ROBOT SYSTEM The present invention "'f_'el at es to nobile robots with a

navi gati on systemutilizing inertia.>5%“A nhown nobile robot has used a st.ep
notor for nmoving to a desired destination. To reach any one point and then
nove toward anot her point, such a conventional nobile robot i %htcﬁcq m
desired direction by controlling a rotation nunber of the notor N fhe
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rne

noved by a 10 predeterm ned di stance by use of a driving notor to be

controlled by a mcroconputer. In order tg return,t,e an original
“nmoved fromits present position

toward the original position by ums_m&gation nunbers of the step
notor and the driving notor, the r ' being stored within a

(i.e. a start position), the robot nust "b

menory means in the mcroconputer at the-++we of the initial

position

movenent. I n
when

such a method for noving the robot as descri bed above, however, 20

the robot is mVE’Q’hE??é@éﬁﬂ%MtiHn'ﬂe%ﬁ fb AHUDEIRGObBE! With PndVa¥htieh SPsteme | S

he rotation nunbers of the -step notor and the drive

det erm ned based on

not or. Thi s utdizingtinettiaa rel ati ve novi ng vector cannot be deterni ned
between the initial start position and the presently reached position. For
this reason, when the robot is returned to the original start position
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only deternmisnell hasedvenidd® fwbilel @8bot is turned to a desired direction by

controlling a rotation number of the motor and then moved by a

10  predetermined distance by use of a driving motor to be controlled by a

microcomputer. -

In order to return to an original position (i.e. a start position), the robot

must be moved from its present position toward the original position by using

15  the rotation numbers of the step motor and the driving motor, the rotation

numbers being stored within a memory means in the microcomputer at the

time of the initial movement.

In such a method for moving the robot as described above, however, -

20  when the robot is moved from one point toward another point, a moving

course is determined based on the rotation numbers of the step motor and the

drive motor. This means that a relative moving vector cannot be determined

between the initial start position and the presently reached position. For this

reason, when the robot is returned to the original start position after the robot

25  has been moved to any point. the robot must be repeatedly moved back along

its original course. Therefore. the conventidnal mobile robot has a problem

that the robot cannot be returned along the shortest distance. Also, the

moving direction of the robot is only determined- based on the rotation

»




-2- nunbers of the notors. .so that if the rotation nunbers of the robot are
.changed due to the'friction resistance of a drive mechani smor obstacl e,
~etc., and then the robot is deviated froma desired noving course, this
state cannot be determ ned, whereby the. deviated value froma nornal'
novi ng course 5 cannot be readily corrected. - In addition, the step
nmotor is used as a neans for precisely determning * direction and
controlling distance, causing a problen1tq?t t he manufacturing cost is

i ncreased. 10 An exanpl e of a conventional“ aut ononous nobile robot is

. di sclosed in U S. Pat . 4,638.445, and is shown i f the

- acconpanyi ng HPMFIF HP‘&W%Q%" thal‘h!faﬂ\eoﬁg‘?“eﬂrﬁfmg? gg tS?s‘i"g’ﬁ’ts%fgtem
‘31 and a nenor t tare

A 15" ompur SreuBfu RE URLAIGER SRR oé'nﬂ%%;*‘@vc.‘i@ﬁlg‘“ 3 SBRBL B e
.;obot, and in I I anﬁé&ﬁg

symet ricall yﬁggglg%ns g‘(ff idb'“bft 1%%6\3%62 ﬁdéﬁsdymﬁdyﬁ’g the m%?t’hgﬁ%’tggeggan?,n(? tand
obt ai ni ng dat berdstetrhined| onhéieb{mhetdmmmwaﬂdma fromtamoemal movialRj esirsen a
wor kspace; and a second range p urallty of transducer array 35

symmet ri cal | ycamngtcdsereagdilyrcarrested - axi s of: the robot. 30 with a different

angl e.of view than the first transducer array with respect to the sane .
obj ect in the workspace and ‘obtai ning data relative to:the position and the
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transducers; 3ﬁ€ct1@ﬂah8%htr%‘l]?n§ﬂi‘s‘téﬂ&[ Xausing a pro_blem that the manufacturing
.. cost is,incr_eased._ |
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o An examplé.of a conventional autonomous mobile robot is disclosed in
. U.S. Patent.. No;'4,638.'.445_.and is shown in Figure 1 of the accompanying
diagrammatic drawings. . This robot comprising-a vision .sys'tcm. 31 and a
memory means for storing data entered from the vision system 31. A
-15 ,-.: computer 33 processes data. ._cn_t.cred'.from the vision system 31 of the robot,
-.and ‘includes. a-first range: plu-r.-_ality; of  transducer array 34 symmetrically
. disposed with an axis of:_-_-symmetry of the mobile robot 30 and obtaining data
relative to the. position and: the distance of an object in a workspace; and a
: _-secbnd range plurality of transducer array 35 symmetrically disposed with the
20 - axis of the robot 30 with a different angle. of view than the: first transducer
‘array with respect to the same Ob_]CCt in the workspace and- obtaining data
relative to: the position . and the dxstance of an adjacent object in the
workspace; means for'sequentlal'ly -transmlttmg signals determined by the
--computer 33 to each of the ranges of transducers: .and, at least one auxiliary
25 - range transducer 36 for- obtammz the position and dlstance information of an
object deviated from: the v1s;ual_ ranges of the first and second transducer |

arrays 34 and 35.



