on state because it detects light or

..9; S

O

_.E-f' f’_

)

[N,

not (S4l1). If the sensor 12-is in the tgrned-on state, it is
concluded that a light source is located on the left ahd the
stepping motor 64 is driven to thereby drive the wheel 38 to
rotate so as td perform left turning (S42). If the direction
control sensor 12 is in the turnéd-off state (S41), on the
contrary, driving of the stepping motor 64 is stopped (S43).
Next, judgment is made as to whether the direction control sensor
14 is in the turned-on state because of detection of light or not
(S44), and if the sensor 14 is not in the turned-on state,
driving of the stepping motor 66 is stoppéd (S45). If the
direction control sensor 14 is turned on by repetition of the
foregoing processing (S44), the stepping motor 66 is driven
(S47). The robot body 10 moves toward the light source through
such operation. WNext, judgment is made as to whether the work

control sensor 15 detects light or not (S47), and in the state

L where the work control sensor 15 does not detect light the robot
body a@vances through repétition of the foregoing operation. If
.the work control sensor 15 is in the turned-on state bécause of.m
detection of light, the actuator driving circuit 63 controls the
work actuator 67 to perform desired work (S48).

Fig. 28 is a flowchart showing the operation when the work
control sensor 15 is not mounted ih Figs. 25 and 26. Also in
this embodiment, first, the CPU cofe 40 judges whether the
direction control sensor 12 is in the turned-on state because it

detects light or not (851). If the sensor 12 is in the turnedjon

state, it is concluded that a light source is located on the left
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0 by a magnetic fieldof an externally provided charging coil, the
®luced vol tage being used afi SHeettREBeef RpHced0 charge the power source. The

ger 0 robot further conprise ' by whi ch t-he m.cra.robot
fomatically noves toward a iﬂ%ﬂmﬂ‘mﬂ%l h the Charging c¢dil i3 prow ded.
cordingly, if the voltage ource partion-becones t ow, :the
bot noves automatically toward the charging stand so that the power
gurcendpbh9|§hePDlagtmmbmrc@AI;s(ﬂnwxﬁnitO therelyt sirdivey the aviseel |38

ir t her a Eect of 'the present
' to rotate so as to perform left turning (S52). If the direction

control sensor 12 is in the turned-off state (S51), on the
contrary, driving of the stepping motor 64 is stopped (S53).
Next, judgment is made as to whether the direction control sensor
14 is in the turned-on state because of detection of light or not
(854), and if the sensor 14 is not in the turned-on state,
driving of the stepping motor 66.is stopped (S55). 1If the
direction control sensor 14 is turned on by repetition of the
foregoing processing (S54), the stepping motor 66 is driven
(857). The robot body 10 moves toward the light source through
such operation. Next, judgment is made as.to whether the
stepping motors 64 and 66 are rotating or not (S57), and in the
state where the stepping motors 64 and 66 are rotating, the robot
body advances through repetition of the foregoing operation.
When the robot body 10 reaches and collides a predeéefmined
point, the stepping motors 64 and 66 do not rotate at that
moment. It is therefore concluded the not-rotation means that
the robot body reaches a predetermined position, and then the
actuatpr driving circuit 63 controls the work actuator .67 to
perform desired work (S58).

Further, judgment is ﬁade as to whether the stepping motors
64 and 66 are rotating or not as follows. When the stepping
motor is ih the‘rotatiné state, the rotor 70 rotates after the
driving pulse is supplied to the exciting coil 68 and an induced
voltage is induced so that an induced current flows in the
exciting coil 68 with the rotation of the rotor 70. The value of
the induced current is detected.by'means of a comparator o? the

like so as to detect the fact that the stepping motor is in the
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he micro ﬂhbﬂhﬂﬂ%ﬁ&ﬁ&@%&htalc elenent or a thernoelectric

; enent i s con omer source. partlon.so.Lhat the_
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E ater the rotor 70 does not rotate after application of the

i ni

elh

;hvlng pulse and therefore no induced voltage is induced in the
;;éiting coil 68. It is detected from this fact that the
?éepping motor is not in the rotating state.

’gg Fig. 29 is a block diagram showing enother embodiment of the

Eircuit portion 22 in detail. 1In this embodiment, a receptlon

,."

;;ensor 102, a transmission element 104, and a detection element )
i 06 are connected, as the sensors, to an I/O control circuit 54.
;Fig 30 is a top plan view showing a robot body 10 ip which the
eception sensor 102 and the transmission element 104 are
’.dlsposed in the illustrated posieion. In this embodiment, the
freception sensor 102 is configured so as to receive moving and
working instruction. A pulse signal or the like having a pattern
corresponding to the instruction (a straight-moving instruction,

a right-turning instruction, a left-turning instruction; a

;.  retreating instruction, a working instruction, or the ljke) is

=5 AR,

supplied to the light reception sensor 102 by utilizing, for

example, infrared rays. The detection element 106 ig

- Vi

consti;uted, for example,'by an image sensor, a tactual sensor,
or the like, and information detected in the detection element-”-
106 is transmitted to fhe operation side by using the
f ' transmission element 104.

Fig. 31 is a £lowchart showing the control operation of the
circuit portion of Fig. 29. First, when the reception sensor 102
receives a straight-moving instruction from the Operation side,
the CPU core 40 detects the instruction (S61) ang 8rives the

stepping motors 64 and 66 so as to perform straight moving (S62)

When the reception sensor 102 receives a right-turning
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QQ@&@E@Q&%&&M@ﬁlca||y Further, a booster circuit is
con ected t rce portion so that the Qooster circuit perfornms
autdmatic b mlmm mtl on in accordance with a=“goltage of- {he. apaver, _
sougte portli circuit can be nade to qperaie nornaily even
instruction from the operation side, the CPU core 40 detects the

instruction (S63) and drives the stepping motor 66 so as to

perform right-turning (S64). When the reception sensor 102

receives a left~-turning instruction from the operation side, the

CPU core 40 detects the instruction (S65) and drives the stepping

motor 64 so as to perform left turning (S66). When the reception

sensor 102 receives a retreating instruction from the operation

side, the CPU core 40 detects the instruction (S67) and reversely

drives the stepping motors 64 and 66.so that the robot body 10 is

retreated (S68). When there is not any movement control
instruction, driving of the stepping motors 64 and 66 is stopped
(S69). Next, the CPU core 40 judges whether a working
instruction is supplied or not (§70). If no working instruction
is supplied, the processing is completed as it is. If a working
instruction is supplied, on the contrary, the actuator driving
circuit 63 controls the work actuator 67 to perform desired work
(S71). Thereafter, the CPU core 40 judges whether a transmission
instruction is supplied through the reception sensor 102 or not
(S§72). 1If a transmission instruction is supplied, information
detectgd, for example, by means of the detection element 106 is
coded and transmitted to the operation side through the

transmission element 104 (S73). The foregoing processing is

cyclically repeated.

Various work may be listed as the foregoing work, and
examples of the work are as follows.

(1) Ejection of a medical fluid with a micro pump.

(2) Sensing of.temperature, pressure, components, images,
and the like.

(3) Work by hands (for example, carrying parts or the




e voltage of the pomer—seu%ee—pepk+en-be€ones | ow. According to
er aspect of the present sgmm cro f:0h0t conprlses‘ﬂd‘“

ng nmeans having a buil t-| I geegﬁgiﬁﬁ vi ng :a:fin to:rotat erranzarm
D
l)

¥ h a pipé i'nner"wal’l ; &
ict| essly chargeable powe on for supplying a pomer source
.f,g%_ﬁéﬁpe sensor, the driving nmeans and the control portion; and a

3 ol™" portion which stops the driving of the notor and opens the arm so
Jo stop wighhipata EbrdgeBRA tPEn¥Ri&806n0f the power source portion
#mes a val ue not higher than a predeterm ned reference

: (5) Action by a micro robot itself (for example, boring,

ed to open outward so as 1

working by its self-destruction, integral working by robots with
various functions).

(6) Taking and throwing-away of samples,

Fig. 32 is a section showing an example in which the mich_
robot according to the present iﬁvention is applied to an
endoscope. This device has a plunger 110 to be controlled by a
circuit portion 22 and the plunger 110 drives a piston 112
provided at a front portion thereof. A micro pump 1ll4 is
constituted by the plunger 110 and the piston 112, and a medical
fluid 116 is injected into a pipe through a nozzle 118 by
movement of the piston 112. A photovoltaic element 120 is
attached on an outer periphery of the robot. Light from a light
emitting portion is led through optical fibers 122, reflected
from a mirror 124, further reflected by a pipe inner wall 126,
and led te a light detection portion through the passage reverse
to tﬁe foregoing one so as to perform the function of the
endoscppe. The light reflected from the pipe inner wall 126 is
partially supplied also to the photovoltaic element 120 so as to
charge a power source portion (not shown) of a circuit portion
22. Further, although the configuration of this embodiment is
the same as that of the'embodiment described in Figs. 25 and 26
in the fundamental thinking, the members such as the sensors 12
and 14, the wheels 36 and 38, the stepping motors 64 and 66, and
the like are not required to be provided.

In this embodiment, the circuit portion 22 is provided

therein with a decoder and the decoder is connected in parallel
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wal ue. \Wen the finis rotated by a flow of.:the. fl.ui.d>* duri'ng -
< an induced voltage is generated in a winding of : A& :npiof  Se
-'pomer source portion is charged by the induced vUItage af't e

¢d. Accordingly, the charging can be nade autonatlcallg i nsi de a

ko the PoOWer sour@R|KR {HDERECRORNECkeFtIHERBRAVERES of therig 1 is a
_ m/of an enbodi rent of the mcro robot according to the gresent

= W,govoltam element J b sosaswtof trkg. and analyzeé a control

;signal contained in a charged current. In this embodiment,
itberefore, a working instruction is received frop the operation
. gide through the optical fibers 122 at a dgsired position while
Q;;'observation of the inside of the pipe is performed as the

endoscope, and the circuit portion 22 takes in the instruction

-

?;,through the photovoltaic element.lzo to drive the plunger 110 to
: eject the medical fluid 124 from the nozzle 118.

: Fig. 33 is a bottom view of a micro robot according to

;- another embodiment of the present invention, and Fig. 34 is a
side view thereof. 1In the micro robot in this embodiment, a

~, micro pump 130 is built in the micro robot boéy shown in Fig. 25,
f and a nozzle 132 is provided in the front portion thereof. 1In
this embodiment, the micro pump 130 is driven to inject medicinal
fluid from the nozzle 132, for example, in the work (S48) in the
flowchart of Pig. 27, the work (S858) in the flowchart of Fig. 28,

and the work (S71) in the flowchart of Fig. 31.

‘'Fig. 35 is a side view of a micro robot. according to another
embodiment of the present invention, and Fig. 36 is a bottom view
thereof. 1In the micro robot in this embodiment, a hand mechanism
is provided in a robot body 10. An upper motor unit 140 is
provided in the upper portion of the robot body 10 so as to
rotate an upper pinion 142 so that the upper pinion 142 engages
with an upper gear 144 to drive an upper arm 146 supported
rotatably by a shaft 152. A lower motor unit 148 is provided in
the lower portion of the robot body 10 so as to rotate a lower

pinion 149 so that the lower pinion 149 engages with a lower gear

150 to drive a lower arm 154 supported rotatably by the shaft
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fF is a bot t afk YheWaOBecREplacell. Fig. 4 is an explanatory viewin -

o se where th oes up on the inclined runni-ng’ ground: -
& s a side Q'Ml mIIH embodi ment of the fi<€fo_ iraBot- acedr di-ng
e present in , ' e e e

152. These upper and lower arms 146 and 154 constitute a hand
156. |

Fig. 37 is a block diagram illustrating the details of a
circuit portion 22 of the micro robot of the embodiment of Figs.
35 and 36. This embodiment is basically the same as that of the
circuit diagram of Fig. 26, except that upper and lower motor

drivers 160 and 162 are provided. The upper motor driver 160

-

drives and controls an upper motdr 164 built in the upper motor
unit 140, and the lower motor driver 162 drives and controls a
lower motor 166 built in the lower motor unit 148. Preferably™
the upper and lower motors 164 and 166 are constituted by
stepping motors, and in such a case it is easy to drive the upper
and lower motors 164 and 166 synchronously.

Fig. 38 is a flowchart illustrating the control operation of
the micro robot in the embodiment of Figs. 35 to 37. First, if a
work control sensor 15 receives a control instruction, a CPU core
40 judges whether the instruction is an instruction to move up
the arm or not (S81). 1If the instruction is an instruction to
move up the arm, the upper motor 164 is rotated counterclockwise
by the upper motor driver 160 (S82). Consequently the upper arm
146 is rotated clockwise. Next, the lower motor 166 is rotatedmn
counterclockwise by the lower motor driver 162 (S83).
Consequently the lower arm 154 is rotated clockwise. The hand
156 is moved up as showﬁ in Fig. 39 by rotaéing both the upper
and lower arms 146 ‘and 154 clockwise in such a manner.

On the contrary, if the CPU core 40 receives an instruction
to move down the arm (S84), the upper motor 164 is rotated
clockwise by the upper driver 160 (S85). Consequently the upper

arm 146 is rotated counterclockwise. Next, the lower motor 166
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“Fig. 6 is a bottomview of Ej. l.g. 7 is an enlarged side
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| an view of the driving por
is rotated clockwise by the lower driver 162 (S86). Consequently

the lower arm 154 is rotated counterclockwise. The hand 156 is
moved down by rotating both the upper and lower arms 146 and 154
counterclockwise in such a ménner.

On the other hand, if the CPU core 40 receives an
instruction to open the arm (S87), the upper motor 164 is rotated
counterclockwise by the upper driver 160 (S88). Consequently the
upper arm 146 is rotated clockwiée. Next, the lower mbtor 166 i;E
rotated clockwise by the lower driver 162 (S89). Consequently
the lower arm 154 is rotated counterclockwise. Thus, the upper
and lower arms 146 and 154 are opened as shown in Fig. 40 by
rotating the upper arm 146 clockwise and the lower arm 154
counter-clockwise.

On the contrary, if the CPU core 40 receives an instruction
to close the arm (S90), the upper motor 164 is rotated clockwise
by the upper driver 160 (S91). Consequently the uppér arm 146 is
‘rotated counterclockwise. Next, the lower motor 166 is rotated
counterclockwise by the lower driver 162 (5892). Consequently the
lower arm 154 is rotated clockwise. Thus, the upper and lower
arms 146 and 154 are closed by controlling the upper and lower
arms 146 and 154 to approach each other. -

Fig. 41 is a conceptuél diagram of a micro robot according
to another embodiment of the present invention, and Fig. 42 is a
side view thereof. A robot body 10 includes a work motor 200 as
illustrated, and this work motor 200 is constituted by a motor
Stator 202 and a rotor 204. This robot body 10 is disposed in a
nNon-magnetic pipe 206, and this non-magnetic pipe 206 is filled
with a fluid. A coil stator 208 is disposed outside the non-

‘Magnetic pipe 206, and a coil 210 is wound on the coil stator
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11 is a devel opnent view of the driving portion of Fig. 10.
12 is-a timng chart showing the basic operation of the robot of the

. hodi ment of Fi g. les‘ShthgasEEenRe laced Fig. 13 is a t+mng- chart show.ng the
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¢ dinment of Fig. 5 at the tine of starting

% dppsing. Fig. 15 is a maveforn1diagran1of the driving pul ses of

Fig. 43 is a diagram illustrating the details of the work
motor 200. A pair of inner notches 202a are provided in the
inner ;ircumferential portion of the motor stator 202, and a pair
of outer notches 202b are provided in the outer circumferential
portion, so that the positions of the inner notches 202a are
shifted from the positions of the outer notches 202b in the
circumferential direction as illdstrated. The rotor 204 is
constituted by a magnet; which is magnetized into two poles, N
and S poles. 1If a magnetic field is applied from the outside,-a
magnetic flux 212 passes through the motor stator 202 as
illustrated.

Figs. 43 through 46 are diagrams illustrating the principle
of operation of the work motor 200. “Fig. 44 is a diagram
illustrating the state in which a magnetic field is not applied
from the outside. The boundary points of the N and S poles of
the rotor 204 are stable while they are in opposition to the
inner notches 202a in this state. Next, if a magnetic field is
applied as shown in Fig. 45, the rotor 204 rotates, but the
portions of the motor stator 202 corresponding to the outer
notches 202b are so narrow to be saturated magnetically if a
strong magnetic field is applied, so that the magnetic field in
these portions is so.-weak that the above-mentioned boundary
points of the rotor 204 are stabilized in the portions
corresponding to the outer notches 202b. If application of the
magnetic field from the outside is stopped after that, the above-
mentioned boundary points are stabilized while they are in
opposition to the inner notches 202a as shown in Fig. 46. It is

Understood that the rotor 204 is thus rotated by half a rotation
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atio
from Fig. 44 to Fig. 46. Next, the rotor 204 is further rotated

by half a rotation if a magnetic field is applied from the
opposite direction. The rotor-204 is rotated continuously by
thus application of opposite hagnetic'fields alternately.
Although an example of rotating a rotor counterclockwise has been
described, it is pd#sible to rotate a rotor clockwise in the same
manner. Further, this principle of 6peration of a motor itself
can be applied to the stepping m&tors 64 and 66 in the above-
mentioned embodiments, and so on.

Since the principle of operation of the work motor 200 has
been made apparent, next the operation of the apparatus in Figs.
41 and 42 will be described. If a positive/negative exciting
current is fed to the coil 210, a magnetic flux corresponding
thereto is Qenerated in the coil stator 208, and the magnetic
flux passes through the non-magnetic pipe 206, and reaches to the
motor stator 202, so that the rotor 204 is rotated bf the above-
mentioned principle of operation. With the rotation of the rotor
204, it is possible to function as a micro pump, to rotate a not-
shown screw as propulsion, or to make a stream of fluid. Or.it
is alsp possible to rotate a not-shown cutter to cut off an aimed

portion.

Particularly in this embodiment, if the coil stator 208 is
moved in the longitudinal direction of the non-magnetic pipe 206,
the work motor 200 itself is moved along the movement of the coil
Stator 208 by the magnetic force caused by the magnetic field.

It is therefore possible to control the position of the micro

robot body 10 by applying a magnetic field from the outside.
Further it is not necessary to mount the micro robot body 10 with

means (accumulator) for storing energy for driving the work motor
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20 is a timng chart showi ng a nethod of detecting. presence Of ....
;Mce of the rotation of the stepping notor. : -Frgs ‘2£ 22 and 23
.front view, a side view and a back RSP .0

200 since the work motor 200 can be driven by applying a magnetic
field from the outside. Not one coil stétor 208 but a plurality
those coil motors may be provided along the longitudinal
direction of the non-magnetié pipe 206 to drive a plurality of
robot bodies 10 sequentially. Further, it is not necessary to
make the coil 210 single-phase, and it may be constituted by a

multi-phase coil such as three-phase one or the like. 1In such a

-

case, the motor staéor 202 and sa on should be made to have

configurations corresponding to the number of éhases of the coil.
k] The stepping motors in the above-mentioned embodiments
except for the embodiment of Fig. 41 may be constituted by
ultrasonic motors or the like. Further, a micro robot may be
constituted by the desired combination of elements in the above-
mentioned embodiments correspondingly to necessity.

Next, a charging mechanism for the power source 16 will be
described. _

E 3 Fig. 47 is a block diagram illustrating the details of the
circuit portion 22 to which a charging mechaniém by electro- .
magnetic induction is added. The output of a charging circuit of
a motor driving circuit 62 is connected to a power source portion
16, and a voltage regulator 56 is connected to this power sourc;-
portion 16. This voltage regulator 56 is constituted by a
booSting circuit 300 and a voltage limiter 302,

Fig. 48 is a circuit diagram illustrating the details of the
motor driving circuit in this embodiment. Motor drivers 304,
306, 308 and 310 are H-connected to an exciting coil 68 as shown
therein, and diodes 312, 314, 316 and 318 are connected to the
respective drivers in parallel and in reverse direction.

Further, switches 320 and 322 for detectlng an AC magnetic fleld
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f of an enbodi nent of thqhmsﬁeemaw&aﬁmepm@ordl ng to the present

Nt i on. Fig. 24 is a shomﬁng tHe per+pheraIZCTFCU|ts
he nmotor driving circuit nt of Fig. Zl.through"QB

25 is atop viewof a fu |nent of thé W1cro r'ébot according
he present invention. Fig. 26 is a block diagram showi ng in

i | arleeconnegked pnrthgnb@thtemisemﬁ)otmrnx@ttmg cid 68, so that a
closed circuit is formed for the exciting coil 68 if these

switches 320 and 322 are closed. Further, the both ends of the
exciting circuit 68 are led to invertors 324 and 326 for

detecting a magnetic field, and the outputs thereof are led to a

motor driving control circuit 58 through an OR circuit 328,

stationarily the drivers 304 and 310 and the drivers 308 and 306

-

are driven alternately to apply éﬁ exciting current to the
exciting coil 68 to drive a stepping motor 66, but if all'the
drivers 304, 306, 308 and 310 are turned off at the time of
charging operation, and the exciting coil 68 suffers the
electromagnetic induction from a charging coil of a charging
stand which will be described iater, an induced voltage is
rectified by the diodes 312, 314, 316 and 318, and led to the
power source portion 16 to perform charging operation. The
diodes 312, 314, 316 and 318 provided outside the drivers 304,
306, 308 and 310 can be omitted if the drivers 304, 306, 308 and
310 are constituted by FETs as illustrated, so that diodes.
included therein equivalently have enough functions.

F;g. 49 is a graph of the discharge characteristic of an
electric double layer capacitor 334 constituting the power source
portion 16, and Fig. 50 is a circuit explanation diagram
illustrating the details of the voltage regulator 56. 1In Fig.
50, a high capacitance éapacitor 334 and a limiter switch 330 are
Provided, and a capacitor 360 is further included as another |
bPower source. Means for charging from the capacitor 334 to the

Capacitor 360 while boosting the voltage thereof is shown in the

portion surrounded by a broken line 335. The means 335 for

Charging from the capacitor 334 to the capacitor 360 while '
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27 is a flowhart showi ng the control operation of the circuit

ion of Fig. 26. Fig. 28 is a flowhart ghowi ng-the-operatkon in

case where the work control sensor is not praqvided :n'Frg 25 and 26.
29 is a block diagram showi ng in detail anotfief--"énbodl.aknt .of*-t"he

uit portion. Fig. 30 is a top view of the robot body of another

PR o e TREEAe 18" tlhyred hy Cebacikars 340 AHET35D, <o 1O
and switches 336, 338, 342, 344, 346, 348 and 352. A source
voltage is supplied from the capacitor 360 to the respeqtive
portions of the control portibn 22. A detector 332 detects the
voltage of the capacitor 334.

Next the operation of the circuit of Fig. 50 will be

described.

After the large capacitance Eapacitor 334 is fully charged,
the voltages of the capacitors 334 and 360 are the same when the
voltage of the capacitor 334 is not lower than 1.2 V. ﬁhen the
voltage of the capacitor 334 is in a range of from 1.2 V to 0.8
V, it is boosted by 1.5 times by the boosting means 335 to charge
the capacitor 360. This operation is performed in the period
from t; to t3 in Fig. 49. Therefore, the voltage of the
: capacitor 360 at this time is in a range of from 1.8 V to 1.2 V.
| When the voltage of thé capacitor 334 is in arange of from .8 v
to 0.6 V, it is boosted by two times by the boosting means 335 to
charge the capacitor 360. This operation is performed in the
period from t3 to t4 in Fig. 49. The voltage of the capacitor
é 360 at this time is in a range of from 1.6 V to 1.2 V.

When the voltage of the capacitor 334 is not higher than 0:6
V, it is boosted by three times by the boosting means 335 to
charge the éapacitor 360. This operation is performed after t4
in Pig. 49. Fig. 49 shows this state. Thg voltage illustrated
With a solid line is the voltage of the capacitor 360 in Fig. 50,
and the voltage illustrated with a broken line is the voltage 6f

the capacitor 334.

Next the operation of the boosting means 335 will be

described.
This Sheet Has Been Replaced
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Ig 32 This Shee F4plicgd ey showi ng an exanple in which the micro robot
cordi ng H - ”t invention is applied to an.’endgscope. .*. 2 Fi g.
isab i a further enbodi ment of the :mi:crp febet aecordlng

t he present invention. Fig. 3 is a si de*Vi 8w of**t fre mi cro -r'obot
Fig. 33. Fi 35 .1s a, side view of ano enbodi neny of the micro
bot ' accorth & d'-‘t“%e °|§r é’?@ﬁltlpﬁ\'/eﬁ‘t‘?ﬁﬂmg is Q’r’% REF Trmed, f5n vi ew of

© r”éHé’éé%%ﬁxég} %5% to the capacitors 340 and 350, and then the

TS 0T WO

capacitor 360 is charged by the capacitors 334, 340 and 350.
That is, the operation shown'in Figs. 51 through 53 is repeated
to boost and charge.

The diagrams (A) and (B) of Fig. 51 show the case of
boosting by 1.5 times;

The diagrams (A) and (B) of'Fig. 52 show the case of

boosting by 2 times; and

The diagrams (A) and (B) of Fig. 53 show the case of

boosting by 3 times.
| Such switching is executed by switching the switches 336,
338, 342, 344, 346, 348 and 352. '

As has been described, according to this embodiment, the
time possible to operate is expanded from the time t,; to the time
tg in Fig. 49, Further, while the voltage of the'capacitor 334
cannot be used in the conventional case if it is not from 0.9 V
to 1.8 V, it is possible to use it from 0.3 V to 1.8 V according
to this embodiment, so that it is understood that the energy
accumulated in the capacitor 334 can be used effectively.

Although the boosting means 335 includes three kinds of
boosting means of 1.5 times, 2 times and 3 times in this
embodiment, and they are switched through an electric signal by
the signal detection poftion 332 so as to be used, the present
invention is not to be limited to this three kinds, and many

- variations can be considered, such as providing only one kind or
many kinds, or various boosting factors. Further, although
voltage detection is performed by detectihg the vpltage of the

capacitor 334 (1.8 Vv, 1.2 Vv, 0.8 V, 0.6 V) in this embodiment,
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37 is a block diagram ShioStestffad Breidphtdd t he circuit
portion of the mcro mmm““ﬁllml 35 and:36.. .77 ."Fi g ~'38" 1 s a
the e 4 g T

hart show ng the control
not to say, the voltage of the capacitor 360 may be detected (1.8

v, 1.2 V) so that it is compared with the content of the boosting
means 335 to decide the boosting state. This method has an
advantage that the detection.voltagé can be reduced.

