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FIELD OF THE | NVENTION 5 The present invention is directed to a ononDus

m croprocessor controlled home cl eaning robots having useful functions.
.Mre specifically, the present invention relates to autononous, nobile hone
cl'eani ng r¥86V30¢Pavi ng a | ow energy cl eani ng appar at us. PE/EWIRHE
specifically, the present invention relates to autononous, nobile hone

cl eani ng robots having a | ow energy cl eaning apparatus and a capability of
adaptively i0 performng and being trained to performuseful chores.
BACKGROUND COF THE | NVENTI ON Toys have provi ded play val ue anﬁ“ﬁﬁﬂﬂﬁ@ﬂ““ﬁknt
to children when the child i HOYMEELBRANNGROBAYE capabl e of

behavi or. M croprocessor controlled toys 15 have recently offereésdism t ed
simul ati ons of |iving behavior for the non-productive enjoynent of children
i ncl udi ng viol ence-oriented video ganes. M croprocessor based toys, until
now, do not educate by enga%@gg%i§£j®= I %- ri ented behaviors wth the
child. ldeally a toy should not only providing play

val ue, gbut al soTHe prExeRdn@AtidYis AlReced @ ABtofisAGs] Mizropr@sisopEdnerotiathdaehavi or
whi ch benefits the child and 20 reduces thefggrkload of working famlies.

Thi s i nverfiqapingiraboty havimgdgeivluatigns. h Adore spect W\é}?e&r%nb‘f‘v%ﬁg% A4 pe

adapt ed t qoUsg) P%oﬁh‘)%bﬂé 861 BRatiRP edbdts Hving)a Fokiaéneﬁg%rdd@ﬁm{ghﬂipaﬂﬂfspose
woul d be capab erform ng usetul tasks, capable of easil| Y bei ng
n

trai ned byEvehemersi ﬂPGClﬁ@a“pier F‘&rmsp%sk‘gcnté’ﬁd"(%’ﬁltﬂ aytongaaps i ebife ‘H‘ﬂﬁar ation
to accountyf, ?fng%bét?ﬁ%ﬁ??nod’ di@by Efe?ﬁlﬁﬁ BiShara! dold&f ca?;@lﬁh?yoé(f &dapiiety have the

appear ance o I magi hary thing consistent with the useful

behavi tr tmefoohmgamhbmngfwne\mpﬁf%@ué%%éwsl n so that the child's
interaction is with an enotionally engagi ng plaything. Once | earned, the

t ask-ori ented behavi or should be storable, transferable, and recallable. 30

Non-functional toys int GWWt ed behavior in
hild h tradit | | t
ohrdren, have. gl el Lk 3081 By kol 10 QR S

PCT/ US00/ &lxﬁé&e&he Reyseind cdf»%IIQGF Bdéeadait tghavios.s Uéatmbudcyssﬁr ca®@dyd tyscl os es a

toy which has the ap arance of a,cy cl ope:t vacu eane ver,

dobs e VHEGUFoTHBRre D A aa o g6 e SRt Bt e B ch'

whi | e t heYerfi@niat oPetildenthdisdigioletictcdrionted  vided gatmay e Mmmsprécemt based

behaV| oral respaonse to their environnent,. %Yen exag@ ﬁv%r sulfilhtheoys are
"El ectroni YR now,dn ol sucale B ergagRE Ry AT rien BRI TL and

various A&h!d”aia%&lyh%ﬁh@ﬂhlb&@ﬁ@ﬂld &ﬂﬁwmoi\/bmws@ﬁdm@rap valuBetlmaisd WA,

These toys are not ‘suitable for teaching erforn1¥® ful, tasks

al t hough™ st#rspaentiyhencewpge Freatiyet 5k oﬁﬁ‘ﬁ}c‘bﬁF a(‘.i‘oirﬁ‘( ‘Fq Beefity) the ghild and
r eadi N ‘é‘fédﬁééa g)e WPorictSRd b woHARY Q10 tThl YRt bRE freAlad tovafd thitend.
i

subst an 'y adaptive to their environment. Toys are also known to the art
whi ch are prograrrmabl e by some neans but which do not respond to

envi ronnent al 4PER bl 5. usPl RBne d1efAiRg FdfbiL YanagahalS

i ssued Cct ober 99‘9@3%9@3 oses ‘fs le to vvherelgn t he tqy responds
optical |y savesrthatpegosaeenld b@m@bln@f a#@q@mgrw | sk, kanals alisAely bS8 nobi | e

and to a | kramgc? gy q’l%%rhﬂg t&@e\fﬁ‘)n‘ﬁ Qﬁﬁs, %a%ufdobe adaptive in operation to account for

25  less then ideal training. Further the toy should have the appearance of some real or

imaginary thing consistent with the useful behavior the child and toy would be engaged in
so that the child’s interaction is with an emotionally engaging plaything. Once learned,

the task-oriented behavior should be storable, transferable, and recallable,

30 Non-functional toys intended to encourage task-oriented behavior in children have

traditionally approximated tools and appliances used to perform tasks. For example, U.
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performa useful function but which are not trainable or adapti Y6 APR 2004
exanple is a 20 Dustbot toy previously sold by Radi o Shack/ Tandy
Corporation, Fort Wrth, TX, catal og nunmber 60-25S6 which was a notori zed,

. hobile toy capable of Ilghtly vacuum ng crunbs froma table-top. The toy
wels not t MQHEAE or adaptive. Expensive consuner robotPSTHSPHHFTY y i nt ended
for entertai nment are known. A 25 recent exanple is a robotic entertai nnent
dog called "Ai bo" available briefly fromthe Sony Corporation at a cost two
orders of magnitude beyond nbst toys. Various devices of this type

i ncluding comrercially avail able research robots have been pronoted as hone
robots foS. Paryt EHI0IE wiCabudy, isﬁud@s’plyeé,dlwmﬂémtdsai astpycwebich Meyptheal |y t hey
require conpl ex us i nt eractians i udl ogr e esi gned
to perfor ﬁﬂ%gré"fuﬁﬁ °§%°¥°é%“l? RN R umce coggfggrtgdggegr%dggg%ﬁc ) g’%eg s toys
as opposedddpp prestigious adult ent erta| nment devi ces. 2 2 2 APR 2004 WO
01/ 37060 PCT/ US00/ 31678 Many industrial and mlitary "robots" exist which
are trainable or adaptively interact with their environnment or both. This
robotig art iswﬁstardméﬂaﬁm tatthda(ity&/h(th vﬂhle tieg e .not perforrn usefsl fenationsj vel y on
utility w thout regardtog val ue. . rPatent 5 952 3611(SWIk|ns

i ssued Apidp haye7 someplegs! ofjhe 4"(5%‘%‘3’%9‘?8“9"@&3‘?‘575 ViropmeRty| Seesnt PXATPISS S hing i n
a sel f guigladofd &@F‘E&E@é}ﬂé‘?uw' Shilhsle ffaﬁungérmlmmé ebridAr e, L Aand
floor-cleaning task. The device is trained %@recor |ngé§ul se- dr| ven wheel

not or si gratiensdifrctimgtes’hintasgativie dolisplem tNlispsefh r §@8se 9% t ape
subsequent t t ed
oper ot on ol By RLPELiAARIRLALT, BRERRRHAMDE a“é“)“éﬂﬁ%?iﬁ’??f o oot s
i ncl ude rméglsngayabtdidgnﬂeﬁttctuaﬁralgﬁs imenoadifi, tWrising et thatly. dliayiilg T iraEn taBier at i on

f d- f u S tent 5
1r52m6§2 I(J%\f,}ﬁrfgt ?%Hfs?a% 1a15)p£l§15t@# E)er ¥§%%%§gtg;re\rlﬁl 2?1 :2 herebyp?nggrpoz at ed

by reference; setting up external beacons for triangulation 15 as in U S
patent 5,974, 337 ( Nel S:S e ber AfITo)

i ncorporated b ?lé%gléqwn t? ‘ﬁhlgho?‘rﬁlp %ﬁr%rﬁ%?% >Y\%’lhr%g‘(’:étalﬁ%)naI c%ﬁes
present | motdaere@pﬁmaa& bmgroemntamhm% SHoc bxaplgta¥i gagent 4,72, 2l (lahasemagnet i ¢

field (mufti-axis rtlal UId ce syst

posi t i Bni rigfeed QGQBM%QW@%)S&S ame P%Eﬂi’r ? %ﬁ ?oé’ ?pog(ﬁ)épt%@e)%of gui ded
m ssi |l es. AIBIdes rathtisgdifksm ssi | e gui dance 20 technol ogies include U. S
patent 5,451, 014 (Dare et al, issued Septenber 19, 1995) discl osi ng an
inertial guidance systemnot requiring initialization; U S. patent

5,943, 009 (Abbaly)s AdOStvn3vhicH S8 Mobilk 984 @sh migutad Sl'bgfed: ﬁax@%‘ﬁn@uﬁcﬁm&e system
and U S. patent 5,917,442 (Manpongi an et al e 9 1999)

di scl osi n@eg@m&n‘@éf%%" Bt whicharg 3?‘9@?‘“?@6 P¥ Ia%}ﬁ%ﬁ%lt éﬁ' PR EAT ) |

Rel at eghy i np} |ﬂ?&¥ousgl%ldlgxl{m SIRRR/Tahdy Cbrp&raticth Fprthoith, $XBEdal8g| ( Mosey
et al., issue |scIOS|ng an electrog* f ass in a
wri st wat chnumijet ﬁbgijﬁ Whi?h/wéﬁa mpferzedgTapbileew capabls 95 gy CYHIYRE HUBRS r educed
to conpact t WSSt YR YEPRPL., Sans war heads, heretofore
been adapt%d'gﬁ(lt)agﬂesttog ?%Qg,g&@g ?or?laa eoys p30 There is an unfilled for hone
cl eaning robots that use | ow energy cleaning techniques and t hus nake
chores easier for the use a2 R l2e0t BEeTdodm004 31678
SUMMARY OF THE FREENF caqsumer%obotsz pl%’ﬂﬁﬁﬁ n?tgr% 0

25 recent example is a robotic entertainment dog called “Aibo” available briefly from the

Sony Corporation at a cost Mo orders of magnitude beyond most toys. Various devices of
this type including commercially available research robots have been promoted as home
robots for many years without widespread commercial success. Typically they require
complex user interactions including programming, are not designed to i)erfonn useful
30 tasks and are too costly to serve as children’s toys as opposed to prestigious adult

entertainment devices.



The present invention relates to autononous, nobile, 22 APR ﬂm#

m €r opr ocessor-control | ed hone cl eani ng robots provided with the,  neans
perform useful functions and capable of 5 | earning and adaptively
-perfornln useful functions. In one enbodi ment, the present invention is a
mobi | e, mF Y essor-control I ed home cl eani ng robot. PEAGISPUHET conpri ses
a platform a notive force attached to the platform This notive force
noves the platformon a substantially horizontal surface. 10 The robot al so
i ncl udes a computer processing unit capable of storing, receiving and
transmtting data that is attached to said platform The robot al so

i ncludes at | east one sensor attached to the platform which is capabl e of

detecting a change on the horizontal surface. The sensor provides input to
the computer pYgvedusgaluand miltans ‘pebats it ivhiohy 21e drainablecain pdagtiyeR| ement

oper ati ve|nyersa$ W AbREnWidnthehh6r PARITIRE PILBARE 2R 1P AYEHirebRASRUSFsCorCRANect ed to
the notive force and conputer processing unit, whereby the conputer

processi nberhi tt &epesstexchisively ot wilitysiisawntcesst to rRlaypvalug. orln HarAent upon
i nput gat g os£¢al WRkkids Q%cﬁ%r@@? lgﬁé)tdls‘ai?)‘?esstﬁéﬁéﬁ@ral b€ ofgROdiRRt the

present |nvent| on is COITI;;I sed an aut ononous, adaptive 20 nobiTe hone
cl eani ng noberlf-gidad; fnes clgpren V&l@elﬁa@n@ﬂélb’@l)éﬁateéltbr@hﬁr g@am—@e@mgct@aﬂmt atic

cl eani ng 5 t ed of an
aut onomaudr® ietice 2,588 BB IR bul iRl SRRl G R B EEBRRICC P 72
det achabl epepatioP®nthi astepearecprdds] Fhetapesubsspettiyds pleeedrio ggmﬂt@mhtor-aﬁhﬁg

DESCRI PTI eG: 'I;HF DR@O G§ FIG 1 is a perspective view of one enbodi nent
of the pl Be'P Stf?ﬁ OmAE PEBE of t he present invention; 30 FIG .2 is a side
el evattoonal view of the platformshown in FIG 1; 4 2 2 APR 200 WD

01/ 37060 PCT/ U 88%/3 678 FIG 3 I%ﬁ% a Si dge el evatjg Vi e of ne enbodi nent
of a cover for“tfie %?ﬁ'f’ﬁor”?ﬁa“w efinmphile copprarreial ropoty Yirette 1B WoR 1i ke a

turtle; FUfgitaldmiage Rap @mhpkealnegrdwmgmﬁﬁal apdritidnfdm exrlpeira®edused, rabocover for

<’ b ocRBMESPAR SRS 6 Schiieh e SO0 (BBt Soitiedl Pt B g ne.

present | QRAts B&ebyintorpbrated b9 r@ﬁ&ﬂwtsuﬁngah@extwnm&émrfoxairfraﬁrgmmtohve r obot
pl atformand control systemin accordance Eresent i nvention; FIG

7 i s d5di ayrmi-eRppaianlt 6PV ENelsam e\%sP@fh QS*ObF‘hQG’ré S vhish is B5Fddlet er ni ned

10 strai ghfcoRpBtded By GERAGANE Qs SonftiutisRNbf Qlrectibnbieedfpréseft ibtheF! G 8a
is an illustrative block di agram show ng a nobile robot, ‘constructed and

oper at ed Pperaingoredvirmment ticlones eavbvi bt casth’s Heagnatenfield n (mylfiiais i ncl udes
a camera gté?(?n&&ﬁ ém{@ﬁ? %ncﬁlﬁ enE}Js{égls %)‘3 Jf&;ltlghlﬂg\l\’fﬁpg é’llx@"(ﬂ%t) aarfgei |1 ng

above the'r cel avi'ng cerl I xture |ight
sources; ISleFin@gimbes in the msscqf awdgc} amsd:fs tﬁ@mnh@g@f q@\pb@@wergumeceof FI G

o i o Mephdloded|oBfilfe U 30'AMMYBLS 014 (8L LBLET:Red BEABAGL BONLLS) Sys! o

osifi on>redsur nt's unc lon as an érror signal;
FI GS. 9a disdloSihg ki ingstat gméanac\ systeay sot yequiringothitiahizationj Ui $)g>atmsf 8#3.649st em of

System | n TR SRS OB sl £ il SPS BhldiRec R, Bl BRRRED)
fixtures; 5,917,442 (Manoongian et al., issued June 29, 1999) disclosing guldance means where
the target is illuminated (by radar). Related in technology, but not purpose, is U. S.
26  patent 5,883,861 (Moser et al., issued May 12 1998) disclosing an electronic compass in a
wristwatch.  Although many of these guidance technologies have been reduced to
compact solid-state devices, they have not, sans warheads, heretofore been adapted for

use in educational toys.

30 There is an unfilled for home cleaning robots that use low energy cleaning

techniques and thus make chores easier for the user.
3



FIGS. 11 a, 11 b, 11 ¢, 11 d, 11 a and 11 f are graphical repr?genpfatznmns
of~the mat hemati cal derivation of robot position relative to ceiling light
fixtures; FIG 12 is a perspective view of a robot having a triangul ation

. control system FIG 13 shows a perspective view of the rotating

di’ ecti ond0 1630 ant enna; 25 FI G 14A shows a di agr am FCTUSH/AFBC| e

equati ons together show ng the intersection which provides the x-y

coordi nates defining the |ocation of the robot using the triangulation
control systemin FIG 12; FIG 14B shows a diagram of one circle defined
by the angle A and the chord between transmtters Tl and T2, with the
offset a and radius rl; 30 FIG 14C shows a di agram of another circle
defined by the angIeBandtS s tters T2 and T3, with
the offsets b, ¢, and radiu RYZ064 D 01/ 37060 -

PCT/ USO0/ 3167 &hkIpresedtSinedncivs reiatémedutmmbud)lnmbﬂe dn&g:rpwnessbr-tdmbllmrt of the

control systemof FIG 12 |ocated on the rqbot nti nuous
vave t r aneqenos rehogs proydedhwifls the meats i oes %ﬁla‘fse%fﬁgﬁgonagg iﬁpgﬁ%a with

si gnals defefifiink @R ARGtIRIN PRGBS MITInBibnd. he systemin FIG 12; and 5 FIG
17 is a schematic diagram of the sequencer of the control systemin FIG

12 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the word

"aut ononous” g oiBMbodiReslCRE D ké@&utxmn@&ws a%@mesmc@oﬁ&cebgaﬁl@@%d@@t

mobility as opposed to active gw dance ‘\; human. For exanple a radio 1 o
cont r ol | ekpriroeteaningerolptagTheotobpt easpyiserga platfatmremmepes Brecositaghedttadhe enpt e
control 0 RS hOURsGhEAY Higz6mA k&l NY
instantly Edg%a?}gg?%@k}gg&g g?r@ ?lé%#‘? 0trjloaggjsm crg rocZ:essorrand sensors
Wi t hod |'ﬁhnechbat elst inviviey ai compuier \nmgesamaemamamm«rmﬁgtonms ageivisg@nter ei n t he
word "l ea i gh a
desired pgﬁ%&%@% g:gg%?%su%tﬁft%ﬂgﬁ ng%u@ﬁﬁnﬁg‘gwbol??lggg? r?ggplr?e m%%ll ons nade
to fol | ovsenbe anaﬁhddnthp@tatfonmwmdl isaspable'ldfdstcmmg aa¢haogd3@1 theﬂlemzoatjllt 0 as
tral ning

" i ni ng” The recor e rs on

not ors or ‘{Xi‘]‘&eél rslﬁle SGSESC?F d’r%vé n%u VO r B SR P“tnfagm Sﬁ'%a%?s g?e g%?ltg&g
responses mciuﬂ&gs fleanihg \Amplemaﬁt bmeramelgf asheeiatainyith pmtfoms andali power equency
sour ces, asswe{% Eacﬂ_&g é reflecti ye or active. tﬂe?% eacons.

Ot her ?rapﬂ?“ﬁ FramRdted 40y the TRlYA Uéha'gsc?ﬂ’? BoBPESFHE lf“r‘ng or sénsng of the
nobi | e hoggmgild PbdessingORDL ditedtsiHofiz@iRal inicvBiientiof Wiy pletfdrai higeduporicidputL ear ni ng
in this sense can be acconplished by physically manipulating the home

cl eani ng AgpEceiyed figm theableastypne §786970] | i ng t he home cl eani ng robot through a
desired task, or by reinforcing desired 25 behaviors as they occur by any
communi cati ve neans. Progranm ng such as the witi ngaof non- V%I’I ant

software is notn OHPQH‘PPH‘WS”“ thepregeat inptighfs coppeged ohan AuerPmEsAdAPY e wor d

" adapthve'nobal 8bme RaSHLTAER prdvididl With 8eta@Ribldbl RiscHAERENIE eledtrastalrRsi r ed
goal or endp0| nt and changing the map of desired notor actions to optim ze
30 vari ousleringelp®r goal s. For exanple, if a goal is to avoid light, and
traveling along a first path does not reduce the level of incident |ight,

that action would not be repeated .but 6
In one embodiment the prescnt invention is comprised of an autonomous,

trainable, adaptlve mobile home cleaning robot provided with a detachable or

25 dischargeable electrostatic cleaning cloth.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of one embodiment of the platform of the robot of the

present invention;

30 FIG. 2 is a side elevational view of the platform shown in FIG. 1;



2 2 APR 2004 WD 01/ 37060 PCT/ US00/ 31678 others would be tried Suc&gﬁskﬂﬁfl y
until a direction or notion was found that resulted in reduced?

Iight In other words the behavior to a stimuli is not fixed, but varied

- r}n the desired goal is substantially achieved. Simlar adaptl ve

behavi or s WA, but are not limted to, tactile or SUTAYSOY&Etion of
obstacles that are discovered after 5 programm ng and sel ecting actions
which result in planning a path around the obstacle. It is to be understood
t hat adaptive behavior is not limted to path selection but may al so be
applied to other output paraneters such as |ight projection, audio output,
speech patt er MG. Zngda side elavational d/wwavfﬁ @egmbec}iuneohotgaf caxetbfoh theipdatiarm,
accordance, wi.th the enylron u 10 The primary enphasis of the

i nstant i HUBHE FTOVE |} OGSW?)@Ege kgﬁl(eaa %‘?ﬂat ed hone cl eaning robot having a

| ow ener gy- cl &iGi #gs sledp plfnar weivalf aviuitherferbeditrieet efsecover bmipud#tfarmsks. The
present inyvention ave Iay val ue whi ch can be achi eved

t hr ough t‘ﬁ}éer?‘ﬂct,lfed?"f)‘ys 8‘?513515‘&0 lﬁ%ﬁl US‘I" a personality by animalistic
appearg@nce, aqiiGOBSs alflockQidpsam aﬂdné Bibddideent cif 3t rob@Udoatielssybthm ofnthe ant
invention fromnon-toys. As used herein the phrase "play value" refers to
the qual i prgsegt InKekieNc] eani ng robots that provides pleasure, recreation, and
training for uyger ¢ Ws&l@ﬁmhmﬁlan ARIEGE 2R TaltbhBtivEEbNplaifMEBId ntics t hat it
could provide play value to c dren (of all ages) ile learning 20 to
per f or m usysfe inpeeordanegyith the PFSHY IYARHIRAL ching their toys perform such
tasks. As usedufierel E'dfag gﬁnatsﬂyaéffaqrev‘iané@&ﬁwrdbet £8m @l RedetRmapbani cal
devi ce under m croprocessor uter control capable of some physical
act i on0 sustteighs pathin aqqgttdarllqewﬂlébb Q@tfomﬁtﬁlﬁﬂff%l%dl ng but not limted to
movenent acr oSy A g2 W frafiGAHO LB @a%r?mhiﬂf)évﬁ@ @tﬂblﬁ45$cﬁ‘%nstﬁﬁ?éd' 40

spraying, noving air In response ensor I nputs such as sensed |ight,

odor, conbgeited Boacnckdancadith, onmgibedlmntf dfethel inventionc whishdrghisdes & cpmedads)

noi sture and t i C f Ofped

mi cr opr oc &Y% ¢ o “PY”%‘éa’n%%‘m‘ %é%)ég@legjeﬁogc‘)’?gsm%‘af egggc?&g‘?@{shgﬁrrggoé the A pl atform
may be enbammvingawlmmgloécqmmgsﬁmb ligsbureesyr be di stri buted. For exanple

bi | | at f i ded b t b I
Pniorft Accestidmeime Herdieli b B PEERA YSIRY Et lans may e

on-board the npjg. lse Raodk dagram svhidhbitiisteatesat feedbadnodntrob sygtem wherein2 2 APR
2004 - WO 01/ 37060 PCT/ USQO0/ 31678 The general desi,gn principles of robot
pl at f or s Ceiles 1HAted ROSIHRR mMEpRTEReRtS fusan A a0 TEeT I8Py art. For appli cati ons,

whi ch require PRYEORR SYTllastfal adliink@ plarfel Athe daiting ZRinalstamof BiG 8af he nost
suitable platformfor the present_invention is

d t
| oconot i on for FiGthePe ’cql?ea‘\ﬂ,f’nltgélaée hystrative Yigvsq ‘S%F?/“tﬁ’h %Vé%rl mljﬁ-gévﬁeel or

track 23' i %ﬂi{ﬁ{"}n én$1r§xﬂ£\§ﬁﬁmﬂg6ﬂﬂwraﬁ@ro$l:élﬂﬁ fiktlrebV0- Wheel ed, as opposed to
tracke pl atforns, one or nore itional castereq wheels

spher e-i n- sockBEGS. n’al)? dab,utleqd 14¢ g\fpblm, tllf(‘ REE glaalg}ca representatlons of the

mathematical derivation of robot position relative to ceiling light fixtures;
FIG. 12 is a perspective view of a robot having a triangulation control system;
FIG. 13 shows a perspective view of the rotating directional loop antenna;
25 FIG. 14A shows a diagram of two circle equations together showing the
intersection which provides the x-y coordinates defining the location of the robot using

the triangulation control system in FIG. 12;
FIG. 14B shows a diagrax.n of one circle defined by the angle A and the chord
between transmitters T1 and T2, with the offset a and radius rl;
30 FIG. 14C shows a diagram of another circle defined by the angle B and the chord

between transmitters T2 and T3, with the offsets b, ¢, and radius r2;
5



in addition to the independent drive wheels. A track-driven pl atfzrr’p n%ﬁ,’be
entirely supported by the tracks such as in the case of a bul | do&rAFR
Wheel ed robotic platforns are 10 avail able from Cybernotion, Salem VA, IS
Robotics, Sonerville, MA; Poul an, Robotic Sol ar Mower Dept., Shreveport,
LA; and NOHRH¥Pechnol ogi es Mountain View, CA  The r oRST/WPVIRB present

i nvention is "autononously novabl e". "Autononously novabl e", as used
herein, is illustratively defined as the robot can nove or translate 15

wi thin, preferably throughout, boundaries of a substantially horizontal
surface that is desired to be cleaned without input fromthe user.