25 range transducer 36-for obtaining the position and di stance

I nformati on of an object deviated fromthe visual ranges of the first and
second transducer arrays 34 and 35. -3- Wth this construction of the
robot, there is an advantage that all of the obstacles encountered in the
wor k space can be precisely and effectively neasured since the rotation of
the robot is controlled by using data information processed through
software built in the mcroconputer. On the 5 contrary, the plurality of
transducers of which the sensing areas aBe different fromeach other are
di sposed in two colums over the whol e periphery on the top of the nobile
robot and the auxWiththis cangfeuctiomefitheaobot thereds ao adivaptage that dlbofthe

causing a conplication of the, copstruction and ri se of the nuf act uri ng
cost. Furt hegﬁﬂ?‘éFs £ICpypteEs !‘c‘gei‘é’of)‘&ispﬂcq ap e Psesisely a%}?ﬁgyhvely
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robot with a navigation systemin which an optical sensor is attached on a

conpass ut i | frereadhether arexdisposednd tavaseqlumas ®vey shewhple peripherytomthea
fixed directjon d sensing a |light regardl ess of the positiongl chapge of
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manufacturing cost. Furthermore, software which is built in the computer and ~’

10 determines the moved distance and the rotative state will be complicated
because of the plurality of transducerS. If an erroneous operation occurs the
robot will be deviated from its path, resulting in problems that it is impossible

to protect the device from damage and to prevent accidents.

15 Preferred embodiments of the present invention aim to provide a
‘mobile robot with a navigation system in which an optical sensor is attached
on a compass utilizing inertia and forms a separate system for indicating a
fixed direction and sensing a light regardless of the positional change of the
robot so that when the robot is turned in direction and the robot is deviated —
20 from a normal path, the changed angle in direction can be discriminated,
based on the amount of motion caused by moving of a cylindrical light-

reflecting plate which surrounds the periphery of the compass.

Another aim is to provide a mobile robot with a navigation system
25  utilizing inertia which can determine whether or not the robot is turned to the

right or the left by using waveforms of light reflected from a reflecting plate.



based on the anount of notion caused by nDV|ng of a cylindrical |ight-
refl.ecting plate which ‘surrounds the periphery of the conpass. Anot her ai m
_is to provide a nobile robot with a navigation system 25 utilizing.
fnertia which can determ ne whether or not the robot is turned to the right
or the left by using waveforms of |ight reflected froma reflecting plate.
Still another aimis to provide a nobil-e robot with a navigation system
utilizing inertia in which a magnetic sengor is nmounted on a general

pur pose motor so that the drive and:directional change of the robot nay be

easily performed. ccording to a g of the i.nventi t}
_provided a nobile ? ill ano 'I“S’Fr'i%pr?ﬁ@fstal @B ﬁﬁ&?g‘é‘r‘f"ﬁh an’é%‘ﬁgari"&'? SHEH d| ng
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- inertial"navigatlon neans being further arfanged to enable re-pl ottlng of

t he vector qudrﬁwmﬁal deviation of the robot due to the .robot.encountering
“an obstacle or the Iike in the course of its novenent by 15  providing new
conpensatd ng i nformati on representing the: rmved angl e; nmeans for rreasuri ng '

a noved dlstanceg‘;the robotf_dlrectlo | ans forg{ rnln
robot by a predet ARFHENDE 2’ ‘&Wch%'g eéHX IRy 3PexUe: ng. upon
the robot havjag, EfBPﬁ?)qlng'a predetermned di s_tanp_e and

inertial navigation means for providing information indicating a moved
10 . angle between an initial start=.positi;0;n:_:g_)__f__.said-r_o_bo_t and a current position, the
| information -b_ei-_ng. used- to plot a. xjgl;at_i;vs. vector between said current and
initial start _:po_si_tip__ns, the inertial navigation means being further arranged to
enable r__e,—plctt_in_g. of the vector. follqwing__deviation-.of the robot due to the
robot encountering an obstacle or the like in the course of its movement by

15 . providing new compensating ipfqr_mat_i—qn representing the moved angle;

- means for mp_asqrin_g _;g_;_-_mq_y:ed-_;.d_i_st;ancé of the robot; .. -

3 directional turning: means for turning the robot by a predetermined
20 amount, upon, encountering-an. obstacle or upon-the robot having moved by‘a

predetermmed distance: and

..control .means . for. controlling: the. directional turning  means,
- determining. moved. angle on: the -basis: of the information from the inertial
25 _ navigation means. and calculatmg a: shortest return dlstance for- the - robot to ';

be returned to. the. mmal start posmon



control neans for controlling the directional turning nmeans, determ ning
noved angle on the basis of the information fromthe inertial 25
navi gati on neans, and cal culating a shortest return distance for the robot
to be returned to the initial start position. -5- Preferably, said
I nertial navigation neans conprises a first |ight generating device, a
first optical sensor. a conpass and a cylindrical reflecting plate, the
first light generating device and the first optical sensor being formed on
the conpass so as to rotate therewith rebative to the cylindrical
reflecting 5 plate in accordance with the noved angle of the robot such
that |ight emitteBreferablyhesaid risertial gravigasioer anéany demiprisesral first | ighted by
said reflecting plate IS sense the first optical sensor and information
aﬁﬁéwn§ﬂ

t her ef r om r cEANEERLIAG AgVic.ca lseason agampass anda eylindsical refleatingns. 10
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wheel hayi ngplatepinudctordancel withdhé movednapis of pRy i:-oﬂmlsaah ftﬁstnlﬁgriltfemnieher ein
and the second optical sensor and second |ight generating device being

arranged t o fremtherfiest light gen¢ratingid¢wicef andheefldetad by said reflacting plate isheel

turns, light emtted fromthe second |ight generating. device is able to
pass througkﬁ%&‘?‘{ji’bidh%{‘f&hﬂpw ést\%z,rt@sig wjormation: thexsfrapt representingothe noved

di stance of 66§ Rgfe RUrB%dTAY 1hEtcRlrcl MfedtdS! s ©f wave form pul ses

10 Said means for measuring a moved distance may comprise a powerless
wheel, a second light generating device and a second optical sensor, the
powerless wheel being arranged to rotate with respect to said second light
generating device and second light sensor about a central axis thereof, the
powerless wheel having a plurality of radially spaced apart holes forme

15  therein and the second optical sensor and second light generating device being
arranged to be mounted on either side of the wheel such that as the wheel
turns, light emitted from the second light generating device is able to pass
through said holes and be detected by the second optical sensor, moved
distance of the robot being measured on the basis of wave form pulses ~

20  produced by the second optical sensor as light passes through the holes.