Fig. 54 is a perspective view of a charging stand which is
applied to the above-mentioned micro robot. As shown therein, an

energy supply device 372 is provided near a signal generator 37Q'

-

which emits, for example, infrared rays, and a charge area 374 is
formed in the upper portion of the energy supply device 372,

Fig. 55 is a block diagram illustrating the structure of ‘the
energy supply device 372. The output of an oscillator 376 is
amplified by an amplifier 378 to excite a charging coil 380. The
frequency of the exciting current of this charging coil 380 is
established into the frequency higher than the frequency which
can be followed by a stepping motor.

Fig. 56 is a flowchart illustrating the operation at the
time of automatic charge. The CPU core 40 receives the voltage
value of the power source portion 16, judges whether it is higher
than a predetermined reference voltage or not (S111l), and

continues a normal operation if it is higher (S112). If the

voltage of the power source portion 16 is lower than the

Predetermined reference voltage VL, a charge operation is

Started. First, the robot body 10 is rotated once as it is. For
example, if the robot bddy 10 sfarts turning to fhe left, the CPU
core 40 judges whether the sensor 12 is in the turned-on state or
not (S113), and concludes the signal generator 370 is in the left
if the sensor 12 is in the turned-on state, so that the stepping

motor 64 is driven (S114). Consequently the wheel 38 is driven

to rotate to perform left turning. The CPU core 40 also judges
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T;CFO r oboThis SheptHas BeenReplaged | o) 37 Fig. 39 is a view showing the
state in mh;ﬁ ﬂl obot of Fig. 35 has raiged-jts-hand. - _-~~-Fig.
40 is a vie tate in which the mcro robbot lof: Ftg. “35 hgs
‘opened its hand. Fig. 41 is a conceptual view of a further enbodi nent
of the mcro robot according to the present invention. Fig. 42 is a
si de \Weether Ffrhe sensor 14 i3 gin 4he Surngdenns §bait8gornn@tt 4511bhe wor k

not or . Figs. 44, 45 and 46 are views show ng pninchIe,of operation
and concludes that the signal generator 370 is in t right 1if

P
' the sensor 14 is in the turned-on state, so that the stepping

motor 66 is driven (S116). éonsequently the wheel 36 is driven
to rotate to perform right turning. Each of these sensor 12 and
14 includes two elements: one elemeht is used for guide in

response to, for example, normal light, and the other element is

-

used for searching the charge area 374 in response to, for

example, only infrared rays from the signal generator 370.

Next, the switches 320 and 322 in Fig. 48 are closed, so —
that the exciting coil 68 generates an induced voltage in
response to a magnetic field generated by the charging coil 380
if the robot body 10 reaches the charge area 374. This induced
voltage is supplied to the CPU core 40 through the invertors 324
and 326 and the OR circuit 328, and it is detected therein to
detect an AC magnetic field (S117). The robot body 10 is on the
charge area 174 when an AC magnetic field is detected, so that
driving of the stepping motors 64 and 66 is stopped (S118). The
exciting coil 68 generates an induced voltage in response to a
magnetic field generated by the charging coil 380, and the
induced voltage is rectified by the diodes 312, 318, 316 and 306,
and led to the power source portion 16, so that a charging
current is supplied to the power source portion 16. Then, the
CPU core 40 receives the voltage of the power source portion 16,
judges whether the received voltége is higher thah a
Predetermined value VH or not (S119), and moves to a normal
" Operation again if tpe received voltage becomes higher (S112).
The signal generator 370 of the charging stand may be means

-'ffor generating ultrasonic waves, magnetism, or the like. 1In such
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Wor K not or . Fig. 47 is a block diagram show ng in detail the

t portion in which éhﬁﬂwhéhw&mnk@hc erform ng chargi ng by

omagneti c i nducti on. s a bl ock d'agranashomnng i
the nmotor driving ci nbodi ment: of tFig.:47:. ***. Fig
a di agram showi ng di scharge characteristic of“an el'éctric double
capacitor constituting the power source portion.

a case, it is necessary to mount the robot body side with a

gensor for detecting it. Further, the roboﬁ body 10 may be made
to move upon detection of magnetism, light,.heat, or the like
generated from the energy suﬁply device 372. In such a case, the
signal generator 370 is not necessary.

Further, the energy supply device 372 may be operated after

the robot body 10 reaches the charge area 374, and it is possib%g

to reduce energy in such a case.'

Figs. 57 through 60 are diagrams illustrating a micro robot
according to another embodiment of the present invention; Fig.-57
is a diagram viewed from the front¥ Fig;.58 is a diagram viewed
from the back; Fig. 59 is a sectional view taken on line 59-59;
and Fig. 60 is a diagram for explaining the function of an arm.
The micro robot in this -embodiment is not only to obtain a
propulsive force by rotating a f£in in the fluid flowing in a
pipe, but also to generate electricity for charge by use of the
flow of the fluid at the time of charge. Four arms 400 are
attached to the front portion of a robot body 10, and a fin 402
having outer teeth 404 in its outer circumference portion is
attached to the rear portion. Further, the fin 402 is covered
with a.cover portion 406. The fin 402 is coupled with a steppiﬁé
motor 66 through a pinion 408. One end portion of the arms 400
is arranged to be driven by a plunger 410, so that the arms 400
are expanded if the pluﬁger 410 is pulled, and the robot body 10
stops in the fluid if the end portion of the arms 400 is pushed
on the inner wall of the pipe.

The configuration of a éircuit 22 in this embodiment is
basically the same as that shown in Fig. 47, providing that the

stepping motor 64 in Fig. 47 is replaced by the plunger 410. In

a8




HFFig. 50 is acircuit explqﬂ

{regul at or. Figs. 51, operation explanatory views of a

boosting neans. Fig. ctive view.of a chaxge.stand
Fig. 55 is a block diagram nflguratjon ‘of *gA- .énergy-suapply
fgdevi ce. Fig. 56 is a flowhart show ng the operation at  the time of

a normal operation state, the fin 402 is driven to rotate by the

Q{tﬁm pcegvl ng in detain a voltage

stepping motor 66 so that the robot body 10 advances in the
fluid. If the voltage of a power source portion 16 is lower than
a predetermined reference vaiue VL, driving of the stepping motor
66 is stopped, and the plunger 410 is pulled to expand the arms
400. Consequently the robot body 10 stops in the fluid. If the

fluid flows in the pipe in such a state of stoppage, the fin 402

—_

is rotated to rotate a rotor 70 df the stepping motor 66 so that
an induced voltage is generated in an exciting coii 68, rectified
in the same manner as in the above-mentioned embodiment, and led
to the power source portion 16. Thus, a charging current is
supplied to the power source portion 16. If the voltage of the
power source portion 16 charged in such a manner becomes not
.lower than-a predetermined reference voltage VH, the plunger 410
is returned to close the arms 400 to release the robot body 10
from the state of stoppage, and so that the stepping motor 66 is
driven to make the robot body 10 start advancing again.

Fig. 61 is a block diagfam illustrating the structure of a
control portion in the case of charging by means a photo-
electrpmotive element. For example, a solar cell 412 is included
.@s a photo-electromotive element, and the output of this solariu.
cell 412 is supplied not oniy to the power source portion 16 .

through a limiter 302 (refer to Fig. 47) of a voltage regulator
| 56, but also to a CPU core 40 through a decoder 416.

Fig. 62 is a flowchart illustrating the operation of the
embodiment of Fig. 61l. Charging is performed by.the solar cell
412 even at the time of a normal work in this embodiment. If the
Voltage of the power sourcé pbrtion 16 is lower than a

}_predetermined reference voltage VL (S121), the stepping motors 64

49



apt
1S

and 66 are driven (S122), and such a state is continued till the

- 9 tﬁg h n%ing. Fig. 57 is a front view of another
godi men 2% obot according to the present invention.
. 58 | Iﬂ , ' f Fig. 57, e e e e

- -

rotation of these motors becomes not be detected (S123) and
(S124). That is, the stepping motors 64 and 66 are driven till
the robot body 10 collides with a wall or the like to thereby put
the robot body 10 aside to the corner, and in such a state
charging is performed for a certain time, for example, about 100

seconds (S125). If the voltage of the power source portion 16

becomes higher than the predeterﬁined reference voltage VL
(5121), a normal work is pérformed again (S122). 1In this
embodiment, it is not only possible to supply energy from a -
luminous element on the luminous side by controlling the luminous
element, but it is also possible to supply a control signal by
superimposing the control signal on the luminous energy. On the
side of the robot body 10, the output of the solar cell 212 is
analyzed by the decoder 416, and then taken into the'CPU core 40.
Although an example by use of the solar cell 412 has been
described in the embodiment of Fig. 61, this solar cell may be
replaced by a thermoelectric generation element. The
thermoelectric generation element is to generate electricity by
the difference of temperature, so that the thermoelectric
generation element can generate electricity continuously if
absorbing heat and producing heat are repeated alternately on the
side of energy supply (by driving a heat absorbing/producing
element in the charge stand). In such a case, it is necessary to
provide a rectifying circuit in the charging circuit 214 since

the output of the thermoelectric generation element repeats

positive and negative polarities alternately. A rectifying
circuit is necessary not only in such a case, but also in the

case of providing a charging coil in stead of the solar cell 212
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Fig. 3 ﬁ% a sectional view along 59-59 in Fig. 58. 1 .*-. Plg 60 Fsea Wi ew
for ex@ aining the function of the armof Fig. 57. -:- .. "Fikg.".61"is"a. -

bl ock @ agram showi ng the configuration of the control portion in the case
wher e @has casI10te scheate lhherpowerofscurcehgootdlonailé whitheat. using theg. 62

is a fHowchart show ng the operation of the enbodinent of Fig. 61.
Fig. 6§ excitinmpvwedidr t68&howi ng the operation in the case of control in

conbi ntion of charging, avoiding obstacles, working,
Fig. 63 is a flowchart illustrating the operatxon in the

case of control in combination of charging, avoiding obstacles,
working, and returning to the base portion.

The CPU core 40 receives the voltage of the power source
portion 16, and judges whether the voltage is hlgher than the
predetermined reference voltage VL or not (S131). If the voltage
of the power source portion 16 is lower than the predetermined
reference voltage VL, the CPU core 40 brings the micro robot into
a charging operation (S132). This charging operation is the same
as that in the above-mentioned respective embodiments. If the
voltage of the power source portion 16 is higher than the
predetermined reference voltage VL,.the CPU core 40 moves the
micro robot (S133), and judges whether there is an obstacle or
not (S134). Detecting an obstacle is performed by detecting with
a sensor attached for detecting an obstacle, or by. detecting the
state in which a stepping motor is not rotating. The detection
in the latter is performed as follows. After a driving pulse is
supplied to an exciting coil of a stepping motor, an induced
voltage becomes large if the stepping motor is rotating while fﬁé
induced voltage becomes small if the stepping motor is not
rotating, so that the judgment can be performed by detecting the
degree of the induced véltage.

If it is proved that there is an obstacle (8134), the CPU
core 40 brings the micro robot into an avoiding operation. Such

an avoiding operation is performed through controls such as

stopping, retreating, and so on. If it is proved that there is

not any obstacle, the CPU core 40 brings the micro robot into a
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andjreturning to the base portion : THE BESQT NCDE,;
QUT §THE | NVENTI ON Fig. 1 is a side V|eM/shdMAng
acc@grding to an enbodi nent of the present inventkon 'a
vieM/thereof A pair of sensors 12 and 14 are ngz

10 as,shown drawi n s

seng iogst‘l"?ﬁgeggd?&qgé&%nﬁ‘% S%)Pré) n‘r#&%??dl od&e
the QSesaﬂhgkgggsgﬂéfscﬁgsg %éé%ﬁéégl 'aﬂ'y%td?ﬁlﬂgog

not (8137}, repeats the above-mentioned processing if there is

SERG uvé'%\ié

not a base—position'returning instruction, and returns the micro
robot to the base position if there is a base-ppsition returning
instruction (S138). Although work is continued till a base-

position returning'instruction is given from the outside in this

—

embodiment, the micro robot may return to the base position

automatically if work is finished. Returning to the base

position is performed in the same manner as moving to the

charging stand.

This Sheet Has Been Repl
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Re_is used.as each of. the sensors 12 and 14, a phototransistor is
this enbodi nent. The sensors 12 and 14 have fields of view Al and

t hei Thigshe Bpen Reslaredns  respectively. Since the fiel s of-view A
: overg ,mtul t at the center portion,: t-he sénsérs 12-and_ 14
' |

ov of view A3. Therefore, “when light-fromra |ight
CLAIMS
A micro robot comprising:
at least two sensors havir.g respective detection regions
pﬂilY overlapping each othei; | .
at least one pair of drivi.ng means beiné—driven

independently of each other an:d having driven points separated

from each other in the direction perpendicular to a direction of

-

povement;
a control portion for: cor:trolling said driving means on the
basis of outputs of said senscrs; and === -
a chargeable power somrce portion for supplying a power
*:_source voltage to said semsor:s, said driving means and said
control portion, said control. portion and said power source
portion being arranged beitwee:n said driving means.
2. A micro robot accordiing to Claim 1, wherein said micro robot
is supported by three poimts including said two driven points
which are driven relative: to. 2 running ground by said pair of
driving means, and one slidimg point which slidably contacts with
said running gzodnd.
3. A micro robot accordimg to Claim 2, wherein a line segment
connecting said two driven points interlinks with the direction
of gravity of said micro :xobot at its center of gravity depending
on inclination of said running ground, and the position of said
sliding point varies between the front and back of the
interlinkage.
4, A micro robot according to Claim 1, further comprising a
flexible protrusion which projects from a body and which is

conductive with said power source portion.

5. A micro robot according to Claim 1, wherein each of said

i [T
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”mm m'" l"" "m "J"L front, that is, in the £ield-of wi ew A3 -the
sen51!s 12 and 14 detect the Ilght Bei ng disposed in a left side portion

of besly, [ S phah

rovgg FPPDg R %%glﬁ%‘fg@mﬁﬁ%ﬁé& Sonieliit o8 of gtgf?éﬁ%@%l%ﬂ?to this,
bei.ngfidi spog el ¢o &ébwta@dmwtﬁ&@mm f1hewhebeinbegya 18onth61 sensor 14

is stfitéd as an R-sensor.

portlon carries out accelerating control on said driving means at

the time of starting driving of said driving means, and wherein
said control portion makes the driving condition of one of said
driving means coincide with that of the other driving means when

the driving of said one'driving means is started while said other

driving means is being driven.

7. A micro robot according to Claim 6, further comprising an
obstacle sensor for detecting an obstacle so that when said
‘obstacle sensor detects an obstacle said control portion
reverself drives at least one of said driving means for a
predetermined period of time and then returns said at least one
driving means to its normal operation.

8. A micro robot according to Claim 6, wherein said control
portion detects presence or absence of rotation of a motor
included in each of said driving means on the basis of an induced
voltage in a winding of said motor. ‘

9. A micro robot according to Claim 1, wherein said control
portion drives said driving means while accelerating, and wherein
said control portion performs driving with driving pulses the
width of which is widened at the time of starting while narrowed
at the time of high speed.

10. A micro robot according to Claim 1, wherein said control
portion makes the respective timings of supplying driving pulses
to said driving means coincident with each other.

11. A micro robot according to Claim 6, wherein said micro robot -
further comprises at least two screws driven by said driving

means, and wherein said control portion makes the respective

———
e
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Fi g3 is a bottom pl amls‘ghégmagfgeeﬁﬂg . A light source  portion 16 is

| ocaged at a central onstituted, for exanple by -ap 7"
el ecric double layer c wm l i - Cd battery,qandthellke Aicitcuit
portgon 22 is prOV|ded vicinity of the power solirce portion
he circuit portion 22 includes a CMOS-1C 24, a pull-down chip

I t etail
?f%%?% SESIAAE o FWHE BB W s SUEsthg fogds Ligedocn |
fbﬁf@%éﬂrbﬂnép stepping notors and reduction gear nechanisns, and
olled by the circuit portion 22 so as

12. A micro robot comprising:

at least two direction centrol sensors eaving respective
detection regions partly overlapping each other;

at least one pair of driving means being driven
independently of each other and having driven points separated

from each other in the direction perpendicular to a direction of

movement;

a work control sensor which receives a work instruction
contactlessly from an operation side;

a work driving meane; and

a control portion for controlling said driving means on the
basis of outputs of said direction control sensors and for
controlling said work driving meens on the basis of an output of
said work control sensor.
13. A micro robot comprising;

a reception sensor for contacflessly receiving an external
instruction; _

at least one pair of ariéing means being driven
independently of ‘each other and having driven points separated
from each other in the direction perpendicular to a direction of
movement;

a work driving meane; and

a control portion for driving said driving means and for
controlling said work driving means, on the basis of an output of
said reception sensor.
14. A micro robot according to Claim 13, wherein said micro

robot further comprises a signal transmission element for
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ve mheel i tted onto output shafts 32 and 34 to rotate

oh the st mﬁ"@‘lﬂ,@ﬁ@ the reduction gear #echanisims. Rubber is
hed onto an au rence of each of "% he-:whéets--36 andl 38.

er, the shape of each of the wheels 36 and.38.is nat -lifmited to a

e but each of the wheels 36 and 38 may be forned into any one of
’#%e?ﬂﬁpﬁﬁ and ClomSact 1dd ARG [t andniqtdng, aasiighh® hhBeai n accor dance
e

use. A spacer 39 supports the light source portion 16, the
getection element; and wherein said control means causes said

gignal transmission element to transmit information detected by

gaid detection element. |

15. A micro robot according to Claim 12 or 13, wherein said work

driving means includes a micro pump which is driven to discharge

a fluid.

16. A micro robot according to Claim 12 or 13, wherein said work

driving means includes a hand mechanism and a driving means for
driving said hand mechanism. =
¥ 17. A micro robot attached to an end portion of an endoscope,
1 _coqprising:
- a photovoltaic element for receiving light through optical
- fibers and for supplying a power source voltage;
a micro pump for discharging a fluid; and
a control portion for analyzing a control signal -
superimposed on the light obtained through said optical fibers to
thereby drive said micro pump.
18. A micro robot comprising:
a robot body provided with a built-in motor and disposed
within a non-magnetic pipe containing a fluid therein; and
an exciting device provided at the outside of said non-
magnetic pipe and for supplying a stator of said motor with
- magnetic flux corresponding to the number of poles of said motor.
19. A micro robot according to Claim 1, wherein said exciﬁing
device is supported so as to be movable in the direction of
length of said non-magnetic pipe.
20. A micro robot according-to Claim 1, wherein said power

source por tion is contactlessly chargeable o T T
This Sheet Has Been Replac
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circuit l;i“‘“””:l"l“ﬂ"l'luullt he driving portions 28 and 30 on a-. hoan: ﬁg.39a

The 1ight* sdurée portidn 16 and the circuit portion 22 -dre-provkted” * -
bet ween thegpair of driving portions 28 and 30 so that they overlap each

Oager- Conspguentl wickBe re@WRr at@dr@ng to Claim 20, wherein each of said

Il.\
H

griving means includes a built-in motor so that an induced
goltage is generated in a winding of said motor by a magnetic
Jfield of an externally provided charging coil, said induced
yoltage being used after rectified to charge said power Source.
22. A micro robot according to Claim 20, further comprising a

mechanism by which said micro robot automatically moves toward a

-

stand in which said charging coil is provided.
23. A micro robot according to claim 20, wherein a photovoltaic
element is connected to said power source portion so that said™
power source portion is charged.by an output of said photovoltaic
element.
24. A micro robot according to claim 20, wherein a
thermoelectric generation elemeﬁt is connected to said power
source portion so as to generate an electric current in response
to heat absorption/generation of an externally provided heat
absorption/generation body to thereby charge said power source
portion. |
25. A micro robot according to claim 20, wherein a booster
'circuit is connected to said power source portion so that said
booster circuit perfbrms automatic boosting operation in
accordance with a voltage of said power source portion.
26. A micro robot comprising:

a driving means having a built-in motor for driving a fin to
rotate;

an arm adapted to open outward so as to engage with a pipe
inner wall; |

a contactlessly chargeable power source portion for

supplying a power source voltage to said sensor, said driving

This Sheet Has Been R
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n 16 and the circuit portion 22 can occupy #i €g- ar€as;..consi-défd ng
t he ol e volune. Therefore, a large current can he: eff:c:enILy tderived .
becauge the internal resistance of the capacitor *and secdndary battery can

be nmadge Iom1|n t ce Qrtion 16, and the circuit portion 22 is
Aﬁﬁiﬁﬁ“?ﬂy &QQPSiQE | C chip having a conplicated

functlon Further nce .t.he dr|v n rtiQns e

separ dtely of® QﬂFtﬁiuﬁo 9%3? ﬁ@@ﬁ gsggﬁtgﬁgegéﬁ g §?h ?E@8¥6P gkd

opens said arm so as to stop within a fluid, when the voltage of

por t i

said power source portion becomes a value not higher than a
predetermined reference voltage value;
whereby when said fin is rotated by a flow of said fluid

during stoppage, an induced voltage is generated in a winding 9§"

said motor so that said power source portion is charged by said

induced voltage after rectified.

LT
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br at ed t her ebet ween. Sliding portions 1 and 2 are provided
omportion of the mcro robot body-:16.s0 that “one."of*-the
tions is in contact with a runnlng.ground’S::In .t he efbodi nent

i s not gey
on the boj

sliding pd

of Fig. 1@ the center of gravity G of the mcro r'obot™"body 10*i's 1 ocat ed

at a porgion slightly lefthand in {heggrawi ng (hereinafter, referred to

"forward'@ relative to the vertical direction 4 of a driving point 36a

where t hdgfwheel 36 contacts mﬁtw:tctsrun ing ground 3 and therefore the
h Y| .

nnifng gr ound.

sliding @prtion 1 contacts withit

IO
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Fig. 4 is :
3 is incl
t hat the cl

expl anat ory di agram showi ng a case mhere the _running grounded
d and the robot body 10 clinbs the -:skgpe.: Here, i:f™-i"s_‘assumed
nbing ability of the driving port|0ns |s appIOX|nate to the

limt. In ch a situation, the center of graviiy Gis |ocated af a
portion righthand in the drawing (heygnafter, referred to as "backward")
relative t& the vertical direction and therefore the sliding portion 2

contacts h the runni ng ground thi,s case, in order to inprove the
clinmbing agility, it is necessary~tj\g, n
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p torque of the driving portions is increased but the frictional
ce of the sliding portion is decreased-;and-the®..”” .77 -"=2
frictional force of the driving poi nt 36a |s 1ncreased That IS,

3 /41

FIG. 5

12
10
+—
18 o 20
k\ \_1/
18a 36 20a
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m cro robot body

of gravity and the vertical
jwords, it

10 will

of gravity Gis located in the front

T

nbing extrenely requiring the driving force it is

preferable t hat

wher e such a forCe that a-front portion
be lifted up’By reaction of the driving

driving portions andgas4dprce due to the relation between the
direction are added to each
is preferable that the configuration

other. In

is made such that the
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Oof¢Z3 vertical direction when the running ground,is;a:horizental.” path or
a domhward slope and, on the contrary, the cenier ‘of : gravity-G.is |ocated
in tk rear of the vertical direction in the vicinity of" the'limt of the
clir@ng ability, that is, it is ﬁiéfﬂrable that the center of gravity G

positional relation wth respect to the vertical direction 3 of the

side view and a bottom plan view respectively, showi ng a robot body
accogdi ng to another enbodiment of the present invention. In this

emboli nent, a F: |(3. Sa

+V

2a
2 —

26—

FIG. 10
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1“; ual sense portion 18 and a tail 20 are provi ded—f-er .the;
& gi ng and bal ancer. Al t hough respeeti-ve skidi or
§ are provided in the tactual sense portlpn 18. and the tatl

{ he sliding portions 18a and éQﬁ qontact with a running ground'

equently, since a force acting on the
S|Lolng portions 18a and 18a is small so that the frictional resistance®
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runni'ng |l oss is therefore |l ess. Bending portions 18b and 20b are
provide@® in the tactual sense portion 18 and the tail 20 at thel r--: end
porti ony respectively, the bending portions 18b- a.ncL 20b be1 ng N

7 /4l
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bt only flexibility but electrical
apacitor, a secondary battegys4dnd

fkource portion 16 can be charged thr

FIG. 13

y curved relative to the running ground.
pot body can easily run while sliding even--
br abl y uneven. The tact ual sense'portlon 18-and-the t ai

cortduetivity,-
conneed to a power source portion 16 constituted by an electric

In such a

the like. In such a

ration, not only treatnent can be easily perfornmed

ough a

S|~ SET R-MOTOR CLOCK
Rc TORc=16HZ

configuration,
“ i f-the runnlng ground is

-and-one of themis

because t he

RESET THE NUMBER
S2~ OF R-MOTOR PULSES
Rn=0
S8
S3 13 N | STOP 4
L-SENSCR > R-MOTOR
Y \
S4 ~ DRIVE sTOoP
R-MOTOR
~J UP Rc BY
ST ONE GRADE

Rc=128Hz
?
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|5r01 ect !on portion of the tactual sense portion 18 or the tail 20 but no
stress goncentrates to thereby hardly cause destruct+on“ becausa of the
flexibi §ity thereof. Fig. 7is a partlally enlarged vi'ew showi ng the

side sujface of each of wheels 34 and 36 of the micrd robot accordlng to
the prgsent invention. Concave ang fgnvex portions 35 and 37 are provided
i n an olter peripheral portion and high frictional agents 35a and 37a such
as rubbgr, plastic materials, or the |ike, are stuck. In such a
configupation, if each of the g fr j onal agents 35a and 37a is in a

hase a curing

S| —~—|SET R-MOTOR CLOCK
Re TO Re=16Hz

|

S2 —~|RESET THE NUMBER
OF R-MOTOR PULSES

Rn=0
S2b
N S S2a
Re=Lc R-SENSOR
Rn=Ln ON?
l
S8
STOP S/

R-MOTOR
\
( sToOP )

S7 ~ UP Rc BY
ONE GRADE

|
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erty, the agents are cured into illustrated shapes by surface tensi ol
hat only the portions of the high frictioenal agents ,37/er~gontact w thjili%
runni ng ground. Consequently, the |oad:of-. the:ntcro®wobot. concent rat gkt
hat the high frictional agents 37a ark -apt te’'élastiealiy changéx g it
@btain large frictional resistance to thereby inprove the clinbin

FIG. 15

(a) ©6Hz _\ —————'L__r—____

~=62.5msec
N 6.3msec

r-q
(p) 32 Hz I
L=

3i.3msec
=~ 5,9msec

(c) ©64Hz L_’d—-

|5.6msec

= 3.9msec
(d) 128tz L
aLd77.8msec

—

——zm §

FIG. 16

S P -
eamee . -
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- 193 limited to those in this enbodinment,.-but -tf will."ddé"t-0 attach !
high, frictional agents onto contacting pOftIOﬁS |n 11ié, SaﬁE manner as |AH
the foregoing case even in the case where atns"or --"the | ke are used in

pl ace of the wheels. Fig. 8 is a block diagram showi ng the circuit
portion 22 in 1 T3 —

This Sheet Has Been Repl
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detail . A CPU core 40 constituted by an ALU, various re
i ke ig{connected to an ROM 42 carryi ng progtans stm‘ed‘
addresg decoder 44 for the ROM 42, an RAM 46 ¥al": 5t o1 Ag
and angaddress decoder 48 for the RAM 46. A quartz‘ Vi Dr at aF
connectged to an oscillator 52 andigp 4| oscillation signal of the
52 is Qupplied to the CPU core 40 as a clock signal. CQutputs of se#
12 andj14 are inputted to an 1/O control circuit 54 and outputted to™eEF}
CPU qore 40. A voltage regulator 56 is provided for stably supplying ~a |

circui§ portion 22 with the voIF‘aPeof lgpower source portion

P
NGE WITH : / Ny CHANGE WITH
THE PASSAGE OF\—-,\;/ _/  THE PASSAGE OF

5sec / = 7= sec
/// \ \7/\(\/\
,\
/ 1 } )\/

FIG. 20

DRIVING PULSE WIDTH

ELECTRIC SOURCE A

WAVEFORM UPON N VY

ROTATION

INDUCED CURRENT

ELECTRIC SOURCE ‘/\
i WAVEFORM UPON

NOT-ROTATION | —t
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wa or driving control circuit 58 perforns delivery of the - control
“Eetween the notor driving control circui-t 58-anek the CPU core 40 :
. g control stepping notors 64 and 66 *% t’hr ough ot or “dRiving circuits

60 and @ respectively. Power source vol tages-hecessary for the foregoing
[ &ircuits and the like are supplied fromthe power source portion
# The stepping notor 64 |@/4flated as an R-motor in a flowhart of

@ ng which will be described |ater because the notor 64 is built in
iy portion 30 and disposed at a_right side

FIG.