"Movabl ", as HiGelS Beorwsi smfungiiomakblpele diggromnadiihatarartt of hes Fentiob pysstm phe entire
robot bo i r : t . fixed base. The

r obot bo?&lgcgﬁn‘%&%‘ﬁé‘f‘]g’f é&%&l%§%§’F€wgﬁﬁghtéﬁﬁﬁfggﬁttghﬁﬁeébnt rast, a robot
that has a fi xEif. déshowhéte fomdtiahad Dldoks associatpd mith signskdsteation ndipulseveep an
armof the 20.rob ¢ i S no:qénlél_ u%ed within the nmeani ng of the present

i nvent i on8N¥iREC YSEIIP AL+ '6bB¢ of the present invention is typically

| ess thian 10 kFiQn assch@nefcalisgpdny of thssequidiger i the doagolaysem 20F K. gore 1
illustrates one enbodi ment of the platformof the present invention
provided with notor-driven wheels. The drive wheels 2, are separately and

i ndependent |y dri verDhyABIED DESGRIPFIONIIE THMINVENTIGNNt ed on a conmon
circuit board print onto the platform. 10. Th l.atformis provided with
fast eni ng poi rrg%us\?d £S5, Q’L"'twa‘tf&ngﬁ?mm"“i hé nteﬁ%té?%ﬁ{}“ge fhﬁﬁgﬁ?tﬁ%tﬁé’gns not
i1 ustrat glener@S Hodiliy 86hRsed! b 8ctRRVIRIdaR&) by Shurddid $6r SHafipld AARSSOr
control unit 9 are |likew se nmounted on the platformprinted cj rc‘iﬂlt board.

I'n an 18l t eontatled/ koreneleatingaiebot ralying oRdUpIan QDETRIRT Hehhismpte eortrobwoplds r ar ed
port 8) f QL & autonofofs, "R '%Q%ofnemaxgﬂél?b%gpgei TP hatlded wonnspad or

upl oadi ng Instructions and renote operation of” the platformis provided. It
shoul d be bomd edoff-hedrd tmieroprecessor hed sensranwithee ismediate fupen gridagcowyerldt he
applicati Qaitgﬁ/o%o\(lgs | oconption on other than a relatively snooth surface.
5 Figure PO e view of the pl atf orm showi ng a front-nounted contact
sensor 4, the printed circuit board 11 nounted on the platformstructure,
and a ball support ans, 12.  Fi L85, . 4.1l : t;g“{gaéc &Qvers that
m ght 'Be appl i ﬁluiegq‘?ﬁén tBF¥0f{rl%%1§§118n%%g&? 8gscg%§%§ﬁ£n%§%ti C u|cl)pear ance.
Fi gure 3 ithrbupita dbiesl gath oirthdkemainally andeeleetrdnieally re¢ogding the mdtions medd s an

ani mal i stic coyer, which nay be fapricated.froman el ectrostatl usti ng
material . fHp¥ B\Pé‘F‘s"foffE‘?‘Eh%F {eslsi ?P‘S &Y é’ﬁsa bﬁé‘f/%nrﬁ%‘{]?haeé i "elfe}%sﬂ%n g%s

ot her wi se cRe4ifgl reRt.t Nl febrdiNgaeh He R RNGIel ®NQAOIGItorovheelsy tecamingodist acl es.
15 O her neans of |oconotion may be used. w t hout cha{%?ligng }ggg n%%i?&e of this
i nvent i on enyifonment pam,ef IMARRS/0S SYBHICTRRFSSAIMARES PERTENS [P IR REF RIS mis to
be applol edstfid R&faendyidhircay, 6r pa8siRERP BEdcOisIBCreNective bsdcaine bptichlbdacws| |,

hori zontal surfaces such as floaors

: ,. counter tops, |awns rdens, ., roof s
with | ow &MbereBanping Heans Gat PeHsedeh thelt| P%Q.‘mgﬂEg\Rhé“é’lS@é%g}hﬁ FRRi%d
pl at f or m By ANicAESing rdBet i@ ehPiFdhthehOWRIR R ideli aLERfinE oMthd seibesubbd ant i al |y
hori zontal surface. . Generally, the robot is placed gnto % substantial ly
hor i zont alaceamlighes by ahysigaliyegpigylating g Bewgf &R O Pefr i’ rﬁB\Rﬁ’éd on.
Next, the Joﬂﬁ&hnﬁ\éeﬁ%rﬁ@agmgyro%t:)pmroutgﬂea_ 4ihed it & gy/rémtch@nﬂ@lre@ur face
perform ng a useful chore, such as cl€aning with a 25 nonwoven
el ect r2gst aichavias ot they Opn by @ny pomInvNieasive meensPragradipRg such 3idhs YoHPAI or
vertical oRhstacl . 3 i trigger the platformto
stop noti o"ﬁsna‘ﬁ'aar?%‘é%&??g%‘Fé‘ﬁﬁ%at"g‘gﬁ' flﬁg{rlﬁ&garn\g%%%%l Wth its task. This random
noti on robot does not include or require a

As used herein the word “adaptive” refers to storage of prior actions with respect
to a desired goal or endpoint and changing the map of desired motor actions to optimize
30  various behavior goals. For example, if a goal is to avoid light, and traveling along a first

path does not reduce the level of incident light, that action would not be repeated .but
6



navi gati on system 30 As used herein the word "map" or "nmapping" rexﬁingo
a data structure stored in a conputer nenory neans such as read ARd i?
menory, magnhetic nedia, optical nmedia, 9 2 2 APR 2004 - WD 01/ 37060
‘PCT/ US00/ 31678 or the like which represents a task environnent. This data
mey i ncl ud®OoyB706E not linmited to a stored schedul e of BETU8NSIERCh as t he
nunber of encoder pul ses per unit tine fromeach of the | oconotion notors,
the conpass direction per unit tinme, or relative position coordinates (e,
g. triangul ated position fromsonar, |ight, or other beacon neans, and 5
other stored or cal cul ated data against which real tinme sensor inputs can
be conpar egthetow@ild g€ tiiedgbicksivel € it Ut directivpedt aiczidn pad fdumd thao testkeslkin

perform ng conponents._thereof suc S ni.pul atars.. .projectqrs, dispensing
Teane, | spREeRLIFEES ORHEMaOR e YRS MRt aar Pnrt i AIAER Y BT by a
user nanuaiptiyink @edied Fohing skRRiAlyeaReNd. I Sltlar hd¥pAvObehavisRlindidegbgi r ed
actions or notions or the user doing so be renote direction. Mre data 10

may be addedl naldlipited dp.y tagtilei ergsaspre fetestion ofuehstasles it nare Hliscqrares afigre
encounter j : | 4 FduM& tnvhpehge may be
manual I5§ %%é@ngﬂg?ﬁg% gﬁggé?ggégﬁpﬁlﬁ{ ‘%“%Tﬂg{“or?d%ﬂé‘ﬂ‘{g o%‘ml(’:)gt#calt, magngti c, or
mechani callt srie belendersiopdethattadaptive dehaivive is)no limited tospagf sebestiow but maayealsoecor ded
as a count,__per.,.unit fi and d LR ans by
the m or ofFopielId shisEBushl pHaaSIRaERE RCRSIRAGE Aol IaIEATE B
on- board tpagemmbarde shvame- ¢l danrimig seledn of a| kebavied in exedrddnge With ghewi r el ess
communi cations |i Eks Qar i he Internet ar sone conbi nation thereof. One
exanpl e of S R af‘oB

rocessor-based control and mappi ng system suitable for
t he guigdance system of the present invention is shown and described in

expired U S. patent 4,674, Q48 . nura, issued June 1 984/ which is
herei n incor por2r f SHRY F‘B?}E’F‘ér?ggbe '%Lgd%‘ieafé%gstg%qvé %’o?%ﬁ?qla;[%dghc}p%csi tion

i denti fi cajléamg TERADaViap ad6Rehiigy-dlethitd device, Whirk abitdrebythd \mer froicuctand a
change in a direction of, travel of the r?lbot, cal cul a}{%i ngaélagﬁpo%iticfn of the
robot in t@gKsdi FBH ST InYHHeR Mekoatonally havs,Biax dalug Wiich Cnkehigved ance and
the sensedpfigRNge ihdhushn thd PBlusidMBf DRARMAty BY adindASHd dpplarsricg/mlio’p
representative of the robot position. Such a, guidance systemis known in
the arts 9y0d.aed ﬂ@r‘l‘@éﬁ%’éﬂ”@%‘h@@@ﬁé@?%ﬁ’f‘ BB EPEYSon to generate an

obstruction signal. The obstruction sensor neans are nounted on a front end
and both sides of the robot with respect to an intended directjon of travel

of the robot. Swovseddersimite Hraeclay vings” copsitethhguality af RombERIBIL uni t
bl ocks, whjGh a?%gggﬁﬁgasg%, ﬁé@fe@t#n,e!mdq@iﬁ{ﬁ@ﬁ)r A84|. AL Bhtidthl a3Peck BP@ei N T he
coordin eachin h b

t wo- di nensi ona tes. _ means” causes the robot to make a
round al onipstantbunentiarn i tht itaronld weryidepldyevaiue e ehildgerlpf elhageshwiile learinghat t he

range b5 SLorad Qona el BRR 2003 NRAUATAGH SCTUHAPLASER, I 1 the mp o

t he st RfEans i response osition signal output fromthe
position identification nmeans. Referring to FIG 5 of the drawing, a

di stance sensor, 20 for produci ng hs [ [ ' LRPQR4donal to
a di stance tra\/Ae‘,\‘cl 'ésﬁdg'ﬁ‘?m?'hg'e%%fll Blgtrf%wotsr,gfegtg.ag%#ﬁgé@l:%{anffglt%t ?ons 5f drive
wheel s. A digr@tbdessor 28 temput2? corstot kambleaofgamerdiysicgyaction isachsasnbit nete to a

From'the dlEfshis RUHBoPuBRE T P BUREE Rarorient aeroRoe HaReckiBh s Ut
suppl i ed t Qorental btfack dating, i spaal/ingNmoving air in response to sensor inputs such as
sensed light, odor, contact, sound, radar, magnetic fields, electromagnetic fields,
moisture, and the like. Typically a platform will be comprised of a microprocessor, a
locomotion means, sensors, and a power source. A platform may be embodied in a
single physical device or be distributed. For example a mobile platform may be guided -
30 by aremote computer or by wireless Internet access means to a remote computer. A data

storage.means may be on-board the mobile home cleaning robot or at a remote sight.
7



means 24. The position identification means 24 is constructed twﬁuh& a
distance 10 travel ed by the robot by counting incom ng pul ses f e
di stance sensor 20 and to identify a noving direction of the robot fromthe
out put of the direction sensor 22, thereby identifying by operation
i nst ant an®UE/33W8i ti ons of the robot in two-di mensi onalP@IEOUIAH es for
each unit travel distance. Qostruction sensors 26 are nounted on the front,
opposite sides and back of the robot with respect to a direction of
novenent of the robot. 15 Each of the obstruction sensors 26 is adapted to
sense a wall, columm or |ike obstruction and a distance to the obstruction
by emitting a supersonic wave and receiving the reflection. A so nounted on
t he robot are.touch sensors.4.which .| oc obstr i ons mechani cal
contact ther e\ghf Ig?nei“ﬂdiéﬂ%'hﬁré‘}‘ffﬂ\i\% °§f°§°ﬁ8ﬁg§ Sﬁﬁ%f"%k“%@h%'%@?scfg’.egﬁe out put s
Enl‘ / to)he sefis (2@18%: ﬁ.an&zgﬁmwﬁens’, Qi @Creyphiee ‘Sﬂvﬁh@* &F]fi b @elatdBlyaflst, Beridonfalit / out put
port to a .control ciycyit 9, i ch. conprises a nicroprocessor.
Al so, theSUgaespdbe BEst: *ﬁ‘é‘alﬁﬁ)ﬂf’t“}oﬁﬂ fjf’”dg’ﬁtRrFﬁeEta’cni"‘E)‘Hloﬁééﬁswé%?qumatﬁ??;‘?‘gd to the

controd  Ciobsidtion Fodh aviRFe 1t QVIRRIst mAPBe sdlBQiveRNErieh, CiTHeUheeD of @R | S€S A
central operational circuitr 30, and a storage 32 nmade up of a read

) . (cPY)
only neno#ignmreg sx&zﬁtantapllmﬁr@ﬁ?h & veoswhepladpgsyopprasglfo trackeds platiogAL: PBF  ci r cui t
9 further ! i i Xe ' 8§y and an
it er 1 Upt O e R B o e o Ao ey 2 e ve
si gnal t oingadditiondo ¢he indéerenddt diive wheqly. OAplsack-d2iyen platfome arayts endivady si bl y
control t t.atl Lve: r . L ors) |IA
and 16, wiipeRty Bt flh 4F oT b BIsE of KD SPLel ok EPRITRL O 8} 1
of t heo r obatlabléfromHEybsameion, Sabem,t Vi, IScRdbotts, Someryil®@0May tHovlan) Rebotiont r ol t he

rotation of opt.d on drive . npto 6 _f.0 | eani ng, sweepers, ~yhi ch are
nount ed og"‘f‘ﬁ@"?’%ﬂ%"t”?‘%@ﬁﬁ?&&l&@8@1%@1“8&53“&%10% E’%g[solug gﬂ?lg?l’ Cs:)é-,ylnecti vel y
turning on 11 2 2 APR 2004 WD 01/ 37060 PCT/ US00/ 31678 and of f a system

power source, .SWtchi a runni ng node, setting a stant pasition,...adjusting
a sensitivity rf’ﬁ‘g ogi%?"e@ﬁe%m@ﬁl%ﬁs 2"’2‘?0“8?1895% Aoyatie; t‘ogﬁ né’é@ﬁsl?'he r obot
a boundar moofble, b¢ asdl herdmgie RSty defired edsthe aotworamnovery theslappl i ed t o
the drive 36 by interruption with priogit n.a.radio nt r.ol sis. This
o ot winly PR bty Spunafrs Ak pisloiten Bouatl sk 98 ¢ 2.
The out puligired td §e1&88d without @ipsOhem 3 el ‘MdvRbR” o Nkddterdigamdauetheni t 42
are routed also to the control circuit 9 via an 1/0 port 29B. Referring to

FIG 6, oR@Veamt ok tipnsiatieniobherfatite 19bothodynRson other Si98ds: the rapRidees fota

schermati c 1PUe, AtheTHVBody! B9 2Rk ah®BPHdnaMP cat B, f1ArcEhikddt, whi ch i's
substantig Ief/anfi g’\ﬁ%ei reley&g)ur?o}{mdecff1 b aa f?@ntn lg}tsﬁrper 50, side bunmpers 51

y a.
and 52, anbohthebas aifined dpseshat refaten teaacpYapliRy tasks: B BHSWGERLB A Of HiSr ewi t h.
AN ODSH I UEloORs ot iR RASEHithH tidReanBiloRfle RiseftiveRfién. Of the bunpers 50-53
t her e\?\nBth.%ﬂ,quss og\knﬁliian F}G 7, ?sgigrre tt?a?ltsethever obot is deviated to the
right fromthe 15 reference path by a distance "d" with respect to the
travelling dirgglinp 0 tingdntibs i§ciAtIgegdaY AN angl e O
relative to thzﬁ‘% gﬁ@‘ﬁeﬁ%@“%af@@%éﬁlg{eﬁgﬁ l{lte lde\ﬁna ion?of the robot is to
t he ri ght kilégrathg preféreblp lesethpm8 kilogrardst er m ned. Al so, whet her the sign of
d+tan Ois positive or negative is determ ned by operation. Let it be
assuned that d+tan Ois either d+tan O? 0 or d+tan O+<0. 20 In the
first-28enti onedigoentiillisadtes dné @mbQimett of He plagéranot tht presdnbirigyentior t he
angle Ois re|lati.yely spall, .or e arientation of the r i in the
positive zRﬁ‘B’EAe ' ‘%éﬂ%j%rf 8 H’,hc?lﬁtélhhfgf‘&? fvg?le?ss%ééeds evr%tfegﬁ?gl??&eep %Aﬂgﬁﬁb{/e wheel
i s cont roldkieeh byparbdncHieYequipsktnediorQ) mowdted en 4 bemmnbimn Cinanih boatdueintdd ontd s

assunmed to b 0), hjbe e rotati, spe af the right. 2 i eel is
kept at Vdhe &ﬁé‘@bw CP% B?“isé"%vé%ge”&‘alggﬁ’ﬁﬂ%pgnfséf ?Or ft u?‘ {ngtf)ipwr?ot ate
| ef t war dl yopdd 4t a FabtedkigSmediS P fillustrated. Sensors 4 and 6, the power cell 5, and

30  microprocessor control unit 9 are likewise mounted on the platform printed circuit board.

In an alternative embodiment, a sound producing means 7, and an infrared port 8, for
8



The other condition, d+tan O<O represents a situation in which t?g gm,'
.theta. is negative and the robot is directed toward the path at ar ge
angle. In this case, while the 30 rotation -of the left drive wheel is

~mai ntained the same, the rotation speed V of the right 12 2 2 APR 2004 WO
01/ 37060 BXOI1388/ 31678 drive wheel is controlled to b&CYYSPR¥E+tan Q ),
thereby turning or rotating the robot to the right. In this manner, the
actual path of the robot is controlled to the reference path if 5

di sl ocated therefrom that is, the position of the robot is corrected. The
conpensation effected for rightward deviation of the actual robot path from
t he ref erdavadoagat bplasditiemstnichions aid mérhate operatiopl of ¢k nlesfdrafis previdediedt at i on of

t he robot ept for, the rever of I f ol over
the ri ghtshﬁﬁ@%egf’?te(grﬁl’a\}}e}rac Seéal?hseﬂhanowb%gsgf %ﬁ? ﬁogd‘ﬁsrsega%}}cge{ch% gﬁplﬁgﬂ%{i on as a
conpensat indglvésdodoniotion bh ethanthrea ©)atisdy krnogh agfa#\X in the rel ation

- MAX<t anO<MAX is sufficiently large, there exists a position and an angle
where d+tan0=0 hol ds, even if the deviation d fromthe path is substantial.
At suck a speqiifire 294 Bille vieWerf iieiitfoamnhdweing a dfonudowhiebimtaof sehlre 4 obot are
equal in velocity and they approach the fpath at an gngJﬁ to the %ath whi ch
becones cthepepted GIT?Lbean‘bK]t mgpgedeomtbe piatiopy sticlire, A0E aPajl SUPSHIREN N
decreasesjyv th the decrease in the distance d. Stated another way, the
orientation of the robot is conpensated sharply when the distance d is

| arge and the conpensation is slowed down as the distance d becones

smal ler. Thi s sl §9n§ mﬁﬁﬁaﬁqg@wgﬁégﬁglat hight86 bppidd td bR flffofmdoMay be

mul tiplied by a“positive constant : the termtan O by a positive
const ant pRvile anhaimalisyc ahpeiransd. Pigure T dlvpeatesar ugie dpk caver.anddiigwe s ~0

establishegd up to the pai nt wh + Ll 8.,h0l.d ic dSstinkhe poi nt
where t heﬁﬁl(%%?s 3%%’3%‘8@%"5%0?'% g‘}r‘qﬁh\?\,ﬁ ?tlyh&% E%RF%%?L' oglr %ndafcééo??{éﬁ :dvem\%meel S
runni ng aiagmnakeqTaé caveey tepicallyariliiengnd heyond st wheelawleseethermiggaotsd saovement

may be inpl enented by the supersonj.c e, sensors 4A, 4B and 4C and the
touch sezg}lﬂg‘e H\Rﬂ?&%“&%cﬁbﬁ‘ﬁ?‘éﬁ“ﬁ%l\é\%\{?ﬁg robot itself, instead of the
renote control transmt and receive units. Sone of the supersonic wave
sensors 4A, 4B _and 4C are capabl e of .identif.yi ng .shor i ranges
and tH& ot her s?tahebﬁ’beaPsaﬁgé F’g‘%ﬁ%"‘gélq‘s Ysgélcvﬂ?ﬁr?ﬁ Sﬁat“gméﬁggg%d;?gdﬂméensors is
opt i num f giveRti@anit idto BeOundersmbpkiay atwirelkd ootradkkd alatfoomismei beteppledstor r ounded
by walls; the robot wll nake one rou utomatically.al o | 1's of

t he room I3sks Bk PR g0 OR @etfeme %G“Qﬁtwgﬁ&gvgle %rbzt‘)g%l i%fac sZJ{\. gh %;go%’04 WO
01/ 37060 RGEHL TSRO 13%E7 §ardBRl R GXATOW Qngles GRpRIingioa} bidthledikeor These as a
navi gati on system'in the present .invention includes rra‘ggiqrf%fvi a | magi ng

p . .
ceiling |ivueled axhiresked PlatiRemnprpyidesna mptive ea, 10, MQyeg; LMo %nd

descrihed j Ry EizbhtaSur@@t ent 4, 933864 (Evans et al., issued June 12,
1990) %nd Slmggtﬁé?ﬂeylrn }anSr p(r)r ated by reference.

Generally, the robot is placed onto a substantially horizontal surface that is
desired to be cleaned and then is powered on. Next, the robot moves randomly about the
substantially horizontal surface performing a useful chore, such as cleaning with a -

25 nonwoven electrostatic cloth. Upon coming in contact with either a horizontal or vertical
obstacle, the at least one sensor will trigger the platform to stop motion and then reorient
itself and proceed with its task. This random motion robot does not include or require a

navigation system.