Said control means may comprise a magnet. a cylindrical plate and a
magnet sensing sensor, the magnet and magnet sensing sensors being arranged
for relative rotation in correspondence with turning motion of the robot, the

25  control means determining the completion of a 90 degree turn at a moment

when the magnet sensing sensor detects the presence of the magnet.



20 - produced by the second optical sensor as |ight passes through the

hol es. Said control .means may conprise a nmagnet. a cylindrical plate and a
" .magnet sensi ng sensor, the nagnet and nagnet sensing .sensors being arranged
for relative rotation in correspondence with turning notion of the robot,
the 25 control neans determning the conpletion of a 90 degree turn at a
‘nonment when the nmagnet sensing sensor detects the presence of the nagnet.
-6- Preferably, said control neans cal cul ates the shortest return distance
by using a triangul ation nethod based on"the initial start position and an
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9 of the acconpahylng diagrammatic draw ngs, 1 n which:” Figure I's a plan

-vi ew schemat i p@int ynsthedougseo b nx@mene offth@ robét. | e 10  robot system
enbodying the present invention: Figure 3 is. a schematic side view of
Figure 2; Fi-gure.4(a) and (b)-are-views showi ng a:construction of a

G oehonbanc e FOE8 b demtalna t heinmksian arsopivehovepe same
Fi s 6 d.,(b S e .Vj howi.no st tior driwvi devi
nan exanp! 87 B BRI ERE e BV Lo b G Eife; ByaweY of exBmiies
7(a) and (b) RIFighkéd'sidRbf YheEYEeoMipahyRiy Bldg SR n¥iReirawing® in which:

- Figure 2 is a plan view schematically showing one example of a mobile

- 10 robot system embodying the preséntii.nvention: '
Figure 3 is a schematic side view: of Figure 2; - . -

_Figu're 4(a)-and (b) are views showing a construction of :a- navigation
15 . system;. "

Figures 5(a) to (d) are.views illustrating rotative direction and the

~..measurement of angle in a-navigation system:
' . . _
20 . Figures 6(a) and (b) are views showing a construction of a driving

device.in an-example of a mobile robot embodying the present invention;

Figures 7(a) éhd*(ﬂb) are structural. views .of a powerless wheel in an

- example of a mobile robot embody-ing-:-the-brékent-inVention';"__ o
“Figure 8 is a vector view “showing a ‘method calculating the éhortest
"=~ - return distance of a robot at-'ihé::'-res_peCtive-.aned :p'oinf of: the mobile robot

-by a triangulation method: and



* exanple of a nobile robot enbodying the-present invention; 25 Figure 8
is a vector view showing a nethod cal culating the shortest return distance
of a robot at the respective noved point of the nobile robot by a
triangul ati on nmet hod: and -7- Figure 9 is a flowhart show ng an exanpl e
of an operating sequence in use of the present invention. In Figures 2 and
3, nunerical reference nunber 1 denotes a body of 5 the nobile robot. An
inertial navigation system 2 precisely cqptrols t he noving angl e of the
robot, recognizes the directional angle"t‘oc be deviated during the notion of

t he robot toward a: redgterm ne osition as the relative vector at the
time of an initial ‘E??r 18 ﬁi?&o‘g‘gféﬁh‘?‘ﬁﬂ'grﬁﬁ F¥3MB ?ﬁ%" OREFAUNZG SEINTPER s at e
t he angl e deyl'#%E?%quﬁgg&e&pzﬁ&%i%ﬁ and the |like on a surface of the 10

at al It nmes. r )

novi ng path I'ving nmeans 3 is a driving device which
allows the robot 1 to be precisely turned in direction at an angle of [err]
under the operation of a direction control notor which wll be described
later and al | ows TheFigotest2 andi3e mirseriealvaferenceahomber Hedemotesa adyrof A
measure neans 23 is.a powerl ess wheel which cooperates with the driving

means 3 and the mohilss gpbat.  Han iperial navigation systemsd precisely coptroly ther
that is, t r.ol f trolling t | i f th t
the cont rol ~MUVIE el OE SR aBb Brpeliars Wfs Bueriontcatelc tg.be devayed om 5.
the driving gBARS the Mbtidn 6F AEWBbOERDWAIH GG redeteithed pRiOY ab Bife fldhdvd © D€

t ransf or ned
vector at the time of an initial start. and senses the motion of the robot to

compensate the angle deviated due to obstacles and the like on a surface of the ~
10 moving path at all times. A driving means 3 is a driving device which
allows the robot 1 to be precisely turned in direction at an angle of 90° under
the operation of a direction control motor which will be described later and
allows the robot to. be also advanced along the moving path. A measure
~means 23 is a powerless wheel which cooperates with the driving means 3 and
15  measures the moved distance. and 50 is a microcomputer, that is, a control
means for controlling the whole operation of the system, the control means
being conneéted through wires to the navigation system 2, the driving means
3 and the powerless wheel 23 and allowing the data to be transformed
therebetween. _
20
Figure 4 shows a structural view of the navigation system. - Figure 4 -
(a) shows the structural relation between a first pc;rmanent magnet 5 and a
magnetic coil 13. etc. and (b) shows in more detail the first permanent magnet
5 on a cylindrical plate 4. As seen from the drawings, on the cylindrical plate
25 4 is mounted the first permanent magnet 5 having an N-pole and an S-pole at
its respective ends to thereby form a compass 6. Oh the upper side of the

compass 6 is mounted a first light generating device 7 for generating light and



t her ebet ween. 20 Fi.gure 4 shows a structural view of the navigation system
Figwe 4 (a) shows the structural relation between a first pernmanent nmgnet
5 and a magnetic coil 13. etc. and (b) shows in nore detail the first
pernanent magnet 5 on a cylindrical plate 4. As seen fromthe draw ngs, on
the cylindrical plate 25 4 is nounted the first permanent magnet 5 having
an N-pole and an S-pole at its respective ends to thereby forma conpass 6.
On the upper side of the conpass 6 is nounged a first |ight generating
device 7 for generating light-and - -8- a first optical sensor 8 for

sensing refl e ¢gst bptitaldensor fsa$otb§@1”su$“réﬂ@c§te@ dight dehivhdhae been Lafitiack