82¢
82a 82b

82d

FIG. 22

82¢ 84c

84a

gd FROVT ‘gep ) REAR ™ B4
; 80

FIG. 25

84c¢

84a 84b
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’ ! e

portlori in the robot body 10, and, simlarly to this, the stepping notor -
66 is stated as an L-notor because the notor 66.is hwlt in.,the driving
portion 28 and di sposed at the left side port-ion inithe -robnt body 10.

Fig. 9 is a circuit diagramof the sensor 12.: .Fhe senser 2 | -

14 /4|
| 64 60\ -
STEPPING DRIVING
- MOTOR CIRCUIT ,/94
; f PHASE SHIFT
{ 8= 62~ CIRCUIT
STEPPING DRIVING )
MOTOR CIRCUIT | - 36 MOTOR
90~ 86~ ——| HASE SHIFT DRIVING
STEPPING DRIVING . e CONTROL
MOTOR CIRCUIT o8 CIRCUIT
T PHASE SHIFT
92~ 88~ CIRCUIT
STEPPING DRIVING y
MOTOR CIRCUIT 100
T PHASE SHIFT |~
CIRCUIT e
OSCILLATOR]
527 1
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I's constituted by a phototransistor 12a the emtter of which is
l in series to a pull-down resistor 26. -A light-- def-ecti pn out put
out of the emtter of the phototranslstor'12b,.shaped inthe 1/0

cof ircuit 54, and then supplied to the.CRPU to-e”40." Although the
ci? di agram shows an exanplg of, the sensor 12, the sensor 14 has quite
t e configuration as that p {ﬁé sensor 12. Fig. 10 is a plan

ing the driving portion 30, and

FIG. 25
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I's a devel opnent thereof. The stepping notor 64 has an exciting
b and a rotor 70 constituted by a magnet. -, An+-.etect (ogagnetic :
e stepping notor used in an electronit ."¢cloCk:izs"-.utrikzed in this i
@ent. The rotor 70 drives a pinion 72;-Yhe pitiion 72:--drives a pinionf |
@ugh a gear, the pinion 74 drives a pinion 76 through a gear, and
Ws speed- reduced pinion 18/@dives the wheel 38 to rotate. The
Msm of Figs. 6 and 7 utilizes the nmechani smof an el ectronic cl ock.
Hhe nechanismof a driving portion 28 is the sane as that
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t hi cknes

and size

in size. Further, since the

ti mng-clart show ng an exanpl e of the
to the foregoing enbodinents.

FIG. 2

accordin
sensors

52 and

S45_

STOP
L-MOTOR

Figs. 6 and 7. Since the stepping notors. 64 and--66 agrg-- arranged
#ive the wheels to rotate through speed‘redUcﬁlen- frnn:hlgh seed
4as shown in Figs. 6 and 7, the dr|V|ng _por ti.ons. 30 -ahd 28 can be
exciting coil 68 is provided far

the rotor 70, the drivingsaertions 30 and 28 can be decreased in
also in this point of view Fig. 12 is a

fundamental operation of the r obot
%ﬁen no light is incident into the

eet Has Been Replaced
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*w8he out puts thereof are zero V. Wien light is inci dent however,
M’ S output voltages corresponding to the— : - .

PP Fey .- ~n

18 /41

FIG. 28
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?
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‘; of light. The output voltages are waveformshaped with a desired
gl voltage in the I1/O control circuit .54.and .-t hen suppl..,ed to the
q 40 so that the notor driving contrdl [eiircuif:58 supplres forward

and bacBhard driving pulses alternately to t'he. stepprng nmot.ors 64 and 66
throughg he driving circuits 64 and 66 respectively. Consequently, in a
period ®@err] during which the sedSof412 is receiving light, the stepping
notor @ operates to drive the wheel 38 to rotate. In a period S[err]
during #hich the sensor 14 is receiving light, the stepping notor 66
operatefdto drive the wheel 36 to rotate. In a period W
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respeg
he |ight source exists in the field 6f Vi ewAl -*(however-,
the |ight sengﬁg/hz detects the light so
el 38 to rotate correspondingly to-
At this time, the wheel 36 is in the stopped®*

froms
field
st eppd
li ght3

and t g

dof view A3),
ng not or
det ecti on out put.
erefore the whol e robot

64 drives the whe

|
!

%@ Whi ch both the sensors 12 and 14 are receiving |ight,
steppghg notors 64 and 66 operate to drive-thé wheels*"38 and -8
I'n the sinplest dr|V|ng.exaane--Thereibre

FIG. 30

|02:RECEPTION
.SENSOR

( PHOTOSENSOR)

104; TRANSMISSION ELEMENT
( PHOTOSENSOR)
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body 10 nmoves to turn left. \Wen light fromthe |ight source exists in the
field of view A2 (however, except the field:.of.view. A3), on.the contrary,
the light sensor 14 detects the light so tHaf. the-stepplng mnotor 66 drives
the wheel 36 to rotate correspondingly to rhe, Fi-ght* detectlcn'output At
this time, the wheel 38 is in the stopped state and therefore the whol e
robot body mpves to turn right. @irf Adr, when light fromthe |ight source
exists in the field of view A3, the light sensors 12 and 14 detect the

| ight so that the stepping notors ﬁé; 6 operate to drive the wheels 38

he,

and 36 to rotate correspondi ngl
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Bl above so as to nove toward the |ight source. Further, the
t has shown one conbi nation between.:the. pgsitiron of- the sensors
and the 3 rrangenent of the driving portions ‘whi'th nmoveéti.n thé direction of
t he flel of view, but the invention is not -limttéd-+6-1'his.-éibodi ment .

Al t hougl@ descri pti on has been nade abom to the operation in the case
where drigving is perforned at a predet I ned speed when either of the

i ght seépsors 12 and 14 detects light, the driving force becones high if
drivi ng' s performed with acceleration at the time of starting drive.

F1G 33
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40 sets ghe cl ock frequency Rc of
nmotor 643to 16 Hz (S1), and next resets
countingjthe driving pulses (S2). Next

| i ght det
wher e t he

| i ght detection output exists,

ection output fromthe sensor24léh’

operation when accel eration

Fi g. 13“‘!- s a flowchart show ng the fundanental
control §is performed at the tinme of starting: drive-- Ftrst;- thg CPU core

driving pul ses for:dtivirng the stepping

t helval-Ué 'Re of a eount’er for

| udgnment i s made as to whether the
xists or not (S3). In the case
the CPU core 40 applies driving

pul ses h§ving the clock frequency Rc to drive the

F1G 35
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~Risglot or 64 and counts the pulses at that tinme (S4). Judgnent is
@@ whether the count value Rn is a predetermned valuye, for
exanpl e, @5 or not (S5), and if the value is not 15,2 :the foreg.0| ng

processi I§ - I Ateér :driwving-eorrespondi ng

Ws (S3) and (S4) are repeated.
to 15 puliges is carried out with the driving puI se of ‘the clock frequency
Rc (=16HZ%

z3, judgnent is made as to wwgtder the clock frequency Rc of the
driving c, Ises .
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.-
- 23 - has reached 128 Hz (the maxi mum value) or not. |If the judgnent
proves that the frequency does not reach the.value, .t‘hE“CPU, -eofe: 40 sets
the clock frequency Rc of the driving pul se, Torf -exanpke, .l.hto 32 Hz (S7)
and repeats. the foregoing operations in the sane- e .-
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#ul se reaches 128 Hz (the maxi num val ue) (36),*~ drityi-Rg is

at the driving pulse of the frequeney:  1heiéafter: Wen no |ight
output fromthe sensor 12 exi sts-(S3), the-stepping notor 64 is
st opped ¥4 S8) . Al t hough the flo { shows the rel ati on between the
sensor 42 (L-sensor) and the stepping notor 64 (R-notor), the relation
bet ween ghe sensor 14 (R-sensor) and the stepping notor 66 (L- nmotor) is

same as the above rel ation. Al t hough description has not
» as to the relation

F1G 39
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154 150
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148

F1G 40
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t he

o

n the sensors 12 .and 14 in order to facilitate the
for exanple,:if--the-~- sensor--14-4;s in the stat
;{detectlon so that the st eppi ng nnior 66 |s drxen Lo t her eby nake
@#bot body 10 nove toward the |ight -soure€,”-the sénsoér 12 cones into
I S necessary
eppi ng notor 64 driven by the sensor
| f both the

the $date of light detection. hn‘é ch a case, therefore,
ge the driving state of 28<

12 cagncide with that of the stepping notor 66.
do noff coincide with each other, Eiélrobot body 10

O:MICRO ROBOT BODY
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04 ROTOR 202 MOTOR
STATOR
ZNCNCTNETN
| M
208: VVV l
COIL. STATOR
210:COlL

FIG. 42
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robot body

becones inpossible to nove linearly at a poi nt of tlne mhen t he
That is; 4.t i3
Flg 14.is’a flomchart

10 is turned toward the |ight source.
t he movenent fromturning one to |inear one. j_in
foregoing points are considered. Sinmilarly to

showi ng the control when the
the foregoing case, the CPU core 40 s sgqtihe cl ock frequency Rc of the
driving

FIG. 43
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- 24 - pul ses for the stepping notor 64 tao 16 Hz .(S1) and. thhen resets
the value Rc of the counter for counting the:nimber: ofif.the: driving pul ses
(S2). Next, judgnent is made as to whether the*..fi-ght® detec{j-on ‘output of
the other sensor 14 exists or not (S2a). In the case where the |ight
detection output of the sensor 14 exd®@f4,] the clock frequency Lc of the

driving pul ses of

FIG. 44

202b
202a 202

N

204

A AL My

FIG. 46

202b
202a 202

204
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- S

the control systemand the value Ln of the counter at the sensor 14 side
are initialized so as to be coincident with:the- clpck".frequency Rc of the
driving pul ses and the value Rn of the coujiteértat: the sensor.- 12 side
respectively. After such setting, proceSS|ng is perforned in'the sane
manner as in the flowhart of Fig. | ]hough this flowhart shows the
operation of the control system for tﬁe sensor 12, the operation of the
control systemfor the sensor 14 is the sane as _the above operation.

That is, when the control systemfor the other sensor is in the driving
state at the tine of starting drive, the driving for
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the control systemfor the one sensor is.started afts
of the control system for the other senspr-has beer
initial value. Therefore, the direction.is. thanged-
only one of the sensors detects light, and then when
detect light, both the control B are nade to be"
state at that nonment so that strarght noving is perfornet
the change fron1turn|ng nmoverment to |inear novenent can b
performed to thereby inprove the |ight response property.
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#ig. 15 is a waveform di agram of the driving pul ses. |n .
the driving force when the speed increases-at..the tine of starting drive
as shown in the flowharts of Figs. 13 anck %4, fér -éxanpl’é - the pul se

width is enlarged to be 7.8 nsec
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fi@case of the clock frequency of 16 Hz.. Since the pulse width
#es as the frequency becones high, the pque mmdlh is ;ade to be 6.3
igh the case of the clock.frequency of 32°HZ, - :5: 9 AsecC” in"the case of
t he cgpck frequency of 64 Hz, and 3.9 nsec in the casé of ‘The clock
ghcy of 128 Hz. Thus, |t S pogavqi? to supply driving pul se
#onding to a reqU|red driving force to thereby nake it possible to
dnrational driving. Fig. 16 is a flowhart show ng processing
& case of

! FIG. 5 |
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avoi ding an obstacle, and Fig. 17 is a diagramfor explaining the avoiding
operation. An obstacle sensor constituted by.an--ultrasenic_sensoer, an
Quercurrent sensor, or a touch sensor, or any .Conbiznatton of:thgse sensors
is provided at the front portion of the robot- body 40, -4l t heugh such an
obstacl e sensor is not illustrated in the draw ng. First, by using

t he obstacl e sensor, judgnent is made 4b whether there is an obstacle
or not (S11). If there is no obstacle, work is continued as it is (or
advancing is nmade as it

FIG. 54
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i's) (S12). If there is any obstacle, on the. contrary, the -
64 or 66 is reversely rotated (S13). Thrs -state : rS coditiTma
predetermned tinme, for exanple, 5 mnutes (814) Si.nce® 1 f§

-----

set to a value sufficient for changing the direction,

limted to the above- nentioned3gxgip. Alternatively the dist

novenment nay be set-in place of the tine. Thereafter,

he direction
tacl e.

not (S11). By repeating such
IS any obstacle to thereby avoi
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Fig. 18 is a flowhart showing the processing in the case
- 26- where collision is detected on the.basts of- am inguced.voltage in

37/41
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t he stepping notor and an obstacle is avoided, and Fig. 19 is a diagram
for explaining the avoiding operation. The stepping. nptors 64 and 66 are
t.grned on (S21) and judgnent is nmade as to :whaether the stenpi ng notor 64
|§ rotating in this state or not (S22). I.f. t.he- fot'or 64 i'$ rotating,
jdydgment is made as to whether the stepping nmotor 66 is rotating or not
(%23). If also the stepping notor §/|£|rotat| ng, it is concluded that
tHere is no obstacle and work is continued (S24). Further, the nmethod of
dgt ection as to whether the stepping notors 64 and 66 are rotating or not

1§ perfornmed by utilizing theF. ct thaSagarge
_ 1.
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i nduced in the exciting coil 68 when the notor rotates and, on
ry, a small voltage is induced in the exciting-coil 68 when the
hot rotating. Fig. 20 is a timing-chai% shomi-ng t-hg net hod
ton as to whether the stepping notor is " fotating or not. -Wien the
notor is in the rotating state as3g in the drawing and in the
the driving pul ses,

;e the rotor 70 rotates after application of
d voltage is induced and an i nduced current flows in the exciting

s the rotor 70 rotates. .
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Bf the induced current is detected, -for exaiipl & by .osing a

t so that the rotating state can be or asped? ‘WWen {hé_§gepping
fot in the rotating state, on the cornitrary, the rotor 70 never
fer application of the drivi § R4 ses so t hat no induced voltage
il and no induced current flows in the exciting coil 68. Thus, it
bl e to detect the fact that the stepping notor is not in the

Bt at e. In the case where it is concluded that the stepping
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s not rotating in det ecti on of rotatlen oﬁ the steppl nf_t; not or 64

e driving state i s continued, fo&

FIG.

1741

63

¥ the driving for the stepping notors 64.anrd.%66+j.s-stopped- §S25) and

epping notors 64 and 66 are nade to rotate reversely (S26). The
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versely rotated (S31). The reverse driving state is

66 ase |
3 ABSTRACT

- L

.y

3 and

A micro robot having a size of about 1lcm
capable of wireless control. This robot includes at
least two sensors (12, 14) having detection regions
thg;ggf overlapping partially with each other, at least
a pair of independently operated driving units (30, 28)
having driving points spaced apart in a direction
perpendicular to a movihg direction, control units (40,
58, 60, 62) for controlling the driving units on the
basis of the 6utputs of the sensors, and a
rechargeable power supply portion (16) for supplying a
power supply voltage to the sensors, the driving units
and the control units. The control units and the power

supply units are disposed between the driving units.
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r 5 mnutes (S27). Next, the stepping notor 64 which had been
BO as to to be in the not-rotating state is driven again (S28)
@Eate is continued, for exanple, for 5-:mi nutes::S29): "Thea,
i s returned to the first processing {S21). :Farther,-tn the case
'stepping notor 66 is concluded so as$°n6t tobe rotating in

of rotation of the stepping notor 66 (S23), the driving for the
‘notors 64 and 66 are stopped (S30) and the stepping notors 64 and



conti nued,

for exanple, for 5 minutes (S32). The stepping rs@rE 66 1%

dri.ven again (S33) and this state is continued for 5 minutes (S29).

Ther eaf t er

the operation is returned to the first processing (S21).

As described above, the fact that the st eppi ng m)tors 64 and 66 are

rotating or not is detected, and if it is concl
st eppi ng .notors 64 and 66 is not rotatgng t he

notors is
Next, the

i s rotated. again. For ° I?raW1‘1g(s) paged ... to paged R
DESCRIPTION - | B Abstract’ : paged.T.to paged..”

(] )

A S ?ﬁ
.5 £5EPHOR & Pagedelo PBecs 3

once stopped and then the stepping n
28(s¢ o bé’°$¢6 o Pagddr

one stepping notor which is concludg

MICRO ROBOT

&

TECHNICAL FIELD

The present invention reiates relates to a micro :obdt which
has a very small size of, for example, abdut one cubic centimeter
and which can be controlled in a wireless manner.

BACKGROUND TECHNIQUE -

In the case of controlling a robot in a wireless manner,
conventionally, control called radio control was carried out and
a control system using an electric wave wés used. In order to™
perform direction control, steering was made in accordance with a
control signal superimposed on an electric wave. Further, in
order to make a robot autonomously proceed in a desired
direction, a directional antenna was used or a visual sensor or
the like was used together. Wheels were used in a running
portion to thereby reduce running resistance. Further, terminals
for changing were constituted by rigid contacts and formed in an
recess portion of a body.

However, such a robot control system as mentioned above is
not suitable for minimization because numbers of electric
elements were required in a transmission side a; well as in a
reception side because of us;ng an electric wave, and a steerlng
mechanism was further requ;red. Further, in order to constitute
the system adapted to make a robot autonomously move toward a
direction from which an electric wave was transmitted, it was
Necessary to additionally provide such an antenna or sensor as
mentioned above, and the control system was therefore not
suitable for minimization also in this point. Furthermo;e, in

the case where part other than a driving portion was supported by

-
“ .
T
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exanpl e, when the robot body 10 collides against a wall and a state where
the stepping nmotor 66 is not rotating is generated, the driving for the
st epping notors 64 and 66 are stopped once - and the stepping notors are
reversely rotated so as to retreat the robot body 10. Then, the stepping
notor 66 is driven to thereby change the direction. Thereafter, the

st eppi ng notors 64 9.

wheels, the robot could not go over a large uneven portion when
the wheels were small, while minimization was difficult when the
wheels were large. The.;harging terminals could not be made
small in view of han&ling, ana they were an obstacle to
minimization.

Further, evén if it was intended to make such a robot
operate any work, the situation were such that there is no any
mechanism suitable therefor. -

Further, it was impossible to mount a battery of a large
capacity because of a démand for minimization, and although it..
was desigable to perform contactlessly charging in view of
wireless control, the situation was that such a charging
mechanism was not yet developed.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide a micro
robot having a size of about one cubic centimeter.

It is another object of the present invention td provide a
micro robot in which a work mechanism is préQided in a robot body
having a size of about one cubic centimeter.

1; is a further object of the present invention to provide a
micro robot which has a size of about one cubic centimeter and
which is chargeable contactlessly.

According to an aspect of the present invention, a micro
fobot comprises: at least two sensors having respective detection
regions partly overlapping each other; at least one pair of
driving means being driven independently of each other and having
driven points separated from each other in the direction
perpendicular to a direction of movement; a control portion for

controlling the driving means on the basis of outputs of the

v This is the replac. ant shest
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- 28- and 66 are driven so as to nmake the robot body 10 nove straight.

Consequent |y, the robot body 10 can travel while avoiding an

obst acl e.

Al t hough description has been nmade as to avoi dance of an obstacle in the
state where the stepping notors 64 and 64 are being driven in accordance

with the flowhart of Fig. 18, the

-3

sensors; and a chargeable power source portion for supplying a
power source voltage to the sensors, the driving means and the
control portion, the contral portion and the power source porfion
being arranged between the dfiving means. By such a
configuration, it is made possible to achieve minimization.
Particularly by the fact that the respective detection regions of

the sensors are overlapped each other, it is possible to obta;p a

funétion that the robot can be.moved autonomously toward a target
by means of a simple circuit. Further, since the driving means
are controlled independently of each other, complicated operation
can be controlled by means of a simple mechanism. Furthermore,
since the control portion and the power source portion are
arranged between the pair of driving means, the robot body can be
minimized.

According to another aspect of the present invention, the
micro robot is supported by three points including the two driven
points which are driven relative to a running ground.by the pair
of driving means, and one sliding point which slidably contacts
with the ruﬁning ground. Accordingly, balanced and stable
running can be carried out.

According to a furthér aspect of the present invention, in
the micro robot, a line segment connecting the two driven points
interlinks with the direction of gravity of the micro robot at .
its center of gravity depending on inclination of the running
ground, and the position of the sliding point varies between the
front and back of the interlinkage. The sliding point varies
depending on the positional relation between the line segment
connecting the driven points and the center of gravity, and on an

upward slope, therefore, the center of gravity of the robot takes

Tra s e colnie a0t theed
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same processing is perforned also in the case where either one of the
stepping notor 64 and 66 is being driven. When, for exanple, the stepping
notor 64 is being driven, it is possible to cope wth a trouble in such a
manner that the stepping notor 64 is driven in the processing (S21) in
Fig. 18, andthen processi'ng (S22) and processings (S25) through (S29) are
performed. Simlarly to this, also in-dhe case where the stepping notor 66
is being driven, it is possible to cope with a trouble in such a nanner
that the stepping nmotor 66 is driven in the processing (S23) in Fig. 18
and t hen the praocessing (S23), the processings
posxtlon upper than the driven points so that the frictional’
force becomes large to thereby improve the climbing force.
According to a still further aspect of the present
invention, the micro robot further comprises a flexible
protrusion which projects from a body and which is conductive
with the power source portion. Not only the protrusion portion.

functions as a sliding portion so that the running resistance is

reduced to improve the running property as well as the property
of running covering the whole distance, but also the protrusion
portion is made to be electrically conductive with the power ..
source portion so as to function as a charging terminal so that
the charging work has become easy and such a risk of damaging the
power source portion due to concentration of stress has been
prevented from occurring.

According to anther aspect of the present invention, in the
micro robot, each of the driving means includes a motor
constituted by a stepping motor, so that the quntity 6f movement
can be programmed with the number of steps.

According to a further aspect of the present invention, in
the mi;ro robot, the conttol portion carries out accelerating
control on the driving means at the time of starting driving of
the dziving.qeans, and wherein the control portion makes the
driving condition of one of the driving means coincide with thatu
of the other driving means when the driving of the one driving
means is started while the other driving means is being driven.
Thus, the mode of movement can smoothly shifted from turning
movement to stréight movement.

According to a still further aspect of the present

lnvention, the micro robot further comprises an obstacle sensor

This is ths repJ-acix:.;:'-.zént shest
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(S30) through (S33), and the processing (S29) are perforned. Figs. 22
through 23 are a front elevation, a side elevation, and a rear elevation
showing a mcro robot according to a further enbodi nent of the present
invention, respectively. The configuration is made such that sensors 82a

t hrough 82d are provided on a.front portion of a robot body and screws 84a
t hrough 84d are provided on a rear poﬁrion thereof so that driving in a
fluid can be perforned. Since the four, left, right, upper and | ower
screws 84a through 84d are provided so as

for detecting an obstacle so that when the obstacle sensor
detects an obstacle the control portion reversely drives at least
one of the driving means for a predetermined period of time aﬂd
then returns the at least one driving means to its normal
operation. Thus, it is possible to make the micro robot
automatically move in the direction to go away far from the

obstacle.