30 As used herein the word “map” or “mapping” refers to a data structure stored in a

computer memory means such as read and write memory, magnetic media, optical media,
9



5 In such a mapping and navi gation system the robot m croprocessor uses an
i maged i nput to nake a map of an environnent, such as a kitchen, AAFR 2004
determ nes the honme cl eaning robots position and orientation on that nap

~ froman image input) such as the ceiling lights in that room In

parti cul aWO ®1&@6¢ui dance system robot images |ight 10 FATUSPUHSEN t he
ceiling. By extension, the canera could include the robot on a two

di mensi onal surface. Referring nowto FIG Sa there is shown a side view of
one enbodi nent of a nobile robot 110 conprising an el ectronic imaging

devi ce, such as a canera 112. In 15 accordance with the invention this
optical i liksrvatictorepiesentsra taskratiroranent. eFhig date imay iegplude buhisywehlmied ural ity

of light fixtures. 1 he cejlin j ' bayietiinBerodesi red
path of t'fié Sf"dffgfchﬁ"%f Ogﬁwcg'o%sasr‘rl%f? ggT%%ﬂ%lrgg‘ée}%gg(}d;ppﬁﬁgt}%es la lCCDr i magi ng
devi ce hasatier the J6Ko@1oE 0D Motees; tiengpmipass diteelich pdr unitdime, POXgativg iDe#itiprs di r ect ed

obl i quely upward such that if images the cej.l,i.n 4 .t hi e rward
pat h of tW@rdr"@H‘étéiﬁot.“a’ﬁI’iatEé\Pr‘ésr‘t&’%l (anﬁnaé’ekéhrt’a eé&lgr %%a&é'ﬂa |c%{l}’8 @pi xel s,
i ndi Vi glualin@nesedér dMtukiedRMEgdintabiich iealdimatdne infutaceni tetcempatey tof

radi ation incident upon a corresb?o'gdi n? surface. area of the campra

radi at | onguénamablle empuer quersisd PLAHETR OF A PELTRENE CERORH REGE Processor |

|8 which s, gapnhas, bhiddfs, iRind edaepay biips,|amige groceBsomad18, as

shown in greater dej al IJ in. FIG , conprises a video msgor 118A whi ch

stores a tygsalissisrinitiaihobuilioy grisexmareglly feadme Shg hame Jeanie 10 ?.[téﬁrgug 3. An

i nput to ;’Ji%ggesﬁv\%ﬁ"aﬁt}’og}%%oﬁﬁys HandLYideRg sbbeatmawairegiono Mge dak (Al D)
IC [

converter gitizes the anal og output of canera 115 The digital
out putio of may Be dde8 adapfivElyrduring opegtion such #prheniabstaclpLIR GRCPAKIES: (R8T 118C
wherein pixel briahtne I ; i Rl hedlBongay al so be
enpl oyed F‘BIpie'l ﬁ%&g’t‘]"t ﬁrpzaﬁﬁ\é‘?d‘?ﬁ“; t‘gﬁﬁflgf %?gs%ﬁgﬁnfcmgr r e(}:l'lt_lis‘%n. I n@%r;
processor ddsi8d foatht hElie cwpgrdfspsicalnmagnetiepeyemenharieal Snpeeredn E¥h E¥eh as a

m croconputer. 118D ich is coupl i Jrdfd afagkdwhi ch i s
oper abl e I""E‘Felraesrfﬂﬁﬁfgt]“h s’g’fe&?cé’&ye@iaggg&’&rt gérlr'gm é%%q?ﬂ%reg?r{cg%n 14 2 2 APR
2004 WO 03 3 7RkbrP FleahiSOP Hid b Bopravager pudee psepram ta@rdlur The date gifrgeses

menory 118E which includes menory for storin oqr i i ,

Const 4t s meA TBHRS S YUREE PRRE BPBe A A e ey Bened SRy E

per f or M ngifkfkssdnithimesions lidkhe tiejpemehirahmeicombibaicdgbaeatbed i n det ai |
hereinafter. An output of inage processor 118 which is expressive of
position information relating to 5 ceiling fixtures 116 within the FOV of
camera | 12 nmapnbexsHpplof @k mitkehrevasstiSbaad coitrod and mapping aysierh isnikable 0 a

navi gation control processor |20 which.deriyves g\nadv'e?&;bie?qh %th@ kaged upon
the per ceifortie Bwdarce sysiem ol teiprasery REORILIS SRW™ A0 FT TG ar he

orientafi q&gteﬁf 4594 b gokixalth, fsiuet ues 16,Th987) dehiah ayeivin Ewpipogated by st eer

t he robot ‘down a hallway or to orient the robot %NI hin a SCPO(grSgIlsn‘?#g system
of a roomreferentdeThe guidarse systerm RGeS ROSHE? 1%f “Ef:‘ffmf“i’eﬂlur %SV AP Gut put  of
navi gati on,, r o ' ied dizcfiordof wawvelnef steembbhig
control 12%&%%ctﬁgvﬁgé%?%u{ogaﬁgﬁdp?ed' to drive and steerj ng wheel s 124.
The wheel scakltiag @ pasitivornfabe rafiof fip aW%éwﬁawPP%Ig°°gﬁ9I“fa&één TERORS Oh™Fs
typically a fl.ogor,. Vi [ l; S@hd hefkrdtinpi £ pbdityorr sigedives an
out put f rosﬁﬁeﬁecgs H%e nggtgé g%gf?ﬁ%r{gg(%?ﬁngtﬁ,zz’ t%he o_?jlt@putg bei gg(pr essi ve
of odop®t efepresmelitivgofwthe abbat alositien.t Sucher @ridenehcystes 1Sy KRPEMaHR g@? ¥he robot
110. Navigation.control processo i irRétREesEiangrudevi ce
havi ng ass@éﬁ“&‘?té‘ﬂ‘ ?‘Fé’ﬁ%r?&ﬁ?\ elgsgsp%%?j%%‘g?tmotg};ﬁ/.@m%n%%l osur ?Iﬁs provi ded to
contai n t hgysah@ioanendor areans appacuated onam frontoendrandbeth pidest fcths 80Pt REFef or e.
As can be seen in FI.G .he .navigatio I i sngeneral |y
20 r esponsfeprest fHAN | IRER %r‘%f"f’ﬂ‘a‘ Pl(.)g%%el 16%63%32@?0?1 %t%{:a Gggid?ir?ﬁ% s gezﬂ)gr at ed
by cei | i Nggonsisting of a number of unit blocks, which are defined by parallel columns and parallel

30 rows in the two-dimensional coordinates. Teaching means causes the robot to make a

round along a boundary of a range to be traveled by the robot, so that the range is stored
10



navi gati on i mage processor 118, in conjunction with possible i n&? iP&
ot-her sensor systens, to control the drive system 1Z2 in order gw the
robot 110 along a desired path. Thus, position nmeasurenents function as an
error signal in a feedback control systemwherein the drive and steering
mechani sm3Y@&®j®0as t he actuators whi ch change 25 the FEIUSIGHOBI t he
robot. The canera 112 may be a nodel TM440 CCD canera nmanufactured by

Pul ni x. The canmera 112 may have a relatively short focal length of, for
exanple, 8.5 nmmin order to maxim ze the field of view M croconputer 118D
may be a nenber of the 68000 30 famly of m croprocessor devices

manuf act uineigk 1bzyp d¥bheostarhge, méang in redpPnse18 Bepnsition dgw! mupwritonithe positign be

contai ned within a frame grabber pc-board such as a type 15 2 2 APR 2004
WO 01/ 37088PHASHINAR® 0V ed by Coreco or |magi ng Technol ogi es. PCT/ US00/ 31678
Referring briefly to FIG 10a there is illustrated a typical institutional

hal | | t abl d ts, kb th
over whal m ngt RGNS HLFIC S Oh Gty oL aaics 1ol Fhdtn a8l £l TP L1

li ne boungaial @hichal ptdiberti@)ﬁéﬂtb adistargbthavelel bynehe mdsblnaﬁbcrtdagcmmvhct bf t he
met hod and apparatus of the jnvention, reference lin Vi

navi gat i ofptatings Qfive avhags s direelign senipfcA?s i raéﬁlgﬁﬁrafeogyrgdgj S‘?“afé‘ﬁ? F(ﬁu ng the

centers apgn,gdgas. &fveRhg Gﬁ‘védnbﬁ'gf tHe @Bk GE, THe pulseistgRar &t fiotn s Astanee as few
pi xel s as possible in order to reduce overall processi ng‘h&l Thi s search

oper at i onsqnsorf@canldl the peigubef the dirpetion genser af&rﬁ“PWtfﬂ@ (ARFILEM Meptilication caper a
112 apert Sﬁtt t’I'hQ?ﬁ)%dx? hde?lﬁ fidn tnkkﬁnscgti hd Béhstrhd&d o hiRadBP@aistange br i ght
ed

regi ons are e In a dark background. A binary threshold
technnquetrmw}cdtbyeﬂhe bebqntbb’lqozlémgtlocqr@@mpiﬂﬁ%ﬁ firmm e distengeusonsoat dfit%el s from

dark pixel g, ;¢S ;ﬁvfng'&%@t]lclny oér %Q%ﬁotafr&ﬁ'tﬂlé B&pht S'the! direbtiéh bdiB@e228Nn initial

prelimnary's ormed over the entire inage) beginning at the
top row othembxedwn@mg bmpicrangn irstentadepus heSItlm!StOéﬁherrewt iDhee-dimepsioeal | s

det ect ed té})a igates nas, 2 Vﬁug? fve %‘s%ﬁce?ﬁggﬁltcgﬂeﬂs%is f@%@ uBt@ﬂGﬁgﬁlanyal ue the

prel i n naf e predetermned thresho value 20 is
i nfl Uencedpﬁwltﬁﬂm ah&bhdkrof th&obdt@wmyrmemfto e diventian efipiopgreeht of the rababrer a

aperture setti nd [or the e of ..pLxe . The

preli ﬂf’naﬁ?Cbs%tgg"c Sf@ctm“e‘F‘ésP’éfg%%y‘ LF t?ts F 8ty %)81 fi toFhfgesirb(‘%rnlalrﬁléetﬂkguch t hat
a ceilingahd ahdisthddRt tol the NEd8tESibN thy éxhﬁlrrgodocmpmdnlc fmv&landbeeastemmtmd 25

When a pi xel above the threshold, is det teda tion, as
descri bed "HEFRA: Mag "IOHE‘FQQF%mb%Ir?ﬁ?W SOF AT %{]'bg":g‘l s?’%ﬁlc{é@l\é% h. As an
lexarrpl 3 %e\‘,gﬂud%l (}’Uﬂkaﬁ?thl&‘élvﬂﬁ ifdepBrdestly Wthmﬂitrﬁctib?lsbnsﬂt} 261 Thet outtuey dkl S next
ocated an edge of the lig ere a ion from eto ¢k occurs.
This may e GeOsTHINIA0E Wte%ﬁ%é‘“@U%ﬁﬁg d8e £p BWFVW%/ @%po&)}% %\ﬁm | e

exam njong gﬁt%‘(ﬁlmr!ﬁk '9e$vh§c‘ﬂ dd)%p%@és A nliérapteédsioRNAfsbOthedouut pif id pusitiane whi ch
corresponds to that of the light to a pixel value which rresponds to the

dar k backgd@tlﬁ@Ftloﬂneé'éﬁﬁr“s‘éaPPﬂ‘ﬁ‘étOﬁ?‘R%‘?“th‘f"ﬁé'é9ﬁ%?yar‘r116‘? PRRAHA1 |y correspond to
fully 16 2 2 APR 2004 WO 011 37060 PCT/ US00/ 31678

The control circuit 9 comprises a central operational circuitry (CPU) 30, and a

storage 32 made up of a read only memory (ROM) and a random access memory (RAM).

25  The control circuit 9 further comprises an oscillator 34A for generating clock pulses, and
an interrupt controller 34B. As will be described, the CPU 30 delivers a drive signal to a

drive circuit 36 via an 1/O port 29C in order to reversibly control the rotation of drive
motors (servo motors or stepping motors) 1A and 1B, which are respectively associated

with right and left drive wheels of the robot. At the same time, the control 9 may

30  optionally control the rotation of an optional drive motor 36 for cleaning sweepers, which

are mounted on the robot. A control console 38 is accessible for selectiycly turning on
11



white or fully black but will typically be expressed as varyi ngg ?Bﬂ;ke%opf
gray, Sanpling every pixel while noving towards an edge of the

| ess than optimumin that the edge nay be hundreds of pixels renoved from
‘the initially detected pixel. Therefore, a preferred nethod invol ves
steppi ng i WPOLE6%Y by some rel atively large increment oPCHUMORE® such as
by 16 pi xels per step. Stepping outward in 16 pixel increnments continues
until a pixel value indicates that the search has entered the dark
background. At this tinme the search increnent is divided by two and the
search direction is reversed. This process of dividing the stepping

i ncr ement aughaffr e vestesn mgweh sousece FPitpRjngliar @eRing rmedsn et 8 Ut PPSititle st ep
size is d e pi ration is
ei t her ongylilg%gl xe &?)6%? Ehee @r?gﬁ%?“.ggﬂh?ﬁ o%t@orlllg %‘%(et?q%% é&?@bﬂgr k
backgr ountioun@hnyf 8 ¢ravel mange atsrgnqdjéenem, A eqzremaxstjma)abc appled toltlecirtye BOWY t o

det ect Lt f, b t
o ot iR RaE S8R B P O P Bt il EREeh R BT S BAL o,
poi nt  ef 'trbﬁnhilghﬁw aﬂ:ﬂaefzmerurﬁmz G‘thﬁput&bffhelcbnﬁdmohnelasl{&eandtrbmbteafter a

|, d t d b t tical i
(1) “and 5 v sarain et bt Pl Stibah PRESHOPR (%0 1o the |

edges of the light using the above described pi xel search nethod. If the

vertical line i s | anger thanthehrlzont arizontal line (3)
i s projected f%\%ﬁ)‘d’t“ﬁ@ G PG parfiqylar e (’g’ ‘mleﬁts? d ‘ijlm"F‘f H‘ét B PdAEal | ne
(2) is | oRgRmadc pBE R, VA hbwaltheBbbti AfiptiSes RIPMtREh a0 WhidhTs bibetasiteiilyer of the
horizontal |line (2). These steps succeed in bringing the injtial point,

whi ch ey entirely syerapndsd by A front humper ¥ gide §rmpere 51 P@‘H apd3 FERBPUMREE 334 he
center of LJT}A alr&ﬁ?ttheat%uéhr@hééﬁﬁ efdrdWitht RS oBRhREionKs sen-EQc%yeﬁE t&tact bhsnys| ope of
the edges of the Ti I's determned as described below. 25 A plurality of
verti cal |opnegthehum$rs 80h83 theremith. proj ected, one line (5) at the nmiddl e of
the horizontal line (3) and the other two i nes (4,6) approximately 25%in
fromthe ends of the horizontal line (3). Thereafter, fromthe points (a,

b, ¢, d, e, f)AWrnhoWndefHIGen hesue dat dhe rdbet Ve deviged td theedght 4ram ghe t here is
found an ay h I [ t whi ch
passes thrr?)%r@fﬂ %’ gﬁ%tdles?an(%% G\e/'e‘lr’ hngE o ‘w&‘é‘“‘ﬁ Brie e tlrb(r;}e% f?%oﬂoﬁgtv?ﬁg a 30

sl ope equahattitds tiriamed agen slghp® r@dtlvkah@twelrgfhlten%pam Gher tisit theclavieidmt ed. |t

cl ose. t ogatAe it 4 e gl e Rteened B erdni T Ak, R d65 g LA S0

PCT/ L1S00/ B8 ispoeitiag 6r idpape isndefermiried ibg opérativrg Retdtbaasanyed tidtdstanthe | i ne

(7) may not intersect the two ends of the light. Therefore, at points
appr oxi matigfF¥hes %a%% 8r%vé§)1 (';‘)Frq‘rom the ends of line (7) two additional
verticg lines (8,9) are projected and the average slope fromthe end

t . h fl (8,9 h t t of
Gach of Che bk Sl RmEnion siBiipe Bfancd i e ditnh 1 peee SRR BHDl 1) 1 <

proj ect ed ¢ QupdigdiveliesnBAbL fe RRAALSH of the rbbd Nes dh @ﬂ:gpdshﬁe rm@.ﬂarl’x@ﬁ@’lt ly
conput ed avera%g sl"ope. The edge_ transition betwe

noni | | uni nBreadthsirgiation spsad ¥iofihe It Jrivgekh %b‘sﬁa“‘iir&ltﬁ&ﬁeca'f éa‘l ?Sge ends

of the i g@hefeﬁh&lnlrﬁﬁmavaﬁ@'oﬂv ivabini@to Be Ve nile B rew@asspAl dB)hd Sghithe
center point of the lig (CP). 10 After accurately locating one |light a

second?d | g¢nve|\§wpb1§rk@ptaﬁd/ oaWBFTgHYEile ook issqanesd A fakP Iaﬁcff"éﬁeéﬂl“frﬁé’f' '4tffiner in
order to g t.xBfindignts with which to project lines (C D to the
vani shi ng %@%@hﬁatb%%ﬁa%%” zon. 15 To find the second light a line ( 12) is
proj ected downwards in the inmage fromthe center (CP) of the first |ight
and perpendiculgr to the [ dAastel g, s12) are
anal yzed to detﬂ’r rﬁtﬂ?‘f’éCo?dlénogﬁta'?b%k%%s%@grslg%%lﬁober ehgﬂgﬂec% s?e of the

di ffering adagliesandthciobbhie dlrecgdsdtswmyhapahmea laedeaanglecint thiscass, whide Her | i ne
(12)ma notJnt secl a se this.is t lines (
13, 14) 34r e"HHGF & }E’g érdﬁ’ﬁ?tﬁlgeqiﬁméﬁggl egftheti'?én ° fhe sr?taF %&Egé{l)ﬁn‘gﬁ%ﬁl arly to
the line (7) to determne where and if a second Ilght is intersected. From
lines ( 12,13,14) it is assured that ope of themw || intersect another
light if there is one.



It should be realized that the precedi ng description of a method of

| ocati ng edges 25 of ceiling lights is but one suitable techni dueAPRo004
exanpl e, known nethods of finding straight line patterns in a video inage

i nclude the use of Hough transforns, edge detection and |inking, and curve
fitting. REIUAAg to FIG 9a it is shown that the candBiE/UBPSIEWNfi guration
is treated 30 ~ geonetrically as a viewpoint 130 and an i mage pl ane 132.
-The viewpoi nt 130 may be considered as the center of the canera |ens.

| mages are projected perspectively froman 18 2 2 APR 200 WO 01/ 37060
PCT/ USO0/ 31678 arbitrary point P in three di nensional space onto point P,

in the i nRER vile@ne cdmdlle@iotRov-avli(@aart Onahehby tuening evpating thedchotta i s

mat hemati cal |y convenient to consider the inmage plane 132 to be a unit

di stance Hhe88htt he vi ewpoint 130. N is the unit vector normal to the image
pl ane 132. Thus units of distance neasured in the inage plane correspond to

the 5 tangent of the angle fromthe normal N thr h the_.vi ewpoilnt 130

per pendi cul ar 1ndhis mannerathe agtualpath abthe ﬂr@% lSé@HV%‘fFﬁﬁBﬁhep?e&??“ag@a'?‘df t he

scal i ng of; Vi i ARG Ybitthe foBSHAEEdrdcRdcanera 112 pi xel count as
foll owg. 16]%%2 det?%}é\f;r\gﬁ%g&ﬁ%ﬁ 9% I?t caen 0be seerﬁl t hat the horiéﬁnt al angle

of field of viBw compeisetionefcted farrightwardseviatiancef the a¢tal Hobm @2 er t i cal
angl e of field of viewijs_ desi. Js it S

rect angul HET Ffﬁmiespag‘oagi e%&ﬁ%@@g%ﬁr\gﬁ) ﬁ@éﬁ?‘%’/ﬁ%@ﬁe‘?@ggﬁ e? g&)tt’ﬁgcc%rrer a FOV,
as i s stanrfaiedevemsahoiingles debthatafitheasntrdipyorithd ght pred ol dEe wheelhi xel s 134 in
a horizontal line and npixv is the nunber of vertical rows of 15 pixels
136. Image plane 132 (u,v) coordinates are given in tangent units,

respeqpi vel y hpid toaid we oflchn\fexictibic ad 3 colpemsatidretene fiardhe ABE Afsodeng & nage

pl ane 132. The follow n uat 1.0 onvert oi J: : ngent
coor di nat %AXH‘—-Y*‘F Pﬂb‘?%%ﬁgf fa5ﬁ< ﬁ/sﬁfﬁf EH@Y @62%%3{1%“?% b %‘(l)t'id?i ot

V:I(T{) - Ni pxgﬁ dugié *wﬁér:rg (df-emBAa holda vy i e c]}e(v&)iomheﬁlroe; thegpath is sahstantitle A}gm um
nunober and row nupber,, respectively, O pL.xe romt : : t corner
of the i ma¥fd aFPEGEC RAYDY, thﬁépgg%’& lﬁt%é\’eaneglé 05%8?0% ene&gglsngggﬁgjl atel:lldpl i cation
and the syqyab,rohch tHEPRh @Barfingiest @ik pafliW@hiph Bedomes clostir tathe right angient

coordi nat e Conversi on of gﬁuatl ons 1 and 2 cor.r&lcts the,c

) . - ra aspect
rati o 1@nd ths digsanice ddacreases andSisersaseoyith the degrasr M8 d{SFa&ﬁ%?'ostr%F&f‘iaB‘i‘égrand
proj ectio L GhedtRlonWShe rIB& i S¥RRR1eAGHADIyORENWIE dibtaydedd id lppgecald number
fromvi ewr%‘;ax}é\@keggfi e as \ff,gtlwlrows 30 i =a* ( g@i{?xh/ 2)/t 0 (,liov.h/ 2; +npi g\h/ 2 and
(3) 19  2hecoaRnsatouis sined pe exthe HSTMSSREF I A8 1, * PSR Sz‘j‘F"P h
_( fovhl 2) +ncg{n)1§e\:/x{sgtion( ZH desired, the term d may be multiplied by a positive constant “a” and the

term tan © by a positive constant f so that any desired path compensation characteristic is

20 established up to the point where ad+ Btan © =0 holds, that is, the point where the robot -

advances straight with the right and left drive wheels running at an equal angle.

Teaching the robot a desired range of movement may be implemented by the

supersonic wave sensors 4A, 4B and 4C and the touch sensors 5 which are mounted on

25  the robot itself, instead of the remote control transmit and receive units. Some of the
supersonic wave sensors 4A, 4B and 4C are capable of identifying short and medium
ranges and the others, long ranges. Such self-teaching with the various sensors is
optimum for cleaning, for example, the floor of a room which is surrounded by walls; the

robot will make one round automatically along the walls of the room by sensing the walls

30  with the sensors,
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Fox a typical CCD video canera having an 8.5 mmfocal |ength an
conventional frame grabber the follow ng relationships apgl y: 5d~62nBFi’I3(thUé12
pi xel s; npi xv=480 pi xel s; fovh=55 degrees; fow=42 degrees. FIG 10a
~illustrates, in accordance with one aspect of the invention, a zenith 10
gazing caM@¥”1%% nounted to the robot 110. Distance fPSKUSHSIEANera 112
viewpoint to the ceiling 114 is "c". The imge plane u-axis is aligned with
a vehicle forward axis. Yaw angle, theta, is nmeasured between the a axis
and a long axis, designated as A of the hallway. The inmage of the ceiling
as viewed by camera 112 is illustrated in FIG 10b. 15 The angle of
rotation of tbgotier txafigld ofa@epiag siitabledarmse & aibigatiegmysipanéeipsesedual to the
vehicle yaw angle, as illustrated in FIGS. 10a.and 10b. The P& ﬁi si on of
measur ensRYengeR ielides manpiedda (mpeigeilige, F‘?ﬁ% Whishp Ka]p thedihy |"§y|ang a

linear edggemQs sHaGmnHa t¥scribdd i egRied 118, pateihs, 933864 @Pehnabisd, isped Jurse | engt h
of the boundary. In a typical envirgonnent, the edge of a light 116 may
subt end 100190 andsis ipreindneomporglerh By RIS enent 20 may be accurate to within
two pixels. This corresponds to approximately 0.2 radians accuracy in yaw
nmeasurenent, or slightly nore than one-half of a degree. As the robot 110
noves a di st adteuch al Bappinghand padpation systep, the JQPHSHICRPIORTEET Usicder s or

odonet er s, . j t r.0j i : V{ i v ii
OROEt " b B A PhEELE 6 Rl koS B s ) g, 25
i mage pl alenelelvaning robots Fosiionl@d orieftatinnront thay mapi fsomen dnegeHinpw Heh 9% to

S

vehicle 110 cgordi pat.es, .that i.s, ' : ' i

Uhe. et | 5 CPARE HEMBAR Pt iae 1§ peRReiah o Byidia) ek tohotiiact sghi 0THCY ane
the cehl i pateHisSdnaie ceiapy 8§ etensiorp i dabhiRra/ cep dichideatbe 1@t @agy e (5) 20
2 2 APR 2004 WD 01/37060 ~ PCT/ US00/ 31678 General |y d' =sqrt (u**2+v**2)

(6) 5 whefigendend sufahGi cates a square root function and "* *" indicat es

leixﬁggegf : gﬁliegn\-/vi Fﬁu?}]ieog_ 6 rtegjucesf tod=a 1o for camera 112 horizontal
the canera 112R¢ferring 5‘°Wet|8{ﬁ§bl(§gg‘°?%i§n¥%’%§rg-si 6%%%?@%%%81%%&' 2 whi eh
Pg‘eght | ﬁf rznégilém ﬁlﬁylb; angl c&xgﬁisﬁr%bﬂ{ eltdtfonfeiaging weviceetuches aseasrd]12 fen c=7. 5
45 accordance vlvi?het(lzxg ri]nv%,nttionethirs%Bt%al g'o]h 1g1qxg¥§nsissa{'r§ngleg(fcp View aT&ﬁ{ngfl% €
having a plurality of light fixtures 116, the ceiling 114 being disposed above the desired
path of the robot 110. The camera 112 preferably includes a CCD imaging device having
a square or rectangular field of view (FOV) which is directed obliquely upward such that
it images the ceiling 114 within the forward path of the robot 110. The camera 112
20  generates a plurality of pixelé, individual ones of which have a value indicative of an
intensity of radiation incident upon a corresponding surface area of the camera radiation
sensing device. Robot 110 further comprises an image processor 118 which is coupled to
the output of camera 112. Image processor 118, as shown in greater detail in. FIG. 8b,
comprises a video memory 118A which stores a representation of one video frame output
25  of camera 112. An input to video memory 118A may be provided by an analog to digital
(A/D) converter 118B which digitizes the analog output of camera 112. The digital output
of A/D 118B may form an address input to a lookup table (LUT) 118C wherein pixel
brightness values may be reassigned. The LUT 118C may also be employed for image
thresholding and/or histogram correction. Image processor 118 further comprises an
30  image processing device, such as a microcomputer 118D, which is coupled to the video

memory 118A and which is operable for reading the stored video frame data therefrom.
14