-fromthe first Ii-ght" generating device In-addition, when a‘frictional -
force is produowdrdsand eefledted back £sm3he fastlight hendmmngldeofcet?te .
navi gation system 2 because of the self-weight of the conpass 6, the force
"acts as an obstructive cause which disturbs the conpass fromindicating

| h f b T ch
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into an: N—pole and an et1c col I S rmount el ow t he
second per nBNeBmpERY 6efthé-forcb fh@tmmbbﬁr@awe datis® avhibh distarissesie duthpdsst Y

as t-he second per manent magnet - 11, 15 " Wth this structure. 1f the
~ magnetic coil fidmiiadicagngtdczertely thhenpesdpositipplof thelrobge s suppl i'ed and
- the robot is operated the second pernanent
L o To remove such a cause a second permanent magnet. 11 is.mounted on
. 10 . the bottom of the compass 6. the second permanent. magnet havmg ends which
-~ are polartzed r?_S:P€CtIYe_lz)’_,._{_PF:-Q an _]_\I_Roleand an S- _pole_. Also, a magnetic coil
12 is _mounte_d___,below____t_he__;second _perm;ane_n_t_ magnet 11, the magnetic coil 12

having the same polarity as the second. p_ermarlte_nt-' magnet 11.

15 .~ With this'structure if the magnetic coil 12 is magnetized as the power
| ..supply voltage 1s sugphed and the robot is-operated, the second permanent
-_ _magnet 11 having the same polarity as that of .the coil 12 will be pushed up
.by repulsmn of the same polarity, so that the whole of compass 6 is'supported
. by the supporting shaft 13. which is located in the_ air .above a fixed position
20 _ __hy‘ the magnetic force. . This 'allows -accurate indicationl of the. moving
| .dtrectton of the robot.. Moreover 2 cvlmdrlcal reflecting plate 10 is provided
h on: the cy]mdrtcal penphery of the compass 6 so that, while the. compass can
mdxcate a fixed direction regardless of the movement of the robot, the plate
p ' -~ 10 is moved at an angle that corresponds to a flow angle according to the
| 25  movement of the .ropot___“___l‘__, --Accordingly, if light i_s._f_e_m.itte_d #from the light |
‘' generating device 7 disposed.on the compass 6. various waveforms in the
 reflected lt_ght are sensed by the first optical sensor 8. That is, various

waveforms in the reflected li ght sensed as described above are analyzed by the



magnet 11 having the sane polarity as that of the coil 12 will be pushed up
by repul sion of the sane polarity, so that the whole of conpass 6 is -
supported by the supporting shaft 13. which is located in the air above a
fixed position 20 by the magnetic force. This allows accurate

i ndi cation of the noving direction of the robot. Mreover, a cylindrical
reflecting plate 10 is provided on-the cylindrical periphery of the conpass
6 so that, while the conpass can indicatg a fixed direction regardl ess of

t he novenent of the robot, the plate 10" ¥s noved at an angl e that

corresponds tqQ a flow angle according . .to the 25 novengnt of the robot 1.
Accor di ngly, “W"QCPQW(“‘?TS% 9 éFIﬂFJ“\“P%%I'\eHF"I oyt the st isgoreetly engved

di sposed on th Q S , vari ous waveforns in the reflected light are
sensed by thé"?b%ﬁ‘gﬂgipgm' sensor 8. That is, various waveforns in the

reflected |ight sensed as descri bed above are anal yzed by the -9-
m croconputer 50 to determ ne whether or not the robot is correctly noved

on the noving pat FngdH:gusanith;ﬂxry@éewﬁllasyaﬁﬁ%mei riotative dirkdtior Ad fiet at i ve
direction and the measur ement of angle in the navigation system
Fi gure 55(a)measwement ofeangletinnthernayigation fsystem.y Higurag®da) rshows the
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directivity of the reflecting mirror 9 fixedly arranged on the cylindrical ~
10 reflecting plate 10. (c) shows the waveform sensed by the first optical sensor
8 when the robot is rotated in the direction B of Figure 5-(b), and (d) shows
the waveform sensed by the first optical 1 sensor 8 when the robot is rotated

in the direction A of Figure 5 (b).

15 More particularly, when the light-reflecting plate 10 rotates, then the
reflecting mirror 9 with directivity will be rotated to the left or the right - that
is, the reflecting mirror 9 is rotated in the direction A or B as shown in
Figure 5 (b), the shape and the amount of the waveforms reflected from the
reflecting mirror 9 are different from each other. In other words, the —
20  waveform sensed by the first optical sensor 8. when the robot is rotated in the
direction B as shown in Figure 5 (c). is different from the ‘waveform sensed
by the optical sensor 8 when the robot is rotated in the direction A as shown

in Figure 5 (d).

25 Accordingly. the microcomputer 50 can read the different waveforms
and determine the rotated angle and the rotational direction of the robot to the

left or to the right.



t he waveform sensed by thé first optical 1 sensor 8 when the robot is
rotated in the direction A of Figure 5 (b). More particularly,
~when the light-reflecting plate 10 rotates,’ then the reflecting mrror 9
- With directivity will be rotated. to the left or the right - that is, the
reflecting mirror 9 is rotated in the direction A.or B as shown in Figure 5 .
(b), the shape and t'he anount ‘of the waveforns reflected fromthe
reflecting mirror 9 are different from h other. In other words, the 20
wavef orm sensed by the first optical 'sensor. 8. when the robot is rotated in

t he directionBa -gaw rm
.;sensed by t he optlchl gé@rf@p@%hﬁ“{tg%g%ﬁ'{gﬂ l%W?P%-dH\QIEéHEQIC R{C ion A

as shown in hhayFerm pa of B mobile-robof'6f Figlires Vo 5 NeA MriviAg W] 95 &0 can
read the different veforns and determ ne The rotated angle and the

| -«rotational dimesatednowfa chlindrbait plate tideso ethat thie robothd - mayhbe moved lif -