According to another aspect Qf the present invention, in the
micro robot, the control portion detects presence or absence of
rotation of a motor included in each of the driving means on the
basis of an induced voltage in a winding of the motor. For
example, if the fact that the motor is not rotating is detected,
all the motors are driven to reversely rotate for a predetermined
period of time, the motor which was detected so that it did not
rotate is then drive for a predetermined period of time, and
thereafter the normal operation is carried out so thgt the micro
robot can be made to automatically move in the direction away far
from the obstacle.

According to a further aspect of the present invention, in
the micro robot, the control portion drives the driving means

.while accelerating, and wherein the control portion performs
driving with driving pulses the width of which is widened at th{
time of starting while narrowed at the time of high speed.
Accordin§ly, large driving force can be obtained, and the energy
efficiency is so improved that the consumption of the power
source portion is reduced.

According to a still further aspect of the present
invention, in the micro robot, the control portion makes the

respective timings of supplying driving pulses to the driving

Tnis is the replacy. .ent shest
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to be driven by stepping notors respectively, it is a matter of course
tthat the robot body 80 can be controlled in the left/right direction as
well as in the up/down direction. Further, the robot of Fig. 1 or 5 has
only two notors and therefore respective
_'29 -

-6-

means coincident with each other. In this case the property of
straight running is improved.

According to another aspect of the present invention, the
micro robot further comprises at least two screws driven by the
driving means, and wherein the control portion makes the
reséective timings of supplying driving pulses to the'driving

means shift from each other. The respective timings of sending_

out driving pulses are shifted so that the rapid consumption of
the power source is prevented from occurring.

Accofding to a further aspect of the present invention, a~
micro robot comprises: at least two direction control sensors
having respective detection regions partly overlapping each
other; at least one pair of driving means being driven
independently of each other and having driven points separated
from each other in the direction perpendiculaf to a direction of
movement; a work control sensor which receives a work instruction
contactlessly from an operation side; a work driving'means; and a
control portion for contro;ling the driving means on the basis of
outputs of the direction control sensors and for controlling the
work driving means on the basis of an output of the work control
sensor. The traveling direction is automatically controlled oA”
the b#sis of an output of the direction control sensor, and aftgr
the robot has been moved to a desired position, an instruction ié
given from the operation side to the work control sensor to
thereby drive the work driving means so that a desired work is
carried out.

According to a still further aspect of the present
invention, a micro robot comprises; a réception sensor for
contactlessly receiving an external instruction; at least one

M 16 hEe ranince and shest
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driving pul
énbodi nent ,

ses are supplied to the notors in the same timng. In this
however, the timng of driving pulses is shifted from each

ot her by means of a circuit shown in Fig. 24 because the four screws 84a
t hrough 84d are provided and it is therefore necessary to provide four

Stepping nmotors for driving the screws 84a through 84d and because if the
stepping notors are driven on the basis of the driving pulses of the sane

timng, the

consunption of a power source portion 16 remarkably increases.

pair of driving means being driven independently of each other
and having driven points separated from each other in the
direction perpendicular to a direction of movement; a work
driving means; and a ccnﬁrol portion for driving the driving
means and for controlling the work driving means, on the basis of
an output of the reception sensor. This micro robot is provided
with no direction control sensor but the function of the
direction control sensor is.givéﬂ to the reception sensor.
Accordingly, the traveling direction can be controlled and work
can be carried out on the basis of an external instruction
through the reception sensor.

According to another aspect of the present invention, the
micro robot further comprises a signal transmission element for

externally and contactlessly transmitting a signal and a

detection element; and wherein the control means causes the

signal transmission element to transmit information detected by
the detection element. Thus, the éituation of the robot is
informed to the outside.

According to a further aspect of the present invention, in
the mi;ro robot, the work driving means includes a micro pump
which is driven to discharge a fluid bit by bit.

According to a still further aspect of the present
invention, in the micro robot, the work driving means includes é
hand mechanism and a driving means for driving the hand
mechanism. By this hand mechanism, it is made possible to carry
out handling such as conveying parts or the like.

According to another aspect of the present invention, a
micro robot is attached to an end portion of an.endoscope, and

comprises: a photovoltaic element for receiving light through
This is the replacs=xant shest
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FLg. 24 is

a bl ock diagram showing circuits in the periphery of a notor

driving circuit. In the circuit diagram notor driving circuits 86 and 88
are provided in addition to nmotor driving circuits 60 and 62 of Fig. 8 and
the driving circuits drive stepping notors 64, 66, 90, and 92
respectively. Further, the stepping notors 64, 66, 90, and 92 drive the

screws 84a
di fference

through 84d to rotate respedtively. In this enbodi ment, phase
circuits 94 through 100 for controlling the phases of the notor

driving circuits 60, 62, 86, and 88 are provided and the phase adjustnent
angl es of the phase difference circuits 94

optical fibers and for supplying a power source voltage; a micro
pump for discharging a fluid; and a control portion for analyzing
a control signal superimposed on the light obtained through the
optical fibers to thereby drive the micro pump. By means of the
endoscope, it is possible that while the inside of body is being
inspecting, the micro pump is driven at a desired position to
thereby discharge, for example, a medical fluid.

According to a further aSpeét of the present invention, a
micro robot comprises: a robot body provided with a built-in
motor and disposed within a non-magnetic pipe containing a fluid
therein; and an exciting device provided at the outside of the

non-magnetic pipe and for éhpplying a stator of the motor with

magnetic flux corresponding to the number of poles of the motor.

Thus, driving energy can be supplied contactlessly from the
outside and the driving of the motors can be controlled.

According to a still further aspect of the present
invention, in the micro robot, the exciting device iS supported
SO as to be movable in the direction of length of the non-
magnetic pipe. With the movement of the excitation device, the
robot pody moves so that the position control of the robot body
can be carried out.

According to another aspect of the present invention, a
micro ;9§ot comprises: at least two sensors having respective
detection regions partly overlapping each other; at least one
pPair of driving means being driven independently of each other
and having driven points separated from each other in the
direction perpendicular to a direction of movement; a control
portien for controlling the driving means on the basis of outputs

of the sensors; and a contactlessly chargeable power source

Thiz is the replacizrent sheet
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t hrough 100 are different fromeach other so that the driving pulses are
not produced fromthe notor driving circuits 60, 62, 86, and 88 in the
same timng. Al t hough description has been nade as to the exanple in

whi-ch 1i ght

is detected by neans of sensors so that the robot body

advances toward the light in the foregoing enbodi nents, a subject to be
detected is not limted to light, it may“be nmagnetism heat (infrared
rays), sound, an el ectronagnetic wave, and so on. Mbreover, the robot body
can be controlled so as not

portion for supplying a power source voltage to the sensors, the
driving means and the control portion. Since the detection
tegions are overlapped each other, a function of autonomous
movement toward a target can'be realized with a simple circuit.
Further, since the driving means are controlled indépendently of
each other, conplicated pperation can be contreolled by means of a
simple mechanism to thereby make it possible to minimize the
micro robot body. Further, sincé the power source portion is
made chargeable contactlessly, perfect wireless control can be
made. - -
According to a further aspect of the present invention, in
the micro robot, each of the driving means includes a built-in
motor so that an inducedhvoltage is generated in a winding of the
motor by a magnetic field of an éxternally provided charging

coil, the induced voltage being used after rectified to charge

the power source. The micro robot further comprises a mechanism

by which the micro robot automatically moves toward a sfand in
which the charging coil is provided. Accordingly, if the voltage
of the power source portion becomes low, the robot moves
automapically toward the charging stand so that the power source
portion is automatically charged.

According to a still.further aspect of the present
invention, in the micro robot, a photovoltaic element or a
thermoelectric generation element is connected to the power
Source portion so that the.photovoltaic element or the
thermoelectric generation element generates electricity in
response to light or in response to heat absorption/generation of
an externally provided heat absorption/generation body to thereby

charge the power source portion. Thus, the power source portion
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to nmove toward a subject to be detected but to run away therefrom In this
tase, in the enbodinent of Fig. 1 or 5, the
- 30- sensor 12 is turned off to thereby drive the stepping notor 64 so

-10-

is charged automatically.

Further, a booster circuit is connected to the power socurce
portion so that the booster circuit performs automatic boostiné
operation in accordance with a voltage of the power source
portion. Thusd, the circuit can be made to operate ﬁormally even
if the voltage of the power source portion becomes low.

According to another aspect of the present invention, a
micro robot comprises: a driving ﬁeans having a built-in motor
fof driving a fin to rotate; an arm adapted to open outward so as
to engage with a pipe inner wall; a contactlessly chargeable ™
power source portion for supplying a power source voltage to the
sensor, the driving means and the control portion; and a control
portion which stops the driving of the motor and opens the arm so
as to stop within a fluid, when the voltage of the power source
portion becomes a value not higher than a predetermined reference
voltage value. When the £in is rotated by a flow of.the fluid
during stoppage, an induced voltage is genetgted in a winding of
the motor so that the power source portion is charged by the
induced voltage after rectified. Accordingly, the charging can
be made automatically inside a fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side view of an embodiment of the micro roSot
according to the present invention.

Fig. 2 is a top view of Fig. 1.

Fig. 3 is a bottom view of Fig. 1.

Fig. 4 is an explanatory view in the case where the robot
body goes up on the inclined running ground.

Fig. 5 is a side view of another embodiment of the micro

robot according to the present invention. .
This is the raplaci:.ent shest
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as to drive the wheel 38. The sensor 14 is turned off to thereby drive
the stepping notor 66 so as to drive the wheel 36. Wen both the sensors
12 and 14 are in the turned-on state, the st epping notors 64 and 66 are
reversely driven to thereby reversely drive the wheels 38 and 36
respectively so that the robot body E Is retreated or made to run away:
Further, if two ki nds or nore of subf tts to be detected are prepared and
i f control is made so that the robot body 10 noves toward one subj ect
to be detected and run away fromthe ot-her subject to be

Fig. 6 is a bottom view of Fig. S.

Fig. 7 is an enlarged side view of a wheel of the above-
mentioned micro robot.

Fig. 8 is a block diagrém showing in detail the circuit
portion. .

Fig. 9 is a circuit diagram of the sensor.

Fig. 10 is a plan view of the driving portion.

Fig. 11 is a development viéw of the driving portion of Fig.
10.

Fig. 12 is a timing chart showing the basic operation of ‘the
robot of the embodiment of Fig. 1 or Fig. 5.

Fig. 13 is a timing chart showing the basic operation of the
robot of the embodiment of Fig. 5 at the time of starting the
driving.

Fig. 14 is a timing chart showing the operation of the robot
of the embodiment of Fig. 5 at the time of starting the driving.

Fig. 15 is a waveform diagram of the driving pulses of the
robot of the embodiment of Fig. 5.

Fig. 16 is a flowchart showing the processing (No. 1) in the
case of avoiding an obstacle.

Fig. 17 is an explanatory view of the above avoiding
operation. |

Fig. 18 is a flowchart showing the processing (No. 2) in the
case of avoiding an obstacle.

Fig. 19 is an explanatory view of the above avdiding
operation.

Fig. 20 is a timing chart showing a method of detecting
pPresence or absence of the rotation of the stepping motor.

Figs. 21, 22 and 23 are a front view, a side view and a back
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detected, it is possible to performdelicate control. It is a matter of
course that this control can be applied to the robot body 100 of Figs. 21
t hrough 23. Not only the novenent direction of the robot body is
determ ned on the basis of a subject such as light or the like to be
detected, but, for exanple, a novenent |ocus may be programmed in advance
so as to performcontrol on the basis;9f the novenent | ocus.

Al ternatively, the nmoverment |ocus may be controlled by application of

i nstruction fromthe outside. Mdrreover, a suitable conbination of the

foregoi ng controls may be perforned
view of an embodiment of the micro robot according to the present

invention.

Fig. 24 is a block diagram showing the peripheral circuiés
of the motor driving circuit.of the embodiment of Fig. 21 through
23. '

Fig. 25 is a top view of a fucther embodiment of the micro
robot according to the present invention.

Fig. 26 is a block diagram éhowing in detail the circuit
portion of the embodiment of Fig. 25.

Fig. 27 is a flowchart showing the control opezaﬁion of the
circuit portion of Fig. 26.

Fig. 28 is a flowchart showing the 6peration in the case
where the work control sensor is not provided in Fig. 25 and 26.

Fig. 29 is a block diagram showing in detail another
embodiment of the circuit portion.

Fig. 30 is a top view of the robot body of another
embodiment of the present invention.

Fig. 31 is a flowchart showing the control operation of the
circuit portion of Fig. 29.

Fig. 32 is a sectional view showing an example in which the
micro robot according to the present invention is.applied to aﬁ”
endoscope.

Fig. 33 is a bottom view of a further embodiment of the
micro robot according to the p:esént invention.

Fig. 34 is a side view of the micro robot of Fig. 33.

Fig. 35 is a side view of another embodiment of' the micro
robot according to the present invention.

Fig. 36 is a bottom view of the micro robot of Fig. 35.

Fig. 37 is a block diagram showing in detail the circuit
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whil e a studying function is given thereto. Fig. 25 is a top plan
view showing a micro robot according to a still further enbodi ment of the
present invention. A pair of direction control sensors 12 and 14 are
provided at a front portion of a robot body 10 as shown in the draw ng,
and a work control sensor 15 is further provided at an upper portion of
the robot body 10 as shown in the dralng so that working instruction is
received fromthe outside through the work control sensor 15 as wll be
described later. Mreover, the bottom plan view of

portion of the micro robot of Figs. 35 and 36.
. Fig. 38 is'a flowchart showing the control operation of the
micro robot of Figs. 35 through 37. |

Fig. 39 is a view showiﬁg the state in which the micro robot
of Fig. 35 has raised its hand. .

'Fig. 40 is a view showing the state in which the micro robot
of Fig. 35 has opened its hand.

Fig. 41 is a conceptual vieé of a further embodiment of the
micro robot according to the present invention.

Fig. 42 is a side view of Fig. 41. -

Fig. 43 is a view showing in detail the work motor.

Figs. 44, 45 and.46 are views showing principle of operation
of the work motor.

Fig. 47 is a block diagram showing in detail the circuit
portion in which a mechanism for performing charging by
electromagnetic induction.

Fig. 48 is a block diagram showing in detail the motor
driving circuit of the embodiment of Fig. 47.

Fig. 49 is a diagram showing discharge characteristic of an
electr;c double layer caphcitor constituting the power source
portion.

Fig. 50 is a circuit eiplanatory view showing in detain a .
voltage regulator.

Figs. 51, 52 and 53 are operation explanatory views of a
boosting means.

Fig. 54 is a perspective view of a charge stand.

Fig. 55 is a block diagram showing ﬁhe configuration of an
energy supply device.

Fig. 56 is a flowchart showing the operation at the time of
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t.he robot body 10 is the same as that of the enbodi nent of Fig. 6.
Fig. 26 is a block diagramshowing a circuit portion 22 of

- 14-

automatic charging.

Fig. 57 is a-front view of another embodiment of the micro
robot according to the ﬁ:esent invention. '

Fig. 58 is a back view of Fig. 57.

Fig. 59 is a sectional view along 59-59 in Fié. 58.

Fig. 60 is a view for explaining the function of the arm of
Fig. §7.

Fig. 61 is a block diégram éhowing the configuration of the
control portion in the case where charging is made by means of a
photovoltaic element. -

Fig. 62 is a flowchart showing the operation of the
embodiment of Fig. 61.

Fig. 63 is a flowcharﬁ showing the operation in the case of
control in combination of charging, avoiding obstacles, working,
and returning to the base portion.

THE. BEST MODE FOR .CARRYING OUT THE INVENTIQN

Fig. 1 is a side view showing a micro robot according to an
embodiment of the present invention, and Fig. 2 is a top plan
view thereof. A pair of sensors 12 and 14 are provided at front
portions of a robot body 10 as shown in the drawings. Although a
light sensor constituted, for example, by a photodiode, a )
phototransistor, or the like, an ultrasonic sensor for convertiqg
an acoustic wave into a voltage with a piezo-electric element, or
the like is used as each of the sensors 12 and 14, a
éhototransistor is used in this embodiment. The sensors 12 and
14 have fields of view Al and A2 as their detection regions
respectively. Since the fields of view Al and A2 overlap each
other at the center portiom, the sensors 12 and 14 have an

overlapped field of view A3. Therefore, when light from a light
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t he enbodi nent of Fig. 25 in detail. A CPU core 40 constituted by an ALU,
various registers, and the like is connected to an ROM 42 carrying
prograns stored therein, an address decoder 44 for - the ROM 42, an RAM 46
for storing various data, and an address decoder 48 for the RAM 46. A
guartz vibrator 50 is connected to an oscillator 52 and an oscillation
signal of the oscillator 52 I's supplded to the CPU core 40 as a cl ock
signal. CQutputs of direction confTHF sensors 12 and 14 and an out put of .
a wor k control sensor 15 are inputted to an I/O control circuit 54 and

source exists in front, that is, in the field of view A3, the

sensors 12 and 14 detect the light. Being disposed in a left

side portion of the robot body 10, the sensor 12 is stated as an

L-sensor in a flowchart of the drawing which will be described

later. Similarly to this, being disposed in a right side portion

in the robot body 10, the sensor 14 is stated as an R-sensor.

Fig. 3 is a bottom plan view of Fig. 1. A light source

portion 16 is located at a cenirél portion and is constituted,

for example, by an electric double layer capacitor, an Ni-Cq

battery, and the like. A circuit‘portion 22 is provided in the

close vicinity of the power source portion 16. The circuit

portion 22 includes a CMOS-IC 24, a pull-down chip resistor 26,

and the like, mounted on a circuit substrate 23, the detail

thereof being described later. Respective driving portions 28

and 30 are provided therein with stepping motors and reduction

gear mechanisms, and controiled by the circuit portion 22 so as

to drive wheels 36 and 38 fitted onto output shafts 52 and 34 to

rotate through the stepping motors and the reduction gear

mechanisms. Rubber is attached onto an outer circumference of

each o§ the wheels 36 and 38. Further, the shape of each of the

wheels 36 and 38 is not limited to a circle but each of the -

wheels 36 and 38 may be formed into any one of various shapes

such as a triangle, a square, and the like in accordance with tge

use. |

A spacer 39 supports the light source portion 16, the

circuit portion 22, and the driving portions 28 and 30 on a

housing 39a. The light source portion 16 and the circuit portion

22 are provided between the pair of driving portions 28 And 30 so

that they overlap each other. Consequently, the power source
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outputted to the CPU core 40. A notor driving control circuit 58 per forns
delivery of control signals between the notor driving control circuit 58
and the CPU core 40 so as to control stepping notors 64 and 66 through
nmotor driving circuits 60 and 62 respectively and so as to control a work
actuator 67 through an actuator driving circuit 63. The stepping
notor 64 is stated as an R-notor in-gflowhart of the draw ng which wll
be described | ater because the notor 64 is built in a driving portion 30
and di sposed at a right side portion in the robot body 10, and, simlarly
to this, the

portion 16 and the circuit portion 22 can occupy wide areas

considering the whole volume. Therefore, a large current can be
efficiently derived because the internal resistance of the
capacitor and secondary battéry can be made low in the power
source portion 16, and the circuit portion 22 is advantageous in
mounting of a large-sized IC chip having a complicated function.
Further, since the driving portions 28 and 30 are provided
separately of each other,-any maénetic interference or the like
is not generated therebetween.

Sliding portions 1 and 2 are provided on.the bottom portion
of the micro robot body 10 so that one of the sliding portions is
in contact with a running ground 3. In the embodiment of Fig. 1,
the center of gravity G of the micro robot body 10 is located at
a portion slightly lefthand in the drawing (hereinafter, referred
to "forward") relative to the vertical direction 4 of a diiving
point 36a where the wheel 36 contacts with the running ground 3
and therefore the sliding portion 1 contacts with thé running
ground,

Fig. 4 is an explanatory diagram showing a case where the
running grounded 3 is inclined and the robot body 10 climbs the
slope. Here, it is assumed that the climbing ability of the i
driving portions is approximate to the limit. In such a
situation, the center of gravity G is located at a portion
righthand in the drawing (hereinafter, referred to as "backward")
relative to the vertical direction 3 and therefore the sliding
portion 2 contacts with the running ground 3. In this case, in
order to improve the climbing ability, it is necessary that not
only the torque of the driving portions is increased but the

frictional resistance of the sliding portion is decreased and the
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stepping notor 66 is stated as an L-notor because the notor 66 is built in
the driving portion 28 and disposed at a |left side portion in the robot
body 10. Fig. 27 is a flowhart showi ng the control operation of the
circuit portion of Fig. 26. Mvenent is perforned toward a light-emtting
target on the basis of the direction control sensors 12 and 14, and the
work sensor 15 receives instruction _qq._

‘frictional force of the driving point 36a is increased. That is,
in climbing extrémely requiring the driving force, it is
preferable that the center of gravity is located so that the '
whole weight is applied onto the driving point 36a in.the state
where such a force that a front portion of the micro robot body
10 will be lifted up by reaction of the driving force of the
driving portions and a force due to the relation between the
center of gravity and the verticél direction are added to each
other. In other words, it i§ preferable that the configuration
is made such that the center of gravity G is located in the front
of the wvertical direction when the running ground is a horizontal
path or a downward slope and, on the contrary, the center of
gravity G is located in thé rear of the vertical direction in ﬁhe
vicinity of the limit of the climbing ability, that is, it is
preferable that the center of gravity G is in positional relation
with respect to the wvertical direction 3 of the driving point in
accordance with the running ground 3. |

Figs. 5 and 6 are a side view and a bottom plan view
respectively, showing a robot bedy according to another
embodiment of the present invention. 1In this embodiment, a
tactual sense portion 18 and a tail 20 are provided for the
purpose of charging and balancer.

Although respective sliding portions 18a and'20a are
provided in the tactual sense portion 18 and the tail 20 so as to
have the samé functions as those of the foregoing sliding
portions 1 and 2, the sliding portions 18a and 20a contact with a
running ground 3 in the outside of a robot body 10.

Consequently, since a force acting on the sliding portions l8a

and 18a is small so that the frictional resistance is small and a
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froman operator so as to perform predeterm ned work. First, the CPU
core 40 judges whether the direction control sensor 12 is in the

turned-on state because it detects light or not (S41). If the sensor 12
is in the turned-on state, it is concluded that a light source is |ocated

on the left and the
-18-

Tunning loss is therefore less. Bending portions 18b and 20b are
provided in the tactual sense portion 18 and the tail 20 at their
end portions respectively, the bending portions 18b and 20b being
smoothly curved relative to Ehe running grdund. In such a
configuration, the robot'body can easily run while $§liding even
if the running ground is considerably uneven.

The tactual sense portion 18 and the tail 20 have not only
flexibility but electrical ccnduétivity, and one of them is
connected to a power source portion 16 constituted by an electric
double layer capacitor, a secondary battery, and the like. 1In-
such a configuration, ndt'only treatment can be easily performed
because the power source portion 16 can be charged through a
projection portion of the tactual sense portion 18 or the tail 20
but no stress concentrateé to thereby hardly cause destruction
because of the flexibility thereof.

- Fig. 7 is a partially enlarged view showing the side surface
of each of wheels 34 and 36 of the micro robot according to the
present invention. Concave and Convex portions 35 and 37 are
provided in an outer peripheral portion and high frictional
agents.35a and 37a such as rubber, plastic materials, or the
like, are stuck. 1In such a configuration, if each of the high
frictional agents 35a and 37a is in a fluid phase a curing
property, the agents are cured into illustrated shapes by surfaéé
tension so that only the:portions of the high frictional agents
37a contact with the running ground. Consequently, the load of
the micro robot concentrates so that the high frictional agents
37a are apt to elastically change'so as to obtain large
frictional resistance to thereby improve the climbing ability.
Further, the shapes of the concave and convex portions are nof

+
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stepping notor 64 is driven to thereby drive the wheel 38 to rotate so as
to performleft turning (S42). If the direction control sensor 12 is in
the turned-off state (S41), on the contrary, driving of the stepping
metor 64 is stopped (S43). Next, judgnment is made as to whether.the
direction control sensor 14 is in the turned-on state because of
detection of |ight or not (S44), andyif the sensor 14 is not in the
turned-on state, driving of the stepping notor 66 is stopped (S45). If
the direction control sensor 14 is turned on by repetition of the

limited to those in this embodiment, but it will do to attach

high frictional agents onto contacting portions in the same

manner as in the foregoihg case even in the case where arms or

the like are used in place of the wheels.

Fig. 8 is a block diagram showing the circuit portion 22 in
detail. A CPU core 40 consfituted by -an ALU, various reéisters,
and the like is connected to an ROM 42 carrying programs stored
therein, an address decoder 44 fér the ROM 42, an RAM 46 for
storing various data, and an address decoder 48 for the RAM 46.

A quartz vibrator 50 is connected to an oscillator 52 and an
oscillation signal of the oscillator 52 is supplied to the CPU
core 40 as a clock signal. Outputs of sensors 12 and 14 are
inputted to an I/0 control circuit 54 and outputted to the CPU
core 40. A vdltage regulator 56 is provided for stably supplying
a circuit portion 22 with the voltage of a power source portion
16. A motor driving control circuit 58 performs delivery of the
control signal between the motor driving control ciréuit 58 and
the CPU core 40 so as to control stepping motors 64 and 66
through motor driving circuits 60 and 62 respectively. Power
source voltages necessary for the foregoing various circuits and
the like are supplied from the power source portion 16. '

The stepping motor 64 is stated as an R-motor in a flowchart
of the drawing which will be described later because the motbr 84
is built in a driving portion 30 and disposed at a right side
portion in the robot body 10, and, similarly to this, the
stepping motor 66 is stated as an L-motor because the motor 66 is
bqilt in the driving portion 28 and disposed at the left side
portion in the robot body 10.

Fig. 9 is a circuit diagram of the sensor 12. The sensor 12
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f or egoi ng

robot body 10 noves toward the |ight source through

j udgnent i

detect light the robot

oper ati on.

processing (S44), the stepping notor 66 is driven ($47).

such operation.

The
Next ,

s made as to whet her the work control sensor 15 detects |ight
or not ($S47), and in the state where the work control sensor 15 does not

| f the work control seld8er 15 is in the turned-on state

body advances through repetition of the foregoing

because of detection of light, the actuator driving circuit 63 controls
t he. wor k actuator 67 to performdesired work ($48). Fig. 28

fl owchart

showi ng the operation when the work
is constituted by a phototransistor l12a the emitter of which is

connected in series to a pull-down resistor 26. A light
detection output is taken out of the emitter of the
phototransistor 12b, shaped in the I/0 control circuit 54, and
then supplied to the CPU core 40. Although the ciréuit diagram
shows an example of ﬁhe sensor 12, the sensor 14 has quite the
same configuration as that of the sensor 12.