15 d'=d/c=0.5/7.5 or 0.0666 tangent units. For a canera 112 havi ggz gpﬂf%,’of
55-degrees with 512 pixels per .row, this notion corresponds to 32 pixels.
If ¢ is unknown in advance, an inmage notion of 32 pixels within 250
mlliseconds inplies that the ceiling 114 is 10 feet above the floor, it

bei ng gi v&¥P 4133460t he canera 112 hei ght above the floor BG/GS0H3Wet . Thus,
ceiling height may be directly inferred. 20 The accuracy of notion
measurenent is derived frompixel "footprint" size on the ceiling 114 as
follows. In the exanple given above the fovh=55 degrees thus one pi xel
represents u=tan (fovh/2)/256=0.002 tangent units. Hence,

d=c*d' =7. hifdde pRewRorliS 8 fiatter compitist8mematydd 8E Whichendlides memogy for eteringray exceed
that of the instantaneous notion 25 encqder..accuracy,it _shoul realized
that thi sPEBTRBYIHEIHpS CONSEE de ,‘e‘?PcS’fa%a% P Rf%,‘%%‘vdea?a Rt °$“ﬁ€°§? i f

Not i ON engpdeforkAMTCeIdRABHY SR type ahichagillealescribed apgstaik hereinaftey. An % vi sual

observation of the ceiling 114 s,ul?r passes ,m)tfon.enco er as(eﬁg dez%d
r eckoni ngOHP¥ AT AEPELPIOEFsSY N I Wiich jScRpEesyye 1 BERHq, AU TRAIEE Ot he

vehi cl & 10 peakfeio 1w iabak eovOaEMRRE Mzenknbd baplieduid ACRSIBLegUl ari ti es
and absorption of acceleration in the 30 susg(g%ic n.of the.vehigle 110

pl at f or m paxaliehgaigdipketo @ NRYigasion ARG GHIEFET 1 | EVE 1YIBUPHAYR i nch
error on il Qo QU eYlink EnPikosglest, phrticMBIPING ofibnthtinsof MAGNI t ude
is 21 25%@%&@%%&8%&%%%81@%%%60 PCC}IIIJIn é30/31§7t8pc01?nmn, orcl)e ]?sui tnabl e met hod
to reducectilieg kght Sxturest Thio Bash nap e gmsloyedioatcer Bigirahat devna bpwinoni8e zenith
gazi ng vi gl PIBHUBHR IS oBlirh R SLYAGE aThot R Shef ERlostle KRN @flin! oor
travel . Kalfran tilTtering techniqués, based on covariance matrices of

uncer tai nligiesixturay Aal swpwef eayikasioadontsol meeagesoy il 3¢ i suppliedelecodrive adsed

position estinmate r epy. maji nt.ai.ni -ab Y I@le- The
f oot pri nt St(ecrl‘f@a%?ﬁ%?trﬁ) w@%h thﬁ%oéﬁgaggﬁé%nﬁoﬁg%%éﬁcsgzgﬁillé}S}B ?elliqfﬂ‘%)r the
exanpl e giwketls aboee irs capgut onihnatsepportdiggburfafed®6 which isgtypisallyl @ flgoe spaced

nore than _four feet apart, and one set of |ights, i r ere wll
be robot %&gﬁ‘%@"?rglrpr%’?ﬁé’ﬁ ?ﬁootyﬁ'ﬁalf}i rﬁﬁ?‘éesﬁf)eut\g’lutsflr?s)rpe. ?r?g&%%%rs/rgnti onal
CCD carer agnt@n 423, erssisput béifg HP¥ssiad ofddomerelfeadinrewhicll ertatel totby distdnce
approxi mately 55 degrees w.t hout i nducf ng a "f%@he,ﬁe'! Lype, Ofroc%Ls?ﬁ ortion.
Thi s f18r mtgveled &Y teoken 11¢ Nayjgation.ganypl prcessos 124 compnses 3 SAR RGNS rages of
lines, Whiggficd Radikl Assoioidll iohematny laid GopRRH CRURS. tieemismet syprofidédrage
processing. A preferred solution to this limtation is to aimthe canera
112 obl i qeentpingpsafergmentinied aRpargisiapd ip Proyds pratrretiay ‘gﬁeg’&a of the ceiling
ahead of the vehicle 110 and along a projected forward path of the robot.
The follow ng description sets forth the 8eorretry and cal.cul ation]zyto i nfer
S

vehi cl e ori ent 46i®n Benseen b S1GI ARG pRvAERtPR QR RIPFSSIEL s BTRAHADS a

hal | way, TeLQBhARle e ARG 6B LI poliBbl SneaTliemérnd | euéragd desetiling i on

makes ‘Use of an I magi ng device, such as a canera, which_is tched up

obl i quel y mavigatipn image petesore] i dn oot Wit resHble s A ‘{% & FeRfth. The

ceiling | lls%g%x%s Qf)(%orﬁ'f Gr’.ftl?ernﬁprléé Qi 185 AR BTguRidaRerodBl Y ol 4 gax@dd Wi th the
ing T ght's n‘éy IB

hal | way. e cei e arranged with their long axis parall el
to or per pettdiTub,aposttonaméaswgments unstion e anaqrrqmﬁysna*rﬁbalﬁeaﬁ%k ﬁ%‘}}mgorrpri se
i ncandescent, 25 or .fl.uoresce ; | N @hfGe

Pr ef er abl fy?tﬁ'é‘ ‘T’l?eéﬂ? %hepﬁinélg é’ﬁ?%tacg%“zé) ?‘gﬁﬁgﬁgﬁr%%ﬂgﬁtﬁ%ﬁoﬁwﬁg Su%gt antially
paral | g tthe positierqfeiedobatl ar to the long axis of the hallway. That is, the
shape being detected may be either a |line boundary or a |linear row of

si npl e shapes, such as light bulbs. The inferred axis of alignnent is
treated as a The camera 112 may be a model TM440 CCD camera manufactured by Pulnix.

The camera 112 may have a relatively short focal length of, for example, 8.5 mm in order
to maximize the field of view. Microcomputer 118D may be a member of the 68000
30  family of microprocessor devices manufactured by Motorola, Inc. LUT 118C and video

memory 118A may be contained within a frame grabber pc-board such as a type
15



geonetric line in the follow ng discussion. 30 It is conveni ent %APQ%@
the origin at the viewpoint of the canera 112 and 22 2 2 APR% 4

01 /37060 PCT/ US00/ 31678 to adopt right-handed Cartesian coordinates (X,Y, 2)
*aligned with the hallway as follows. The z-axis is vertical, the y-axis

poi nts doWrP 9308 al | way parallel to the long axis of tHRCTHENVHALRE and t he
X-axis is perpendicular to the 1ong axis of the hallway. Position is
referenced fromthe canera 112 and direction is referenced with respect to
the walls of 5 the hallway. Hence the designation "camwall" coordinates
which will be enployed hereinafter. FIG 11 a illustrates the general

conf i gur amarfacafred heCareso wdinhgiopBeotinolagies. syst em The di st ance from a canera
150 to a ceiling 152 is c¢c. The ceiling plane is 10 characterized as
-infinity<x<infinity, -infinity<y<infinity and z=c. The canera 150 is

pi tched up by Rfferfifgbgeffcd FIGATaage Brilusrawdd topieal isyitsionad helleayYlw r adi ans.
There is no roll corrgllcgnent in that,,caﬁgl{a ]:@gt&re Iin?ls1 arﬁ%gar allwln | to the
ceiling, #pu@blyshrgshelsicd synerpmanesseilipg gl ] 1oare (e QyeMPEIIBEREPRMINEDE o e
verticall yien g ?H‘@iiﬁ’d%?cd‘%ﬁ,@'stré&@l&tlﬁé pblundhBesY afthie eeilieg Siphtedefar, t he angl e
between the y-z plane arid they vertical plane containing the v.ec; or N
From t hest® aseqrisice votdipe method aighepparas qﬂ%tmt"ﬁ‘é‘.‘m’rfﬁgf:?&f’e 8%6& BrVIR% s given
by: N=(X, n¥ieafidi(COS (Pch) sin (Yaw),-cos (Pch) cos (Yaw), sin (Pch)). (8)
20 That is, e verti cal component of N is sin(Pch). The horizontal
conponent is cos(Pch), which deconposes into x and y conponents in the

rati o cos( Yaw gl Bl ¥l PRIADRAL] dercfihQliShiiABerkiheh) BRERME ng 0gsedi nat es to

i mge coordi nates Is 1 rated in F b. A deneral vector P (x, y, z)
in three of ceiey bighed it Spaaperiast 9 Bxauing et fad pixels tah @ogsitle imonger 1 18dycs ght
line. It intersects.the i e - te By’ ovidie fo ik mhage Kk, Yak)
z/Ik), (9) OWﬁﬁL Hma%Sﬂ“ﬁeg“ea@%aﬁeggaﬁ{aﬁ%%‘zé‘o? fﬁﬁl“?ﬁg @(%lo‘gc.h]ﬁgchﬁr Kk ei@sa t he

| engt h of tirésho@Oorpr @imect | Bnapeftu® setting whinh civsesdhe eailingalights tongppganas 23 -

e
product gitdtBRiqiYmay then be utilized to identify bright, illuminated pixels from dark pixels.
15
To initially locate a ceiling light in the image an initial preliminary search may be
performed over the entire image, beginning at the top row of pixels and working towards
the bottom row. Once a pixel is detected that has a value above a predetermined search
threshold value the preliminary search is terminated. The predetermined threshold value
20 is influenced by such factors as the type of camera employed, the camera aperture setting
and /or the particular type of pixel thresholding. The preliminary search is preferably
begun from the top of the image such that a ceiling light that is nearest to the robot will

first be detected.

25 When a pixel above the threshold is detected a method of the invention, as
described below, may thereafter ‘employ a binary subdivision search. As an example;
given a white point or pixel within a ceiling light there is next located an edge of the light
where a transition from white to black occurs. This may be accomplished by moving
outwards from the white point while examining pixel values to detect a transition from a

30  pixel value which corresponds to that of the light to a pixel value which corresponds to

the dark background. Of course, the pixel values may not normally correspond to fully
16



5 k=x*cos (Pch}*sin (Yaw)+y*cos (Pch)*cos (Yaw)+z*sin (Pch
coordinates [u,v] fromthe center of the image plane 1(54 a2<e ex§r2eép§glﬁ'{mth

respect to the unit vectors U and V, nanmely 10 [u, vj=a*U+v*

-and V are vectors and a and v are scal ars.yU is[a hJorizontaIV) uEl:tZ)vggte:)re -
per pendi cY@9LF@0t he x-y plane footprint of N In cam WITUCYHFWi nates, 15
U=(cos (Yaw), sin (Yaw), O. (13) Vis a unit vector perpendicular at both
N and U, that is, the vector cross product of N and U which is given by 20
V=UXN= ( 14) | J K det cos(Yaw) sin(Yaw) O -cos(Pch) * sin(Yaw) cos(Pch *
cos(Yaw) sin(Pch) where I, J, Kare the unit basis vectors of the (x, y, z)
camwal | gmiey 6H foRy Back Bl ok haypwaetly b‘d%ﬁcﬁnen;eal Ek:t’a)r?mg she(dh’amt} gray Samplifg h) * cos
(Yaw), cos (Pch)) (15) 24 1% (I;)Rné g:l, &1 /L1§QnO/31678 The
i mage pl apHeTyIAEl (dule ARaYinedewards am gdge éléelt‘ﬁht a5 8F 1SS a3r°8 WH%’ proj ections

of P ontg.Wy mapehy
expands to 10@{};](%(4/9 k) *cos ? ﬁli%ﬁdﬂ@égﬁ&héﬁ)mﬂymkm el T&&/)flgmlsfg

(Pch) *si na (pefewyed( spethpd s¢w1~(epc,swpp@5§nlc Wx(sem)réleﬁ cfv( é%'ﬁ% ingr of 5 A row
of ceili ngllel gsh]% %i&p};gp&a pé a d@fegﬁn'ﬂ? oﬁ'@a}d"ﬁquﬁ{dl R@Ferfentd dvRtimle®, Whi ch

is parall loor. In camwall coord
equat i on oftillaipive! k¢ ndjcate@thatthg seazehyigs @rzter)edzlw daricbaskgropad. zf‘cglrﬂi“!hg%tEgsl e;gs h

paramet er L e searf(;:hh eﬁte\ IR idea PP eRb YRd 1R s Elﬁ&lrécﬂgﬁ [ tkVerseat s prosessand z0

are the | atera ver I ca stances o [ine fromthe viewpoint. The
proj ect i oof mizldtdgltbe dtcppmgomrmcm end remgreing Ihastepping disection gentingesymi

(Yavv)+(s/k sin, ( 21 %
( Pch) * cos SEVERS 1'5( dpc X oﬁo )A)d tléé?;a V\}}heﬁ;&ﬁééﬁc&morﬁyggé I%‘é%elﬁxg{ érilaeS' n
(Yaw) 48* cg&e( nethé Bﬂgltﬂlmm)r-bae’bsdemn(ﬁhh)iark b2%prazsd. This seampmecggmum 01/ 37060

PCT/ USO0/ 31678  As s go o infinit dva

[u, v] . f wd&sPRAEd3S \99“1"%’?9(51@%" 40 figtect WP?% cose%hwrn%\/vfgrﬁ L s(? cﬁ?}of)r?lﬂ)

t an( Yaw) / egicRaMhfoRRAtkidaVto Fccdrably Redaje the left and the right edges and a center point
of the light.

15 Referring to FIG. 11f it can be seen that after a pixel, designated by the point (X),
within a light is found a vertical line (1) and a horizontal line (2) are projected through
the point (X) to the edges of the light using the above described pixel search method. If
the vertical line (1) is longer than the horizontal, a new horizontal line (3) is projected
from the center of line (1). Instead, if the horizontal line (2) is longer a second vertical

20 line is projected from the center of the horizontal line (2). These steps succeed in bringing
the initial point, which may have been at an extreme edge of the light, farther into the
center of the light as indicated by the point X'. Thereafter, the slope of the edges of the

light is determined as described below.

25 A plurality of vertical lines (4, 5, and 6) are projected, one line (5) at the middle of
the horizontal line (3) and the other two lines (4,6) approximately 25% in from the ends
of the horizontal line (3). Thereafter, from the points (2, b, c, d, e, f) which define the
ends of the vertical lines (4,5,6) there is found an average slope for the light. A line (7) is
then projected which passes thrm-lgh the center of vertical line (5), the line (7) having a

30  slope equal to the average slope of the light as previously calculated. It should be noted

that the vertical lines (4, 5, 6) may have been drawn so close together that the calculated
17



(25) 10 As seen in FIG 1ll1c the projected the inmage LO of thﬁ Cﬁle hiag |1 ne
LO approaches a vani shing point 156 on the screen. This vanis ?ng point 156
is the intersection of the images of all lines parallel to LO i.e. with
*all possible choices of x0 and z0. Intuitively, it is a point on a horizon
where two YWRPHP® |ines, such as railroad tracks, woulRCEARISSI678 0 15
converge and neet. This converging | ine anal ogy .is advantageously

enpl oyed, in accordance with a method of the invention, to determne the
values of uu and vv. That is, two lines within the inage plane 154 are

sel ected which are images of ceiling features known to be 20 in a parallel
r el ati onshnemge sloph mag nohie bEliph asvdracy. (ibis, bisulicka(7y mafy nat intatseof thce'vdai ng

lights 116 in F 10a. t t in i t f
the two bRRASHSdET ThpmEe. depaibpRannyeBras e ek 8 Muir BRTGRS B8 “Eauar i on
of one bouﬁud?v][)ywb taadznmevahbﬂmneér [30)ded projetiee dnd MHecdveeagt islpe BOMthe may |ie

phyS|caIIy 0 the im 4 but, neverthel ess vyi el al.ues for the
vani shi ngCpbRosts (&Jhe}nﬂ o@bnesﬁfi@bﬁ dF@“‘E‘H%F rom ii“EI‘%‘mt%FrRE’E’%;Yr‘??W")\4 P6fVand yaw i s

30 Yawsar ¢ ap #Hs(89f Eﬁh&ﬁo&@il rgéiaectw%ly?lseﬂD Bc&@ﬂ)vs)m 0& h&fEeLdge of
PCT/ US00/ 31678 |t should be not hat vv is’independent of Yaw. The val ue

of v is t ﬁ@rlahb@len& Fe mest ir%mmonmurfé aypragheors rlde pdgh ensitiontistvechage of
the horizg lgatédoa{x!:lj noniftm na%ﬁ‘fﬁmls%kx&@cy 000 185 I@QnHVIT mcﬁda&(t?{é‘%e crﬁl@s( YaW)

0) Returm ng now to a consi eratlon of it should

recal | ed ohte hehto(é\,lé)am:aampwtﬂl@lﬁwmhyeenghmmm Bbislthﬁgﬂﬁelp@m ofiy be
inferred Egﬁgb%ﬂe notion of image features as the vehicle 110 noves al ong
the fl oor rther clarify the rel evant geonetry, it is useful to
consider a coordinate systemwhich aligns with the forward direction of the

canera and vehi Ie not #%g*?é“é%%nr% %c%:e%n@ hgﬁge? tQ\Ynd %a?#a? ed hne x-y pl ane

of the camwalf\ TolFar gns w he" hofi zont al
conponent satfstahtidlyi 1ﬂag16alphamm ih&#demo gederdit a ket@f pbintdmthlwdsmtatmettthl S new
coor di natii S%,’gﬁttf)? Not e. t.hat 'P?g zhaX|s is in comobn with the cam wal |

coor di nat 8e8ifrlP)do aﬁlsha‘Q‘I%Bmf' the hotizan. o e repl aced by a u-axis and a

w axi s whose basis vectors are - {1, 0,0}, (28) {0,1,0} (29) And 20 (30)
z= {0,0,1} The_bra not at.i 0 tes coor di nates th respect to

Fhe b8 & U0 B heanoont lighuiticdla) i bisteeBaKEN eyt (1 image or!

coor di nat @gnt&YEPsoT thBairkt 1ighe afEpBrpvaticulant tﬁambf)é 69Hné397?r1€lkél§hlen§ ﬁﬁet ems use
t he canera vi ewpoi nt as the origin_150. Conversion 25 trom (X

)
{u,w z} idinadéDnyriawpedip fjﬁémt‘?f'aifsmf]\?ﬁt“lgbh's grppyntergd  Becayse Bf ﬂ\ﬁ/ z}
(X, Y, Z) gofking@WBles which the lights may assume relative to one another line (12) may not

intersect a second light. If this is the case two more lines (13,14) are projected from the
20  ends of the first light perpendicularly to the line (7) to determine where and if a second
light is intersected. From lines (12,13,14) it is assured that one of them will intersect

another light if there is one.

It should be realized that the preceding description of a method of locating edges
25  of ceiling lights is but one suitable technique. For example, known methods of finding
straight line patterns in a video image include the use of Hough transforms, edge

detection and linking, and curve fitting.

Referring to FIG. 9a it is shown that the camera 112 configuration is treated
30 geometrically as a viewpoint 130 and an image plane 132. The viewpoint 130 may be

considered as the center of the camera lens. Images are projected perspectively from an
18 '



0 -sin(Yaw)] O cos(Yaw) 0 0 1 27 2 2 APR 200 - WO 01137060 '

PCF/ US00/ 31b78 ={x*cos(Yaw) + y*sin{Yaw),-x*sin(Yaw + Y*cos(Yawd?ZAFR 1096

i nverse transformation is acconplished by 5 (32) cos(Yaw) sin(Yaw)] O (X,
‘Y, z) _{u, w z} - sin(Yaw) cos(Yaw) 0 O ' O 1 =(u*cos(Yaw) -

Wesi n( YawWapIgiesp yan) + wrcos(Yaw), z). 10 Referring t SCREUEYA1RL, 11c and
1le and considering the trajectory of a point P on the ceiling in camfloor
coordi nates as the robot noves forward) a =u0, w =s and z=z0, where s is
the paraneter of distance travelled in direction W The image of this line
I's derived by projection onto the i mage plane 154 as follows. The inmage

pl ane U babitmrylfivintdtindhree dintengionshspacasntd peintRyrin el imagoplpng kit 4808 &s

Cam 11 oor o graishabeeeesl Tieh 1y e SRR ARG IREIInE o g

t2 ge_l_ih rraggprahcam td 4 alvak id&;}aﬂe&frﬁlﬁ tHeWiewminy3B@MN isghewr(iPeielor neowl oRbh )} . (34)
us P projects o the screen at p' =P/ k={ul/k, ,s/ /

2 APR 2oolmam?@i|1§2-8§b'sr9@ﬁ ﬂ%ﬁ?@ié“fﬁg‘kﬂﬁdg’?’g‘ﬁig’ﬁ%é’t‘f“lﬁé@%@%@ Bg‘ﬁ?lztz)ﬁ si ﬁ

(Pch), 5( 3@hgént bFB@anpleann ifhoeaaninaigshaviewdeni Vi8dpdyenpicopeat thag p'  ont o

Uand V, U= P (dot)U = uO/k, and (35\}? gﬁz P (d V.= -s*sin(Pch){k +

20* cos ( Pcpgge plage Fhe skis GoRYRRtIPR RrOYiIdesyfor SF@B&é’gg{?tth%%ng& ?gi(aﬁ?f?”# s of

optic flowgali dhfdiAl19 pidePtBubR tMBWsshi ng poi nt,

10 Referring to FIG. 9b it can be seen that the horizontal angle of field of
view of the camera 112 is designated as fovh and the vertical angle of field of view is
designated as fovv. The image plane 132 is rectangular and is positioned symmetrically
with respect to the camera FOV, as is standard in most video cameras. Npixh is the
number of pixels 134 in a horizontal line and npixv is the number of vertical rows of

15  pixels 136. Image plane 132 (u,v) coordinates are given in tangent units, respectively
horizontal and vertical, from the center 138 of the image plane 132. The following

equations convert pixel coordinates to tangent coordinates:

u=(i-npixh/2)*(tan (fovh/2)/(npixh/2) and ¢))
20 _
v=(j-nipxh/2)*(tan (fovh/2)/(npixv/2}, 2)

where i and j are the column number and row number, respectively, of a pixel

from the upper left corner of the image plane 132. As used herein the symbol denotes

25 multiplication and the symbol "/" denotes division. The pixel coordinate to tangent
coordinate conversion of Equations 1 and 2 corrects the camera 112 aspect ratio and
simplifies the discussion of coordinate transformations and projections which follows.