Fi gures 6 (a) and (b) show a structural view ofa driving device which may
form part. of ptrnportmn tharI@ltﬁitOTbﬂulengtfsa drivingsmotord V\dangeotedethrough ¢

nmount ed d 14 t t th d '
~ proporti ah. { PibraY @t Braufibde tmsc%ner Wiy B0l e SrivIBY WBeRlols (abagh o
5 I it 15
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plate mesh wiyith gearsS184- éorﬁfé@t%ﬂctb%idh@cﬁon@bﬁﬁét hitlo£ @9f rol - motor 19. Wth
this structure, in the case that cyllndrlcal plate 14 is correctly _

v o - With this structure, in.the case that cylindrical plate 14 is correctly
) 10 R tutjnéd by an angle. by 90°..according to the action of the direction control
~ motor 19, the magnet 20 disposed on the top of the cylindrical plate 14 may
- coincide with- magnet sensi.'ng:Sénsor 22 on-the cylindrical plate support 21,
- then a change of direction of the robot will be completed and the action of the
dire_ction control rhot_o:gl? will be stopped. . If so, the microcomputer drives
15 again the driving motor 1-7_ ‘to- thereby -allow.-the robot to b‘e“mOVed by a
_ constant-.d-is_tan__ce.; If the robot.1 is _rotatcd-due.to-'an obstacle; the navigation
.system 2.senses. the moved. angle .a-nd--the- microcomputer 50 determines the

‘moved angle and compensates--.'that:a:ngle.:td precisely move the robot.

20 Figures 7.(a) and «(b) :are: structural views showing an example of a

| poyxtc:_r_less_wheel 23 which may. be used in the mobile robot described above.
- The robotis provided with a cylindrical driving plate 26 on which a 'plurality
of holes 25 are -_formﬁe_d.;at:..--'.x"egtt.l-ar"-=:i-ntervals'along theu_c.:ircu-mfex‘ence, and
. .aligned with a c_e_ntral_.;axis 24 of t_he powerless' wheel 23. At opposite sides
25 of .tlt_c_ holes 25 ate d.isp_bsed'._a'second light generating device 273for"geheratirig'
v . a l_ight-and a second. optical sensor 28 for sens-ingfthe'l'ight which is emitted
from the second light generator 27 and is transmitted as shown'in Figure 7

- {b). With __th_-is_-structu're'.-.thé.:munbe_xﬁs ‘of waveform passed through the holes



10 turned by an angle by 90 according to the action of the direction
control notor 19, the nmagnet 20 di sposed on the top of the cylindrical
plate 14 nmay coi ncide with nagnet sensing sensor 22 on the cylindrical

pl ate support 21, then a change of direction of the robot will be conpleted
and the action of the direction control nmotor 17 will be stopped. If so,
the m croconputer drives 15 again the driving notor 17 to thereby all ow
the robot to be noved by a constant distggce. If the robot | is rotated due
to an obstacle, the navigation system 2 senses the noved angle and the

b1 cci el y @8 WHIST B OTe 3¢ One a0 dhECEpITaL AREE a3 1) SCIREIRY JBF ur o
vi ews show n e el | : Q. t he
Ve SO "eThXRIRAE Bhsdt PRURASARn AL selb e (oo T e
driving pl at enidfoimpiitef B0avild R pdwerdésshoh&d B5isaspRrated %@oﬂﬁn# 8 thé&r

I ntervals along the ‘circunference, and aligned wwth'a central axTs 24 of

t he power| essovensént28f tie robeodi {thatsisieaccdbdingofo thiee abtibr sof2 theadeiving posed

a second |ight generating device 27 for generating a | ight and_a second
optical Sensdevize).f rhesmerosgmputes 30 garregily determings thecmoved distances ef ond

l'i gh 7 and i 1 £t.ed h in Fi 7 (b)Y, W¢th thi
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formed at on&&qﬁqﬁﬁm& Ségfahﬁab?é(i)%%ﬂn@re sensed by the second opti cal
hen t S

sensor 28 an e sense ata ntered into the microconputer 50
whil e the powerl ess wheel 23 is operated according to the novenent of the
robot 1 (that is, according to the action of the driving 5 device). The

m croconput er 50 Fogurec8lis aloectoni diagranmeshowingl adimethod donfcalculating the N

10  shortest return distance by triangulation at a present position of the robot.

The robot 1 with inertia compass starts from the start point and moves
toward a desired position. In that case, if the robot is deviated from its
normal path due to an obstacle on the moving path, the microcomputer 50
15 compensates always the moved angle by using the sensed date in the
navigation system 2 to allow the robot to be correctly moved along the normal
path and the microcom_puter 50 receives the reflected light sensed by the
second optical -sensor 28 disposed on the powerless wheel 23. As a result,

when the microcomputer 50 determines that the robot has arrived at a point —_
20 A’ coincident with data relative to a predetermined move distance x previously
entered, the robot 50 is turned at an angle of 90° to the right or to the left by
- controlling of the microcomputer 50. Herein. if the cylindric-al plate 14 is
accurately rotated by 90°. in accordance with the operation of the direction
control motor 19 in the driving device 23. the turn in the right-angled
25  direction will be completed at a moment that the magnet 20 disposed on the
top of the cylindrical plated 14 coincides with the magnetic sensor 22 on the
cylindrical plate support 21. After the robot has been correctly turned by 90°

the microcomputer 50 receives again data relative to the reflected light sensed



the robot 1 on the basis ‘of the sensed data by using~a previously-entered
nmovi.ng di stance determ nable program Figure 8 is a vector diagram show ng
.a nethod for calculating the 10 - shortest return distance by triangul ation
‘at a present position of the robot. The robot | with inertia conpass starts
fromthe start point and noves toward a desired position. In that case, if
the robot is deviated fromits normal path due to an obstacle.on the noving
path, the m croconputer 50 15 _conpens§$§§ al ways the noved angl e by using