Fig. 10 is a plan view showing the driving portion 30, and
Fig. 11 is a development the:eof.l The stepping motor €4 has an
exciting coil 68 and a rotor 70 constituted by a magnet. An -
electromagnetic two-pole stepping motor used in an electronic
clock is utilized in this embodiment. The rotor 70 drives a
pinion 72, the pinion 72 drives a pinion 74 through a gear, the
pinion 74 drives a pinion 76 through a gear, and the thus speed-
reduced pinion 76 driées the wheel 38 to rotate. The mechanism
of Figs. 6 and 7 utilizes the mechanism of an electronic clock.
Also the mechanism of a driving portion 28 is the same as that
shown in Figs. 6 and 7. Since the stepping motors €4 and 66 are
arranged so as drive the wheels to rotate through speed reduction
from h;gh seed rotation aé shown in Figs. 6 and 7, the driving
portions 30 and 28 can be minimized in size. Further, since the
exciting coil 68 is provided far away from the rotor 70, the
driving portions 30 and 28 can be decreased in thickness and size
also in this point of view.

Fig. 12 is a timing-chart showing an example of the
fundamental operation of the robot according tb the foregoing
embodiments. When no light is incident into the sensors 12 and
14, the outputs thereof are zero V. When light is incident,

however, the sensors output voltages corresponding to the
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control sensor 15 is not nounted in Figs. 25 and 26. Also in this

enbodi ment, first, the CPU core 40 judges whether the direction control
sensor 12 is in the turned-on state because it detects |ight or not (S51).
|f the sensor 12 is in the turned-on state, it is concluded that a |ight

source is located on the left
' S 221 -

quantity of light. The output voltages are waveform—-shaped with
a desired threshold voltage in the I/0 control circuit 54 and
then supplied to the CPU core 40 so that the motor driving
control circuit 58 supplies forward and backward driving pulses
alternately to the stepping motors 64 and 66 through the driving
circuits 64 and 66 respectively. Consequently, in a period 5;
during which the sensor 12 is rgceiving light, the stepping motor
64 operates to drive the wheel 35 tb rotate. In a period S,
during which the sensor 14 is receiving light, the stepping motor
66 operates to drive the wheel 36 to rotate. In;a period W -
during which both the sensors 12 and 14 are receiving light, both
the stepping motors 64 and 66 operate to drive the wheels 38 and
36 to rotate respectively.

In the simplest driving example, therefore, when light from
the light source exists in the field of.view Al (however, except
the field of view A3), the light sensor 12 detects the light so
that the stepping motor 64 drives the wheel 38 to rotate
correspondingly to the light detection output. At this time, the
wheel 36 is in the stopped state and therefore the whole robot
bady lp moves to turn left. When light from the light source
exists in the field of view A2 (however, exéept the field of viéw
A3), on the contrary, the light sensor 14 detects the light so
that the stepping motor 66 drives the wheel 36 to rotate
correspondingly to the light detection output. At this time,. the
wheel 38 is in the stopped state and therefore the whole robot
body moves to turn right. Further, when light from the light
source exists in the field of view A3, the light sensors 12 and
14 detect the light so that the stepping motors 64 and 66 operate

to drive the wheels 38 and 36 to rotate correspondingly to the
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and the stepping notor 64 is driven to thereby drive the wheel 38 to
rotate so as to performleft turning (S52). If the direction control
sensor 12 is in the turned-off state (S51), on the contrary, driving of
t.he stepping notor 64 is stopped (S53). Next, judgnent is nade as to

whet her the direction control sensor 14 is in the turned-on state because
of detection of light or not (S54),2and if the sensor 14 is not in the
turned-on state,

light detection outputs respectively. As a result, the robot
body 10 moves stiaight. The robot body 10 is controlled as
described above so as to move toward the light source.

Further, the embodiment'has shown one .combination between
the position of the sensors and the arrangement of the driving
portions which move in the direction of the field of view, but
the iﬁventioﬁ is not limited to this embodiment.

Although description has beén made above as to the operation
in the case whete driving is performed at a predetermined speed
when either of the light'sensors 12 and 14 detects light, the —
driving force becomes high if driving is performed with
acceleration at the time éf starting drive.

Fig. 13 is a flcwcharf showing the fundamental operation
when acceleration control is performed at the time of starting
drive. . First, the CPU core 40 sets the clock frequency Rc of
driving pulses for driving the stepping motor 64 to 16 Hz (Sl),
and next resets the value Rc of a counter for countiﬁg the
driving pulses (S2). Next, judgment is made as to whether the
light detection output from the sensor 12 exists or not {(83). 1In
the case where the light detection output exists, the CPU core 40
applies driving pulses having the clock frequency Rc to drive the
stepping motor 64 and counts the pulses at that time (S4).
Judgment is made as to whéther the count value Rn is a
predetermined value, for example, 15 or not (S5), and if the
value is not 15, the foregoing processings (S3) and (S4) are
repeated.

After driving corresponding to 15 pulses is carried out with -
the driving pulse of the clock frequency Rc (=16Hz), judgment is

made as to whether the clock frequency Rc of the driving pulses
This is the replacement sheet
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driving of the stepping notor 66 is stopped (S55). If the direction
control sensor 14 is turned on by repetition of the foregoing processing
(S54), the stepping notor 66 is driven (S57). The robot body 10 noves
teward the |ight source through such operation. Next, judgnent is nade as
to whether the stepping notors 64 and 66 are rotating or not (S57), and in
the state where the stepping notors-$3%.and 66 are rotating, the robot

body advances through repetition of the foregoing operation. Wen the
robot body 10 reaches and col|lides a predeterm ned

has reached 128 Hz (the maximum value) or not. If the judgment
proves that the frequency does not reach the value, the CPU core
40 sets the clock frequeﬁcy Rc of the driving pulse, for examﬁle,
into 32 Hz (S7) and repeats fhe foregoing operations in the same
manner as in the foregoing case. Then, when the clock frequency
Rc of the driving pulsé reaches 128 Hz (the maximum value) (S6),
driving is performed at the diiving‘pulse of the frequency
thereafter. When no light detecéion output from the sensor 12
exists (S3), the stepping motor 64 is stopped (S8).

Although the flowchart shows the relation between the sensor
12 (L-sensor) and the stepping motor 64 (R-motor), the relation
between the sensor 14 (R-sensor) and the stepping motor 66 (L-
motor) is guite the same as the above relation. '

Although descriptioﬁ has not been made as to the relation
between the sensors 12 and 14 in order to facilitate the
understanding on the flowchart of Fig. 13, for example, if the
sensor 14 is in the state of light detection so that.the.stepping
motor 66 is driven to thereby make the robot body 10 move toward
the light source, the sensor 12 comes into the state of light
detect;on. In such a casé, therefore, it is necessary to make
the driving state of the stepping motor 64 driven by the sensogu
12 coincide with that of the stepping motor 66. If both the
driving states do not coincide with each other, the robot body 16
becomes impossible to move linearly at a point of time when the
robot body 10 is turned toward the light source. That is, it is
impossible to change the movement from turning one to linear one.

Fig. 14 is a flowchart showing the control when the
foregoing points are considered. Similarly to the foregoing

case, the CPU core 40 sets the clock frequency Rc of the driving
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poi nt, the stepping notors 64 and 66 do not rotate at that nonment. It is
therefore concluded the not-rotation neans that the robot body reaches a
predeterm ned position, and then the actuator driving circuit 63 controls
the work actuator 67 to performdesired work (S58). Furt her,
judgment is made as to whether the stepping notors 64 and 66 are rotating
or not as follows. Wien the stepping-29tor is in the rotating state, the
rotor 70 rotates after the driving pulse is supplied to the exciting coi
68 and an induced voltage is induced so that an induced current flows in

t he
pulses for the stepping motor 64 to 16 Hz (S1) and then resets

the value Rc of the counter for counting the number of the
driving pulses (S2). Next, judgment is made as to whether the
light detection output of thé other sensor 14 exists or not
{(S2a). In the case where the light detection output of the
sensor 14 exists, the clock frequency Lc of the.driving pulses of
'the control system aﬁd the value Ln of the counter at the sensor
14 side are initialized so as to be coincident with the clock
frequency Rc of the driving pulses and the value Rn of the
counter at the sensor 12 side respectively. After such setting,
processing is performed in the same manner as in'thé flowchart of
Fig. 9. Although this flowchart shows the oéeration of the
control system for the sensor 12, the operation of the control
system for the sensor 14 is the same as -the above operation.

That is, when the control sysﬁem for the other sensor is in
the driving state at the time of starting drive, the driving for
the control system for the one sensor is started aftér the
driving state of the control system for the other sensor has been
taken in as the initial value. Therefore, the direction is
changed with acceleration when only one of the sensors detects
light, and then when both the sensors detect light, both the
control systems are made to be in the same driving state at that
moment so that straight moving is performed. Consequently, the.
change from turning movement to linear movement can be smoothly
performed to thereby improve the light response property.

Fig. 15 is a waveform diagram of the driving pulses. 1In
order to improve the driving force when the speed increases at
the time of starting drive as shown in the flowcharts of Figs. 13

and 14, for example, the pulse width is enlarged to be 7.8 msec
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exciting coil 68 with the rotation of the rotor 70. The value of the
I nduced current is detected by neans of a conparator or the like so as to
detect the fact that the steppiing notor is in the

225 -

in the case of the clock frequency of 16 Hz. Since the pulse
width decreases as the frequency becomes high, the pulse width is
made to be 6.3 msec in the case of the clock frequency of 32 éz,
5.9 msec in the case of the élock frequency of 64 Hz, and 3.9
msec in the case of the clock frequency of 128 ﬁz. .Thus, it is
possible to supply driving pulée corresponding to.a required
driving force to thereby make it possible to perform rational
driving. .

Fig. 16 is a flowchart showing processing in the case of
avoiding an obstacle, and Fig. 17 is a diagram for explaining the
avoiding operation. An obstacle sensor constituted by an
ultrasonic sensor, an overcurrent sensor, or a touch sensor, or
any combination of those sensors is provided at the front portion
of the robot body 10, although such an obstacle sensor is not
illustrated in the drawing.

First, by using the obstacle sensor, judgment is made as to
whether there is an obstacle or not (S1l). 1If there is no
Qbstacle, work is continued as it is (or advancing is made as it
is) (812). 1If there is any obstacle, on the contrary, the
steppipg motor 64 or 66 is reversely rotated (S13). This state
is continued for a predetermined time, for example, 5 minutes )
(S14). Since this time may be set to a value sufficient for
changing the direction, the time is not limited to the above-
mentioned value. Alterﬁatively the distance of movement may be
set in place of the time. Thereafter, judgment is made by means
of the obstacle sensor again as to whether there is any obstacle
or not (Sll). By repeating such processing, the direction is
changed if there is any obstacle to thereby avcid the obstacle.

Fig. 18 is a flowchart showing the processing in the case

This is tha replacement shest

Date: ~ o i oy



rotating state. Wen the stepping notor is not in the rotating state, the
rotor 70 does not rotate after application of the driving pulse and
therefore no induced voltage is induced in the exciting coil 68. It is
detected fromthis fact that the stepping notor is not in the rotating
state. Fig. 29 is a block diagram show ng anot her enbodi nent of the
circuit portion 22 in detail. |In this2gnbodinent, a reception sensor 102,
a transm ssion el enent 104, and a detection elenment 106 are connected, as
the sensors, to an I/O control circuit 54.

where collision is detected on the basis of an induced voltage in
the stepping motor and an obstacle is avoided, and Fig. 19 is a
diagram for explaining the avoiding operation. The stepping
motors 64 and 66 are turned dn (S21) and judgment is made as to
whether the stepping motor 64 is rotating in this state or not
{S22). If the motor 64 is rotating, judgment is made as to
whether the stepping motor 66 is rotating or not (S23). If also
the stepping motor 66 is rotatiné, it is concluded that there.is
no obstacle and work is continued (S24). Further, the method of
detection as to whether the stepping motors 64 and 66 are -
rotating or not is performed by utilizing the fact that a large
voltage is induced in the exciting coil 68 when the motor rotates
and, on tﬁe contrary, a small voltage is induced in the exciting
coil 68 when the motor is not rotating.

Fig. 20 is a timing-chart showing thé method of detection as
to whether the stepping motor is rotating or not. When the
stepping motor is in the rotating state as shown in ihe drawing
and in the éase where the rotor 70 rotates after application of
the driving pulses, an induced voltage is induced and an induced
curreng flows in the exciting coil 68 as the rotor 70 rotates.
The value of the inducea current is detected, for example, by
using a comparator so that the rotating state can be grasped.
When the stepping motor is not in the rotating state, on the
contrary, the rotor 70 never rotate after application of the
driving pulses so that no induced voltage is induced and no
induced current flows in the exciting coil 68. Thus, it is
possible to detect the fact that the stepping motor is not in the -
rotating state,

In the case where it is concluded that the stepping motor 64
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Fig. 30 is a top plan view showi ng a robot body 10 in which the reception
sensor 102 and the transm ssion elenent 104 are disposed in the
illustrated position. In this enbodinment, the reception sensor 102 is
configured so as to receive noving and working instruction. A pulse signal
or the like having a pattern corresponding to the instruction (a
straight-nmoving instruction, a right-3Aw ning instruction, a left-turning
instruction, a retreating instruction, a working instruction, or the |ike)
is supplied to the light reception sensor 102 by utilizing, for

is not rotating in detection of rotation of the stepping motor 64
(S22), the driving for the stepping motors 64 and 66 is stopped
(S25) and the stepping motors 64 and 66 are made to rotate .
reversely (S26). The reversé driving state 1§ continued, for
example, for 5 minutes (S27). Next, the stepping motor 64 which
had been concluded so as to to be in the not-rotating state is
driven again (S528) and the state is continued, for example, for 5
minutes (S29). Then, the operatfon is returned to the first
processing (S21). Further, in the case where the stepping motor
66 is concluded so as not to be rotating in detection of rotation
of the stepping motor 66 (S523), the driving for the stepping
motors 64 and 66 are stopped (S30) and the stepping motors 64 and
66 are reversely rotated (S31). The reverse driving state is
continued, for example, for 5 minuﬁes (S32). The stepping motor
66 is driven again (S33) and this state is continued for 5
minutés (S29). Thereafter, the .operation is returned to the
first processing (S21). | |

As described above, the fact that the stepping motors €64 and
66 are rotating or not is détected, and if it is concluded that
one of the stepping motors 64 and 66 is not rotating, the driving
for the stepping motors is once stopped and then the stepping a
motors are reversely rotated. WNext, the one stepping motor whicp
is concluded so as to be not rotating is rotated again. For .
example, when the robot body 10 collides against a wall and a
state where the stepping motor 66 is not rotating is generated,
the driving for the stepping motors 64 and 66 are stopped once
and the stepping motors are reversely rotated so as to retreat
the robot body 10. Then, the stepping motor 66 is driven to

thereby change the direction. Thereafter, the stepping motors 64
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exanple, infrared rays. The detection elenment 106 is constituted, for
exanpl e, by an i mage sensor, a tactual sensor, or the |like, and
informati on detected in the detection elenment 106 is transmitted to the
operation side by using the transm ssion elenent 104. Fig. 31 is a
fl owchart showi ng the control operation of the <circuit portion of Fig. 29.
First, when the reception sensor 102 -38ecei ves a strai ght-novi ng
instruction fromthe operation side, the CPU core 40 detects the
i nstruction (S61) and drives the stepping notors 64 and 66 so as to
perform strai ght noving (S62). '

‘and 66 are driven so as to make the robot body 10 move straight,

Consequently, the robot body 10 can travel while avoiding an

obstacle.

Although description haS been made as to avoidance of an
obstacle in the state where the stepping motors 64 and 64 are
being driven in accordance with the flowchart of Fig. 18, the
same processing is performed also in the case where either one of
the stepping motor 64 and 66 is being driven. When, for example,
the stepping motor 64 is being driven, it is possible to cope
~with a trouble in such a manner that the stepping motor 64 is -
driven in the processing (S21) in Fig. 18, and .then processing
(822) and processings (S§25) through (529) are performed.

Similarly to this, also in the case where the stepping motor 66
is being driven, it is possible to cope with a trouble in such a
manner that the stepping motor 66 is driven in the processing
(S23) in Fig. 18 and then the processing (S23), the processings
(S30) through (S33), and the processing (S529) are performed.

Figs. 22 through 23 are a front elevation, a side elevation,
and a rear elevation showing a micro robot according to a further
embodiment of the present invention, respectively. The
configuration is made such that sensors 82a through 824 are
provided on a front portion of a robot bedy and screws 84a
through 844 are provided on a rear portion thereof so that
driving in a £luid can be performed. Since the four, left,
right, upper and lower screws 84a through 844 are provided so as
to be driven by stepping motors respectively, it is a matter of
course that the robot body 80 can be controlled in the left/right °

direction as well as in the up/down direction. Fdrther, the

robot of Fig. 1 or 5 has only two motors and therefore respective
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When the reception sensor 102 receives a right-turning
- 35- instruction fromthe operation side, the CPU core 40 detects the

-29.

driving pulses are supplied to the motors in the same timing. In
this embodiment, howewver, the timing of driving pulses is shifted
from each other by means of a circuit shown in Fig. 24 becausé
the four screws 84a through §4d are provided and it is therefore
necessary to provide four stepping motors for drivihg the screws
84a thréugh 84d and because if the stepping motors are driven on
the basis of the driving pulses of the same timing, the
consumption of a power source poftion 16 remarkably increases.

Fig. 24 is a block diagram showing circuits in the periphery
of a motor driving circuit. In the circuit diagram, motor -
driving circuits 86 and 88 are provided in addition to motor
driving circuits 60 and 62 of Fig. 8 and the driving circuits
drive stepping motors 64, 66, 90, and 92 respectively. Further,
the stepping motors 64,.66, 90, and 92 drive the screws 84a
through 84d to rotate respectively. In this embodiment;, phase
difference circuits 94 through 100 for controlling the phases of
the motor driving circuits 60, 62, 86, and 88 are provided and
the phase adjustment angles of the phase difference circuits 94
through 100 are different from each other so that the driving
pulses are not produced from the motor driving circuits 60, 62,
86, and 88 in the same timing. b

Although description has been made as to the example in
which light is detected by means of sensors so that the robot
body advances toward the light in the foregoing embodiments, a
subject to be detected is not limited to light, it may be
magnetism, heat (infrared rays), sound, an éleétromagnetic wave,
and so on. Moreover, the robot body can be controlled so as not
to move toward a subject to be detected but to run away

therefrom. In this case, in the embodiment of Fig. 1 or 5, the
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instruction (S63) and drives the stepping notor 66 so as to perform

right-turning (S64). Wen the reception sensor 102 receives a

| eft-turning instruction fromthe operation side, the CPU core 40 detects

the instruction (S65) and drives the stepping notor 64 so as to perform

left turning (S66). Wen the reception sensor 102 receives a retreating

instruction fromthe operation side, ghe CPU core 40 detects the

i nstruction (S67) and reversely driveS the stepping notors 64 and 66 so

that the robot body 10 is retreated (S68). Wien there is not any novenent

control - instruction, driving of the stepping notors 64 and 66 is stopped
sensor 12 is turned off to thereby drive the stepping motor 64 so

as to drive the wheel 38. The sensor 14 is turned off to thereby
drive the stepping motor 66 so as to drive the wheel 36. When
both the sensors 12 and 14 are in the turned-~on state, the
stepping motors 64 and 66 are reversely driven to thereby
reversely drive the wheels 38 and 36 respectivelj so that the
robot body 10 is retreated or made to run away. Further, if two
kinds or more of subjects to be detected are prepared and if
control is made so that the robot body 10 moves toward one
subject to be detected and run away from the other subject to be
detected, it ié possible to perform delicate control. It is a
matter of course that this control can be applied to the robot
body 100 of Figs. 21 through 23.

Not only the movement direction of the robot body is
determined on the basis of a subject such as light or the like to
be detected, but, for example, a movement locus may be programmed
in advance so as to perform control on the basis of the movement
locus. Alternatively, the movement locus may be controlled by
application of instruction from the outside. Moreover, a
suitab;e combination of the foregoing controls may be performed
while a studying function is given thereto. h

Fig. 25 is a top plan view showing a micro robot according
to a still further embodiment of the present invention. A pair .
of direction control sensors 12 and 14 are provided at a front
portion of a robot body 10 as shown in the drawing, and a work
control sensor 15 is further provided at an upper portion of the
robot body 10 as shown in the drawing so that working instruction
is received from the outside through the work control sensor 15

as will be described later. Moreover, the bottom plan view of
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(S69). Next, the CPU core 40 judges whether a working instructionis
supplied or not (S70). If no working instruction 1is supplied, the
processing is conpleted as it is. If a working instruction is supplied, on
the contrary, the actuator driving circuit 63 controls the work actuator
67 to performdesired work (S71). Thereafter, the CPU core 40 judges

whet her a transmission instruction is supplied through the reception
sensor 102 or not (S72). If a transmddsion instruction is supplied,
informati on detected, for exanple, by neans of the detection elenment 106

IS
the robot body 10 is the same as that of the embodiment of. Fig.
6. '

Fig. 26 is a block diagram showing a circuit portion 22 of
the embodiment of Fig. 25 in.detail. A CPU core 40 constituted
by an ALU, various regiéters, and the like is connected to an ROM
42 carrying programs stored therein, an address decoder 44 for -
the ROM 42, an RAM 46 for storing various data, and an address
decoder 48 for the RAM 46. A qugrtz vibrator 50 is connected to
an oscillator 52 and an oscillation signal of the oscillator 52
is supplied to the CPU core 40 as a clock signal. Outputs of -
direction control sensors 12 and 14 and an output of a work
control sensor 15 are inputted to an I/0O control circuit 54 and
outputted to the CPU core 46. A motor driving control circuit 58
performs delivery of control signals between the motor driving
control Circuit 58 and the CPU core 40 so as to control stepping
motors 64 and,§6 through motor.Ariving circuits 60 and 62
respectively and so as to control a work actuator 67 through an
actuator driving circuit 63.

The stepping motor 64 is stated as an R-motor in a flowchart
of the drawing which will be described later because the motor 64
is built in a driving portion 30 and disposed at a right side
portion in the robot body 10, and, similarly to this, the
stepping motor 66 is stated as an L-motor because the motor 66 ié
built in the driving portion 28 and disposed at a left side
portion in the robot body 10.

Fig. 27 is a flowchart showing the control operation of the
circuit portion of Fig. 26. Movement is performed toward a
light—emitting target on the basis of the direction control

sensors 12 and 14, and the work sensor 15 receives instruction
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coded and transmtted to the operation side through the transm ssion
el emrent 104 (S73). The foregoing processing is cyclically repeated.
Various work may be listed as the foregoing work, and exanples of the work
are as fol] ows. (1) Ejection of a nedical fluid with a mcro punp.
(2) Sensing of.tenperature, pressure, conponents, inmages, and the |ike.
(3) Work by hands (for exanple, carrying)parts or the

-_’_-

£rom an operator so as to perform predetermined work.

First, the CPU core 40 judges whether the direction contrcl )
gensor 12 is in the turned-on state because it detects light or
not (S41l). If the sensor 12 is in the tprned-on state, it is
concluded that a light source is located on the left and the
stepping motof 64 is driven to thereby drive the wheel 38 to
rotate so as td perform left turning (S42). If the direction
control sensor 12 is in the turnéd¥off state (S41), on the
contrary, driving of the stepping motor 64 ié stopped (S43).

Next, judgment is made as to whethef the direction control sensor
14 is in the turned-on state because of detection of light or not
(S44), and if the sensor 14 is not in the turned-on state,
driving of the stepping motor 66 is stopped (S45). 1If the
direction control sensor 14 is turned on by repetition of the
foregoing processing (S44), the stepping motor 66 is driven
{S47). The robot body 10 moves toward the light source through
such operation. Next, judgment is made as to whether the work
control Sensor_ls detects light or not_(S47), and in the state
where the work control sensor 15 does not detect light the robot
body advances through repétition of the foregoing operation. If
the work control sensor 15 is in the turned-on state bécause of.m
detection of light, the actuator driving circuit 63 controls the:
work actuator 67 to perform desired work (S48).

Fig. 28 is a flowchart showing the operation when the work
control sensor 15 is not mounted in Figs. 25 and 26. Also in
this embodiment, first, the CPU core 40 judges whether the
direction control sensor 12 is in the tu:n;d-on state because it
detects light or not (S31). If the sensor 12 is in the turned-on
state, it is concluded that a light source is located on the left
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- 36- l'ike). (4) Data storage and transm ssion. (5) Action by
a mcro robot itself (for exanple, boring,

-33-

-and the stepping motor 64 is driven to thereby drive the wheel 3§
to rotate so as to perform left turning (S52). If the direction
control sensor 12 is in ﬁhe turned-off state (S5l), on the
contrary, driving of the sFepping motor 64 is stopped (S853),
Next, judgment is made as %o whether the direction control sensor
14 is in the turned-on state because of detection of light or not
{S54), and if the sensor 14 is not in the turned-on state,
driving of the stepping motor 66-is stopped (S55). If the
direction control sensor 14 is turned on by repetition of the
foregoing processing (S54), the stepping motor 66 is driven
(S57). The robot body 10 moves toward the light source through
such operation. Next, judgment is made as to whether the
stepping motors 64 gnd 66 afe rotating or not (S857), and in the
state where the stepping motors 64 and 66 are rotating, the robot
body advances through repetition cf the foregoing operation.
When the robot body 10 reaches and collides a predetermined
point, the stepping motors 64 and 66 do not rotate at that
moment. It is therefore concluded the not-rotation means that
the robot body reaches a predetermined position, and then the
actuator driving circuit 63 controls the work actuator -67 to
perform desired work (S58).