The inverse equations which yield pixel number from view angle are as follows:
30  i=u*(npixh/2)/tan (fovh/2)+npixh/2 and (3)

19



4

[uu, vv]=[O -tan (Pch)]. (38) 15 Transform ng the origin of i

coordinates to this point, using the prined b?acket togdenote [Eﬁgmrfgl/va?ﬁage
pl ane coordinate system [u', Vv']'=[u-uu, v-vv] (39) 20 inplies that an
arbitrary optic flowline maps into [u'v']" = uQKk) zo/(s = zO*tan(Pch)]"’
or (40) [WOW1B7060-3a[ uo/k, zo/ k*cos(Pch))J'. 25 Thus, th&@STBHBIEN t he optié:
flow line is v'/u =z0/(u0* cos (Pch)). . (41) 30 It is noted that the V'
conponent is independent of uO which sinplifies the conmputation of ceiling
hei ght as will be shown. 29 2 ~ APR 2004 WO 01/ 37060 PCT/ US00/ 31678 FI G
11 a iliustrates the wz conponent of image plane and ceiling. The
uconponentvEapixhie)/iagiforiee)mpixe@mput i ng z0 as previ oudty shown. As the
vghlcle 110 noves forward distance d in the direction W the footprint
("headprint”) of the screen 5 noves distance d along the ceiling. Any point

P 1 noves di stgypce ghit EED tideo cameashoid ng $.0mges fonl tikgtiscanden are P 1
and P2', separated vertical i pl ane. That i5s)

i ly_ by d' in the inmage
v2' - vl ' =deonvendiopgl{rame e5abbeY e fogxéwn@-relglxc@rs]lgpssqug': and a base, respectively
of a tgiangle simlappirlfkddhe one formed by the image plane 154 w axi s
apd the line 0-P2'. Thus, "d"/d" _ (1/cos(Pch))/v2', or (42) d" =
d' /(v2 *cos(Pch)) npixy2480-pixels;)/v2' *cos(Pch)). 15 Inasnuch as d" and d axe
correspondi ng part g, f=5§h£grée§r triangles 0-Pl'-Q and OP1-P2 whose
al titudes, indicated by the vertical dashed lines in FIG 11le, are vl'*cos
(Pch) and zQ t- can foervdtdreasd t hat z0/ d=vl' *cos (Pch)/d", and (43) 20

z0=C=d*vl| ' v2'* 21 Plﬂlj vi2' -yl wilid td ki fithi N
el evation as a Un((:)% ilgn} 8%£’ilﬁaa5éérg%nacﬁem(1 ﬁﬂep%lgﬁ dafﬁtge :lﬁveeaih?{rtgzaeﬁﬁilltneg154
vertiaal gemigianmrtebll founted ty e rdhot 310. Missarsa foarthe gamerad L eiewpoiat Peat ur e,

25 the vehicle trayeling a.distance d. ' i "
is the saa@ 5 mﬁﬂg Faf i‘%h%fm?{gﬁé’ﬁ\f\l/?ngﬁg%&eﬁrﬁgdgwt}?ggggge?&%ﬁfﬁ]’dg@)g‘r&?g?h Eg I(:j’
1' and P jnglé aBneChkinv@buted botwed theen afis shdallong 4xis, alegipratedaPay, oRthgnd

O P S TS sh mvrs o B e W e By RarhS 12 s HiuckeAh ifraitbeh 1l ies 30

15 The angle of rotation of the ceiling image on the camera 112 image plane
is equal to the vehicle yaw angle, as illustrated in FIGS. 10a and 10b. The precision of
measurement accurécy depends in part on the accuracy of identifying a linear edge, or
boundary, of a ceiling light 116 and also upon the length of the boundary. In a typical
environment, the edge of a light 116 may subtend 100 pixels while the edge measurement

20 may be accurate to within two pixels. This corresponds to approximately 0.2 radians

accuracy in yaw measurement, or slightly more than one-half of a degree.

As the robot 110 moves a distance d along the floor 126, as measured by

wheel encoders or odometers, the zenith projection of the view axis moves d units along

25  the ceiling 114. Points in the image of the ceiling move distance d' in image plane u-v
units. FIG. 10c illustrates this movement relative to vehicle 110 coordinates, that is, as if

the vehicle 110 were stationary and the ceiling 114 moved distance d. An analysis of

similar triangles yields the ceiling distance above the camera 112 viewpoint as:

30 C=d/d. (%)

20
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(W =d*v2' *(1-vl'*sin (Pch)*cos (Pch))/(v2 -vl"'). (46) Thus, the invention
provides for range to be inferred fromthe sane inmage data 5 thatapa efpgs
ceiling height. Lateral displacenent of the robot 10 fromthe tracked
ceiling feature is derived below. Recalling fromEquation 41 that the sl ope
of the i n#§e0U37e i s v'/u' =z0/ (uO*cos(Pch) the | ateral P§E4SYBH80f t he
tracked feature relative to the robot path (u-axis coordinate) is 10
uO=(ul " /vl')*z0/ cos (Pch), and uO=(u2'/v2')*z0/cos (Pch). (47) (48) 15 If
ceiling height is known; either froma database, sonar readings, or from
the optic flow anal ysis as descri bed above, the position of the robot 110
W th respect tGentlaBycenter line LO, or any other neasurable line, of the
ceiling my be derived in hallway coordi nates as descri bed bel ow. Robot
pitch and yaw are al so necessary inputs. As shown 20 in the preceding
discussio&xmﬁ$¢aﬁ+aﬁgxyam1nay be derived fromthe i ndge pl ane 154

coordi nates of the vanishing point 56. The camwall origin and the line LO
descri bed previously define a plane known as an epipol ar plane. 25 The
syst e”%i ncl udegyde MBANSndQles WqRkBIrBa fattioRagE "of" iadisates @penestibtiin. over | i es
a robot or a projected path of the robot, the surface having one or nore
sour ces oEquatibwfredacdséd di sposed thereon; neans, coupled to the obtaining
nmeans, for detecting within the inage a |ocation of the one of nore sources
and neans, coupled to the 30 detecting neans, for generating, fromthe
detected g'surce | ocation or |ocations, vehicle navigd@?on information. The
generating neans i s shown to include neans for determ ning 31 2 ~ APR
2004 WO 01/ 37060 PCTI US00/ 31678 at | east an offset distance and an angul ar
di spl agenment ofor tdreery &1 lndrizontall lmes alignedwith the|direction 9AmeHoR-he source within
the i mage. Further in accordance with the invention there is disclosed a
nmet hod of providing navigation rtelated information for a nobile robot. The
met hod i ncl udes t hecaisRipSngén Eempibimivhichgharanieadi2 ind Sifkelgbort the ceil i ng
having one or 5 nore_ distinct vyisual. featur t il i.ng at

| east t he flopoj e thecefmer 18 hag ﬁée‘ﬁﬁtb?ftl'o E?})anﬁz%eaﬂogﬁtgﬁ\?vi ++1\|Qg t\?%gge(k:géi’rl i ng

i mage the ;QnRGd Ahed LS tHeh tth D66 miliisdeahdsfhatabbesl0 fioyesdit mchdsnGharefosundary of
the distinct visual features;

d). generatin | east r e line
rel ative td5diard.Sdel et LE0GBRsAL NS E%Ia f%‘}‘efgé?%rhﬁf(‘% ﬁgﬁg@logggﬁlle %ﬁ&of t he
robot rel afhve 2?‘%1&;:%? BHE BB EmbiiAHoorrb&hon@s to 3D pixeRT If Feasmown meiyimeg, Sui t abl e
for inclusion as a guidance systemin the present inv?pti?p H?4E$ﬁ)

t ri angul atandmage waiign ef 3 PIF%ﬁWGhWrQéad%‘Hﬁﬁcogg%l%@? tRhgFe 8B KowWn i n t he

art. Such g qui AARSRoctY R bERY kives BAVRe 3Rderd Q3T héiiRAbOVE thk fiSor ipatselatt.
Thus, ceiling height may be directly inferred.

20
The accuracy of motion measurement is derived from pixel "footprint" size

on the ceiling 114 as follows. In the example given above the fovh=55 degrees thus one
pixel represents u=tan (fovh/2)/256=0.002 tangent units. Hence, d=c*d'=7.5*0.002=0.15
feet or 0.18 inches. While this error term may exceed that of the instantaneous motion
25  encoder accuracy it should be realized that this error term is absolute, not cumulative,
over time. Thus, if motion encoder based measurements are accurate to approximately
1%, visual observation of the ceiling 114 surpasses motion encoder based dead reckoning
accuracy after only 18 inches of floor travel. However, the vehicle 10 platform may
wobble somewhat due to floor surface irregularities and absorption of acceleration in the
30  suspension of the vehicle 110 platform. A two degree tilt of the vehicle 110 projects to a

three inch error on the ceiling 114, or roughly 17 pixels. If wobble of this magnitude is
21



5,974, 347 Nel son, issued Cctober 26, 1999), which is herein incorporated by
reference. 15 In this enbodi nent, the gui dance system uses threg@ 2s8eRiZitary
radi o sources placed in known | ocations and a receiver with a rotating
*directional antenna | ocated on the 'robot to triangulate the robots
position aOYHodeui | d a map during the training of the REHEOIBHE start the
programm ng phase of operation, the user places the continuous wave 20
transmtters 420A, B, and Cin a right angle formati on sonewhat outside the
area to be cleaned. ~ Although, FIG 12 shows one particular platform
~design with this guidance system any platformcan be used, including but

not |imted,hon bhe smaﬁfeflﬂétﬁ@cﬂ@fiécﬁhﬁe la @¥fEct iof wiobkke ol poditienat mlgisﬂmlcrmgs
description is for illustrative purposes only and not meaggl O {nt t he
9oy %ﬁ p

i nvent i onto &8 zReifhegazingyisual ghservatipps akigierglsAftre{eEbos HEe® ant enna

440A t hat | LM Acd 8 EovaBhile AW BT B cetthintiss ey QTSO%EZ
Anot her |ag§a§nfpgezlﬁg@%%l ] nccude ' onet he eI atfor rr&lpcommnl cates with a

central pemplssbto orergeowpual @nd £8epder hasad tPP%iﬁ@‘bé?tVWes Py AANHAVE A
di recti_ona 0 436 receives radio frequency signals from 30
conti n&ouél’iﬁg%&%srﬁghgﬁq& 1ers 420A, 420B, and 420C. A housing 438 supports
t hese antennas. Directional Ioop antenna 436 is | ocated between the whip

antemnas. A el ect o, a2 £ARRA00,0, GRAGOB0APRY ISR FAGEE s 1 S48

and a keypad/dlspl Yor- conveni ent access near the whi p
ant ennas. ekirple &iven sbove peippedhitvig eighefeetoIf lights Id&rard mab@irm@rnﬁm@fmnt of the

directional loop 5 antenn 6, .The . ant na_ i urns of
wi re woundeeapat #pd ﬁ?eﬂ%ﬂ?"ﬁf’égs fsd’rumefié’utaﬁﬁ II|Sl3:earc°8 lro ns:lﬁlg{:hﬁéhd{o by gl ue
to a plastightsSPPsible. Udidg céintidraRASDf dagarat laed &msds pnaslif,)\dmoit teedilynsi de of
t he support tube to t slip. 466A and 4 v, [ a brushes
68A and 69B viserrdcbeyeR agpxiobm}afer‘pg35 ng’ieé%ld‘gtho nglhmla%ar ﬁsg%?'e r git
frequency giigfigh, & Rrrh 38 dRtoktidR bedbetativiip Hisfotte theTirBarity thrﬁhgciEf hﬂﬁﬂe support
tube is 1 o attached to a wheel 472. \Weel 472 .is driven. by, f ﬂﬁ;{&pn

ec

cont act orwihiehs inciurn: sigmifieanty compligates iy geomeyy odmpge RFPESSDEqf R

connect ed W higVthé ¢4méra 142188 fiar@ froth ﬂle%odﬂﬁ by a
dri ve bel tst E"?@“Wﬁt{ Hmfgt%n 1|Es clonnect ed to a l[i}rr?)'l{e‘(??"lshaft 490 Oéﬂ”é?ffl rect

cur r ents el ¥ewing @n mmamf thesethe shsed REthegiebieleadd and along 2 PIFClH 90 to
chop a Ilghg fetﬁlero% oduced by a |light source 482 and a |ight sensor 484. 15
FIG 14A st % an exarrpl e x-y coordinate systemdefined ~ by the |ocations
of continuous wave transmtters 420A, 420B, and 420C. These transmtters

are shown as points %é fol?o“? Céi d%%%foﬂsﬁﬁcfb'rt‘ﬁ%wgcbﬂe@y hhd BAlc@Reng to

configuration. The | | eani ng robot of 12 is_depicted
as Min Fl ﬁferlzé}ﬁclemxghmndn mnmml bsitioh, in AR eayitPrpEnivIsudy %Sr?eléa“&’arfo%% of

Dot § 8h 45ishaen 2 SeiiGe FefiRo e PPl BLDE Rl SedrimaRashpsercl)
T3 and M dgfchnes @n{eﬁﬁ wehicl is[potchedsupabblisinely sit an gntpmpeglqu;glw‘.)@tweghtbaf f set b

th b 94B th
doscr i bos. B e ghncerti o rabe il iRy, PelFan@laCihis: MPaABAE then

equati ons Rrhigi des theigalwak LEhexcelling dights quagtbe @rraug@d veithdtheip long axis parallel
to or perpendicular to a long axis of the hallway. The lights may comprise incandescent

25  or fluorescent bulbs and may or may not be covered. Preferably the lights present a

pattern or alignment which is substantially parallel to or perpendicular to the long axis of

the hallway. That is, the shape being detected may be either a line boundary or a linear

row of simple shapes, such as liéht bulbs. The inferred axis of alignment is treated as a

geometric line in the following discussion.

30 .
It is convenient to center the origin at the viewpoint of the camera 112 and
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25 value y in an equation 498. FIG 14B shows circle 492A with its _radius
rl.. and its offset a. An equation 100 cal cul ates radius rl and 2ahABRuA8s on
502 calcul ates offset a fromthe value of angle A and distance d. Angle A
is the angle measured by the directional |oop antenna between 30
transmitt®001/87060 and T2. Distance d is the distance beP$E8RY ¥ eM¥smitters T
1 and T2. 33 2 2 APR 200 WO 01/ 37060 PCT/ US00/ 31678 FI G 14C shows circle
494A with its radius r2 and offsets b, and c.. An equation S04 cal cul ates
radius r2. Equations 506 and 508 calcul ate offsets b and c, respectively,
fromangle B and di stances d and e. Angle B is the angle neasured by the

di r ect i on@l adoproghthiriad Cahetancordinazngriyz) eligned Vitarthe FTalwayi astfalls- d i s the

di stance between_ transmtters 5.7l and . T2. ,.Di i dj nce
bet ween t TBNEA¥E fse‘f°§“°"fg] hega*Poipss dowq E‘:he’lzt}sau‘éva)? h%glt%ﬁ é%g‘eslgl}%éﬁggﬁgr am
i 11 ust rat hBvayhshdSts txedisopepepdnaitulan td ke Jongseistofi the dniliven. Poientibr ee

continuous wave transmtters send.a constapt sign to diract] | oop
ant enna 45derenceg fiogpige SHPER A2 P%‘ijf]‘é‘fcﬁf”é& rﬁ&“&%‘%ﬁ 5ensPecg[§°e§] ‘l’)agﬁg)llfrect 10

current Mok, kA8 HINE HPARHgRkiok MearialY cbsrdinatat walidiedhilbye enpii@ed | ocked
| oop 512. The phase | ocked | oop receives input fromlight sensor 484. A

cl ock 514hereimeitees a reference frequency for the phase | ocked | oop and a
counter 130. The frequency of the clock input to counter 530 can be
designed for about 4096 Hertz. The signal fromthe directignal | cop antenna
is anplified by a rEGi dld ilvspratescihe aensral cprfigumption of the camsivel ceerdWplgnal i s
fed 15 to filt 1 5 a Q56 Y& d.chifheeABhis ANerief ceili glay isnuous
wave tranémt?l?'gﬁie. é’??ﬁ%ceéé?ial %‘Fé%ssﬁuned etogt he 1fsrequencyh%f transmtter
420A. 1bi kehirsaerideéasT2 filter is tuned to the frequency of transmitter 420B,
and the T3 filteg .is tupned to.the f Of AT 18 is$H2fed uphe

out puts of eacHn%[fl{yfﬁ%alggm}jyi’llpg%’"g% f@%?gggﬁwn%% s?}%na_ condiltsizbgtners-BSZZ, S24,
and 526 r agpecCingeebsh rafiuns hridogmwedf ovieh by @nsingleaY ave oadidnsi oHRerss iswiq rollye
described in nore detail 20 in FIG 16, ese si.anal Jobil hsesf eed a
sequences SPPBORHAY ayihal Gaperp astef 3“%?5%71?3&‘11{%&’[%% ﬁced"%’ ??88‘?8@2‘1&’3‘%% of pul ses
control CQURtiememdftddrdeh fel 0ad Ry pRn¢ eadcAlyar thd 32wpline aoimal deder Npt i on of

t he sequences is provided in nore detail, in ElG 17. Th erated
by t hetbsi gfas isersagired %ﬁ'éeraé‘g{f}rbét“éﬁegg'eﬁ'é? plapgang ey 8%“:@?}1? c%%&@@xgign or mat i on
in the coupt@fNaRthm kteBhitossitecippareltha tiiatormall vestes N586iveroby:i nput into a
uni versal asynchronous receiver transmtter, UART 540. Load control signals
for the UART are provided by the |oad pul se generator and a divi de-by-N
cCircuit 538.xN6)-56dsi(Bih) SiREY), @bs (PB®) J\RTavel div @chp. my@ul at or 566, whi ch
nmodul at es%g x’r}éin)si(g(lfs\ger )54:?.? T?ﬂ S 4tPr ansceiver then transmts and receives
signals fromrenote transceiver interface 432 of 30 FIG 12. Al the
transcgjvers u Oy et fbal QOTHBRERSE 19Ns IsTA(RAR). STHeMBeRbA@N componbre isf ¢ he
type ugded in czl?lg? Ies’sghet eﬁgcf;ﬁones comonl y uged in the ind s,tw. Thus any of
the 34 cos(Pch), which decomposes into x and y components 1n the ratio cos(Yav&{ :sin(Yaw)

Perspective projection from cam-wall coordinates to image coordinates is
illustrated in FIG. 11b, A general vector P (x, y, 2) in three dimensional space is

25  connected to the origin by a straight line. It intersects the image plane 154 at

p'=(x', y', 2)=P/k=(x/k, y/k, z/k), 9)

which defines a scaled image of P. The scale factor k is the length of the

30  projection of P onto the screen normal N, namely,
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2 2 APR 2004 WD 01/37060 PCT/ US00/ 31678 commerci al cordl ess tel eEhone§ \II»VI
suf-fi ce. An audi o coupler, not shown, nay be used to neke conned i MR 0%t he
m crophone input of the cordl ess handset. An alternate transceiver is the
M cro-T transcei ver manufactured by Adcon Tel enetry of Boca Raton, Florida.
5°-A manuaWayifeel recei ver 544 receives signals from R&RAGSPRALESpr ogr anmer
transmtter 422. Selector switch S48 is used to sel ect the progranm ng
signal in the program node, or the automated signal in the automatic node
of operation. A pulse shaper/conditioner 542 conditions the signal for
serial input to UART S40. The serial data 10 is converted to parallel data
in UART 54@nty is provided to a steering latch 550 &%) a drive latch 552,
Data in latch 550 is converted to analog formby a D/ A converter S54. The
anal og signal then feeds into a power driver and conparator 556, which

cont rol s St eery NGOt GriafiR BTl DM AnA(N) SEtation iproveded by a
potentionmeter 450, which is nmechanically connected to the cross arm as

pr evi ous| 9ot geosestighea bY Thi s f eedback 15 provi des for proportional control of
steerifnig notor 426. Data in latch 552 are buffered by drivers 558A, B, C,
and Dto relays 560A, B, C, and D respectively. Relays 560A and B connect
power to kini*ee (Rei)dyin 66 )+ RispaPshBewc aWh*Zﬁlégpr?hbct p;iWer to a speed
control notor 564. Mdtor 564 nmechanically turns a rheostat 428, which
controls the current through drive notor 562 to control "speed of novenent.
20 FIG 16 shdwagt berdinmest[ushibmithexskter of thtineegs plgnal Scwmarrressekyvih 522) 524)
and 526 of FIG &5. .These .condi.tioners are analog circuits commonly used in
t he i ndusteBeehing ea‘fnétvé\‘}tgfsllgﬁr} e fom’Nat i onal Sem conductor Corp., Santa
ClarajqoCalif. They consist of an envel ope detector 568, an inverter.570, a
differentiat 9%@7%\' a zero crossing detector 574, 25 Qfl a pul se generat or
576. FI G U=eHGE Ya detailed circuit di agram of a se(guences 528. Operation
of this circuit serves to allow only the proper sequence of pulses T1, T2)

and T3 to be latched and read. Thi,s i s required c.a trical
nature of the WhtrekhandohRieeteRoB} a“fiﬁbaréov ifg P‘éa&rf'otggsl a #%%Bgéln%@ﬁ%%\/ﬁ

certain | @&ﬁ&ﬂd?&%r@cfth'& RS, iatettbdigrim 0B N, Intdam-waltieordufatesecept i on of signal s
fromthe Continuous wave transmtters may be backwards. The function of 35
2 2 ARR ?0A4 WD 01/ 37060 PCT/L1S00/ 31678 sequencer 528 is to allowonly a
forward s : he correct clock count an@3jhus the correct
angl es be?&ggoﬁ%?ﬁgf?l?;g%ft ers. The sequencer is corrglosed preferably of
CMOS logic, and functions as follows. D flip flops U, U2, and U3 are
initialized toya.1,Q; rNWRnd B, PAVE/ the Redt@S@bss PBAIuLtS
produced by regﬁgt%gglt&egzr’llzﬁegpgggig?fg?wgmc. Power-on reset is inverted by

i nverter WiNmanddUwhinlyisegivenbgnt ary | ogic 1 output fromU4. A logic 1 input
to one of the inputs of NOR gate U5, Ul4, and Ul6 produce a logic O input
to inrters U6, Ul5) and Ul7. The outputs of these inverters are logic 1
whi ch sets flip flop=ULXtN=1ogic 1, and resets flip flops U2 and U3 to

| ogic 0. The sequencer is now (14)
I J K
det| cos(Yaw) sin(Yaw) 0]

—cos(Pch)*sin(Yaw) cos(Pch*cos(Yaw) sin(Pch)

where 1, J, K are the unit basis vectors of the (x, y, ) cam-wall coordinates.