the sensed date in the navigation system?2 to allow the robot to be

correctly noyed, al ong _{he norgal - path_and the g era 21,50 r ivies the
refl ecten 11 buithEsmeEal B5nsoh28an BRatsRnabes B EEREEE e Bhs i EafitlE" 11
power | ess wh B AS1a __ %/gffg D6 e pter Dhedety tdb&s]t hat
t he robot "?'ha?%arl'%?(\)/téﬁ?g? "glsg%k?' trtlyly { -d%%ggﬂicgdeggjrﬁéwfth”dat'a relative to a
-+ predet er m negedANeS tHe. PoiitCA, Xhd hfivicvemputens@rdeterniines tiwbootaliOnivalteofed at
an angle of [err] to the right or to.the |eft by controlling of the o
m cr oconput etheés@ylindriealnreflecting eplatet 1 O dwrrangedpinathe navigatien systene |3, andt at ed
by 90. in accordance with the _operation of the direction Wn%ol not or 19
in the dbivi rgmpatesctheatistanerX;torthe PRIRLA ANgHN- e distancasY toghe RAINGLA- wi ||
be conpleted a nt that e magnet ., 20 di sposed . c . e .
cylindrical ﬁpétt&l gﬁg’% iTHEITE %T%%fﬁethﬁﬁél%kt &S@gﬁﬁgﬁ‘ Bg@a%lﬁﬂtrﬁéth%' -
cylindrical t & Sil : ek + 00t ) correctly turned by
[err] the 'M'?P%c%ﬁpi%?g'?étgsgﬁgéﬁc%géSggg’inn&gg't':ﬁt 'rpggflg?%e to the reflected
light sensed .- 12 - by the optical sensor_ 28 in-the sane manner as
descri bed above and control s o .
.+ .. Thereafter, if the robot 1 turns in direction at the point A and them

w
10 - moves by the distance y’. toward the point B. the microcomputer 50 calculates
*  the shortest return:distance 2" with the angle a.. .lf the robot -1 is moved by B
‘the distance X’ to reach:to the point C.:the microcomputer-50 calculates the
shortest return distance 3' by using the angle o, and storés the distance 3’.
~+ As a result, the robot may be quickly returned to its original start point by
15  _ | controlling of the -microcohl_pu.t:er 50 based on the distance 3’.
. Figure 9 is-a flowchart showing an ;ekample of ah -operating sequence
" of the robot 1. First. a power voltage: is supplied to the robot 1 with an .
1inertia navigation system. .The microcomputer 50 then sets an'i.nitial value on
20 the basis of an initialize program at step S1 and then the microcomputer 50
drives the driving device 3. fh_e navi gation system 2 and the powerless wheel -
- 23 ét... step s2. -A¢cbrdi_ngly'. the -:Ariving-';:dévice'3:drivés_the'robot 1 to be
-..::moved in. proportion to j_thé-..rotétion- number of the.driving motof' 17 :zm_d the
7 ~1 : :navigation system 2 cheék'S'-w-hetljér:.the:-.frobot 1 is mo_ved.'at .the‘.precise

25 . -moving angle. ..

L Consequently,..the'prOCed.utgg'i-s_ advanced to step S3-and-at this step S3

the first light generator 7; which-is located' on the compass 6 in the inertia



the robot to be noved by a predeterm ned distance y... Wien the robot 1
reaches the point A the mcroconputer 50 determ nes the rotation val ue .of
the cylindrical reflecting -plate 10 arranged in the navigation system?2
and 5 conputes the distance X to the point A°. and in the distance Y to
the point A, and the shortest return distance with the angle [err], by a
triangul ati on nethod. The shortest return distance is shown as 1' in
Figure 8. Thereafter, if the robot |I turns in direction at the point A and
then 10 noves by the distance vy, t oward3 he point B. the mcroconputer 50

cal cul ates the shortest return distance 2' with the angle [err]. If the
robot | is molaviegyon ﬁlﬁ“ﬁ?‘s#éﬁ’ﬁfé‘a ap ?RFTF@QZHV BTF m%emnuﬁq; 56%5@ 2,

angl o Lorr) oYMt Fndid e, NGB dinkcio] Bt The YORREsq s ieSlinfiis™
qui ckly ret urpfiécied frof fhel 1¢fiReling nfirfor™Ri did thé sz-,é%nd fight F?M,Jaﬂggqjevil&e_
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m croconputer 50 based on the distance 3'. Figure OW ng
an exanpl e of2%in theepowerlgssswhesl rB3cenits also 4 lipht. In pHictiek, the st_?_ﬁy\sﬂ atd t age
is supplied to the robot 1 with an inertia navigation system e

ni cr oconplit erS}@re performed simultaneausly.val ue on 20 the basis of an
initiralize programat step S1 and then the m croconputer 50 drives the
driving device 3. the navigation system 2 and the powerl ess wheel 23 at

S2. A di L4 .0g: ' ' b 1 d
PLep 52 Rocorl ok, SR gL RNGRd 15 eHSH AT f B b, 88 57V
navi gati on_sysidegecorid1ight HRLACE WhE 28 oS lhe FEYRAAOL fdechic Ging® 25

novi ng angle. Consequently, the procedure Is advance to step S3 and

at this st ep tensniitted i lights| Gyintingounslyatthe ntmbers of wasefornnand the éHupe ~r

conpass 60in,t e inerti ) A
1 informations of the light sensed by the first and second optical sensors 8 and

28 are entered into the microcomputer 50 at step S5. The procedures
described above are performed repeatedly and the procedure is advanced to
step S6. At this step S6, if the angle of motion of the robot 1 is deviated by
presence of an obstacle that impedes the advance movement of the robot I(i.e.
15  "yes"), the microcomputer 50 determines the erroneous movement of the
robot 1 because the numbers of waveform and the shape of the reflected light
sensed by the first and second— optical sensors 8 and 28 respectively disposed
in the navigation system 2 and the powerless wheel 23 differ with the data
previously stored in the microcomputer 50. whereby the microcomputer 50 —_

20  compensates the moved angle at step S7.