Further, judgment is made as to whether the stepping motors
.64 and 66 are rotating or not as follows. When the stepping
motor is in the rotating state, the rotor 70 rotates after the
driving pulse is supplied to the exciting coil 68 and an induced
voltage is induced so that an induced current flows in the
exciting coil 68 with the rotatién of the rotor 70. The value of
the induced current is detected by means of a comparator or the

like so as to detect the fact that the stepping motor is in the
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working by its self-destruction, integral working by robots with various
functions). (6) Taking and throw ng-away of sanples. Fig. 32 is
a section show ng an exanple in which the mcro robot according to the
present invention is applied to an endoscope. This device has a plunger
110 to be controlled by a circuit portion 22 and the plunger 110 drives a
piston 112 provided at a front port#bn thereof. A micro punp 114 is
constituted by the plunger 110 and the piston 112, and a nedical fluid 116

is injected into a pipe through a nozzle 118 by

gﬁfating state. When the stepping motor is not in the rotating
ftate, the rotor 70 does not rotate after application of the
Rriving pulse and therefore no induced voltage is induced in the
xciting coil 68. It is detécted from this fact that the
Istepping motor is not in the rotating state.

Fig. 29 is a block diagram showing another embodiment of the
gircuit portion 22 in detail. 1In this embodiment, a reception
sensor 102, a transmission elemeﬁt 104, and a detection Elemen;
106 are connected, as the sensors, to an I/0 control circuit 54,
Fig. 30 is a top plan view showing a robot body 10 ip which the
reception sensor 102 and the transmission element 104 are
disposed in the illustrated position. 1In this embodiment, the
reception sensor 102 is configured so as to receive moving and
working instruction. A pulse signal or the like having a pattern
corresponding to the instruction (a straight-moving instruction,
a right-turning instruction, a left-turning instruction, a
retreating instruction, a working instruction, or the like) is
suppliéd to the light reception sensor 102 by.utilizing, for
example, infrared rays. The detection element 106 ig
constituted, for example,'by an image sensor, a tactual sensor,
or the like, and information detected in the detection element
106 is transmitted to the operation side by using the
transmission element 104.

Fig. 31 is a flowchart showing the control operation of the
Circuit portion of Fig. 29. First, when the reception sensor 102
receives a straight—moving instruction from the operation side,
the CPU core 40 detects the instruction (S61) ang drives the
stepping motors 64 and 66 so as to perform straight moving (S62).

When the reception sensor 102 receives a right-turning
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movenent of the piston 112. A photovoltaic elenent 120 is attached on an
outer periphery of the robot. Light froma light emtting portionis |led
through optical fibers 122, reflected froma mrror 124, further reflected
by a pipe inner wall 126, and led to a |ight detection portion through the
passage reverse to the foregoing one so as to performthe function of the
endoscope. The light reflected fromth85pipe inner wall 126 is partially
supplied also to the photovoltaic elenent 120 so as to charge a power
source portion (not shown) of a circuit portion.
instruction from the operation side, the CPU core 40 detects the
instruction (S63) and drives the stepping motor 66 so as tao
perform right-turning (S64). When the teception sensor 102
receives a left-turning instruction from the operation side, the
CPU core 40 detects the instruction (S65) and drives the stepping
motor 64 so as to perform left turning (S66). When the reception
sensor 102 receives a retreating instruction from the operation
side, the CPU core 40 detects thé instruction (S67) and teversély
drives the stepping_mctors 64 and 66 so that the robot body 10 is
retreated (S68). When there is not any movement control -
instruction, driving of the stepping motors 64 and 66 is stopped
{S69). Next, the CPU core AO judges whether a working
instruction is supplied or not (S70). If no working instruction
is supplied, the processin§ is completed as it ié. If a working
instruction is supplied, on the contrary, the actuator driving
circuit 63 controls the work actuator 67 to perform desired work
(S71). Thereafter, the CPU core 40 judges whether a transmission
instruction is supplied through the reception sensor 102 or not
(872). If a transmission instruction is supplied, information
detectgd, for example, by means of the detection element 106 is
coded and transmitted to the operation side through the
transmission element 104 (S73). The foregoing processing is
cyclically repeated.
Various work may be listed as the foregoing work, and
examples of the work aée as follows.
(1) Ejection of a medical fluid with a micro pump.
(2) Sensing of.temperature, pressure, components, images,
and the like.

(3) Work by hands (for example, carrying parts or the
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22. Further, although the configuration of this enbodinment is the sane as
that of the enbodi nent described in Figs. 25 and 26 in the fundanental

t hi nki ng, the menbers such as the sensors 12 and 14, the wheels 36 and 38,
t-he stepping notors 64 and 66, and the |like are not required to be

provi ded. In this enbodiment, the circuit portion 22 is provided
therein with a decoder and the decqger is connected in parallel

1ike).

(4) Data stdrage;§nd transmission.

(5) Action by a micro robot itself (for example, boring,
working by its self-destruction, integral working by robots with
various functions).

(6) Taking 'and throwing-away of samples.

Fig. 32 is a section showing an example in which the micro
robot according to the présent iﬂvention is applied to an
endoscope. This device has a plunger 110 to be controlled by a
circuit portion 22 and the plunger 110 drives a piston 112 -
provided at a ;ront portion thereof. A micro pump 114 is |
constituted by the plunger 110 and the piston 112, and a medical
fluid 116 is injected into a pipe through a nozzle 118 by
movement of the piston 112, A photovoltaic element 120 is
attached on an ocuter periphery of the robot. Light from a light
emitting portion is led through optical fibers 122, reflected
from a mirror 124, further reflected by a pipe inner wall 126,
and led to a light detection portion through the passage revérse
to tﬁe foregoing one so as to perform the function of the
endoscope. The light reflected from the pipe inner wall 126 is
partially supplied also to the photovoltaic element 120 so as Eél
charge a power source portion (not shown) of a circuit poction .
22. Further, although the configuration of this embodiment is
the same as that of the embodiment described in Figs. 25 and 26
in the fundamental thinking, the members such'as the sensors 12
and 14, the wheels 36 and 38, the stepping motors 64 and 66, and

the like are not required to be provided.
In this embodiment, the circuit portion 22 is provided

therein with a decoder and the decoder is connected in parallel

This is tha replacement sheet

Date: o THY



- 37- t he power source portion connected to the output of the
photovol taic el ement 120 so as to take and anal yze a control si gnal
contained in a charged current. In this enbodi nent, t herefore, a working
instruction is received fromthe operation side through the opti cal

fibers 122 at a desired position while
-37-

¢o the power source portion connected to the output of the
ﬂmtovoltaic element 120 so as to take and analyze a coptrol
gignal contained in a charged current. 1In this embodiment,
therefore, a working instruction is received'frpm the operation
gide through the optical fibers 122 at a dgsired position while
observation of the inside of the pipe is performed as the
endoscope, and the circuit portioﬁ 22 takes in the instruction
through the photovoltaic element 120 to drive the plunger 110 to
eject the medical £luid 124 from the nozzle 118.

Fig. 33 is a bottom view of a micro robot according to
another embodiment of the present invention, and Fig. 34 is a
side view thereof. 1In the micro robot in this embodiment, a
micro pump 130 is built in the micro robot boéy shown in Fig. 25,
and a nozzle 132 is provided in the front portion thereof. 1In
this embodiment, the micro pump 130 is driven to inject medicinal
fluid from the nozzle 132, for example, in the work (S48) in the
flowchart of Fig. 27, the work (S58) in the flowchart of Fig. 28,
and the work (S71) in the flowchart of Fig. 31.

Fig. 35 is a side view of a micro robot. according to another
embodiment of the present ‘invention, and Fig. 36 is a bottom view
thereof. 1In the micro robot in this embodiment, a hand mechani;ﬁ
is provided in a robot body 10. An upper motor unit 140 is
provided in the upper portion of the robot body 10 so as to
rotate an upper pinion 142 so that the upper pinion ;42 engages
with an upper gear 144 to drive an upper arm 146 supported
rotatably by a shaft 152. A lower motor unit 148 is provided in
the lower portion of the robot body 10 so as to rotate a lower '

Pinion 149 so that the lower pinion 149 engages with a lower gear
150 to drive a lower arm 154 supported rotatably by the shaft
This is tha replacement sheet
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observation of the inside of the pipe is perforned as the endoscope, and
the circuit portion 22 takes in the instruction t hrough the photovoltaic
el enent 120 to drive the plunger- 110 to eject the nedical fluid 124 from
the nozzle 118. Fig. 33 is a bottomview of a mcro robot according

to another enbodi nent of the present inyention, and Fig. 34 is a side
view thereof. In the mcro robot in this’%hbodinent, a mcro punp 130 is

built in the mcro robot body shown in Fig. 25, and a nozzle 132 is
provided in the front portion thereof. In

152. These upper and lower arms 146 and 154 constitute a hand
156.

Fig. 37 is a block diagram illustrating tﬁe details of a
circuit portion 22 of the micro robot of the embodiment of Figs.
35 and 36. This embodiment is basically the same as that of the
circuit diagram of Fig. 26, except that upper and lower motor
drivers 160 and 162 are provided. The upper motor driver 160
drives and controls an upper mot&r 164 built in the upper motor
unit 140, and the lower motor driver 162 drives and controls a
lower motor 166 built in the lower motor unit 148. Preferably™
the upper and lower motors 164 and 166 are constituted by
stepping motors, and in such a case it is easy to drive the upper
and lower motors 164 and 136 synchronously.

Fig. 38 is a flowchart illustrating the control operation of
the mi;ro robot in the embodiment aof Figs. 35 to 37. First, if a
wark control sensor 15 receives a control instruction, a CPU core
40 judges whether the instruction is an instruction to move up
the arm or not (S8l). If the instruction is an instruction to
move up the arm, the upper motor 164 is rotated counterclockwise
by the_upper motor driver 160 (S82). Consequently the upper arm
146 is rotated clockwise. Next, the lower motor 166 is rotated“.
counterclockwise by the lower motor driver 162 (S83).
Consequently the lower arm 154 is rotated clockwise. The hand
156 is moved up as shown in Fig. 39 by rotating both the upper
and lower arms 146 -and 154 clockwise in such a manner.

On the contrary, if the CPU core 40 receives an instruction
to move down the arm (S84), the upper motor 164 is rotated
Clockwise by the upper driver 160 (S85). Consequently the upper

arm 146 is rotated counterclockwise. Next, the lower motor 166
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this enbodinment, the mcro punp 130 is driven to inject nedicinal fluid
fromthe nozzle 132, for exanple, in the work (S48) in the flowhart of
Fig. 27, the work (S58) in the flowhart of Fig. 28, and the work (S71) in
the flowhart of Fig. 31. Fig. 35 is a side view of a mcro robot
according to another enbodi nent of the present invention, and Fig. 36 is a
bottomview thereof. In the mcro ro@gg_in this enmbodi ment, a hand
mechanism is provided in a robot body 10. An upper notor unit 140 is
provided in the upper portion of the.robot body 10 so as to rotate an
upper pinion 142 so that the. upper pinion 142 engages

is rotated clockwise by the lower driver 162 (S86). Consequently
the lower arm 154 is rotated counterclockwise. The hand 156'15
moved down by rotating both the upper and lower arms 146 and 154
counterclockwise in such a manner.

On the other hand, if the CPU core 40 receives an
instruction to open the arm (S87), the upper motor 164 is rétated
counterclockwise by the upper driver 160 (S88). Consequently the
upper arm 146 is rotated clockwiée. Next, the lower métor 166 is
rotated clockwise by the lower driver 162 (S89). Consequently
the lower arm 154 is rotated counterclockwise. Thus, the upper
and lower arms 146 and 154 are opened as shown in Fig. 40 by
rotating the upper arm 146 clockwise and the lower arm 154
counter-clockwise. |

On the contrary, if the CPU core 40 receives an instruction
to close the arm (S90), the upper motor 164 is rotated clockwise
by the upper driver 160 (S91). Consequently the uppér arm 146 is
rotated counterclockwise. WNext, the lower motor 166 is rotated
counterclockwise by the lower driver 162 (S92). Consequently the
lower arm 154 is rotated clockwise. Thus, the upper and lower
arms lﬁs and 154 are closed by controlling the upper and lower
arms 146 and 154 to approach each other. - i

Fig. 41 is a conceptuél diagram of a micro robot according
to another embodiment of the present invention, and Fig. 42 is a
Side view thereof. A robot body 10 includes a work motor 200 as
illustrated, and this work motor 200 is constituted by a motor
Stator 202 and a rotor 204. This robot body 10 is disposed in a
Ron-magnetic pipe 206, and this non-magnetic pipe 206 is fi;led
with a fluid. A coil stator 208 is disposed outside the non-

Magnetic pipe 206, and a coil 210 is wound on the coil stator
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With an upper gear 144 to drive an upper arm 146 supported rotatably by a
shaft 152. A lower notor unit 148 is provided in the |ower portion of the
robot body 10 so as to rotate a |lower pinion 149 so that the | ower pinion-
149 engages with a | ower gear 150 to drive a |ower arm 154 supported

rotatably by the shaft
-40 -

208.

Fig. 43 is a diagram illustrating the details of the work

-motor 200. A pair of inner notches 202a are provided in the

inner circumferential portion of the motor stator 262, and a pair
of outer notches 202b are provided in the outer circumferential
portion, so that the positions of the inner notches 202a are
shifted from the positions of the outer notches 202b in the
circumferential direction as ill&strated. The rotor 204 is
constituted by a magnet, which is magnetized into two poles, N
and S poles. If a magnetic field is applied from the outside,~a
magnetic flux 212 passes through the motor stator 202 as
illustrated.

Figs. 43 through 46 are diagrams illustrating the principle
of operation of the work motor 200. _Fig. 44 is a diagram
illustrating the state in which a magnetic field is not applied
from the outside. The boundary points of the N and S poles of
the rotor 204 are stable while they are in opposition to the
inner notches 202a in this state. Next, if a magnetic field is
applied as shown in Fig. 45, the rotor 204 rotates, but the
portions of the motor stator 202 corresponding to the outer
notches 202b are so narrow to be saturated magnetically if a
Strong magnetic field is applied, so that the magnetic field in
these portions is so.weak that the above-mentioned boundary
points of the rotor 204 are stabilized in the portions
Ccorresponding to the outer notches 202b. If application of the
magnetic field from the outside is stopped after that, the above-
mentioned boundary points are stabilized while they are in
opposition to the inner notches 202a as shown in Fig. 46. It is

understood that the rotor 204 is thus rotated by half a rotation
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152. These upper and |ower arnms 146 and 154 constitute a hand 156.

Fig. 37 is a block diagramillustrating the details of a circuit portion
22 of the mcro robot of the enbodi nent of Figs. 35 and 36. This

enbodi nent is basically the sanme as that of the circuit diagramof Fig.
26, except that upper and | ower notor drivers 160 and 162 are provided.
The upper notor driver 160 -41-

from Fig. 44 to Fig. 46. Next, the rotor 204 is further rotated
by half a rotation if a magnetic field is applied from the '
opposite direction. The rotor 204 is rotated continuously by
thus application of opposite magnetic fields alterdateiy.
Although an example of rotating a rotor counterclockwise has been
described, it is possible to rotate a rotor clockwise in the same
manner. Further, this principle of operation of a motor itself
can be applied to the stepping mators 64 and 66 in the above-
mentioned embodiments, and so on.

Since the principle of operation of the work motor 200 has
been made apparent, next the operation of the apparatus in Figs.
41 and 42 will be described. If a positive/negative exciting
current is fed to the coil 210, a magnetic flux corresponding
thereto is generated in the coil stator 208, and the magnetic
flux passes through the non-magnetic pipe 206, and reaches to the
motor stator 202, so that the rotor 204 is rotated bf the above-
mentioned principle of operation. With the rotation of the rotor
204, it is possible to function as a micro pump, to rotate a not-
shown screw as propulsion, or to make a stream of fluid. Or.it
is alsp possible to rotate a not-shown cutter to cut off an aimed
portion. -

Particularly in this embodiment, if the coil stator 208 is
moved in the longitudinal direction of the non-magnetic pipe 206,
the work moior 200 itself is moved along the movement of the coil
Stator 208 by the magneﬁic force caused by the magnetic field.

It is therefore possible to control the position of the micro

tobot body 10 by applying a magnetic field from the outside.
Further it is not necessary to mount the micro robot body 10 with

means (accumulator) for storing energy for driving the work motor
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drives and controls an upper nmotor 164 built in the upper notor uni t 140,
and the |l ower notor driver 162 drives and controls a | ower notor 166
built in the Iower nmotor unit 148. Preferably t he upper and | ower notors
164 and 166 are constituted by stepping notors, and in such a case it is
easy to drive the upper and |l ower notors 164 and 166 synchronously.
Fig. 38 is a flowhart illustrating t+E cont r ol operation of the mcro
robot in the enbodi ment of Figs. 35 to 37. First, if a work control sensor
15 receives a control instruction, a CPU core 40 judges whether the
I nstruction is an instruction to nove up

200 since the work motor 200 can be driven by applying a magnetic

field from the outside. Not one coil stator 208 but a plurality
those coil motors may be provided along the longitudinal '
direction of the non-magnetic pipe 206 to drive a plurality of
robot bodies 10 sequentially. Further, it is not'necessary to
make the coil 210 single-phase, and it may be constituted by a

multi-phase coil such as three-phase one or the like. In such a

-

case, the motor s;aéor 202 -and so on should be made to have
configurations corresponding to the number of phases of.the coil.

The stepping motors in the above-mentioned embodiments
except for the embodiment of FPig. 41 may be constituted by-
ultrasonic motors or the like. Further, a micro robot may be
constituted by the desired combination of elements in the above-
mentioned embodiments correspondingly to necessity.

Next, a charging mechanism for the power source 16 will be
described.

Fig. 47 is a block diagram illustrating the details of the
circuit portion 22 to which a charging mechaniém by electro- .
magnetic induction is added. The output of a charging circuit of
a motor driving circuit 62 is connected to a power source portion
1s, ahd a voltage regulator Sé is connected to this power sour&g.
Portion 16. This voltage regulator 56 is constituted by a
boosting circuit 300 and a voltage limiter 302.

Fig. 48 is a circuit diagram illustrating the details of the
Motor driving circuit in this embodiment. Motor drivers 304,
306, 308 and 310 are H-connected to an exciting coil 68 as shown
therein, and diodes 312, 314, 316 and 318 are connected to the
Fespective drivers in parallel and in reverse direction.

Further, switches 320 and 322 for detecting an AC magnetic field
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the armor not (S81). If the instruction is an instruction to nove up the
arm the upper notor 164 is rotated counterclockwi se by the upper notor
driver 160 (S82). Consequently the upper arm 146 is rotated cl ockw se.
Next, the lower notor 166 is rotated counterclockw se by the | ower notor
driver 162 (S83). Consequently the |lower arm 154 is rotated cl ockwi se. The
hand 156 is moved up as shown in Fig- 39 by rotating both the upper and

| ower arms 146 and 154 cl ockwi se in such a manner. On the contrary,

if the CPU core 40 receives an instruction

are connected in the both ends of the exciting coil 68, so that a
closed circuit is formed for the exciting coil 68 if these
switches 320 and 322 are closed. Further, the both ends of the
exciting circuit 68 are led ﬁo invertors 324.and 326 for
detecting a magnetic field, and the outputs thereof are led to a
motor driving control circuit 58 through an OR circuit 328..
Stationarily the drivers 304 and 310 and the drivers 308 and 306
are driven alternately to apply an exciting current to the
exciting coil 68 to drive a stepping motor 66, but if all the
drivers 304, 306, 308 and 310 are turned off at the time of -
charging operation, and the exciting coil 68 suffers the
electromagnetic induction from a charging coil of a charging
stand which will be described later, an induced voltage is
rectified by the diodes 312, 314, 316 and 318, and led to the
power source portiod 16 to perform charging operation. The

. diodes 312, 314, 316 and 318 provided outside the drivers 304,
306, 308 and 310 can be omitted if the drivers 304, 306, 308 and
310 are constituted by FETs as illustrated, so that diodes
included therein:equivalently bave enough functions.

Fig. 49 is a graph of the discharge characteristic of an
electric double layer capacitor 334 constituting the power source
Portion 16, and Fig. 50 is a circuit explanation diagram
illustrating the details of the voltage regulator 56. In Fig.
350, a hiéh capacitance capacitor 334 and a limiter switch 330 are
Provided, and a capacitor 360 is further included as another
Power source. Means for charging from the capacitor 334 to the
Capacitor 360 while boosting the voltage thereof is shown in the
Portion surrounded by a broken line 335. The means 335 for

Charging from the capacitor 334 to the capacitor 360 while
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to nmove down the arm (S84), the upper notor 164 is rotated clockw se by
‘t he upper driver 160 (S85). Consequently the upper arm 146 is rotated
count ercl ockwi se. Next, the | ower notor 166

- 39-

44 -

poosting the voltage is constituted by capacitors 340 and 350,
and switches 336,.338, 342, 344, 346, 348 aﬁd 352. A souzce
voltage is supplied from the capacitor 360 to the respective
portions of the control portibn 22. A detector 332 detects the
voltage of the capacitor 334.

Next the operation of ﬁhe circuit of Fig. 50 will be
described,.

After the large capacitance Eapacitor 334 is fully charged,
the voltages of the capacitors 334 and 360 are the same when the
voltage of the capacitor 334 is not lower than 1.2 V. ﬁhen the
voltage of the capacitor 334 is in a range of from 1.2 V to 0.8
V, it is boosted by 1.5 times by the boosting means 335 to charge
the capacitor 360. This operation is performed in the period
from t; to t3 in Fig. 49. Therefore, the voltage of the
capacitor 360 at this time is in a range of from 1.8 V to 1.2 V.
When the voltage of thé capacitor 334 is in arange of from 0.8 V
to 0.6 V, it is boosted by two times by the boosting means 335 to
charge the capacitor 360. This operation is performed in the
Periéd from t; to ty in Fig. 49. The voltage of the capacitor
360 at this time is in a range of from 1.6 V to 1.2 V.

When the wvoltage of the capacitor 334 is not higher than 0:5
V, it is boosted by three times by the boosting means 335 to |
charge the capacitor 360. This operation is performed after ty
in Fig. 49. Fig. 49 shows this state. The voltage illustrated
with a solid line is the voltage of the capaéitor 360 in Fig. 50,
and the voltage illustrated with a broken line is the voltage of
the capacitor 334.

Next the operation of the boosting means 335 will be

described.

&
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Is rotated clockwi se by the | ower driver 162 (S86). Consequently the | ower
arm 154 is rotated counterclockw se. The hand 156 is noved down by
rotating both the upper and | ower arnms 146 and 154 countercl ockw se in
such a manner. On the other hand, if the CPU core 40 receives an

I nstruction to open the arm (S87), the ggper notor 164 is rotated

count ercl ockwi se by the upper driver 160°(S88). Consequently the upper arm
146 is rotated cl ockwi se. Next, the |lower notor 166 is rotated cl ockw se
by the | ower driver 162 (S89). Consequently the lower arm 154 is rotated

countercl ockwi se. Thus, the upper
At the t;me of boosting, charging is first performed from

the capacitor 334 to the capacitors 340 and 350, and then the
capacitor 360 is charged by the capacitors 334, 340 and 350.
That is, the operation shown in Figs. 51 through 53 is repeated
to boost and charge. |

The diagrams (A) and (B) of Fig. 51 show the case of
boosting by 1.5 times;

The diagrams (A) and (B) of'Fig. 52 show the case of
boosting by 2 times; and

The diagrams (A) and (B) of Fig. 53 show the case of
bcoéting by 3 times. |

Such switching is executed by switching the switches 336,
338, 342, 344, 346, 348 and 352. | '

As has been described, according to this embodiment, the
time possible to operate is expanded from the time t; to the time
ts in Fig. 49. Further, while the voltage of the capacitor 334
cannot be used in the conventional case if it is not from 0.9 v
to 1.8 V, it is possible to use it from 0.3 V to 1.8 V according
to this embodiment, so that it is understood that the energy
accumu;ated in the capacitor 334 can be used effectively.

Although the boosting means 335 includes three kinds of
boosting means of 1.5 times, 2 times and 3 times in this
embodiment, and they are switched through an electric signal by
the signal detection porﬁion 332 so as to be used, the present
invention is not to be limited to this three kinds, and many
variations can be considered, such as providing only one kind or
many kinds, or various boosting factors. Further, although
voltage detection is performed by detecting the voltage of the

Capacitor 334 (1.8 Vv, 1.2 V, 0.8 V, 0.6 V) in this embodiment,
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and | ower arms 146 and 154 are opened as shown in Fig. 40 by rotating the
upper arm 146 cl ockwi se and the | ower arm 154 counter-cl ockw se. On
the contrary, if the CPU core 40 receives an instruction to close the arm
(.S90), the upper notor 164 is rotated cl ockwi se by the upper driver 160
(S91). Consequently the upper arm 146 is rotated countercl ockw se. Next,
the | ower notor 166 is rotated countdécl ockwi se by the |ower driver 162
(S92). Consequently the lower arm 154 is rotated cl ockwi se. Thus, the

upper and | ower
not to say, the voltage of the capacitor 360 may be detected (1.8
Vv, 1.2 V) so that it is compared with the content of the boosting
means 335 to decide the boosting state. This method has an
advantage that the detection voltage can be reduced.
Fig. 54 is a perspective view of a charging stand which is
applied to the above-mentioned micro robot. As shown therein, an

energy supply device 372 is provided near a signal generator 370

et}

which emits, for example, infraréd rays, and a charge area 374 is
formed in the upper portion of the energy supply device 372,

Fig. 55 is a block diagram illustrating the structure of ‘the
energy supply device 372. The output of an oscillator 376 is
amplified by an amplifier 378 to excite a charging coil 380. The
frequency of the exciting current of this charging coil 380 is
established into the frequency higher than the frequency which
can be followed by a stepping motor.