25
That is,

V=(sin (Pch)*sin (Yaw), -sin (Pch)*cos (Yaw), cos (Pch)). (15
24



initialized. 10 In this state only a T1 pul se 650 from signal conditjgn
522 of FIG 15 will change its state. Wien the T1 pul se cones in,z?tM#%2®§
t hrough NAND gate U7 producing a logic O pulse to the input of inverter US.
+The output of inverter U8 is a logic 1 pulse which sets flip flop U2 to
logic 1, ¥MW013akets flip flop UL to logic 0. The out putPCIfUSREENEI815 gate U7,
a sequencer signal 596, is fed into an input of NAND gate Ul3. Since the
other inputs to Ul3 are logic 1, the output of Ul3, a sequencer output 660,
is alogic | pulse. Any other input before this point would not produce a
sequencer output pulse nor would it change the state of the flip flops. 20
After the Tl pulse, the state of flip flops Ul, U2, and U3 is 0,1,0. The
output of flip flop U2 is a logic 1. . The state.of Ul.is l.ogic O which
prevents the T1 pu%%“e impgsPlgea ?%ﬁoqrﬂ‘l‘%tﬁ?gr?%lé‘f\lﬁfnﬁ% af g pojnt bl' 5 Wi ¢ 1
state of JdibRicht QP bRiodPER Bidaelya T2 pul se 252 to get through NAND gate U9
to produce"a logic O pul se) a sequencer signal 598. Signal 598 is
transmitted through NAND gate Ul3 to produce a logic 1 pulse on 25
seqyeqpeqF?g&g /660. Signal 598 is inverted by inverigy U 10 to produce a
logic 1 pulse ich sets flip flop U3 tologic 1 and resets flip flop U2
via NOR gate Ul4 and inverter Ul5. After the T2 pulse, the state of flip
flops Lﬂ’w}%d d B is 0,0,1: In this state Ul and {g7pre logic O which
prevents TS pul se fromgetting 30 through NAND gate U7. Likew se the T2
pul se is prevented fromgetting through NAND gate U9. Only a T3 pul se 654
s allowed todggt thég@gh HAND gate Ull to produce a 36 2 2 APR 2001f WO
01/ 37060 PCT/ QW%H? ?ogic 0 pul se on a sequences signal 600. Signal 600
is trgnsmtted through NAND gate Ul3 to produce a logic 1 pulse on
sequences si gnal 0. Sigpal 600 i's also inverted by jgverter Ul2 to
produce a“:f(yg?*é’oq&ﬁ&‘l‘l)*s& "b(lfa&gtagafl ipflop Ul to Io{gllg)c 1 via NOR gate US
and inverter U6. The logic 1 pulse output of inverter Ul2 also resets flip
flop U3 to 0 5 via NOR gate Ul6 and inverter 7. After T3 pul se, the
state of YT(F/ﬂ?)'TSl"dﬁgh)fﬂ‘}?YPZ’,’)'(é{}ﬁX SlﬂgF@*Wét(%?wg%@gE% (%g’)t L@?ori ginal state
of 1,0,0. The process repeats that operation. Wether the input order of
pul ses is forward, T1, T2, and T3, or,  ip reverse, T3, T2 d.T1l,. the
out pus of t he 4&eiehedkng B&MP“EG‘bﬁ)a’f‘%Ogﬂ\ﬁg‘?@W?}hd‘ifW@S??;P%%SW e, TI) T2
and T3. 10, ANPtd6Sh BRARIIRGNE RRUToof INORAWAIUDBRliakes Nht kg akiyn gflistabOe syst ens
is the electronic conpass. The conpass input, like that fromthe other
means deswribed, is used to create a map by storing directional data as the
platformis manually | ed through the desired path. 15 Another process of
use is that the robot is placed in |earning node by tgﬁgorarily closing a
sensor corEdty=§perg® button) or by infrared (IR) or r o frequency
(tranégitted) renot e conmmand or by voice command. In this node sensor input
d

is en ed in tinmed increments and stored in nmenory by the mcrqoprocessor.
where s is a line LO length parameter, Which may range from plus to minus

infinity. Values xO and zO are the lateral and vertical distances of the line from the

viewpoint. The projection of this line onto the image plane 54 is

25  u=(x0/k)*cos (Yaw)+(s/k)*sin (Yaw), and (21)
v=(x0/k)*sin (Pch)*sin (Yaw)-(s/k*sin (Pch)*cos (Yaw)+(zo/k)*cos (Pch) (22)
where

30

k=xO*cos (Pch)*sin (Yaw)+s*cos (Pch)*cos (Yaw)+zO*sin (Pch). (23)
25 '



L4

The hone cl eaning robot is manual | y pushed through the desired path bynahe
user or 20 directed renotely with a renote control device. Durind #RR S2004

| earni ng period the output of the drive wheel notor and application
specific sensors are recorded to read-wite nmenory by the CPU optionally
al-ong wi t Wa®8760t put of the el ectronic conpass ther ebPCRARIVI6™E record of
wheel revolutions, application events, and a record of direction during the
task during successive tinme periods. At this point the honme cl eaning robot
is said to be 25 trained and the activity napped. The end of the training
may be input by manual sensor input (e. g. releasing a push button) or by
reaching a sensed goal such as light level, radio frequency source (or
reflector) IR source ref on neans.
Subsequent | y, "trfeg°F%&? bueanp ag’@}aoa a qﬁtsﬁ%@q@ggﬁ M%Lm nt and pl aced
in "playback node" manual |y wherein the CPU recalls the stored encoder and
direction data to control 30 the notors (e. g. controls drive notors to
reproducewgeé?re encoder timng and count) while conparing time and direction
data dyring novenment. 37 2 2 APR 200 WD 01/ 37060 PCT/ US00/ 31678 I n the
event of an obstacle in the gash, t he control @ m may becone adaptive in
t hat' whenWbbsnaravadcos v gEsigBeMby cont act switch¥d) sonar, or light, it
will perform progranmg&l(yeﬁyéd;(ﬂegpﬁdng and turning avoi dance novenents and
direction around the 5 obstacle and record the deviation so as to store a
vect or fromthe poi nt of obstruction in the map and then cal cul ate a new
vect or @]E?esurrptl on point along the obsty g?t ed path. It should be
recogni zed tha{l is is a general description and that variations may be
enbodited in the cont rol system for application-specific circunstances

wi t hout depart]j n : sdrend rdagke@gni zed
that training }?in anapt aﬂ%‘ﬁgﬁ‘%ﬁaﬁa%e ‘;‘%éeféo For %le%mgll he user grasps
the hone alvasishing poiobtit ahuthe sgreerpdihist vapishiag dointhifais| the rm%f@tw phthene

t eachi ng node e e n d ed as
part of "t HEREes & ot peel o £, MBI lle Bt BTG BOCAARLTS, EF
way a useht ifRyoigtdd a Borikbn whérk twayarkijel Sinespsueh mandmlad trecksnweould eppsar toOnce
tasks are | ear ned software may be additionally be provided for
conmuriBcacPBi§residd 88 age of a task to a storage means such as a floppy
disc, menory stick, a conputer, or a | i ke hone cl eaning robot by a

hardvm red connection or wreless comm ication %8}' %Lé/co?doréatform

may be provided w tﬂhleﬁWQW‘WWrValﬁﬁH‘ P?%P%?P‘r‘%a 'oW st or age and
replay of i alethbd 3f feNBkentiod) té BéternimBohe valessémgl amd vonEhatligdwp diges obot can

be trained to performa nunber of di ferent tas I, i ment,
the pl atf oyithin Seimags kg 1af p15 SaleftsnggﬁgPbey‘“éﬁféa?:ﬁc?{ﬁngzg‘*a‘“m|k§%’r‘€ﬁmcd

enbodi fenty, glhadrn 1qwa@&§ﬁlgysueﬁ £ARE G AnBPigBYBRBAdanSofa roerufoviting tibles t&)st atic,
cl oth cover, suc as the Swiffer electrostatic cle n|n I t hes avail abl e

fr om Pr octasrin EIGAB! T:!lccl)@iﬁli?)%ﬁﬁlﬁ?n incimage RIAE Forfinges ofiiRe LI IV led with
cut out s Ofld-Bfhelitihhe SubifinkiBn ] MY dobifioiTede. bdhddry dﬁﬂésthbcbtmk&‘hcont act
e

wi th surface on wh one cl eaning robot is operated. The underside of
the platf octemnmmpdlnmrswmthemnen}w b?)éhb’S%“M\Pftheam’faéﬁmaB%la4 Bt 8%1)° Y insure

that the CO\F/]@ gesl%(r)rqt;eqvgbtnshggﬁ)ggp i 2Rt vCPRdaEthu th the underlying surface.

The covers” VEoRnec ormin a variety of ways, 38 2 2 APR
2004 V¢3 01/ 37060 PCT/ US00/ 31678 i ncI uding but not limted to wherein the

cover is rlerlr]g\_/aarl(l?t!n}/va)dhe5|vely attached, wherein (26)

and yaw is

30 Yaw=arctan(uu*cos(Pch)). @7

26



a frictional grip is used to attach the covers, wherein a nechani cal
engagenent is used to attach the covers to this platform 5 In ap2 APR 2004
alternative enbodi nent, the | ow energy cleaning inplenment is a nonwoyen wet
«cloth inpregnated with a cleaning solution, such as the Swiffer cleaning
cl'ot hes ave@ 01a1306€8 from Procter & Ganmbl e Conpany, G nci rBCIWUSOEBISE. |1 n a
further enbodi nent of the present invention, the cover used is provided
with 10 the appearance of a bunny rabbit with |arge ears that act to dust
base boards. The may al so have a an adaptive behavi or node where it avoi ds
light thus allowing it to be placed under furniture where it wll dust and
acting very mugbhduldkie sotedmaht vviio Gidepdndént aniyawl TheWatuendtvhisdhapéforestbe i N one
enbodi ment is to train the hone cl.eaning robot by 15 switching it into

trai ni ng mmentaHalerP&ﬁEFanreﬁanﬁWﬁ‘&W%?&ﬂ%‘@%rface to be cleaned. At the
conpletion of the cleaning task training node is switched off.
Subsequently, the nowtrained honme cleaning robot set in B]:ay-a(ikdm)de can

repeat’ the cl eani fgtureing briefly 1ow s srsiderpiiop ofddCt Hadt ghieuid b repalis
enbodi gren{hafs}{&%&rherﬁﬁggp@gh)% kWX bRk hF QR BRY Be HlertddSrib inbahstionagi ng edge

of the platform prov I adaptive navigation so that the task 20 may be
conpl et edinmagefedtirenisthavetide 4 Ubseyesciongythafleorp Tockaher tlarify theaelgvantn t he
second enbodi nent,, . a | | i Sk asikd e Sekay punp and
STt BB sl B & EB‘F*SB%‘%%%?%%’M%‘S?“@ S led with a

cl eani ng @irection @b thezéangra and vehidheamotien. b&his gh accomplishad by et X Yrmis to

c ning " : 4 25 with di . ) |
e additi opal %/tfl?g‘g%%ﬁ ot m\t’l\f'ﬁé%stéims'ecﬁo a?ﬁﬁle@rﬁ%%ﬁh? f?an%n%l?%L,ﬁ t owe

wi pi ng meBg8c ¥ rSi one cleanin so as to
have q@npbf Metimagplamt 154idohmilne RIGderd Hlustioptes uhit ace ceordimasygtomr Natef oam

material. The spraying feature js controlled b nt ar, t switch
(push but ftﬁﬁjheﬁ?ﬁﬂ%%lﬂ’g@m the f%wgﬂ F?oeigl atS%/wﬁhegﬁ% ggilélr%.tyerﬁgﬁ%m%%hod of

use i s tordiiRkdbpad-akidand i ¥-axitheegebais vctoparate. It is to be understood
that if the home cl eaning-30 robot encounters obstacles near spray points

it wll not spray at those points. 39 2 2 APR 2004 WD 01/ 37060

PCT/ USO0/ 316 £&4¥hvd, gi,l;(iyrag}?,erd)odurent{mm, home cl g28)i ng robot may be
provided with a wax or polish inpregnated pad or towel attached to the
under dbde and havi ng conpl aint contact with surface by nmeans of a foam

support. Letnakivieo¥yawhol psh oL @y be di qpgnsed onto the surface by
an el ectrﬂlz s%ﬁg\;dlvﬁ’g o%()&mpw?’ inﬁvxlni chmﬁ{)zgsg@t he pads(o$a towel 5 woul d not

necessarily be inpregnated with a wax or polish. It is to be understood
that a wide range of bpolishes, oils, or waxes m ght be provided depending
on the nature of the surface to be polished or waxed. The net hods of use
follows the pattern of training and

20 Z-={0,0,1} (30)

The brace notation {u, w, z} denotes coordinates with respect to the basis U, W, Z
which will be referred to herein as the "cam-floor" coordinates system. Both the cam-wall
and cam-floor coordinate systems use the camera viewpoint as the origin 150. Conversion

25  from (x,y,2) to {u,w,z} is accomplished by the transformation:

(€2Y)

cos(Yaw) —sin(Yaw)] O
{u,w,z} = (x,y,z)| sin(Yaw) cos(Yaw) 0
' 0 0 1
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t hen adaptive operation as previously described. 10 In a fourth enbodi nent
the honme cleaning robot is applied to weed killing. In this enﬂpﬁﬂﬁ@ngm he
platformis preferably provided with driven tracks rather than wheels and
-may be further provided with a solar recharging neans for recharging the
power cel WGUEHR06AN cover havi ng a anor phous silicon solPA/ESeN3I6T8 i | n) on
its upper surface. The hone cleaning robot is further equipped with a
digital imaging neans. The platformin this i 5 instance is provided with a
seal ed cartridge fromwhich a safe herbicide may be di spensed or
alternatively equipped with a magni fying gl ass neans of concentrating sol ar
energy on s{gpetYaweedssigNdwyafah(Yadest Fay(ag)izhem by heating. One or -~
nore passive radio frequency (PRF) tags are provided to be inplanted in

| awn areas where weed killing is to take place. The honme cleaning robot is
provi ded W t h Fhe(iRe&E rahdom@K6n fsiab@niplistikdsyt t er 20 and a receiver for
detecting resonating tags. The nethod of operation of the fourth enbodi nent
requires training to the extent that the home cleaning robot is placed over
typi cai weed types and typical grass and the inmages are recorded.
Subsequently the hone cl eaning robot is noved a rgdial distance 25 away
fromthe PRF homng tag that will define an appr&X¥mate |imt. The hone

cl eaning robot is then placed in operative node wherein it spirally noves
in toward the PRF tag scanning for weed i mage patterns and rel easi ng spray
or focusing sunlight onto the offendi ng weeds when they are found. 30 In
the fifth enbodinment the platformis equipped wwth a digital RF transmtter
and receiver and PRF honj t\ags. W t parate resonant frequencies are
used to tag 40 2 2 APROSEEH SR DT USo0s 1678 o 11 cl o8 whi o may
be mi spl aced, yA ={ew,gl| ndivaand cesé¥add Oray al so be provided with the
platformfor manual 1/QO Tbe nethad of 1gperation of the fifth enbodi nent
requires that, PRE tags.arg .5 I hat nmay be m splaced such
as purses, 'E‘évgs?%gﬁl_‘e"t gn cﬁ@%@ﬁ@%@n&d‘gﬁ?gﬁiai ezf)' During training the nane
of eaab tagged article is encoded into the hone cleaning robot after being

presented to i} in, traln e. .The hone cl } i ther
trai ned by mnﬁﬁgFngt%gg##Sl@qf Pﬂdoﬂé ﬁngc%nesﬁlgﬁrg%g gr%{egﬁ%oaftaﬁa-ofn:ﬂﬁ 0(E{per ation
it will tgavellinghetarpdiobr eotimitarastiehebotinovies farward] e seOpwasianil 25z@.0 a PRF
tag selected froma nenu of 10 | earn t.ags. 1t shauld i zed that
the use ofvheway isdhe parpmetgryef %ﬂ?‘?‘r“ﬁt@vg&ﬁég%ﬁaﬁ)ﬁ}g' 'gﬁedméa gﬁ?ﬁ@%%éetﬁ‘ itive
sear chi Ng e BYRPjeRlidtebnt! tRY inddgeiptirkei 1659. as| ollovre ThexXimageplaoeliUreasis, the -
platformis provided with an ajir filter or an ?ct|¥a ed carbogﬁalr
pur i f ying veetams jhegpme at for canpravallceardinatet appraYiqvsin et fUth g PO “Phe horme 15
cleaning robot to fallow a path through a roomor nultiple roons thus
purifying and/or cleaning air over a wi der _area than woul d be possible with
a stationary filterThsrimeee plang } Stingrmal imeamsflogrcgPrdiriies 'S Wonal 1y be
provided with a sensor that detects snoke or gases and which provides an
al arm of unsafe conditions. Such sensing technology is_readily avail able
froma w = {QanesePet), $o(Bdss i ncl uding any Wl mart. 263:{)n t he seventh
enbodiﬂpnt, the platformis provided with an odor detecting sensor neans
and a means of spraying an odor reducing substance. One such substance is
cycl odextrin i nanienage\mmedééb@MCﬂPéﬁgdi? ng fluids suitable far use are
avai l abl e from Procter and Ganble Conpany, G ncinnati) Chio. The hone
cleaning robot in this case is 25 trained to "patrol” a path. It's path
progr ami ng={G; -gr ch),dde)Pchiien strong odors are detect@ and it noves al ong
the gradient of increasing intensity. In an 8~h enbodi nent the platformis
provided with a neans of dispensing

25 Thus P projects onto the screen at

p'=P/k={uO/k, sk, zO/k} (35)
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aromatic sprays such as) but not limted to, essential oils and gerfurreg.
The nmet hod of 30 use is training the honme cleaning robot to fol 4 SuiFR B@ h
Wi th positions where it is trained to dispense aronatic sprays. The

«di spensi ng nmeans can consist of a fan bl ow ng over an 41 2 2 APR 200 WO
01/ 37060 MOM1IBBO/ 31678 cartridge with an odor di spensiP&FUaERY8a sprayi ng
nmeans, or an atom zing neans such as an oscillating nenbrane. The platform
may optionally be provided with plural aromatic or odor produci ng neans so
as to produce different odors at different locations. 5 In a 9 h enbodi nent
the platformis provided with an infrared (IR) or sonar detection neans in
order to act awigecurity nmeasure. It is trained to "patrol"” a path or to
travel to different |locations at different tines, and provides an alarmin
the event notion is detected. A wide range of notion detection electronics
are avai | gl fN-antdsadin+Rregk(rehpres. 10 In a 10" g@dodi nent the platform
is provided with a vacuum ng neans. In this enbodi nent the vacuum ng neans
may be suppl enented by drawi ng the vacuum through an el ectrostatic cloth,
such ag the S"Magfﬁlaﬁé PG br Bk bR Rlevedy Brdecting BYonfo Ganblve, C nci nnati
Ohi o. ternatively a conventional brush a vacuum arrangenent may be 15
used. It is trained to vacuum as desired. Such a hone cl eaning robot may be
pr ogr ammeg .t id hkg so that it preferentially s@zays and vacuuns under
furnitur egmhlg‘dg%@lulﬁld-)g(igﬁgd vacuum cl eaners do not rea(tchyand dust and pet
hair collect. In an 11°" enbodi nent the platformis provided with a neans
of cutting or Kkilli I as * j hot wire, spray, or solar
heat concentrating \rprgéﬁ??tg\lj ngsﬁéﬁgg'g)ngﬁéét %{Pﬁggkt o foll ow the edges of

wal kwags and driveways and the |ike cutting or destroying over-grow ng
vegetation. In 12" " embodient. th |_at 1. ' I Qi ' suction
means such as ‘LAessamagelings, Yiuch iehie eélgth?) é%ng{??lf {"z° 1§?$6wgglgha:mg%ﬁr@i tation
means) so wehahishihg bsinfiel d on a wall or other non-horizontal surface and
provided with a dusting nmeans such as an electrostatic cleaning cloth or
dust nop. Again the home cleaning robot is trained to follow a particul ar
path. In t[,hlj,sv}':[‘@,t_%qpc}ﬂ,rermt e nmeans of training gui @)ce is preferred. 30
In a 13 " "enbodi nent a floating platformis provided with a propul sion
means Yuch as a flexible fish-tail, paddling feet, or the like wherein the
extremties or TiRkfortiay thedrigh of image PR c8fArhatéDicOthis AR THe IBHMI3 1678
lightly abrasive cover. This platformmy further be equi pped with a soap
di spensi ngprasketde defots the ney irpaga plang soordinaledystiiled by the child as bath hone
cl eaning robot and acts to clean the bathtub after use. This platformwould
be primarily trained and gui ded by el ectronic conpass._ln a variation,

wi t hout t He, dlflmsimevelover, it . could be placed in 5(?93undry tub to

agitatge the laundry and dispense detergent. In a 14t" enbodi nent a tracked
platfofmor one with high-traction wheels is provided with a pushing neans
(this might hawmeplids¢hatpparhiteanceptioffloy linaimeas indd i ¢ bul | dozer). The hone
cleaning robot is trained to patrol a path and when encountering 10

obst acl es, push themaway fromthe path or to a particular location . This
hone cl eanuny = adykfzokeelz0*ma(Reh)lpar t i cul ar val ue to a #®enager.

[u'v'] = -u[uo/k,zo/k*cos(Pch))]'.

25
Thus, the slope of the optic flow line is
v/u'=z0/(uO* cos (Pch)). : (41)
30 It is noted that the v' component is independent of uO which simplifies the

computation of ceiling height as will be shown.
29



In a 15 " enbodinent a tracked platform) or one with high-traction wheels
is-provided with a blade or equipped with a neans of dispensing galpR 2004
other ice nelting 15 substances. It is trained to patrol a wal kway or
*driveway and renopve snow or dispense ice nelting substances. The platform
woul d opt W&HEPIAO0 have a sol ar chargi ng neans and a fl aP&%rAFOY3EHt means
such as an LED for use in the dark after training. The honme cl eani ng robot
woul d optionally have a renote gui dance control so that the child could
remain in a warm house and gui de the hone cl eani ng robot outside. The sane
honme 20 cl eaning robot can also be trained by the child to di spense
fertilizer or seed in the spring and sunmer. In a 16 " enbodi nent a | arger
platformis u | e .of 0 N A ||,y being a
wheel ed can. ?ﬁ‘g EF"D?B‘ artr?sv\glﬁlwg}%og%h%%a@l ‘g@[)e pr(%z\glﬂl%dercp]i \Smam?# gigﬁahsol ar
rechar gi Rgmpeas canl be ighbiet dn mmbuhrtgrz@ as preyicuglsirshagm Antie whiokheE ing it

fromits stor |t|ontoa rba '.0 opri ate
schedul e.meﬂ’?é%%&ﬁpq?rﬁ‘@tﬁ?cedbﬂ tBﬁéi F%Pot‘}e pﬁb\/}‘< 8‘8&"%%@%% & ggé?‘ﬁg{ neans
wher elyy ihove® WdistarscRr @Yaldnigethe Ostilaiy sAme pbindi Rakoyesnidistanemn dodaoerr gbleici ng

fluid or sterilizing fluid 04 - 0 / 800/31678
In a 17" 'Cogﬁ%ﬂ‘ihﬁﬁﬁ?‘aﬁcﬁé’“ﬁb?récrﬁff"egﬁlzl’r}g a?q)%gt S?p?%\gu‘(eﬁé%‘@ g EC%’ t%/ljl deo
camer a aqqmgcs lgﬁ@rrﬁgqs to.pegrol a path. The platformis provided with a

wirel ess Internet interface so that the images can be renmpotely accessed.
Its play value is manifold) 5 In an 18 h enbodi ment the hone cl eani ng robot

I's provided WAJtﬁﬁ%E@eeﬂfada efasaféeatsff&tdnara Hﬁ&afb%ps%ﬂdely,?ofhh@dn@mhﬁl@arﬂ@tr0| a
path. It is fur rovi wth a nmeans of %genm ng a fire-retardant

subst%cdheﬁmﬁafomectbﬁhmmaseﬂam hié‘rwﬂ?%\%l@i@élwp  Ri%ensory. If, on its
trained path, the IR sensors detect em ssions at conbustion terrperatures,
the honme cleaning robot will dispense the fire retardant substance via a
punp and M'ﬁtzl(b’cosmchb)#w?aollgh enbodi ment the honme cl d4?) ng robot is

provi ded 51/(%; rg@ﬁeﬁ)r (‘ygneg gviwc\ék(?gh)zer manent nagnetic surfaces or

sub-surf ates clteanin further provided with an
el ectrostatic cloth. The honme cleaning robot is trained to follow paths on

ferrorragnetl c surfaces . s as a AR, | 5 20" "
embodi'¥rent t he "ABHHE @Fgaﬁ?(ﬂ%arfoc O%’Spmmhég scf{fcf wt@gﬁggrﬂif Fjeal{hg%rmtl on
det ect i ngpPANRShosSHRIudas, rm(amednnyythenmlrmnihdadhud lines indEIGL il h¢,tasel vi'6cosa

phot odi ode phot or ecept o ai,r, sonar, or tactile contacts such as fine
opti cal (Pl?g}%“d\/ﬂ%‘rcéf‘ﬁef;ﬁ?&egﬁh%f the fiber changes |ight transmi ssion
properties. The hone cleaning robot is trained to 20 patrol a path where
i nsects are suspected_or present The hone cl eani ng rg{aﬁt may di spense
wat er, anzPsst Cqsé%@/ldeﬁ{‘ or enmit ultrasound to rid the |ocale of
|nsect2§ In a 21s’ enbodinent the platformis provided with tracks or"

wheel s havi n& vel cro-1ike mcro-hooks (or velcro). Th?448| atformis further
provi ded wPER=4*vd[va4pesAgPch)/((v2-v1Y). .

Equation 44 gives ceiling elevation as a function of image plane 154 pitch and the

image plane 154 vertical coordinates, [v1', v2\], of two successive images of a feature,

25 the vehicle traveling a distance d between images. The ratio of d" to d is the same as the
ratio of the w-component of ranges from the origin to P1' and P1, respectively, by virtue

of similar triangles 0-P2'-R and 0-P1-S. Thus,

w1/d=(1/(cos (Pch)-v2"*sin (Pch))/d" (45)
30

which implies
30



25 neans such as a dusting cloth, cleaning fluid, or vacuum or sone
conmbination. It is trained along paths that involve highly irre@® aPR %8t h
surfaces such a furniture or bedcovers. In a 22"d enbodi nent, the platform
“i's provided with a netal detecting nmeans. 30 Such neans are readily

avai | abl e WO oa7¢60wi de range of suppliers. The hone cl ePUIAHCBBW | S

equi pped with a conpass navigation neans and a triangul ati ng beacon neans
and 44 2 2 APR 2004 WD 01/ 37060 PCTI US00/ 31678 trained by |ocating at
perimeter points. (It does not have to manually noved al ong the perineter.)
In operation it covers the area wthin the perineter and can be used to
search for lost jewelry, coins, keys, and the like. It can also be used to

prospect faor various "treasures” to be found in park nd the like. 51n a
23" i errocfl""r]réﬂ'fv%*él'g T “}{Pﬁ zqugf?h)]/&zb‘ﬁ(?vi ded with a z%)@t pliant tracks.
The nethod of use is to train the home cleaning robot to travel on a human

back delivering a back rub. 10 O her and sim|l ar non-enunerat edd nbodi nent s
are simlarly T%@%sfh%!“éef&@nvﬂfwlld%dw BegoPebeBfEEre flomhihe SEMBiRrERIR pl at f or m

wth Si il - i V, f ¢ i si st ent

; 1 gei LRaR ] Nfer! Bieht B GRVRbotMOE AR SORRKkEd Yeili

wth the t%{létgaégge a‘é‘.‘ or.  They r| nc ué:e: In yet anot her enbodi ment the present
i nvent i onfeatsredodgived belowf an aut ononobus, 15' trai nable, adaptive nobile

hone cl eani ng I{egaﬂﬁ PHM d@tgxamr{ h4f §RANGOTsIgRCRIFViND fhdgBalimef rigm sensors
carried on or TH TI1Vi ng organi snms to nonitor tenperature) blood pressure,
pul se rate/ju=zbl(uOhcosPehstbe Fateral pnsition ofghie racked fegwrrrelagmpiorthe radet PHker eof . 1 n
yet anot her enbo%{(r&r}t.s the present invention is conprised of an autononous,
20 trai nafr®&" R4 blhevé nobi | e hone cl eani ng robot provided with a neans of
detectang the direction and intensity of sound at pre-determ ned frequency

ranges. Sugh cl egni,ng ,robot can be used to det abnormal noise in
t he hone ‘éﬁ%ﬁ‘f?‘é’gggz% 34?31)9%& a faulty notor, or an (gf);rm It will also
can give the appearance of |istening and noving toward a person speaki ng.
25 In yet another embod gént the present invention is4§ﬁrrpri sed of an

aut onomou¥0= AN AHYeos GeMpt i ve nobil e hone cl eani ng #8bhot provided with a
nmeans of receiving and broadcasting sound so as to sinulate various

acousti c phenonena such as noving sound sources or time-separated sound
sourcd8 such as spatially displaced instrunents in an 30 orchestra or band.