- The procedure is then advanced to step S8 and the robot i.; moved
straight by a predetermined distance previously entered in the microcomputer

50 and at step S9 the microcomputer 50 determines whether or not the

25  number of waveform and the shape of the reflected light sensed by the second
optical sensor 28 in the powerless wheel 23 coincide with data in a
predetermined moving distance program previously entered therein. If both

data coincide with each other, the microcomputer 50 determines that the robot



- 13 - navigation system 2 inertia and'o'perat-ed_ by the m croCorrputer 50 at
step 2, emts a light towafd the advance direction of the robot so that the

light is reflected fromthe reflecting mirror 9, and the second |ight

1
[

generating device 27 in the powerl ess wheel 23 emts also alight. In
practice, the steps S2 and 5 S3 are performed sinultaneously. Next, the
procedure is advanced to step S4 and at this step S4 the first and second
light sensors 8 and 28 sense their respectjve reflected and transmitted -
i ghts. Continuously, the nurnbers of waveform and the shape 10

o 2 B W 7Rl M5 ) S LSRR ©

descri bed ab%l?ggcgtsggvéggrtﬁq{%}ﬁ%?%ﬁ and the procedure is advanced to

step S6. At . e angl e of motion of the robot 1 is deviated
Dy presence of an obstacle that inpedes the advance novenent of the robot .
| (i.e. 15 "yes"), the mcroconputer 50 determ nes the erroneous novenent

of the robot 1 becEhiseutmes penfitrened by thexdirection controlhmotdrajf? imthe deving
refl ect e\%l [ gdr;:t _segsec&' by thelﬂt]‘&idr,gtéh and 'sgéf(ggpgﬁ%chgl ﬁzﬁnsgﬁs‘ﬂa glnlgilﬁég :
respect i wel y GAVag¢eH3 &drdi 15 CORYP itH &G Hags Oh &g E¥BRERES | 23 .
differ vm'thtlf}g dat a, previously stqred insthe m.croco ter, 50. whe y the
L des tﬁ %’1 net sen .ggo ecolﬁnciﬁ g't:’e :
m croconput er GOUIIAES WHBENE BENG MRV 60 Hhil% 31 TPRP edur e
is then adva t he. ity I 3 ] '

pr edet er m ne | S 'Q%’?zéﬁgﬁ@?%@? ;l/g]ger&lfe}fggdt oi szeﬁg%ndgérto%éo&np@gt@rﬁa&ngﬁgdat
step S9 the nbahegeflectesNigh? diféehithn®iia \eRsrbe in Bie Rritrddaenpiiter 50Wieeto of

wavef orm and the shape of the reflected |ight sensed by the second optical
sensor 28 i n thagresence|afsan abstetle2she oucrasompustn H0 dampensates the moving
10 angie in the same manner described above thereby to move straight the robot
1 straight at step S8 and then ‘turns by 90° the robot 1 to the right or the left.
Next, at step S10, the microc_:omputér 50 receives the rotation value of the
* cylindrical reflecting pléte 10 in the navigation system in accordance with the
~ turn. of the robot I, determines whether or not the bperation is precisely
15  performed and then mea_su'res tl-le'm__oving vector. by using the triangulation
mcth.od to calculate the sho_rteﬁt return, distancé-at step S1l. Accofdingly, the
robot 1 may be returned to the started point along the calculated shortest

return distance at step S12.

20 . On the other hand. at step S6 if no obstacle is detected on the moving
path, the procedure is .direc'tly advanced to step S8 to perform operations after

step S8. )

It is to be understood that the inverition is not limited to the above

25  embodiments, and various changes and modifications may be effected therein

" by one skilled in the art without departing from the scope of the invention as

defined in the appended claims.



predet er mi ned novi ng di stance program previously entered therein. If both
data coincide with each other, the m croconputer 50 determ nes that the

r obot - 14 - has been noved by a predeterm ned distance and controls the
robot 1 to be turned by [err] to the right or the left. This turn is
performed by the direction control nmotor 19 in the driving 5 device 3 and
is conpleted if the magnet 20 on the top of the cylindrical plate 14
coincides with the nmagnet sensor 22 on the cylindrical plate support 21
Thereafter, the procedure is-returned to kxep S6 and at step S6 if data
related to the ref|lected light differ with data entered in the

m croconput er 50 dher ezample.; sxadified abbahmalysheaatrangedido turm i amglésesf 50
conpensates the novin ﬂ;o angle in the same manner descri bed above
thereby to no °§ﬁh%18 t the robot 1 straight at step S8 and then turns by
[err] the robot 1 to the right or the left. Next, at step S10, the

m croconputer 50 receives the rotation value of the cylindrical reflecting
plate 10 in the navigation systemin accordance with the turn of the robot
1, determ nes whether or not the operation is precisely 15 per formed and
t hen neasures the noving vector by using the triangulation nethod to

cal cul ate the shortest return distance at step SI 1. Accordingly, the robot
1 may be returned to the started point along the cal cul ated shortest return
di stance at step S12. 20 On the other hand, at step S6 if no
obstacle is detected on the noving path, the procedure is directly advanced
to step S8 to performoperations after step S8.