Fig. 56 is a flowchart illustrating the operation at the
time of automatic charge. The CPU core 40 receives the voltage
value of the power source portion 16, judges whether it is higher
than a predetermingd reference voltage or not (S111l), and
continues a normal operation if it is higher (S112). If the
voltage of the power source portion 16 is lower than the
predetermined reference voltage VL, a charge operation is
Started. First, the robot body 10 is rotated once as it is. For
example, if the robot body 10 starts turning to fhe left, the CPU
‘core 40 judges whether the sensor 12 is in the turned-on state or
not (S113), and concludes the signal generator 370 is in the left
Lf the sensor 12 is in the turned-on state, so that the stepping
motor 64 is driven (S114). Consequently the wheel 38 is driven

to rotate to perform left turning. The CPU core 40 alsc judges
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arnms 146 and 154 are closed by controlling the upper and | ower arns 146
and 154 to approach each ot her. Fig. 41 is a conceptual diagramof a
“mcro robot according to another enbodi ment of the present invention, and
Fig. 42 is a side viewthereof. A robot body 10 includes a work nmotor 200
as illustrated, and this work nmotor 200 is constituted by a notor stator
202 and a rotor 204. This robot body/-10 is disposed in a non-nagnetic

pi pe 206, and this non-magnetic pipe 206 is filled wth a fluid. A coi
stator 208 is disposed outside the non- magnetic pipe 206, and a coil 210
I's wound on the coil stator

whether the sensor 14 is in the turned-on state or not (S1l5),
and concludes that the signal generator 370 i; in the right if
the sensor 14 is in the_turned—on state, so that the stepping -
motor 66 is driven (S116). Consequently the.wheel 36 is driven
to rotate to perform right turning. Each of these sensor 12 and
14 includes two elements: oﬁe element is used for guide in
response to, for example, normal light, and the other element is
used for searching the qharge'aréa 374 in response to, for
example, only infrared rays from the.signal generator 370.

Next, the switches 320 and 322 in Fig. 48 are closed, so -
that the exciting coil 68 generates an induced voltage in
response to a magnetic field generated by the charging coil 380
if the robot body 10 reaches the charge area 374. This induced
voltage is supplied to the CPU core 40 through the invertors 324
and 326 and the OR circuit 328, and it is detected therein to
detect an AC magnetic field (S117). The robot body 10 is on the
charge area 174 when an AC magnetic field is detected, so that
driving of the stepping motors 64 and 66 is stopped (S118). The
exciting coil 68 generates an induced voltage in response to a
magnetic field generated by the charging coil 380, and the
induced voltage is rectified by the diodes 312, 318, 316 and 306,
and led to the power source portion 16, so that a charging
current is supplied to the power source portion 16. Then, the
CPU core 40 receives the voltage of the power source portion 16,
judges whether the received voltage is higher than a
Predetermined value VH or not (S119), and moves to a normal
Operation again if the received voltage becomes higher (S112).

The signal generato% 370 of the charging stand may be means

for generating ultrasonic waves, magnetism, or the like. In such
This is the rapiacement sheel



- 40 - 208. Fig. 43 is a diagramillustrating the details of the
wor Kk

-4 -

a case, it is necessary to mount the robot body side with a
sensor for detecting it: Further, the robot body 10 may be made
to move upon detection of magnetism, light, heat, or the like
generated from the energy supply device 372. 1In such a case, the
signal generator 370 is not necessary.

Further, the energy supply device 372 may be operated after
the robot body 10 reaches the charge area 374, and it is possible
to reduce energy in such a case.

Figs. 57 through 60 are diagrams illustrating a micro robot
according to another embodiment of the .present invention; Fig.-57
is a diagram viewed from the front; Figf 58 is a diagram viewed
from the back; Fig. 59 is a sectional view taken on line 59-59;
and Fig. 60 is a diagram for explaining the function of an arm.
The micro robot in this embodiment is not only to obtain a
propulsive force by rotating a £in in the fluid flowing in a
pipe, but also to generate electricity for charge by use of the
flow of the fluid at the time of charge. Four arms 400 are
attached to the front portion of a robot body 10, and a fin 402
‘having outer teeth 404 in its outer circumference portion is
attached to the rear portion. Further, the fin 402 is covered
with a cover portion 406. The fin 402 is coupled with a steppigé
motor 66 through a pinion 408. One end portion of the arms 406
is arranged to be driven by a plunger 410, so that the arms 400
are expanded if the plunger 410 is pulled, and the robot body 10
stops in the fluid if the end portion of the arms 400 is pushed
on the inner wall of the pipe,.

The configuration of a circuit 22 in this embodiment is
basically the same as that shown in Fig. 47, providing that the

stepping motor €4 in Fig. 47 is replaced by the plunger 410. In
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nmotor 200. A pair of inner notches 202a are provided in the inner
circunferential portion of the notor stator 202, and a pair of outer

not ches 202b are provided in the outer circunferential portion, so that
the positions of the inner notches 202a are shifted fromthe positions of

the outer notches 202b in the circunf e,()ential direction as illustrated.
The rotor 204 is constituted by a magnet, which is nagnetized into two
poles, N and S poles. If a magnetic field is applied fromthe outside,-a

magnetic flux 212 passes through the notor stator 202 as

a normal operation state, the fin 402 is driven to rotate by the
stepping motor 66 so that the robot body 10 advances in the
fluid. If the voltage of a power source portion 16 is lower than
a predetermined reference véiue VL, driving of the stepping motor
66 is stopped, and the plunger 410 is pulled to expand the arms
400. Consequently the robot body 10 stops in the fluid. If thé
fluid flows in the pipe in such a state of stoppage, the fin 402
is rotated to rotate a rotor 70 df the stepping motor 66 so that
an induced voltage is generated in an exciting coil 68, rectified
in the same manner as in the above-mentioned embodiment, and led
to the power source portion 16. Thus, a charging current is
supplied to the power Source portion 16. If the voltage of the
power source portion 16 charged in such a manner becomes not
lower than-a predetermined reference voltage VH, the plunger 410
is returned to close the arms 400 to release the robot body 10
from the state of stoppage, and so that the stepping motor 66 is
driven to make the robot body 10 start advancing again.

Fig. 61 is a block diagram illustrating the structure of a
control portion in the case of charging by means a photo-
electromotive element. FOr example, a solar cell 412 is included
as a photojelectromotive element, and the output of this solar-"
cell 412 is supplied not only to the power scurce portion 16
through a limiter 302 (refer to Fig. 47) of a voltage regulator
36, but also to a CPU core 40 through a decoder 416.

Fig. 62 is a flowchart illustrating the operation of the
embodiment of Fig. 61. Charging is peifo:med by the solar cell
412 even at the time of a normal work in this embodiment. If the
Voltage of the power source portion 16 is lower than a

Predetermined reference voltage VL (S121), the stepping motors 64
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ed. Figs. 43 through 46 are diagranms illustrating the

of operation of the work notor 200. Fig. 44 is a diagram
ing the state in which a magnetic field is not applied fromthe
The boundary points of the N and S poles of the rotor 204 are
ile they are in opposition to the inner notches 202a in this
xt, if a magnetic field issoapplied as shown in Fig. 45, the rotor
es, but the portions of the notor stator 202 corresponding to the

outer notches 202b are so narrow to be saturated magnetically if a

and 66 are driven (S122), and such a state is continued till the
rotation of these motors becomes not be detected (S123) and .
(S124). That is, the stepping motors 64 and 66 are driven till
the robot body 10 collides with a wall or the like to thereby put
the robot body 10 aside to the corner, and in such a state
charging is performed for a certain time, for example, about 100
seconds (S125). If the voltage of the power source portion 16
becomes higher than the predete:ﬁined reference voltage VL
(S121), a normal work is performed again.(SIZZ). In this
embodiment, it is not only pdssible to supply energy from a -
luminous element on the luminous side by controlling the luminous
element, but it is also possible to supply a control signal by
superimposing the control signal on the lumindus energy. On the
side of the robot body 10, the output of the sclar cell 212 is
analyzed by the decoder 416, and then taken into thg CPU core 40.
Although an example by use of the solar cell 412 has been
described in the embodiment of Fig. 61, this solar cell may be
replaced by a thermoelectric generation element. The
thermoelectric generation elemen£ is to generate electricity by
the diﬁference of temperature, so that the thermoelectric
generation element can generate electricity continuously if
absorbing heat and producing heat are repeated alternately on the
side of energy supply (by driving a heat absorbing/producing
element in the charge stand). In such a case, it is necessary to
Provide a rectifying circuit in the charging circuit 214 since
the output of the thermoelectric generation element repeats
pPositive and negative polarities alternately. A rectifying
Circuit is necessary not only in such a case, but also in the

Case of providing a charging coil in stead of the solar cell 212
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strong magnetic field is applied, so that the magnetic field in these
portions is so weak that the above-nentioned boundary points of the rotor
204 are stabilized in the portions corresponding to the outer notches
202b. If application of the nagnetic field fromthe outside is stopped
after that, the above- nentioned boundary points are stabilized while they
are in opposition to the inner notches 202a as shown in Fig. 46. It is
understood that the rotor 204 is thus-}otated by half a rotation

g0 as to charge the power source portion 16 without using the
exciting coil 68.

Fig. 63 is a flowchart illustrating the operaticn in thg
case of control in combination of charging, avoiding obstacles,
working, and returning to the base portion.

The CPU core 40 receives the voltage of the power source
portion 16, and judges whether the voltage is higher than the
predetermined reference voltage VL or not (S131). If the voltage
of the power source portion 16 is lower than the predetermined
reference voltage VL, the CPU core 40 brings the micro robot into
a charging operation (S132). This charging operation is the same
as that in the above-mentioned respective embodiments. If the
voltage of the power source portion 16 is higher than the
predetermined reference voltage VL,-the CPU core 40 moves the
micro robot (S8133), and judges whether there is an obstacle or
not (S134). Detecting an obstacle is performed by detecting with
a8 sensor attached for detecting an obstacle, or by.detecting the
state in which a stepping motor is not rotating. The detection
in the latter is performed as follows. After a driving pulse is
supplied to an exciting coil of a stepping motor, an induced
voltage becomes large if the stepping motor is rotating while ﬁﬂé
induced voltage becomes small if the stepping motor is not
rotating, so that the judgment can be performed by detecting the
degree of the induced voltage.

If it is proved that there is an obstacle (S134), the CPU
core 40 brings the micro robot into an avoiding operation. Such
an avoiding operation is performed through controls such as
stopping, retreating, and so on. If it is proved that there is

not any obstacle, the CPU core 40 brings the micro robot into a

Vivn e MB junsa et thes]
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-41- fromFig. 44 to Fig. 46. Next, the rotor 204 is further rotated by
half a rotation if a nagnetic field is applied fromthe opposite
direction. The rotor 204 is rotated continuously by thus application of

opposite magnetic fields alternately.

desired work (advancing and so on) (S136). Next, the CPU-core 4]
judges whether there is a base-position returning instruction o:;
not (S137), repeats the above-mentioned processing if there is
not a2 base-position returning instruction, and returns the micro
robot to the base position if there is a base-position returning
instruction (S138). Although work is continued till a basé—
position returning instructién is given from the outside in this
embodiment, the micro robot may feturn to the base position
automatically if work is finished. Returning to the base
“position is performed in the same manner as moving to the

charging stand.
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rotating a rotor counterclockw se has been

Al t hough an exanpl e of

described, it is possible to rotate a rotor clockwi se in the sanme manner.
Further,_this principle of operation of a notor itself can be applied to
the stepping notors 64 and 66 in the above- nentioned enbodi nents, and so
on. Biisthet HRBepReplgkp! € Of operation of the work motor 200 has been
made appar eﬁ“ﬂﬂma Hﬂ, peration of the;apparatus in Figs. 41 and 42 will
be descri be M ,]ve/ negative exciting current is fed to the coil
210, a magnetl esponding thereto is generated in the coil stator
208, and the magnetic

* [

CLAIMS

A micro robot comprising:

at least two sensors havirg respective zetection regions

pa;r_ly overlapping each otlrer;

at least one pair of d&riving means beinﬁyg;iven
independently of each other an:l ha&ing driven points separated
from each other in the direction perpendicular to a direction of
govement; .

a control portion for: comtrolling said driving means on the
basis of outputs of said seasors; and

a2 chargeable power somrce: portion for supplying a power
source voltage to said semsor:s, said driving means and said
control peortion, said qontrol portion and said power source
portion being arranged between said driving means.
2. A micro robot accordiing to Claim 1, wherein said micro fosot
is supported by three poimts including said two driven points
which are driven relative: to. a running ground by said pair of
driving means, and one slidi:ng point which slidably contacts with
said running ground.
3. A micro robot accor&img to Claim 2, wherein a line segment
connecting said two driven points interlinks with the direction
Of gravity of said micro robot at its center of gravity depending
on inclination of said rwnning ground, and the position of said
sliding point varies between the front and back of the
interlinkage.
4, A micro robot according to Claim 1, further comprising a
flexible protrusion which projects from a bedy and which is
conductive with said power source portion.

S. A micro robot according to Claim 1, wherein each of said

This is the replacement sheet
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flux passes through the non-nmagnetic pipe 206, and reaches to the notor
stator 202, so_;bgLﬂth.roLor 204 is rotated by the above- nentioned
principle™© ot operati on. VVth the rotation of the rotor 204, it is possible

to functlon'nﬁsawdmeﬁém dto0 rotate a not- shown screw as propul sion

or to make a d O it is also possible to rotate a not-shown
cutter to cut portion. Particularly in this enbodi nent,
if the coil s noved in tsg -l ongi tudi nal direction of the

non- magneti c plpe 206,

jriving means includes a motor constituted by a stépping motor.
§. A micro robot according to Claim 1, wherein said control
porticn carries out accelerating control on said driving means at
the time of starting driving of said driving means, and wherein
said control portion makes the driving condition of one of said
driving means coincide with that of the other driving means when
the driving of said one driving means is started while said other
driving means is being driven. '

7. A micro robot according to Claim 6, further comprising an
obstacle sensor for detecting an obstacle so that when said .-
obstacle sensor detects an obstacle said control pertion
reversely drives at least one of said driving means for a
predetermined period of time and then returns said at least one
driving means to its normal operation.

8. A micro robot according to Claim 6, wherein said control
portion detects presence or absence of rotation of a motor
included in each of said driving means on the basis of an induced
voltage in a winding of said motor. |

9. A micro robot according to Claim 1, wherein said control
portion drives said driving means while accelerating, and wherein
said control portion performs driving with driving pulses the o
width of which is widened at the time of starting while narrowed
at the time of high speed.

10. A micro robot according to Claim 1, wherein said control
portion makes the respective timings of supplying driving pulses
to said driving means coincident with each other.

11. A micro robot according to Claim 6, wherein said micro robot
further comprises at least two screws driven by said driving

means, and wherein said control portion makes the respective

L
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the work notor 200 itself is noved along the novenent of the coil stator

208 by the magnetic force caused by the nagnetic field. It is therefore
possible to control the position of the micro robot body 10 by applying a
nmagnetic field fromthe outside. Further it is not rrasseEsEHayBiaREMeE t he

mi cro robot body 10 with means (accunmyl ator) for storf mi"mmmrl”m

driving the work notor
timings of supplying driving pulses to said driving means shift

from each other.
12. A micro robot comprising:

at least two direction control sensors.having-respective
detection_regions partly overlapping each other;

at least one pair of driving means being driven
independently of each other and having driven points separated
from each other in the direction éerpendicular to a direction of
movement;'

a work control sensor which receives a work instruction
contactlessly from an operation side;

2 work driving means; and

a control portion for controlling said driving means on the
basis of outputs of said direction control sensors and for
controlling said work driving means on the basis of an output of
said work control sensor.
13. A micro robot comprising;

a8 reception sensor for contactlessly receiving an external
instruction;

at least one pair of driving means being driven
independently of "each other and having driven points separated
from each other in the direction perpendicular to a direction of
movement; .

a work driving means; and

a control portion for driving said driving means and for
controlling said work driving means, on the basis of an output of
said reception sensor.
l4. A micro robot according to Claim 13, wherein said micro

robot further comprises a signal transmission element for

N aoemeﬂt sheet -
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200 since the work nmotor 200 can be driven by applying a
magneti c field fromthe outside. Not one coil_stator 208 but a plurality

those coil motors may be provided al ong the longitudinal ~ “difection of the
lurality of Thishest Hds Bekin®splaed

nen- magneti c pipe 206 to drive a p
sequentially. Further, it is not necessary to 210
singl e-phase, and it may be constituted, gy a

esternally and contactlessly transmitting a signal and a

-.42 -

detection element; and wherein said control means causes said
signal transmission element to transmit information detected by
said detection element.

15. A micro robot according to Claim 12 or 13, wherein said work
‘driving means includes a micro pump which is driven to discharge
a fluid.

16. A micrg robot ac¢cording to Ciaim 12 or 13, wherein said work

driving means includes a hand mechanism and a driving means for

driving said hand mechanism.
17. A micro robot attached to an endlportion of an endoscope,
coqprising:

a2 photovoltaic element for receiving light through optical
fibers and for supplying a power source voltage;

a micro pump for discharging a fluid; and

a control portion for analyzing a control signal .
superimposed on the light obtained through said optical fibers to
thereby drive said micro pump.

'18. A micro robot comprising:

a robot body providéa'with a built-in motor and disposed
within a non-magnetic pipe containing a fluid therein; and

an exciting device provided at the outside of said non-
magnetic pipe and for supplying a stator of said motor with
magnetic flux corresponding to the number of poles of said motor.
19. A micro robot according to Claim 1, wherein said exciting
device is supported so as to be movable in the direction of
length of said non-magnetic pipe.
20. A micro robot according to Claim 1, wherein said power
source portion is contactlessly chargeable.

Ny
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nmul ti-phase coil such as three-phase one or-the like In _such a —case, the
notor stator 202 and so on should be nade to have configurations
corresponding to the nunber of phases of the dgs hee‘HaSBeeﬂ lacedt eppi ng
motors in the above-nentioned enbodi ments exc mlu! odi nent of
Fig. 41 may be constituted by ‘ultrasonic notor Further, a

m cro robot nay be constituted by the57desi red conbination of elenents in
the above- nentioned enbodi ments correspondingly to necessity. Next ,
a charging nechanismfor the power source 16 will be described.

21. A micro robot according to Claim 20, wherein each of said
griving means includes a built-in motor so that an induced
voltage is generated in:a winding of said motor by a magnetic
field of an externally provided charging coil, said induced
voltage being used after rectified to charge said power source.
22. A micro robot according to Claim 20, further comprising a

pechanism by which said micro robot automatically moves towafd a

—

stand in which said charging coil is provided.
23. A micro robot according to claim 20, wherein a photovoltaic
element is connected to said power source portion so that said ™
power source portion is charged by an output of said photovoltaic
element,
24. A micro robot according to claim 20, wherein a
thermoelectric generation elemént is connected to said power
source portion so as to generate an electric current in response
to heat absorption/generétion of an externally provided heat
absorption/generation body to thereby charge said power source
portion. |
25. A micro robot according to claim 20, wherein a booster
circuit is connected to said power source portion so that said
booster circuit performs automatic boosting operation in
accordance with a voltage of said power source portion.
26. A micro robot comprising:

a driving means having a built-in motor for driving a fin to
rotate; _

an arm adapted to open outward so as to engage with a pipe
inner wall;

a contactlessly chargeable power source portion for

supplying a power source voltage to said sensor, said driving
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Fig. 47 is a block diagramillustrating the details of the circuit portion
22 to which a chargi ng nmechanism by el ectro- nagnetic induction is added.
The output of a charging circuit of a notor driving circuit 62 is
connected to a power source portion 16, and a voltage regulator 56 is
connected to this power source portion 16. This voltage regulator 56 is
constituted by a boosting circuit 300 and a voltage limter 302.

Fig. 48 is a circuit diagr mﬁlﬂ%ﬁﬁwﬁefﬁwmdd etails of the notor driving’

circuit in this enbodi nent. lll’ﬁmﬂ

means and said control portion; and

a control portion which stops the driving of said motor and
opens said arm so as to stop within a fluid, when the voltage of
sald power source portion becomes a value not higher than a
predetermined reference voltage value;

whereby when said £in is rotated by a flow of said fluid
during stoppage, an induced voltage is generated in a2 winding of
said motor so that said power sdu;ce portion is charged by said

induced voltage after rectified.

T
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306, 308 and 310 are H connected to an exciting coil 68 as shown therein,
and di odes 312, 314, 316 and 318 are connected to the respective drivers
in parallel and in reverse direction. Further, swi tches 320 and 322 for
detecting an AC magnetic field : - 43

| /741

FIG. |
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are connected in the both ends of the exciting coil 68, so that a closed
circuit is fornmed for the exciting coil 68 if these sw tches 320 and 322
are closed. Further, the both ends of the exciting circuit 68 are led to
i nvertors 324 and 326 for detecting a magnetic field, and the outputs
thereof are led to a notor driving control circuit 58 through an OR
circuit 328. Stationarily the drivers 304 and 310 and the drivers 308 and
306 are driven alternately to apply an exciting current to the

2/41

FIG. 3
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exciting coil 68 to drive a stepping notor 66, but if all the drivers 304,
306, 308 and 310 are turned off at the time of charging operation, and the
exciting coil 68 suffers the electromagnetic induction froma charging
coil of a charging stand which will be described |ater, an induced voltage
Is rectified by the diodes 312, 314, 316 and 318, and led to the power
source portion 16 to perform chargi ng operation. The diodes 312, 314, 316
and 318 provided outside the drivers 304, 306, 308 and 310 can be omtted
if the drivers 304, 306, 308 and 1Q.aresconstituted by FETs as
illustrated, so that diodes 8;. ?5

12

10

36 20a
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I acl uded therein equival ently have.enough functi ons. Fig. 49 is a
graph of the discharge characteristic of an electric double |ayer
capacitor 334 constituting the power source portion 16, and Fig. 50 is a
circuit explanation diagram illustrating the details of the voltage
regulator 56. In Fig. 50, a high capacitance capacitor 334 and a |limter
switch 330 are provided, and a capacitor 360 is further included as

anot her power source. Means for charging fromthe capacitor 334 to the
capaci tor 360 while boosting the voltage thereof is shown in the

4 /41
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Portion surrounded by a broken Iine 335. The nmeans 335 for charging from
the capacitor 334 to the capacitor 360 while
- 44 - boosting the voltage is constituted by capacitors 340 and 350,

574l

FIG 9
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and switches 336, 338, 342, 344, 346, 348 and 352. A source voltage is
supplied fromthe capacitor 360 to the respective portions of the control
portion 22. A detector 332 detects the voltage of the capacitor 334.

Next the operation of the circuit of Fig. 50-w Il be described.

After the |arge capacitance capacitor 334 is fully charged, the voltages
of the capacitors 334 and 360 are the sane when the voltage of the
capacitor 334 is not lower than 1.2 V. Wen the
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voltage of the capacitor 334 is in a range of from1l.2 Vto 0.8 V, it is
boosted by 1.5 tinmes by the boosting neans 335 to charge the capacitor
360. This operation is perfornmed in the period fromt[err] to t[err] in

Fig. 49. Therefore, the voltage of the capacitor 360 at this tine is in a
range of from1l.8 Vto 1.2 V. Wen the voltage of the capacitor 334 is in
arange of from0.8 V to 0.6V, it is boosted by two tinmes by the boosting
means 335 to charge the capacitor 360. This operation is performed in the
period fromt[err] to t[err] in Fig. 49. The voltage of the capacitor 360

at this tineis in arange of from1.6 Vto 1.2 V.
7 /74|
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When the voltage of the capacitor 334 is not higher than 0.6 V, it is
boosted by three tines by the boosting neans 335 to charge the capacitor
360. This operation is perforned after t[err] in Fig. 49. Fig. 49 shows

this state. The voltage illustrated wth a solid line is the voltage of
the capacitor 360 in Fig. 50, and the voltage illustrated with a broken
line is the voltage of the capacitor 334. Next the operation of the
boosti ng neans 335 will be descri bed.

8 /4l
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-.45 - At the tinme of boosting, charging is first performed from
the capacitor 334 to the capacitors 340 and 350, and then the capaci tor
360 is charged by the capacitors 334, 340 and 350. :

9 /4|
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That is, the operation shown in Figs. 51 through 53 is repeated to boost

and char ge. The diagranms (A) and (B) of Fig. 51 show the case of
boosting by 1.5 tines; The diagrans (A) and (B) of Fig. 52 show the
case of boosting by 2 tines; and The di agrans (A) and (B) of Fig.
53 show the case of boosting by 3 tines. Such switching is executed
by switching the switches 336, 338, 342, 344, 346, 348 and 352.
10 / 41
7.8 msec
(a) 16 Hz | I
R
62.5msec
“\- 6.3msec
(b) 32 Hz l |
3l.3msec
-5, 9msec
(c) 64 Hz
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—+4<>39msec
(d) 128 Hz —J'LU_ —_—t
"‘-\:f‘/?.Smsec
/
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As has been described, according to this enbodinent, the time possible to
operate is expanded fromthe tinme t2 to the time tf[err] in Fig. 49.
Further, while the voltage of the capacitor 334 cannot be used in the
conventional case if it is not from0.9 V to 1.8V, it is possible to use
it fromO0.3 Vto 1.8 V according to this enbodinment, so that it is
understood that the energy accunulated in the capacitor 334 can be used

ef fectively. Al t hough t he boosti ng m}\ans 335 includes three kinds of
boosting neans of 1.5 times, 2 tinmes an 13/flmes in this
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enbodi nment ,

and they are switched through an electric signal by the signal

detection portion 332 so as to be used, the present invention is not to be
limted to this three kinds, and nany variations can be consi dered, such
as providing only one kind or many kinds, or various boosting factors.