Such a hone cl gaRjiRg HePROts GRWNDBItHES Sdri B dhfabise,0fonsdt rbdingsary floautepeakers.
45 p 2 APR 2004 01737060 PCT/ US00/ 31678 | n 3&%’[ i’io?lOtFel’ ecggoﬁ’i nment the
present i eptenflowanalsicangserihed abveathe pasibeabie rovor L% uh Zesped dptieve nobil e

home cl eaning R0, &RV HRH Mibiioke R2RE 1Rl celRGNRY Ke derived in hallway
coordinates as described below. Robot pitch and yaw are also necessary inputs. As shown

20 in the preceding discussion, pitch and yaw may be derived from the image plane 154

coordinates of the vanishing point 56.

The cam-wall origin and the line LO described previously define a plane known

as an epipolar plane.

25

The system includes a means for obtaining an image of a surface which overlies a
robot or a projected path of the robot, the surface having one or more sources of
illumination disposed thereon; means, coupled to the obtaining means, for detecting
within the image a location of the one of more sources and means, coupled to the

30 detecting means, for generating, from the detected source location or locations, vehicle

navigation information. The generating means is shown to include means for determining
31



attachnment and an el ectrostatic cloth whereby the hone cleaningé{fﬂﬁah ﬁ@p
dust 5 ferromagnetic surfaces such as autonobiles and appliances.“I'h ye
anot her enbodi nent the present invention is conprised of an aut ononous,

¢ rai nabl e, adaptive nobile hone cleaning robot provided with a neans of

att achmentW® 81/¥0& oot h surface such as a vacuum bet weenP€HESWEHES c| eani ng
robot and surface or by 10 neans of an aerodynam c force, whereon said hone
cl eani ng robot can performsone function to the surface. An exanple woul d
we a w ndow cl eaning or mrror cleaning hone cleaning robot. In yet another
enbodi ment the present invention is conprised of an autononous, 15

trainabl e, fdanin ¥@seiMalitan6e BAIEN Q{églﬁd‘:lidigﬂarc@nba{t qirthy iveligdiewelativeatomthans  of
wal ki ng | oconotion and a dirt or dust

] di ( coI,Iectin[(F'; caailitré.s?}was.to be
abl e to gdechiéon afithe soureg vtk the Heasei FREBRTIBACCOIIATGE UL Bt ERCHWI LS Pt er i or
of ‘an aut %ngahérdea RkthSd B provididg neGleaRRGERRA iSBROMHTEH a MIBilHBEEMhel NVeNti on
is conprised of an autononous, 20 trainable, adaptive nobile honme cleaning
robot prowietted inglodes shansiepssof fR)oqbtdiningat leastiene imege of 2 Sailiag AvHRe MMeeni ng
r obot y opti.onal |y I : 2 tYe SrORBES path Bf ekokdBOL her
enbodi ggntm ?1gls{;gl%égélﬁafl?gagl&gshﬁec?%ﬁ?lggg%%@%ge ° ofC I?atrgﬁaut g?lorrous,ot rai nabl e,
adapt i ve npdbtating evitincheerilinggimagbibe ope avmate distinet Misvalifeagiress ) dateting r neans
of 25 flying and proyi ded. wit.h und_ a i i NgJ@ tting
nmeans. In %/gctung%t e eéﬁ%&ﬁi W@%?q?aﬁuéespgg)sé%ﬁ%%ﬁﬂég%? %ag{ngg%%cf%r%%i sed of an
aut onoNDUSelafiveatb Niaddddecteddpidaye anb (d) ldeteimtining @lleatipmgf the lvaltot palasive dhed with a
nmeans of detecting higher energy radiation (such as m crowave, x-ray, or
nucl ear) dAEFNE i ng toward such 30 radiation or alarming if such
radi atjpn exceeds pre-determ ned thresholds. 46 Z 2 APR 200 WO 01/ 37060
PCT/ US00/ 31678 I n yet anot her enbodi nent .the, present invention . s, conprised
of an aut ononod$t a‘!"rﬂéﬁfr‘i‘%v%?f‘&ﬁ)@ﬁ’(gis\‘}gﬁﬁ%fﬂr I“Ehﬁk?ﬁeasc?l PUHPRGYSSBOP §lE)er ovi ded

with a ”Eg&é‘seﬁkefn%ﬁtioﬂ@is rad $@mheation iemt Sidral @ddis fefudkptteamns,avliblatis sur f ace
such as an 1roning board and stretching themfla Cener al IQ; S§1hi ge gﬁy be
i &a 11\

done a pl dbwnninvihe Brta Seabr a gridanes YseRda;shomand ([d5shed & | eel
pai . The Dgyie,0laaRi hetfione5d 3009t HERlinRpGbmBby reipticeal means
phio

(e.g. dio eteédtor pair), positions itself over the fold.with a pair
of wheed s on each side at which tine each pair of wheels is caused to turn

opposi ng one aRptper ., dindt, AP _c%.lﬂfaﬁccemﬁ:m QRA thieB EstirtloBBGMHadioNsoRRdel ON | S
conpri sed of an autononous, trainable, "adaptive nobile honme cl eani ng robot

provi ded wplhdedan ikeawrs ldcations aad mgeceivien wihtatretagng direcsional aaeana OF¥G AY | eaves

and ot her debris, fromthe.,gut LBt RS, | ; kechind ot ther m may
be used ar ﬁ'ﬂ r?br?gt‘)p{n Pgug%}?nﬂ%sm%%g B%Jltgbﬁta?gz% {ﬁ?}& %?%\s/i dggé \;?\fllﬁ th altﬁgsol ar
r echar gi ngro¥e@arE stafhithe paigranaming phesa wé spezationy herbses lasgs the 6PRINEIYH Y8 op

wherein the scoop, lifted be .ro Joll) & Rediiinothbe
scoope&odeH?ﬁsg“tffg%?i%é’éﬁ‘é?‘éfa rég%a{‘ﬁée?ogﬁl?{lée}lrg °H“§%?‘[‘§Eot ﬁer _e(r)rbodi ment
t he presentleidayendiiigh, FIGO NP rsheved ond paticuart matbrmudesignr with 4ii$ guidanegpt i ve
nobi | e hone cl eani r obot

provjded with a nea i [ | SlowhO
surfaces. THEMAREP if%ra'maﬁd’er“(%iofncﬁ'gmﬁgbgﬁnoﬁ%'{rggit(gl&ﬁé’\{a;%@’lggssg %tot ypi cal
area shapeaf@. 1. The following description is for illustrative purposes only and not meant to
limit the invention.

25
Referring to FIG. 12, the platform 10 includes a whip antenna 440A that receives

data from a hand-held programmer transmitter 422. Another whip antenna 440B, included
on the platform, communicates with a central processor or computer 434 via a transceiver
interface 432. A directional loop antenna 436 receives radio frequency signals from
30 continuous wave transmitters 420A, 420B, and 420C. A housing 438 supports these

antennas. Directional loop antenna 436 is located between the whip antennas. A selector
) 32



20 size and then operated to cover wider and wi der areas. In yet another
enbodi ment the present invention is conprised of an autononous, pnaAPRING,
adaptive nobile home cl eaning robot provided with a neans of delivering
‘chem stries or radiation to reduce mldew, noss, and other growth on the
roofs of MO @GN6AI ngs, said robot bei ng waterproof andROTAEIUHA8W th a
sol ar power generating neans. |In yet another enbodi nent the present
invention is conprised of an autononous, trainable, adaptive nobile hone
cl eaning robot provided with a neans of detecting ground noisture and
selectively delivering water to arid areas of gardens near flowers 30 and
ot her shryhRRIsUS afld a keypad/d¥BRy 489 4ré Voo fiité 300 GOnvichitAtL{GOEMs dikkr tBe mhipy et

anot her enbodi nent the present invention is conprised of an autononous,

t r ai nabl eantea@fpt i ve nobil e hone cl eani ng robot provided with a nmeans of
detecting pet feces on | awns and kennel floors and gathering said feces by
means of a one-arned scoop where the scoop is capable of rotating around
the arm 5 | n Ei6t 1%isetphespectinduvidivieé ane maﬁ@ug‘rfé@é‘?ﬁlmF’H\Péﬁtei‘%‘ﬁc‘iOé‘a]clﬁ%ri sed of

an aut no”?é’ﬁ%fl gééafh@aa%c%n Esd@%ll YEseTnh tlufé'lskb?%re%@lﬁ{ai §10 ERRO4371 Tnpr ovi ded

with a softt P i'cor rubber surface and a rapid, but intermttent

propul si oformeaaplastic ¢ydindertattached by ighiedd alplastiesupport tubgt4g0. krags fromrthe hi | dr en
with hunting instincts (in.Lieu of I i 0 Bl A3RRtper
erbodi menfoLES %9“@5@%“44‘?\?@5‘% Sgﬁpqnstﬁggﬁﬁwsgiégﬁggggg%aﬁ? omr?érrbuz’, trainabl e,
adaptive egukict rshesecs aahi6RB dootxst ther Oipi thegd tei ledds a whishnesrmyf the gadie)| ar

comuni cation 'such as a cellul ar phone c bl ofc I [ acoustic
moni t or i n§eauEsey] §eRALto é‘n’@'ﬁ‘r‘? eaé’ﬁ%d"}%ﬁf’r s EO;‘ mpr%Iecté'eLSt' ﬁg%lﬁ?%ﬁlbkgsconpri sed
of anq@ut QNRREIUS a viHedli 472Waeel dTARIdrivVen BiDbictien dvatiet orcitssrrsimberenobby a pr ovi ded
with a neans of cleaning or sterili ing fﬁod f4ehvér;,g _@r.eas séut%h 63‘? t abl es
with depr sheBcAT6sShafidioss dispcthy sganseled|tp & pulley 44 BuLeY 43 1 POUKFd (OF her
embodi menp, teghhgSedHveitalf ans.i Fille 330 RrbneeRd t0h nilorashaf @00 S dirtatai nabl e,
adaptive nobile home cl eani ng raobot ;ﬁr gvided w ke m;aa of

i ) h-a tr
propul si opursest glectrip matenA88s & nqtehed disk\(§8dg cenigy f’?\ghqff to

¢l eani ng Bg}%gem&&e%yQliigﬁ(tisgﬁréex%iﬁ_drah@m%ﬁmhszi.ve areas whi ch when
illumnate a laser strike provide for an acoustic or notional response

so as 160 provide a non-|ethal outdoor hunting experience 25 where harnl ess

| aser pens or pei LA o4 el Seg%n%l\f“@%p E8b2dinatt By¥&h demRUhss theneadontedtt t he

present invention'is conpri dn aut ononbus, trainable, adaptive nobile
home cl eawontipuowsbesveprapsiniers 440hh 420Byrand i2AG. BhespriipsmiHers FERHOMIAS use in
reduci ng the vl f0arhb r.tr ' L@k 8he 1088tidHBof hoe2 APR 200
WO 011 370@8‘"56%/’ tll‘g%ﬂﬁgfﬁ%pﬁ%ﬁ‘%létmgrﬁ%ﬁﬂaedg&e%ﬁlgg?}nent the present Invention
i s conpri skaning rabot o FiGn d2riudepictadais M BIG. ddApangle AnpneebhE el Tt¥ani ng
robot provided with a pai.nt or Fyer Q REPRLEscRNNES S,
fl ags)Z%anédgﬁt?rﬁf‘ Fﬁ%%‘? °§pqlﬁtsfef°hg%§f§§§ a%irfgggg%nggﬁs‘{thegr esent i nvention is
conpr i sed egiiatian 49218 direnrdessibed ciailanddflse Simimbt Avgle Bofermed Baf2ntp rrshif
provi ded Vge%url]es% lgngs\% Eoiﬁg " a TRAEA94 L with an offset b in the x-abscissa, and an

offset ¢ in the y-ordinate. An equation 494B then describes circle 494A. The solution of

the two simultaneous circle equations provides the value x in an equation 496 and the

25 valuey in an equation 498.

FIG. 14B shows circle 492A with its radius rl, and its offset a. An equation 100
calculates radius r1 and an equation 502 calculates offset a from the value of angle A and
distance d. Angle A is the angle measured by the directional loop antenna between

30 transmitters T1 and T2. Distance d is the distance between transmitters T1 and T2.
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prepare sports playing areas for various ganmes such as hopscotc?,2 b
and the like. In yet another enbodi nent the present invention i$ “conprised
of an autononous, 10 trainable, adaptive nobile home cl eaning robot
‘provided with a nmeans of recording it notions in a formor format that can
be transf #%Q®ad7e6 a full sized appliance or vehicle. FFCTEReHIIE, but not
limted to, a honme cleaning robot | awnower that can be run over the | awn,
not cutting, wherein its recorded path can be subsequently downl coaded to a
robotic lawm nmower with hazardous bl ades that could not be used by a child.
15 Although particul ar versions and enbodi nents of the present invention
have been shoviGanéC dexyes ditslect94havittotsradingic? pwhoffsstss, endic.bén ppaéon o t hese

hore cl ea%ﬁ_%lcfu?é?é)strﬁdxm Ef%hatg)%’%é g&szsr :ganéui R AGAGNLNLS (0] e%}n/%l rese“t

i nventi on escCri nventon are ue
descri pt i fremaegls 8 zancldhsttanbesaisanﬂer AngloB nt thoatglé moamsured Byitlie direktivgnal lmbp:nded t hat

| I lents th thin, t t he cl . 49
PR oSl st 12 i T Pt PSR SO RGBS cani ng
robot sonpr asd T Digtinca efd e Biofande totvidken Gramiiitare T eice3.at t ached to said

platform said notive force to autononously nove said platformon a
substantially horizontal surface having boundaries; c) a conputer

processi ng unigicf a5 i§taOfunfibnall BI6&K Hiaglgmamﬁstwtﬁg&m &ﬁtéﬂg oft@htion §184h6| conput er
processing unit attached 10 to said platform | eani ng i npl enent

oper at i vePipsens dueptiene dThgj @wes@p@wp&tww ﬁia“ﬁh'&e’é)sead Boseaptariotieedd teonnect ed

to said ngidc¥indl & Lartédtla 336, drHEQH&;HJ&rﬁéanHQFcﬁétéd R HdHstant éﬂ@é‘d’ ePYireqi d
conputer processing 15 unit directs horizontal novenent of sai d_[pl atform

wi t hi A0t heurtratimgtor 488 Tk speed Oﬁﬁnem%mlamtéwﬂlﬁfbb:ea phase dpckiesbeop AphitThgat a
def i .”' ng Egﬂsg lcQP Q'éll'e%?wessi ﬂ’o (ﬁ‘@@' Rglo'cﬂgm?lro%ﬁ?%@ﬁér%gt by
ni pu ati1 o ro

physi cal y renote cont
aut onomou§kguenegoioneephaseciackien glpqp@lncba comtp‘r 136 'ﬁky: frequencypif tef dockinpgg 2 2

AP 200 O ol s BTl Bl BB B Bt e
havi ng bolyog anieas: 1s(a)npliﬁﬁbb§pmfaéfo fqoaesg amplifierti10. Tlerangdlified signalrie fedi VI ng and
5 L BT LS 1, 35 o GEABYS Sl BRESER MR P e
filter is tuned to the frequency of transmitter 420A. Likewise the T2 filter is tuned to the
frequency of transmitter 420B, and the T3 filter is tuned to the frequency of transmitter
420C. The outputs of each of these filters are fed into signal conditioners 522, 524, and
526 respectively. Functions of these signal conditioners will be described in more detail
20 in FIG. 16. These signal conditioners feed a sequencer 128 which operates to assure that
the proper sequence of pulses control counter 530 and a load pulse generator 532. Circuit

description of the sequencer is provided in more detail in FIG. 17.

The pulses generated by the signal conditioners are also held in a latch 534. The

25 information in the counter and latch are selected by a multiplexer 536 for input into a
" universal asynchronous receiver transmitter, UART 540. Load control signals for the
UART are provided by the load pulse generator and a divide-by-N circuit 538. The serial
output of the UART drives a modulator 566, which modulates a transceiver 546. This
transceiver then transmits and receives signals from remote transceiver interface 432 of

30 FIG. 12. All the transceivers used for data communication in this invention may be of the

type used in cordless telephones commonly used in the industry. Thus any of the
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capabl e of detecting an obstacle on the horizontal surface, saig,s %%
providing input to said conputer processing 10 unit; e) a cl ean?%dsi k> 2oy
i npl ement operatively associated with said platform and f) a power source
‘connected to said notive force and said conputer processing unit, whereby
sai d conpM@Eh3psbcessi ng 15 unit directs horizontal noREFAIE/HF78sai d
platformw thin the boundaries of the horizontal surface based upon input
data received by physical manipulation of said robot or by renote control,
wherein said input data are useful for nanipulating said robot through a
desired task.” 20 3. A home cleaning robot according to claim2, wherein
;al2 dAISDeRnS@m2004mdgf¢id,rAmess teleptonesovillonffichedn swdicl comtes,orot skoves snayrbeolsed acl e. 51
: aut on us| vabl e h ' b |sing: a
a pl at f or'tth M8° 80’}?8%‘\%%?&%@%5%@%%%"3% 892%1 §‘Lr§%§ E %}drrsrna' géfi gl(?%t% ve 19 or c)e
t 0 aut onommdsdiver iEnte Misdodl phstdivr maoufactusd by tAsiaon Atlkmetdy diddocadtatan, surface

havi ng boundaries; c) a navigation systemincluding a conputer processing
uni t atta%lﬂ% ‘to said platformfor receiving, storing and transmtting
data, said navigation systemreceiving input about an environnent that

nor | Zontal Surh dEEakoueLIreTen g4 HEicEeHENg ot 1Br e A BB wi ¢
sai d pl at {9 eRNg2 €)SehcRP WakiclS S4Y CuE@RA8aERGNS BroprintnifBtsighsl omee and
sai d navi gation system wher ebX sai d navi gation systemdirects
program mode, or the automated signal in the automatic made of operation. A pulse
shaper/conditioner 542 conditions the signal for serial input to UART 540. The serial data
10  is converted to parallel data in UART 540 and is provided to a steering latch 550 and a
drive latch 552. Data in latch 550 is converted to analog form by a D/A converter 554.
The analog signal then feeds into a power driver and comparator 556, which controls
steering motor 426. Feedback to comparator 556 is provided by a potentiometer 450,
which is mechanically connected to the cross arm as previously described. This feedback
15  provides for proportional control of steering motor 426. Data in latch 552 are buffered by
" drivers 5584, B, C, and D to relays 560A, B, C, and D respectively. Relays 560A and B
connect power to drive motor 562. Relays 560C and D connect power to a speed control
motor 564. Motor 564 mechanically tumns a rheostat 428, which controls the current
through drive motor 562 to control speed of movement.
20 ’
FIG. 16 shows the functional blocks within signal conditioners 522, 524, and 526
of FIG. 15. These conditioners are analog circuits commonly used in the industry and are
available from National Semiconductor Corp., Santa Clara, Calif. They consist of an
envelope detector 568, an inverter.570, a differentiator 572, a zero crossing detector 574,

256  and a pulse generator 576.

FIG. 17 shows a detailed circuit diagram of a sequencer 528. Operation of this
circuit serves to allow only the proper sequence of pulses T1, T2, and T3 to be latched
and read. This is required because of the symmetrical nature of the antenna pattern of the

30  directional loop antenna. In certain locations of the cutting area, the order of reception of

signals from the continuous wave transmitters may be backwards. The function of
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| 5 the novenents of said platformin accordance with the map of said

hori zontal surface, said navigation systemconprising a tri ang-u?zZt ARM 2004
systemincluding three fixed transmtters |ocated within the environnent,
*sai d conputer processing unit using signals received fromsaid 20

transm tt Wo1Ys¢al cul ate a coordi nate position of sai @CETFEW31GBt hin t he
boundaries of the surface, and generating a control signal to steer said
robot in the direction of the next point of said stored coordi nate system
52 ~ 2 APR 2004 5. A hone cleaning robot according to claim4, wherein
sai d navigation systemincludes a receiver for receiving input fromthe

envi r onneat,endRisds iLeailsRTonBeNrRgd isepeicetto asaiedhe cnrat eockpouglesdi ng uni t,
wher eby said conputer processin

5 uynit _using the input to '
hor i zont ghussthe eageest a“@!“A“"WS?PethE&é%?m“l‘Fés' Fgf)&qg%@df a?rﬁbosf%prgﬁga%rl# é}e wher ei n
sai d navi gghisqPeis Ysidaihdiiosd #folewa I BipURdps UTRER, MdOUBSEOMmithtickdtocaner a
attached to sal %il robot, said systemdetermnin g?i d. 10_rohot' sc.tgrri entation
and posi ti,&f s@fe uneB POWETFYR: & RPNSEEN ERSEHPE S BT d By regisfoL & 494204580 ¢ he

surface, sal ik ﬂﬂ% QRidugihg 8 nbAmhary Rkt leatma dioth r obot
W t hi ﬁset héé'aéﬁ)glﬁ?\'éggﬁgesé%?@? e sf}?‘%‘r?gg%us 7.gA hone (r:)ltegni IF bot according
to cl ai mB4. Ategiel inputiodneefthempnts af NOBzateUntilh ‘%16515%41 ?61%’8“’0
identificatiqn.a I ' Vi RYFichywhioh skt obot and
a change ’inﬂmg‘) mvg‘g‘i}f ?jtgigﬁé)é’gﬁg\%rﬁ%?u@gﬂggﬁhg%gﬁ%g d ﬁgvi gation system
cal cul at elipdlopasi toi logic df arsiaestts fip dlops H2 20d Uddo dgitehsihe #aqueBesd ihPfat es in
response 0. t.he sensed di stance and the sensed change in direction, and
gener at esM! rtion signal representative of said robot position. 53

10 '

In this state only a T1 pu-lse 650 from signal conditioner 522 of FIG. 15 will

change its state. When the T1 pulse comes in, it feeds through NAND gate U7 producing

a logic 0 pulse to the input of inverter US. The output of inverter U8 is a logic 1 pulse
which sets flip flop U2 to logic 1, and resets flip flop Ul to logic 0. The output of NAND

15  gate U7, a sequencer signal 596, is fed into an input of NAND gate U13. Since the other
inputs to U13 are logic 1, the output of Ul3, a sequencer output 660, is a logic 1 pulse.

Any other input before this point would not produce a sequencer output pulse nor would

it change the state of the flip flops.

20 After the T1 pulse, the state of flip flops U1, U2, and U3 is 0,1,0. The output of
flip flop U2 is a logic 1. The state of Ul is logic 0 which prevents the T1 pulse from
getting through NAND gate U11, The logic 1 state of flip flop U2 does allow a T2 pulse
252 to get through NAND gate U9 to produce a logic O pulse, a sequencer signal 598.
Signal 598 is transmitted thfough NAND gate U13 to produce a logic 1 pulse on

25  sequencer signal 660. Signal 598 is inverted by inverter U10 to produce a logic 1 pulse
which sets flip flop U3 to logic 1 and resets flip flop U2 via NOR gate U14 and inverter
U15. After the T2 pulse, the state of flip flops U1, U2, and U3 is 0,0,1:

In this state Ul and U2 are logic 0 which prevents the T1 pulse from getting
30  through NAND gate U7. Likewise the T2 pulse is prevented from getting through NAND

gate U9, Only a T3 pulse 654 is allowed to get through NAND gate Ul1 to produce a
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2 2 APR 200 8. A hone cleaning robot according to clains 1, 3 or 5, further
conprising a cover renovably attached to said platform 5 9. AXpn®er 2n

cl eani ng robot according to clains 1, 3 or 5, further conprising a bafP
ssupport. 54 A AA.AY. AHA AAAAAA5 .A5A A
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in that when obstacles are sensed by contact switches, sonar, or light, it will perform
programmed record backing and turning avoidance movements and direction around the

5 obstacle and record the deviation so as to store a vector from the point of obstruction in
the map and then calculate a new vector back to a resumption point along the obstructed
p;ath. It should be recognized that this is a general description and that variations may be
embodied in the control system for application-specific circumstances without departing
from this teaching, )

10
It should be further recognized that training and adaptation could be mixed. For
example if the user grasps the home cleaning robot during operation and manually moves
with the teaching mode engaged, the new motion would be recorded and inserted as part
of the trained activity so as to allow piece-meal training. In this way a user may edit a

15  task may by simple manual demonstration.