It is to be understood that the invention is not |imted-to-the _abaove 25
enbodi nents, and vari 6us changes and nodifications may amﬂw ted therein

by ‘one skilled in the art without departing fromthe sc M’w,ﬂMﬂML

“»as defined in the appended claims. = . -. 15 - For exanpl
may be arranged to.turn in angles of ot her t han 900. -16 - CLA'MB
A mobi |l e robot conprising: 5 ~inertial navigation neans for

providing information indicating a noved angle between an initial start
position of said robot and a current poslrﬁtron the informati on bei ng used
to plot a relative vector between said current and initial start positions,
- the mertralMﬁtron means being further arranged to enable re-plotting
** of the vector follow ng deviation of .the robot due to the 10. robot
encount eri-ng :an obstacl e -or the-Fike in-the course of its novement by

. providing n co n representrng the noved angl e; means
o SRR DebL LRl

for measuring a: nce 0 r obot ; di rectional
“turning neans for turning the robot by a predeterm' ned anount: upon
encountering an obstacle or wupon.the robot having noved by a

' 5 o mertxal navigation. means for provrdmz information indicating a moved

- angle between--an initial start. posmon of said robot and a current posmon the

g 1nformat10n ‘being used.to. plot a relative: vector between said -current and

-~ initial start positions, the mertxal navmauon means being further arranged to

o __enable_ re-plotting of the -vector following deviation of the robot due to the’
10 ~ robot encountering an obstacle-or the likein the course of its movement by

providing new compensating information representing the moved angle;
means for measuring a -moved distance of the robot;

15 - dlrectlonal turning means - for turning the robot by a predetermlncd
.-amount upon encountermg an obstacle or: upon the robot havmg moved by a

predetermmed distance; and

e ‘control.-means” for controlling the -directional turning means,
20 . ‘determining moved angle on the basis ‘of the information from the inertial
- ‘navigation means, and calculating. a shortest return distance for-the robot to

.. be r_etutfned to. the -i-n-iti:ii::.stgrt-position_-.‘_ Lt

2. A mobile robot accordmg to clarm l wherein said inertial navigation

25 means comprises a first hcht generating device. a ﬁrst opucal sensor, a
. _compass and a cylmdrrcal reﬂectme plate the first light generating devnce and
the first optical- sen_sor .bemg---_fonme-d on the conipass so as to -=_rotate ‘therewith

relative to the cylindrical reflecting plate in accordance with the moved angle



predet erm ned- di stance; and control neans for controlling the directional
turni ng neans. 20 determ ni ng noved angle on the basis of the informati.on
fl ﬁ!“l "ﬂl&"l'navi gation means, and calculating a shortest return

d y nelffobot to be returned to the initial start position. 2.

A nmobi | e robot according to claim1, wherein said inertial navigation 25
means conprises a first |ight generating device, a first optical sensor, a
conpass and a cylindrical reflecting plate, the first |ight generating
device and the first optical sensor beingd%orned on the conpass so as to

rotate therewith relative to the cylindrical reflecting plate in accordance
wi th. t he noveef thegrabot such that light entitted dtaym the finstt light gengratingrdevied dndom

the first ligh erating device and refl ect by said reflecting plate is
sensed by thg“he%?’ []}Stﬁaé‘glfeﬁsﬁé'?ﬁ Platg 'ﬁrﬁ%ﬁ?ﬁ%*q géﬂe??%@ﬂlr%qm%@ﬂdi-ng

t he noved an | i I . 5.3, . bi,| e robaqt
according t ogi(l':l ?%‘f"ﬁqa@’g%eg?%é?g’F é&%e@tiﬁ% E%e@ﬁ’g(? %Pglﬁéﬁgﬂ?‘{’ﬁﬁggo ths eontro

di stance conppegms a powerl| ess wheel, a second |ight generating device and
a second optical sensor, the powerless wheel being arranged to rotate with
respect t® said second |ight generating device and 10 second |ight sensor
about a central axis thereof, the powerless wheel having a plurality of
radial |y spaced apArmohiegobpbageonding ¢ claimi It e 2s cvbentinsaid mheansnforr and

. second |ight l%enerati ng dev&cde bei n% arranged to he noynted on .
casuring a moved distance Comprises a powerless wheel, a second light

generating device and a second optical sensor, the powerless wheel being
arranged to rotate with respect to said second light generating device and ~
10 second light sensor about a central axis thereof. the powerless wheel having
a plurality of radially spaced apart holes forme therein and the second optical
sensor and second light generating device being arranged to be mounted on
either side of the wheel such that as the wheel turns, light emitted from the
second light generating device is able to pass through said holes and be
15  detected by the second optical sensor, moved distance of the robot being
measured on the basis of wave form pulses produced by the second optical
sensor as light passes through the holes.
4, A mobile robot according to claim 1. 2 or 3 wherein said control
20  means comprises a magnet. a_ cylindrical plate and a magnet sensing sensor,
the magnet and magnet sensing sensors being arranged for relative rotation in
Torrespondence with turning motion of the robot, the control means
determining the completion of a 90 degree turn at a moment when the magnet

sensing sensor detects the presence of the magnet.

5. A mobile robot according to claim 1. 2. 3 or 4, wherein said control

means calculates the shortest return distance by using a triangulation method



ei ther side.of the wheel::such'that as the wheel turns T‘h‘t‘émﬁ@rd fr-om
t hexsecond | i ght generatl ng device i.s able to pass thr

be 15 detected by the second optical sensor, noved dqmmﬁmﬂmﬂmﬂmﬂ
bei ng neasured on the basis of wave. form pul ses produced by the seco

.optical sensor as:light passes through the holes: 4. A nobile robot
according to claim1. 2 or 3 wherein said control 20 means conprises a
magnet, a cylindrical plate.and a magnet §en5| ng sensor, the nagnet and
magnet sensing sensors being arranged forl relative rot at| on in _

~ corresponden 'th [ ni tion of. the robot e- control, neans '

.~ determ ning '?)ﬁg% ﬁ ilgﬂg%nqgrtgaoghape%n Lﬁnnagtt“ag %ﬂ’erﬂ" Wﬁerﬁ:of"ﬁ? r?ggnet
'sensi ng sens t sence of the magnet 25 5. A nobi | e robot
accordi ng to?'(;: al m&{f&{%?oepa wherein said control nmeans cal cul ates the

*sshortest return distance by using a triangul ati on nethod - 18 - based on
the initial start position and an actual point on the course of novenent of
the robot. 66. A mudhilecrobmbsubstabtialiynas abteinkefohe desariteidowithdeferenbed

- with reference 5 res 2 to 9 of the acconpanyi ng draw ngs.
L % to figures 2 to 9 o? the accompany?nz drawm-os pamying J