Furt her,

of the

al t hough

vol tage detection is perfornmed by detecting the voltage

capacitor 334 (1.8 Vv, 1.2V, 0.8V, 0.6 V) in this enbodi nent,
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-.46 - not to say, the voltage of the capacitor 360 may be detected
(1.8 v, 1.2 V) sothat it is conpared with the content of the boosting
means 335 to decide the boosting state. This method has an advantage t hat
the detection voltage can be reduced. Fig. 54 is a perspective view
of a charging stand which is

13 /741
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applied to the above-nentioned mcro robot. As shown therein, an energy
supply device 372 is provided near a signal generator 370 which emts, for
exanple, infrared rays, and a charge area 374 is formed in the upper
portion of the energy supply device 372. Fig. 55 is a block diagram
illustrating the structure of-the energy supply device 372. The out put of
an oscillator 376 is anplified by an anplifier 378 to excite a charging
coil 380. The frequency of the exciting current of this charging coil 380
Is established into the frequency higher than the frequency which

14 /74|
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can be followed by a stepping notor. Fig. 56 is a flowchart
illustrating the operation at the tine of automatic charge. The CPU core
40 receives the voltage value of the power source portion 16, judges
whether it is higher than a predeterm ned reference voltage or not (S111),
and continues a normal operation if it is higher (S112). If the voltage
of the power source portion 16 is |ower than the predeterm ned reference
voltage VL, a charge operation is started. First, the robot body 10 is
rotated once as it is. For exanple, if the robot body 10 starts turning to
the left, the CPU

15 /741
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core 40 judges whether the sensor 12 is in the turned-on state or not
(S113), and concludes the signal generator 370 is in the left if the
sensor 12 is in the turned-on state, so that the stepping notor 64 is
driven (S114). Consequently the wheel 38 is driven to rotate to perform

| eft turning. The CPU core 40 al so judges
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-, 47 - whet her the sensor 14 is in the turned-on state or not (S115),
and concl udes that the signal generator 370 is in the right if the sensor
14 is in the turned-on state, so that the stepping notor 66 is driven
(S116). Consequently the wheel 36 is driven to rotate to performright
turning. Each of these sensor 12 and 14 includes two el enents: one el enent
Is used for guide in response to, for exanple, normal light, and the other
el ement is '

7741
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used for searching the charge area 374 in response to, for exanple, only
infrared rays fromthe signal generator 370. Next, the sw tches 320
and 322 in Fig. 48 are closed, so that the exciting coil 68 generates an
induced voltage in response to a magnetic field generated by the charging
coil 380 if the robot body 10 reaches the charge area 374. This induced
voltage is supplied to the CPU core 40 through the . invertors 324 and 326
and the OR circuit 328, and it is detected therein to detect an AC
magnetic field (S117). The robot body 10 is on the

18 741
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charge area 174 when an AC magnetic field is detected, so that driving of
the stepping notors 64 and 66 is stopped (S118). The exciting coil 68
generates an induced voltage in response to a nagnetic field generated by
the charging coil 380, and the induced voltage is rectified by the diodes
312, 318, 316 and 306, and led to the power source portion 16, so that a
charging current is supplied to the power source portion 16. Then, the
CPU core 40 receives the voltage of the power source portion 16, judges
whet her the received voltage is higher than a predeterm ned val ue VH or

not (S119), and noves to a nornal 19 /4]
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Qperation again if the received voltage becones higher (S112). The
signal generator 370 of the charging stand may be neans for generating
ul trasoni ¢ waves, nagnetism or the like. In such

Dat e:
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-, 48 - a case, it

sensor for detecting it. Further,

i ght,

IS necessary to nmount the robot body side with a
t he robot body 10 may be nade

to nove

heat, or the |ike generated fromthe

upon detection of nagnetism
energy supply device 372. In such a case, the signal generator 370 is not
necessary.
21 /741
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the energy supply device 372 may be operated after

t he robot body

Furt her,

10 reaches the charge area 374, and it is possible to reduce energy in

such a case. Figs. 57 through 60 are diagrans illustrating a mcro
Fig. 57

rrobot according to another enbodi nent of the present invention;
Is a diagramviewed fromthe front; Fig. 58 is a diagramviewed fromthe
back; Fig. 59 is a sectional view taken on line 59-59; and Fig. 60 is a
di agram for explaining the function of an arm The mcro robot in this

is not only to obtain a propulsive force by rotating a fin in

enbodi nent
the fluid flowng in a
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pi pe, but also to generate electricity for charge by use of the flow of
the fluid at the tinme of charge. Four arns 400 are attached to the front
portion of a robot body 10, and a fin 402 having outer teeth 404 inits
outer circunference portion is attached. to the rear portion. Further, the
fin 402 is covered wth a cover portion 406. The fin 402 is coupled with a
stepping notor 66 through a pinion 408. One end portion of the arnms 400

is arranged to be driven by a plunger 410, so that the arns 400 are
expanded if the plunger 410 is pull ed, 2@rdijt he robot body 10

FIG 33
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stops in the fluid if the end portion of the arns 400 is pushed on the

i nner wal |

of the pipe. The configuration of a circuit 22 in this

enbodi ment is basically the same as that shown in Fig. 47, providing that
the stepping notor 64 in Fig. 47 is replaced by the plunger 410. In

24/4|
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- 49 - a normal operation state, the fin 402 is driven to rotate by

t he steppi ng notor 66 so that the robot body 10 advances in the fluid.
If the voltage of a power source portion 16 is |ower than a predeterm ned
reference value VL, driving of the stepping notor 66 i s stopped, and the
pl unger 410 is pulled to expand the arns 400. Consequently the robot body
10 stops in the fluid. If the fluid flows in the pipe in such a state of
st oppage, the fin 402
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Is rotated to rotate a rotor 70 of the stepping notor 66 so that an

I nduced voltage is generated in an exciting coil 68, rectified in the
same nmanner as in the above-nentioned enbodi nent, and | ed to the power
source portion 16. Thus, a charging current is supplied to the power
source portion 16. If the voltage of the power source portion 16 charged
I n such a manner becones not | ower than a predeterm ned reference voltage
VH, the plunger 410 is returned to cP84&lthe arnms 400 to rel ease the
robot body 10 fromthe state of stoppage, and so that the stepping notor
66 is driven to nmake the robot body 10 start advanci ng again
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Fig. 61 is a block diagramillustrating the structure of a control portion
in the case of charging by nmeans a photo- electronotive el enent. For
exanpl e, a solar cell 412 is included as a photo-electronotive el enent,
and the output of this solar <cell 412 is supplied not only to the power
source portion 16 through a limter 302 (refer to Fig. 47) of a voltage
regul ator 56, but also to a CPU core 40 through a decoder 416. Fig.
62 is a flowhart illustrating the operation of the enbodinment of Fig. 61.
Charging is perforned by the solar C§+)4l

FIG 39

146




412 even at the time of a normal work in this enbodinent. If the voltage
of the power source portion 16 is lower than a Predeterm ned reference
voltage VL (S121), the stepping notors 64

--50 -

28741
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and 66 are driven (S122), and such a state is continued till the rotation
of these notors becones not be detected (S123) and (S124). That is, the
stepping notors 64 and 66 are driven till the robot body 10 collides with
a=wall or the |ike to thereby put the robot body 10 aside to the corner,
and in such a state charging is perforned for a certain tinme, for exanple,
about 100 seconds (S125). |If the voltage of the power source portion 16
beconmes hi gher than the predeterm ned reference voltage VL (S121), a
normal work is performed again (S122). In this

29741
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enbodinment, it is not only possible to supply energy froma | um nous

el ement on the |Ium nous side by controlling the |umnous elenent, but it
is al so possible to supply a control signal by superinposing the control
signal on the |um nous energy. On the side of the robot body 10, the
output of the solar cell 212 is analyzed by the decoder 416, and then
taken into the CPU core 40. Adhgqugh an exanpl e by use of the solar
cell 412 has been described in the enbodiment of Fig. 61, this solar cel
may be replaced by a thernoelectric generation el enent. The

FIG. 44
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t hernoel ectric generation elenent is to generate electricity by the
difference of tenperature, so that the thernoelectric generation elenent
can generate electricity continuously if absorbing heat and produci ng heat
are repeated alternately on the side of energy supply (by driving a heat
absor bi ng/ producing elenent in the charge stand). In such a case, it is
necessary to provide a rectifying circuit in the charging circuit 214
since the output of the thernoelectric generation elenent repeats
positive and negative polarities alternately. Arectifying circuit is
necessary not only in such a case, b /4o in the
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case of providing a charging coil in stead of the solar cell 212
so as to charge the power source portion 16 w thout using the

FIG. 48
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exciting coil 68. Fig. 63 is a flowhart illustrating the operation
in the case of control in conbination of charging, avoiding obstacles,
wor ki ng, and returning to the base portion. The CPU core 40 receives
the voltage of the power source portion 16, and judges whether the voltage
I's higher than the predeterm ned reference voltage VL or not (S131). If
the voltage of the power source portion 16 is |ower than the predeterm ned
ref erence voltage VL, the CPU core ﬁ/grings the mcro robot into

FIG.49
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a-chargi ng operation (S132). This charging operation is the same as that
in the above-nentioned respective enbodinents. |If the voltage of the power
source portion 16 is higher than the predeterm ned reference voltage VL,
the CPU core 40 noves the mcro robot (S133), and judges whether there is
an obstacle or not (S134). Detecting an obstacle is perfornmed by detecting
wth a sensor attached for detecting an obstacle, or by detecting the
state in which a stepping notor is not rotating. The detection in the

| atter is perfornmed as follows. After a driving pulse is supplied to an
exciting coil of a stepping notor, an induced

34741
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vel t age becones large if the stepping notor is rotating while the induced
vol tage becones snmall if the stepping notor is not rotating, so that the

j udgment can be perforned by detecting the degree of the induced voltage.
If it is proved that there is an obstacle (S134), the CPU core 40 brings
the mcro robot into an avoiding operation. Such an avoiding operation is
performed through controls such as stopping, retreating, and so on. If it
is proved that there is not any obstacle, the CPU core 40 brings the mcro

robot into a

35741
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desired work (advancing and so on) (S136). Next, the CPU core 40 |judges
whet her there is a base-position returning instruction or not (S137),
repeats the above-nentioned processing if there is not a base-position
réturning instruction, and returns the mcro robot to the base position if
there is a base-position returning instruction (S138). Although work is
continued till a base- position returning instruction is given fromthe
outside in this enbodinent, the mcro robot nay return to the base
position automatically if work is finished. Returning to the base
position is perforned in the sane manner as noving to the

37741
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chargi ng stand. - 53 -

CLAI M5 1. A mcro robot conprising: at |least two sensors (12,
14) having respective detection regions (A, A2) partly overlappi ng each
ot her; at |l east one pair of driving portions (28, 30) being driven

I ndependent|ly of each other and having driven points (36, 38) separated
fromeach other in the direction perpendicular to a direction of novenent;

38741
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a_control portion (22) for controlling said driving portions (28, 30) on
the basis of outputs of said sensors (12, 14); and a chargeabl e
power source portion (16) for supplying a power source voltage to said
sensors (12, 14), said driving portions (28, 30) and said control portion
(22), said control portion (22) and said power source portion (16) being
arranged between said driving portions (28, 30). 2. A mcro robot
according to Claim1l, wherein said mcro robot is supported by three points
including said two driven points (36, 38) which are driven relative to a
running ground (3) by said pair of driving portions (28, 30), and one
sliding point (1 or 2) which slidably contacts with said running ground
(3). 3. A mcro robot according tozglagm?2, wherein a |line Segnent
connecting said two driven points (36, 38) interlinks with the direction of
gravity of said mcro robot at its center of gravity dependi ng on
inclination of said running ground (3), and the position of said sliding
poi nt varies between the front and back of the interlinkage. 4. A mcro
robot according to Claim1l, further conprising a flexible protrusion (18)

whi ch projects from-a—-body (10)—anrdrhech—s—econduetdve W th said power
source portioQ3(16).
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- 54 - 5. A mcro robot according to Caim1, wherein each of said
driving portions (28, 30) includes a notor constituted by a stepping notor
(64 or 66). 6. A mcro robot according to Claim1l, wherein said control
portion (22) carries out accelerating control on said driving portions (28,
30) at the tine of starting driving of said driving portions (28, 30), and
wherein said control portion (22) makes the driving condition of one of
said driving portions (28, 30) coincide with that of the other driving
portions (28, 30) when the driving of said one driving portions (28 or 30)
is started while said other driving portions (28 or 30) is being driven. 7.
A mcro robot according to Caimé6, further conprising an obstacle sensor
for detecting an obstacle so that when said obstacl e sensor detects an
obstacle said control portion (22) reversely drives at | east one of said
driving portions (28, 30) for

40/41
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a predeterm ned period of tinme and then returns said at | east one driving
portions (28 or 30) to its nornmal operation. 8. A mcro robot according
to Claim6, wherein said control portion (22) detects presence or absence
of rotation of a nmotor (64 or 66) included in each of said driving portions
(28, 30) on the basis of an induced voltage in a winding (68) of said

not or. 9. A mcro robot according to Caim1l, wherein said contro
portion (22) drives said driving portions (28, 30) while accelerating, and
wherein said control portion (22) perforns driving with driving pul ses the
wi dth of which is widened at the tine of starting while narrowed at the
time of high speed. 10. A micro robolgjaecprding to Caiml, wherein said
control portion (22) nakes the respective timngs of supplying driving

pul ses to said driving portions (28, 30) coincident with each other. 11.

A mcro robot according to Claim 6, wherein said mcro robot further
conprises at least two screws (84a ~ 84d) driven by said driving portions

(28, 30), FIG63
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- 55 - and wherein said control portion (22) nmakes the respective tim ngs
of supplying driving pulses to said driving portions (28, 30) shift from
each other. 12. A mcro robot conpri sing: at least two direction
control sensors (12, 14) having respective detection regions partly
over | appi ng each ot her; at | east one pair of driving portions (28,
30) being -driven independently of egggTﬂyﬂgf and having driven points (36,
38) separated fromeach other in the direction perpendicular to a direction
of novenent; a work control sensor (15) which receives a work :
instruction contactlessly froman operation side; a work actuator

(67); and a control portio ﬁgﬂb ontrolling said driving
portions (28, 30) on the basis ofqgu puygﬂ% fsaid direction control sensors

(12, 14) and for controlling said work actuator (67) on the basis of an
out put of said work control sensor (15). 13. A mcro robot conpri sing;

A micro robot having a size of about 'lcm3 and
capable of wireless coatrol. This robot includes at
least two sensors (12, 14) having detection regions
thereof overlapping partially with each other, at least

a2 pair of independently operated driving units (30, 28)
having driving points spaced apart in a direction
perpendicular to a moving direction, control units (44,
58, 60, 62) for controlling the driving units on the
basis of the outputs of the sensors, and a
rechargeable power supply portion (16) for supplying a
power supply voltage toﬁjhé sensors, the driving units
and the control units. "ﬁhé*c%pt;ol u@its aﬁa the power

supply units are disposed between the driving units.

- (Figure 3)

~

This is the replacement shest

Date:  ~ 8 OCT 199



a reception sensor (102) for contactlessly receiving an exteﬂh&k(Kq”Q’
| nskraction; .at least one pair of driving portions (28, 30) being
driven i ndependently of each other and having driven points (36, 38)

separated from each ot her in the di recgg OnS@ﬁétﬂﬁfbdlsﬁégtar1'§'91aﬂugw Q@b on of

movenent ; a work actuator ( rol” por 22)
for dr|V|ng sat & driving portions ( ) and for controlling sald wor k
~actuator (67) on the basis of an out put of said reception sensor (102). 14.
A mcro robot according to Claim 13, wherein said mcro robot further

conprisgs a sAgiﬂﬁlmtrémwﬁg el enent (104) for externally and

contactl'essly - 56 -
transmitting & Raghoko asmsars (¢2el4) having aespective Gectiondregloms il , sh2 X

control porti.on

partly overlapping each other; _

at least one pair of dnvmg portions (28, 30) being driven independently of
each other and haying driven points (36, 38) separated from each other in the
direction perp.endiéﬁlar to a direction of movement;

a control portion (22) for controlling said driving portions (28, 30) on the
basis of outputs of said sensors (12, 14); and

a chargeable power source portion (16) for supplying a power source voltage
to said sensors (12, 14), said driving portions (28, 30) and said control portion (22),
said control portion (22) and said power source portion (16) being arranged between
said driving portions (28, 30).
2. A micro robot according to Claim 1, wherein said micro robot is supported
by three points including said two driven points (36, 38) which are driven relative to
a runniné ground (3;) by said pair of driving portions (28, 30), and one sliding pqint ¢
or 2) which slidablfyi contacts with said ninning ground (3). |
3. A micro rob;ot according to Claim 2, wherein a line segment connecting said
two driven points (36, 38) interlinks with the direction of gravity of said micro robot
at its center of gravity depending on inclination of said running ground (3), and the
position of said sliding point varies between the front and back of the interlinkage.
4. A micro robot according to Clam 1, further comprising a flexible protrusion

(18) which projects from a body (10) and which is conductive with said power

source portion (16).
REPLACEMENT SHEET

17 JAN X6

O D
* € L M s * C‘GOSSB‘:‘”‘?
lq’{\l e'é



(22) causes said signal transm ssion element (104) to transmt information
detected by said detection elenent (106). 15. A mcro robot according to
G aim12 or 13, wherein .said work actuator (67) ‘includes a mcro punp (114,

130) which is driven to discharge a Ligyi dgyd&itut T 970 g@@r i ng
to Caim112 or 13, wherein said work act uatgr 873 mcﬁcudes‘%gﬂ%\é o

mechani sm (156) and notor drivers (160, 162) for driving said hand
mechani $m ( 156)mictd robot Acabuding tobdairad ¢ Me@ntaachmfemé é@ﬂﬁ:o?ﬁ@pnan

endoscope, _conpri sing a photovoltaic ele 0) for receiving
li ght t&&aé ghinsuqeasa mPFQSé’I%W@Eﬁ)bYa%\étePBWasf&BW;Eg g ower source vol tage

E:(l)g% r ol 6, port |fgﬁhnﬁ%‘%bpggg%%§lnyf?g OW F%ﬁ% g?qSﬁQPﬁgﬂfb‘g‘PPﬁgoséaa’Bﬁst he
| i ght Og%h{%gﬁgaﬂﬁ URedficd OBl &Rlind idiRtiond 128 @bé)oa% ey elie deiswersg d

mcro p m Ccro robot corrprl a robot boay (10)
provi dedrvinbibfaaRliddiving @oﬁ@ér@, dp 8299) . aﬁ@dvtﬁt&ﬁ@&ﬂdcdhﬂdﬂ ipBriforQ) wedRet | C

pi pe (206) Contai ni ng a I i qui her'ein; and : an exciting device (208)
provi detheadriving condisiodefohe saélsatdrtbmmmgoﬂtons (P8 0E0)anndhdids withithatyofithe a

stator (202) of said nmotor (200) with nmagnet lux (212) corre nding to
t he nunééxer%glnvpr@g ggr@sggﬁdﬁ%w ¢n e w%c ofJ sa1<{ one dg-mnc) portxons%gé) or 9

30) is started while said other driving portions (28 or 30) is being driven.

7. A micro robot according to Claim 6, further comprising an obstacle sensor
for detecting an obstacle so that when said obstacle sensor detects an obstacle said
control portion {22) reversely drives at least one of said driving portions (28, 30) for
a predetermined period of time and then returns said at least one driving portions (28
or 30) to its normal operation.

8. A micro robot according to Claim 6, wherein said control portion (22) detects
presence or absence of rotation of a motor (64 or 66) included in each of said driving
portions (28, 30) on the basis of an induced voltage in a winding (68) of said motor.
9. A micro robot according to Claim 1, wherein said control portion (22) drives
said driving portions (28, 30) while accelerating, and wherein said control portion
(22) performs driving with driving pulses the width of which is widened at the time of
starting while narrowed at the time of high speed.

10. A micro robot according to Claim 1, wherein said control portion (22) makes
the respective timings of supplying driving pulses to said driving portions (28, 30)
coincident with each other.

11 A micro robot according to Claim 6, wherein said micro robot further

comprises at least two screws (84a ~ 84d) driven by said driving portions (28, 30),
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19. A mcro robot according to Caim1l, wherein said exciting device
(208) is supported so as to be novable in the direction of |length of said

non- magneti c pi pe (206). 20. A mcro robot according to Caim1l, wherein
sai d power source portion (16) is contgetl bk &.
- 57 - 21. A mcro robot according tsgé:CI gﬁ%tﬁg?&%g%i jh?éjggHaB\f Zggiod

VL0 o e B catlof BeAiIoER Buld skt Sukied ot ubadied
o or T B B e P ) T e e er o robot
accordi ng. to @& mid 26botf donigteingonpri sing a mechani sm by which said mcro
robot automatically noves toward a stand (370, 372, 374) in which
at least two direction control sensors (12, 14) having respective detection
regions partly ovérlappin’g each other; .
at least one pair of driving portions (28, 30) being driven independently of
each other and having driven points (36, 38) separated from each other in the
direction perpendicular to a direction of movement; '
a work control sensor (15) which receives a work instruction contactlessly
from an operation side;
a work actuator (67); and
a coantrol portion (22) for controlling said driving portions (28, 30) on the
basis of outputs of said direction control sensors (12, 14) and for controlling said
work actuator (67) ‘on the basis of an output of said work control sensor (15).
13. A micro robot comprising;
a reception sensor (102) for contactlessly receiving an external instruction;
at least one pair of driving portions (28, 30) being driven independently of
each other and having driven points (36, 38) separated from each other in the
direction perpendicular to a direction of movement;
a work actgétor (67); and
a control ';:Jortion (22) for driving said driving portions (28, 30) and for
confrolling said wc;_gk actuator (67) on the basis of an output of said reception sensor
(102). |
14. A micro robot according to Claim 13, wherein said micro robot further

comprises a signal transmission element (104) for externally and contactlessly
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said charging coil (380) is provided. 23. A mcro robot according to
clarm 20, wherein a photovoltaic elenent (412) is connected to said power
source portion (16) so that said power source portion (16) is charged by an

out put of said photovoltaic elenment (4g). Sgﬂstltutéb‘sﬁéé:{ 01570 ?@b@ ng to
t

claim 20, wherein a thernoelectric generation etenment iIs connecte o said
power s @Iansmltpngtau vgnal peyl asdetastiomelgment Gt06) aandivberain saidigangrel portioresponse
to heat absorption/generation of an externall éagr ovi ded_ heat

absor pt i(B4) epuises éaxdoﬁgb@dyansmsx@n slepeamt 41 0 angreienfosmatior detactedn
(16). g ﬁmcro r obot rding to cIa|m20 wherei h a booster circuit
(300) &Y deteetion glemeny r source portion (16) so that said booster

Vol tage 161 suduoRaroeipRite fy FRAR LEPr I35WAeIR solt GEACRARARE ) ¢ .
E‘tarifi‘s%% a%%?%%*f°iﬂ‘§'#?&%4mﬁmﬁ%§§’%ﬁ%ﬁ§°§o A 5030) “havi ng o

Dui | 1 6Dt oK £f20) Bt lchiding 1@ Claih (A9R13! GHeRiASid work acnBopBIT O

portion (22) for coniro rrving poftions
out put s imfludesi slhawharchariim, (156) andmator dnvers (160, 162) for driving said hand

mechanism (156). -
17. A micro robot attached to an end portion of an endoscope, comprising:

a photovoltaic element (120) for receiving light through optical fibers (122)
and for supplying a:power source voltage (16);

a micro pump (130) for discharging a liquid; and

a control portion (22) for analyzing a control signal superimposed on the light
obtained through said optical fibers (122) to thereby drive said micro pump (130).
18. A micro robot comprising:

a robot body (10) provided with a built-in motor (200) and disposed within a
non-magnetic pipe (206) containing a liquid therein; and

an exciting device (208) provided at the outside of said non-magnetic pipe
and for supplying a stator (202) of said motor (200) with magnetic flux (212)
corresponding to the number of poles of said motor (200).
13. A micro ro‘,bot according to Claim 1, wherem said exciting device (208) is
supported so as to .b_e movable in the direction of length of said non-magnetic pipe
(206).
20. A micro robot according to Claim 1, wherein said power source portion (16)

is contactlessly chargeable.
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- 58 - an arm (400) adapted to open outward so as to engage with a
pi pe i nner wall; a contactlessly chargeabl e power source portion
(16) for supplying a power source voltage to said sensors (12, 14), said
driving portions (28,"-30) and said cqrc}gf ol spRs 'T.iu?é‘sﬁg@l)i 19@(},6.%‘)& 200 d
control portion (22) which stops the driving of salrd notor ) %mé) opens
said ar n54400)A§5105@ rebotsacsprding e £laim 2Qu ,eramsgch € szid %xa‘gag (PfOI’&%ﬂsd

ower Sso ortign becones a val ue not, higher than a predetermnm neg

Pef e[encgiéj&(ﬁé%@u&%ﬁ %Egl?t-m motormibaé@? \é@?ds‘éﬂ@gﬁilﬁg?fm%)egil%ar‘@ﬂdméd by a

i ndi ng 51 SSdBtsity sliledd BRREH . PRl siiRe Hitiing BT LERG) ed " °
charged hynRal Yoltge' 668g REA 38Er ALLBLA t6 Chidek §id power source (16).

22. A micro robot according to Claim 20, further comprising a mechanism by

which said micro robot automatically moves toward a stand (370, 372, 374) in which
said charging coil (380) is provided.

- 23. A micro robot according to claim 20, wherein a photovoltaic element (412) is
connected to said power source portion (16) so that said power source portion (16) is
charged by an output of said photovoltaic element (412).

24, A micro :IZObOY according to claim 20, wherein a thermoelectric generation
element is connected to said power source portion (16) so as to generate an electric
current in respon%e to heat absorption/generation of an externally provided heat
absorption/generation body to thereby charge said power source portion (16).
25. A micro robot according to claim 20, wherein a booster circuit (300) is
connected to said. power source portion (16) so that said booster circuit (300)
performs automatic boosting operation in accordance with a voltage of said power
source portion (16).
26. A micro rob_ot comprising:

at least two sensors (12, 14) héving respective detection regions (Al, A2)
partly overlapping each oﬂ}er; |

a driving portion (28, 30) having a built-in motor (66) for driving a fin (402)
to rotate, .

a control pc’)rtion (22) for controlling said driving portions (28, 30) on the

basis of outputs of'-;said sensors (12, 14); and
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- 58 - Substitute sheet - 17 January 2000

an arm (400) adapted to open outward so as to engage with a pipe inner wall;

a contactlessly chargeable power source portion (16) for supplying a power
source voltage to said sensors (12, 14), said driving portions (28, 30) and said control
portion (22); and

said control portion (22) Which stops the driving of said motor (66) and opens
said arm (400) so as to stop within a iquid, when the voltage of said power source
portion becomes a value not higher than a predeterrhinéd reference voltage value,

whereby when said fin (402) is rotated by a flow of said liquid during
stoppage, an induced voltage is generated in a winding of said motor (66) so that said

power source portion (16) is charged by said induced voltage after rectified.

* [ L M S *
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