Once tasks are learned software may be additionally be provided for
communication and storage of a task to a storage means such as a floppy disc, memory
stick, a computer, or a like home cleaning robot by a hardwired connection or wireless

20 communication. Optionally a platform may be provided with enough memory and an
interface to allow storage and replay of plural trainings. In this manner a single home

cleaning robot can be trained to perform a number of different tasks.

In a first embodiment, the platform is provided with a low energy cleaning

25 implement. One embodiment of a low energy cleaning implement is a nonwoven
electrostatic, cloth cover, such as the Swiffer® electrostatic cleaning clothes available

from Procter & Gamble Company, Cincinnati Ohio. The cover is provided with cut outs

on the under side to zillow the wheels, or tracks to make contact with surface on which the
home cleaning robot is operated. The underside of the platform may be further equipped

30  with a foam pad or pad(s) to insure tha‘t the cover is brought in compliant contact with the

underlying surface. The covers may connected to the platform in a variety of ways,
38
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10  the appearance of a bunny rabbit with large ears that act to dust base boards. The may
also have a an adaptive behavior mode where it avoids light thus allowing it to be placed

under furniture where it will dust and acting very much like a small nocturnal animal.

The method of use in one embodiment is to train the home cleaning robot by

16  switching it into training mode and manually moving it over the surface to be cleaned.
At the completion of the cleaning task training mode is switched off. Subsequently, the
now-trained home cleaning robot set in play-ack mode can repeat the cleaning motions it

wag manually led through. In this embodiment contact sensors or proximity sensors on

the outward facing edge of the platform provide for adaptive navigation so that the task

20 may be completed even if obstacles subsequently are placed in the path.

In the second embodimeht, the platform is provided with an electric spray pump
and a fluid tank or container. Preferably the container is filled with a cleaning or
deodorizing fluid that is benign to humans. The platform is to be additionally equipped

25  with a disposable towel or a removable towel wiping means affixed to the underside of
the home cleaning robot so as to have compliant contact with the underlying surface such
as over a foam material. The spraying feature is controlled by a momentary contact
switch (push button) mounted flush with the surface of the cover. The method of use is
to train and then to subsequently operate. It is to be understood that if the home cleaning

30 robot encounters obstacles near spray points it will not spray at those points.
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10 In a fourth embodiment the home cleaning robot is applied to weed killing. In this
émbodiment the platform is preferably provided with driven tracks rather than wheels and
may be further provided with a solar recharging means for recharging the power cell such
an cover having a amorphous silicon solar cell (film) on its upper surface. The home
cleaning robot is further equipped with a digital imaging means. The platform in this

15  instance is provided with a sealed cartridge from which a safe herbicide may be dispensed
or alternatively équipped with a magnifying glass means of concentrating solar energy on
suspect weeds and safely destroying them by heating. One or ‘more passive radio
frequency (PRF) tags are provided to be implanted in lawn areas where weed killing is to
take place. The home cleaning robot is provided with a (PRF) tag exciting transmitter

20 and a receiver for detecting resonating tags.

The method of operation of the fourth embodiment requires training to the extent
that the home cleaning robot is placed over typical weed types and typical grass and the
images are recorded. Subsequently the home cleaning robot is moved a radial distance

25 away from the PRF homing tag that will define an approximate limit. The home cleaning
robot is then placed in operative mode wherein it spirally moves in toward the PRF tag
scanning for weed image patterns and releasing spray or focusing sunlight onto the

offending weeds when they are found.

30 In the fifth embodiment the platform is equipped with a digital RF transmitter

and receiver and PRF homing tags with separate resonant frequencies are used to tag
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that path and alarm when it is in close proximity to a PRF tag selected from a menu of

1 search path. In opcratlogl)lt wil travc

10  learned tags. It should be recognized that the use of learned RF tags permits games of

hide and seek, compétitivc searching, and many other play activities.

In the sixth embodiment, the platform is provided with an air filter or an activated
carbon air purifying means, or both. The method of operation is to train the home
15  cleaning robot to follow a path through a room or multiple rooms thus purifying and/or
cleaning air over a wider area than would be possible with a stationary filter or air
purifier. The platform may additionally be provided with a sensor that detects smoke or
gases  and which provides an alarm of unsafe conditions. Such sensing technology is
readily available from a wide range of sources including any Walmart.
20
In the seventh embodiment, the platform is provided with an odor detecting sensor
means and a means of spraying an odor reducing substance. One such substance is
cyclodextrin in water. Various odor reducing fluids suitable for use are available from
Procter and Gamble Company, Cincinnati, Ohio. The home cleaning robot in this case is
25 trained to “patrol” a path. It’s path programming is overridden when strong odors are

detected and it moves along the gradient of increasing intensity.

In an 8" embodiment the platform is provided with a means of dispensing
aromatic sprays such as, but not limited to, essential oils and perfumes. The method of
30  use is training the home cleaning robot to follow a path with positions where it is trained

to dispense aromatic sprays. The dispensing means can consist of a fan blowing over an
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or odor producing means so as to produce different odors at different locations.

In a 9" embodiment the platform is provided with an infrared (IR) or sonar
detection means in order to act a security measure. It is trained to “patrol” a path or to
travel to different locations at different times, and provides an alarm in the event motion
is detected. A wide range of motion detection electronics are available from Radio Shack

stores.

In a 10™ embodiment the platform is provided with a vacuuming means. In this
embodiment the vacuuming means may be supplemented by drawing the vacuum through
an electrostatic cloth, such as the Swiffer product availabie from Procfer & Gamble,
Cincinnati, Ohjo.  Alternatively a conventional brush a vacuum arrangement may be
used. It is trained to vacuum as desired. Such a home cleaning robot may be
programmed to avoid light so that it preferentially stays and vacuums under furniture

where full-sized vacuum cleaners do not reach and dust and pet hair collect.

In an 11" embodiment the platform is provided with a means of cutting or killing
grass such as a string, hot wire, spray, or solar heat concentrating magnifying glass and
trained to follow the edges of walkways and driveways and the like cutting or destroying

over-growing vegetation.

In a 12 embodiment, the platform is provided with a suction means such as‘a
vacuum (a reverse of a skirted air cushion levitation means) so that it is held on a wall or
other non-horizontal surface and provided with a dusting means such as an electrostatic
cleaning cloth or dust mop. Again the home cleaning robot is trained to follow a

particular path, In this instance a remote means of training guidance is preferred.

In a 13" embodiment a floating platform is provided with a propulsion means

such as a flexible fish-tail, paddling feet, or the like wherein the extremities or tail have a
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lightly abrasive cover. This platform may further be equipped with a soap dispensing or

deodorizing means. It is employed by the child as bath home cleaning robot and acts to

clean the bathtub after use. This platform would be primarily trained and guided by

electronic compass.  In a variation, without the abrasive cover, it.could be placed in

5 laundry tub to agitate the laundry and dispense detergent.

In a 14™ embodiment a tracked platform or one with high-traction wheels is
provided with a pushing means (this might have the appearance of a animalistic
bulidozer). The home cleaning robot is trained to patrol a path and when encountering

10  obstacles, push them away from the path or to a particular location . This home cleaning

robot would be of particular value to a teenager.

In a 15" embodiment a tracked platform, or one with high-traction wheels is

provided with a blade or equipped with a means of dispensing salt or other ice melting

15 substances. It is trained to patrol a walkway or driveway and remove snow or dispense
ice melting substances. The platform would optionally have a solar charging means and a
flashing light means such as an LED for use in the dark after training.  The home
cleaning robot would optionally have a remote guidance control so that the child could
remain in a warm house and guide the home cleaning robot outside. ~ The same home

20  cleaning robot can also be trained by the child to dispense fertilizer or seed in the spring

and summer.

In a 16" embodiment a larger platform is used capable of supporting a garbage

" can or optionally being a wheeled can. The platform would optionally be provided with

25  a solar recharging means. The child would train the “garbage can” by wheeling it from
its storage position to a garbage pick-up position on an appropriate schedule. The can
might optionally be provided with odor reducing means whereby it would spray the

contents periodically with an odor reducing fluid or sterilizing fluid.
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5 In an 18" embodiment the home cléaning robot is provided with some and gas

detection means and is trained to patrol a path. It is further provided with a means of
dispensing a fire-retardant substance. The platform is further provided with IR sensors.
If, on its trained path, the IR sensors detect emissions at combustion temperatures, the

home cleaning robot will dispense the fire retardant substance via a pump and nozzle.

10
In a 19 embodiment the home cleaning robot is provided with a track or wheels
having permanent magnetic surfaces or sub-surfaces. The home cleaning robot is
further provided with an electrostatic cloth. The home cleaning robot is trained to follow
paths on ferromagnetic surfaces such as automobiles or appliances.
15

In a 20" embodiment the home cleaning robot is provided with a near-field
motion detecting means. Such a means may include, but is not limited to, a photodiode-
photoreceptor pair, sonar, or tactile contacts such as fine optical fibers wherein motion of
the fiber changes light transmission properties. ~ The home cleaning robot is trained to

20 patrol a path where insects are suspected or present. The home cleaning robot may

dispense water, an insect repellant, or emit ultrasound to rid the locale of insects.

In a 21* embodiment the platform is provided with tracks or wheels having

velcro-like micro-hooks (or velero). The platform is further provided with a cleaning

25 means such as a dusting cloth, cleaning fluid, or vacuum or some combination. It is
trained along paths that involve highly irregular, cloth surfaces such a furniture or

bedcovers.

In a 22™ embodiment, the platform is provided with a metal detecting means.
30  Such means are readily available from a wide range of suppliers. The home cleaning

robot is equipped with a compass navigation means and a triangulating beacon means and
44



10xx 10xx 10xx!1&3Z"10%x& ()-!1&3Z7"10%x& ()-/ @Br S4 10FF
@ L0%& () - YLO%& () - F10%& ()-1 109%& ()-!! 100/&'(%)-?&\/ 109 () - R 2 R1¥BF @
109 () -1 %A0%& ()- 9$T109%& ()-Y9! 109%& ()- @ 109%& ()-F 10% ()- ¥} dEr S4 10FF
f610%& ()-410%& ()-1"3- 10%& ()-1LO0@ 109&' ()-zS.3"109%& ()-1( 10%& ()-z (uVv7
10  10%WO(OL3BEO%rE' () - FMLO%T&' () -: F% 10%r& ()- 10 10 PSE%WWW@& ()-,aBuvv
10 310%m& ()-310%& ()-gY@O0%r& ()-!c "10%m& () - ’
1800/%(6y3! 10%v& () - L<dEuV7 10
+ "()-F(10%m& ()-' 3"10%v& ()-3$10% & ()- F! 10%r& ()-1 "10%8& ()-+
10 , 9610%m&' () - 410%m& ()- 1 10%m& ()- Fllog/c?rr&' 0O)-,. gl(()‘)%rr&' ()-Y- (- r(dBavr
10%T&’ () - fained. byXlof&Big b periBEtd08Ginte’ (Iy dées noghavsap pampallyrmovegorong thg - 1 T°

109 () 10m 100 OnSOL000 (1. (AT ARARL b kst whedf) & -
for lost jewelry, coins, keys, and the like. It can also be used to prospect for various

“treasures” to be found in parks and the like.

5
In a 23™ emodiment, a small platform is provided with a soft, pliant tracks. The
method of use is to train the home cleaning robot to travel on a human back delivering a
back rub.
10 Other and similar non-enumerated embodiments are similarly possible as will now

become apparent by combining a platform with a similar task-enabling means and a cover

and personality consistent with the task behavior. They include:

In yet another embodiment the present invention is comprised of an autonomous,
15 trainable, adaptive mobile home cleaning robot provided with a means of receiving
signals from sensors carried on or in living organisms to monitor temperature, blood

pressure, pulse rate, motion, perspiration, or odors or some combination thereof.

In yet another embodiment the present invention is comprised of an autonomous,
20 trainable, adaptive mobile home cleaning robot provided with a means of detecting the
direction and intensity of sound at pre-determined frequency ranges. Such a home
cleaning robot can be used to detect abnormal noise in the home such as a water leak, a
faulty motor, or an alarm. It will also can give the appearance of listening and moving
toward a person speaking. |
25
In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot provided with a means of receiving and
broadcasting sound so as to simulate various acoustic phenomena such as moving sound
sources or time-separated sound sources such as spatially displaced instfuments in an
30 orchestra or band. Such a home cleaning robot can be used in lieu of stationary

loudspeakers.
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present invention is comprised of an autonomous,

trainable, adaptive mobile home cleaning robot provided with a means of attachment to a
smooth surface such as a vacuum between the home cleaning robot and surface or by

10  means of an aerodynamic force, whereon said home cleaning robot can perform some
function to the surface. An example would we a window cleaning or mirror cleaning

home cleaning robot.

In yet another embodiment the present invention is comprised of an autonomous,
15 trainable, adaptive mobile home cleaning robot provided with a means of walking
locomotion and a dirt or dust collecting capability so as to be able to gather dirt and dust

from irregular surfaces such as the interior of an automobile or stairs.

In yet another embodiment the present invention is comprised of an autonomous,
20  trainable, adaptive mobile home cleaning robot provided with a means propulsion under

water. Said home cleaning robot may optionally record or transmit sound or images.

In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot provided with a lighter than air means of

25  flying and provided with sound and video recording or transmitting means.

In yet another embodiment the present invention is comprised of an autonomous,
frainable, adaptive mobile home cleaning robot provided with a means of detecting higher
energy radiation (such as microwave, x-ray, or nuclear) and traveling toward such

30 radiation or alarming if such radiation exceeds pre-determined thresholds.
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at which time each pair of wheels is caused to turn opposing one another.

In yet another embodiment the present invention is compriséd of an autonomous,

10 ' trainable, adaptive mobile home cleaning robot provided with a means traversing rain
gutters on roofs and removing leaves and other debris from the gutter. In this instance a
tracked platform may be used and the platform is to be optionally provided with a solar
recharging means. The debris or leaves are removed by a one arm scoop wherein the
scoop, lifted, may be rotated around the arm to dump the scooped debris over the edge of

15  the gutter.

In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot provided with a means delivering paint to
surfaces. The home cleaning robot is used by training to cover a typical area shape and

20  size and then operated to cover wider and wider areas.

In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot provided with a means of delivering
chemistries or radiation to reduce mildew, moss, and other growth on the roofs of

25  buildings, said robot being waterproof and provided with a solar power generating means.

In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot provided with a means of detecting
ground moisture and selecfivcly delivering water to arid areas of gardens near flowers

30  and other shrubbery.

47



"109&' ()-z!S' "10%& ()-z& gl0%&' ()-S109&' ()-1410%& ()- & "?

10HhHh! f* 63" 10%& ()-! c& 33!910‘V##(&')()-f!L0() o) amHe 22 APR 200}
109 ()-zS. 109%& () - L- 100& () - 9* 10%& ()-z*-./0<WiV70 10 10% h& ()-310%

*h& ()-&@0% h& ()- 10cc 10cc 10cc!| 9nml0%cé& ()-7, 10% ()- ] dEuV70 10
10% h& () WO WML () - 10% h& () -z, Y1 10% h& () - @0% h& ROTIGGRE8%S 78

h& ()-] ZdEuv70 10 & "10% h& ()-% 10% h& () -&$10% h& ()-"10% h& ()-!g10%
h&l()-lo%h&'()-_J 5dEUV70 10 L3 10% h& () - 1f 10% h& ()-.10% h& ()- + 10%
h& ()-z& 10% h& ()-( 10% h& ()-5bC0 10 , G10% h& ()-19%0% h& ()- 10 h 10 h
10 hL910% h& ()-"6mL0% h& ()- 4 10% h& ()-\gdEbCO 10 , g10% hé& ()- 10%

h& ()- 10% hé& fn)yey dtthen &mb)dif@hd Yhedeseht ihvéntiondse@npyise fBB@EUIONOVOUHY he&' () -

10902 ) ot R W LS AP DB el 0

"10% h h&fdeds & awns and @ﬁ&mo&e ifd @atﬂe@xé@eﬁ’d Fuies(Hy-rmddhd 698 one-armed scoop
h& ()-f!11"10%NGNE ()-f 0, 10% h& % 10% hé& () -, y10% h& () -
AoP10@3s 1@%@@q§coom@%ngg}e TR 2TO d the arm.

5

In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot is provided with a soft plastic or rubber
surface and a rapid, but intermittent propulsion means so to act as artificial prey for cats,
dogs, or children with hunting instincts (in lieu of small animals).

10 '

In yet another embodiment the present invention is comprised of an autonomous,

trainable, adaptive mobile home cleaning robot provided with a means of cellular

" communication such as a cellular phone capable for remote mobile acoustic monitoring.

15 In yet another embodiment the present invention is comprised of an autonomous,

' trainable, adaptive mobile home -cleaning robot provided with a means of cleaning or
sterilizing food serving areas such as tables with depressed surfaces for food in lieu of
dishes.

20 In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot provided with a tracked means of
propulsion so as to traverse fields, woods, and the like. Said home cleaning robot to be
provided with photosensitive areas which when illuminated by a laser strike provide for
an acoustic or motional response so as to provide a non-lethal outdoor hunting experience

25  where harmless laser pens or pointers used as “weapons”.

In yet another embodiment the present invention is comprised of an autonomous,
trainable, adaptive mobile home cleaning robot provided with a grinding or mulching
means for use in reducing the volume of garbage or trash in a container.

30
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5 In yet another embodiment the present invention is comprised of an autonomous,
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U& ().

trainable, adaptive home cleaning robot provided with a powder spraying means to

prepare sports playing areas for various games such as hopscotch, soccer, and the like.

In yet another embodiment the present invention is comprised of an autonomous,
10  trainable, adaptive mobile home cleaning robot provided with a means of recording it
motions in a form or format that can be transferred to a full sized appliance or vehicle.
For example, but not limited to, a home cleaning robot lawnmower that can be run over
the lawn, not cutting, wherein its recorded path can be subsequently downloaded to a
robotic lawn mower with hazardous blades that could not be used by a child.
15
Although particular versions and embodiments of the present invention have been
shown and described, various modifications can be made to these home cleaning robots
without departing from the teachings of the present invention. The terms used in
describing the invention are used in their descriptive sense and not as terms of limitation,

20 it being intended that all equivalents thereof be included within the scope of the claims.
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1. An autonomously, movable home cleaning robot comprising:
a) a platform;

5 Db) a motive force attached to said platform, said motive
force to autonomously move said platform on a substantially
horizontal surface having boundaries;

c) a computer processing unit for storing, receiving and
transmitting data, said computer processing unit attached

10 to said platform;

d) a cleaning implement operatively associated with said
platform; and

e) a power source connected to said motive force and said
computer processing unit, whereby said computer processing

15 unit directs horizontal movement of said platform within
the boundaries of the horizontal surface based upon input
data defining said boundaries, said input data being input
to said robot by physical manipulation of said robot or by
remote control.

20
2. An autonomously, movable cleaning robot comprising:

a) a platform;

50



Ul () - @0% U8 () - 10% U& () -4.55546677dEuV70! 1 3L3 10% U& () -390 0%
U& ()-z. F"10% U& ()-3& 10% U& () - 3+10% U& () - & S10%

W& () - 77777777780CD! | 3FL0% h&' () - 3%40% h& ()- 10 U 10 U 10 UL910%

Ug' ()-6S10% U& ()-34 10% U&' () - 88" 889] 99dELCD! I, 1 10% h&' ()-y10% h&' ()-10%
h& ()-f10% h& ()-sf10% h& ()- f10% h& ()-9:h:::H ; dEbCO!! 10% h& ()-3 10%
h& ()- "10% h& ()-10% h& ()- 10% h& ()-10% h& ()-;; <>5>>4?7?bC0! , 10%

h& ()-! 10% h_h&' ()-a&10% h& ()- .10% h& ().-z! ."10% h h& ()-fF10%

ne' () 47b77 e GERALIEL 1810 R TG, REFECEEMh e CLBCPIaRIRERY) So¢tRnE=() - 31
10% h& ()- O 10%)h&fg -1 . F"10% h& () - AAAQAAAHBCYW31010 ‘

10% 0& () -, ! 18%£681P) ¢ éf@@@@@“@)lyo@ G §810) PLREE PO 6R0&' E1LFEa0wied'lY) - 10
hCl DDJEEFF} 7?81010 ' 10% o0& ()-Y" 10% o0& ()- 10% o& ()-33"10% o0& () -
!33"10%E0E0&h9¥izontal surface having boundaries;

13"10%@d @& ()-fFFGHHIT1}[ 9, 1100000! (4m' 10%0000& () -!,4m" 10% o' 0& () -210% o
& ()- c) a computer processing unit for storing, receiving and '

I'#) F"10%JoJo& ()-!) F'10%0E0& ()-Y(z10% o0& ()-1111JKPKhLi J1100000! (4n' 1010%

Z& () - @ 19%&rbhsBl0W@&g( Hata, said cowﬁﬁter rocessing unit attached
10928 () - FUL0%Z&' () - 100000100000hikLL _MNNaBI110C000! (S Yoy 1092& () -

109%& ()-2z! td0%&ZE () 2930%k& () -2

f109Z&' () - 109Z&' () - PQo@/é’?JllOOoOo! (3109@& ()-1
0Z& ()-!1. G 10%&, () -y, Z10%& () - |
Fl00ga () - 1 68 100kl 3 By En RaRErBRRARBREChEOPRY PLatform and

109" ()-109%& ()-F% 0% ()-10Z10210Z7-
10%Z& () - 6F" i%%}agf?) Q%Régi?ﬁwge%cﬁ@ate?}e" 200@he) Prigomte)- ggrface,
FAQO0%& ()- 1109 ()-Y 10%&'()-glO%&'()-dUUVaVV’VWﬂBeFOOOOO!(!9$4f10%& ()-
109 () - &! 19@8@(§9?50109®9Y}d&nQ0@®p@y-BOI54@@@C@mputer processing
WKXXYYZaBeFOOoOo! (" 3" 10%&' ()- 0- 10%&k' ()-y. G 10%& ()-! +-
109 ()-(00%&n{Y; 984" 109 () - ZZZZZZ;
ZZ. [ _@Co00! (10% & ()-110%\& ()- @10% & ()-#f10% & ()- 10 10
e) a cleaning implement operatively associated with said
platform; and
f) a power source connected to said motive force and said
computer processing unit, whereby said computer processing
15 unit directs horizontal movement of said platform within
the boundaries of the horizontal surface based upon input
data received by physical manipulation of said robot or by
remote control, wherein said input data are useful for

manipulating said robot through a desired task.

20

3. A home cleaning robot according to claim 2, wherein said

sensor interrupts said motion when said sensor senses an

obstacle.
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bout an environment that includes the horizontal surface

10 and using the input to map said horizontal surface;
d) a cleaning implement operatively associated with said
platform; and
e) a power source connected to said motive force and said
navigation system, whereby said navigation system directs

150 the movements of said platform in accordance with the map
of said horizontal surface, said navigation system
comprising a triangulation system including three fixed
transmitters located within the environment, said computer
processing unit using signals received from said

20 transmitters to calculate a coordinate position of said
robot within the boundaries of the surface, and generating
a control signal to steer said robot in the direction of

the next point of said stored coordinate system.
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boundaries of the surface.

15 7. A home cleaning robot according to claim 5, wherein said
navigation system includes a position identification
apparatus that senses a distance traveled by said robot and
a change in a direction of travel of said robot, said
navigation system calculates a position of said robot in

20 two-dimensional coordinates in response to the sensed
distance and the sensed change in direction, and generates

a position signal representative of said robot position.
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platform.

5 9. A home cleaning robot according to claims 1, 3 or 5,

further comprising a ball support.
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