10

15

20

25

WO 2005/ 081074 PCT/ US2004/ 001504 METHOD OF DOCKI NG AN
AUTONOMOUS ROBOT Technical Field [0001] The present
WO posngioen rel ates generally to robotic syst enBCEDS2004/001504
nore specifically, to auto-docking and energy
managenent systens for autononous robots. Background
5 [0002] Autonmated robots and robotic devices are
becom ng nore preval ent today and are wused to perform
tasks traditi oMEIHYD OFNBIKENE ANTHVTANEOUS ROBOT
ti me-consum ng, or dangerous. As the progranmm ng
t echnol ogy i ncreases, so too does the demand for
robotic devices that require a mninum of human
interaction for tasks such as robot refueling,
testing, and servicing. A goal is a robot that could
be configured a single time, which would then operate
aut onormously, w thout 10 M@@Mm human assi st ance
or intervention. [0003] Robotic devices and associ at ed
[000aPNt r DheSpreseay iyaiti@nalatayghernily tarothott hestennsedral ewre specifically, to
's%mt ens noving in this direction are bei n% devel oped.
auto kg;gaw@egergwngmagea{l@}ﬁﬁy%ns Br 899namAus §oQ1S oses a
Robot Cbstacl e Detection yihe di scl osure of
whi ch i s hereby incorpor atsggé—l%g&‘—refer ence inits
[0002]t | T Rinomatsidiobb@rnal rékvtieldeviond drebecumting acirg ptevalent today and are
systens are disclosed in U S. 15 Patent Applicat |8
usedSorrieafornudgasks traditignalsoonsifigred spungigac, tlmgg)gu@m, or dangerous. As the
progé?org/ n16 61@%%01%21}1& ésge Zcég doésriﬁe gérﬁé&{cpﬁ)y Ecﬁj%tlefde%és‘:ﬁat require a

Feference i1 nt

minfRlrh '8 hi@an idt&a&ddn f@@%ks’:lbdch,as adHo0 reFElisy, testdind, iaad servicing. A goal is
devi ces include an on-board power unit (usually a

a robettthatropylds hesgonfigured @rsinedetimas which souldgthery BE%PTﬁgmonomo‘lSlY: without
The t es of ng stat ions and nethods
anyﬂ%ﬁ%;}“@%gfsé &‘%&gﬁtg} docking with them (e.g.,

[Oﬂﬁiﬁd' 0R§b&‘ﬂ§ﬂe§nce§| ﬁﬁ&' aé’s@éiﬁféﬂ'cﬁﬂbrol@ . Chak glati @0 By steri§ a8 other related
frared beans coupled with radio signals, etc.

systgme atdving in this directixff are being dewslopadd Fap pramenles B %an@%o 6,594,844

urie w t he_sur h the r t
st St A6 Gy b o AR BEb PBporore b
refe ci% tin it erﬁﬁétgll W ddRidnaBtodbt cditlodghdMdvesativh EiMtems A disclosed in U.S.
ding or below a road surface. If

Patebﬂﬂﬁ@hb&td)n(ﬁbrlhhﬁosdlof 38511 hF0gubete 1@,{6|9é,§5ﬁ,ay)/@@ 835, and 10/320,729

d db tself th traff
the Rispieawer of PRER s e RUBECTPRBe S Bte i B e stselies o5
[Oﬂﬁl]at ' %néri eiu?cﬁﬁ'hﬁﬁs rﬁ)otﬁr%%%v§5§itnbl%ﬂe b 8h-beRid fover AR Mhsually a

beacon attract t robotic device is,
batt%f}@ tiedt & 1fechai@afc&tdéﬂses a:bdkmkm@wtzﬂnodeﬂihe &pes hﬁvl@rgng stations and

still exhibit nuperous ratl mtat.i ons .
methodsy8 by7abROT Ussnoe) SksRM % {T'o@%]ra‘gaéb‘%nélsvﬁaéﬁg"k"mn&
tild I [
B L S
effdchi@ereabid @pﬁcﬁ&ﬁle Wiras buieddrethw tHeeuehaor @y whahéhembot operates are

effective charging. Sone require nechanical |
congraQi,duk aqe@byr%wlgfﬂtmmcgm@@g{ icabign.As it ﬁ@oﬂ&@gnﬁg}? gw&e £ Wires within the

floor of a building or below a road surface. If installed on the surface, the guide wires may be

damaged by the robot itself or other traffic. Moreover, the wires need to be moved when the base
station is relocated. A base station that emits a beam or beacon to attract the robotic device is,

therefore, more desirable. Such devices, however, still exhibit numerous operational limitations.
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chargi ng, or other conponents such as raised guiding

surfaces to direct the robot into contact 5 with the
w@@bsiogn74 Such conponents can increase the sizeCDUS1004001504

base station while decreasing-2he aesthetics,

I mportant considerations for automated robots directed

t he,_consumner. e i ncrease | 1i on

o081, "SRR RO o BB B0 50r 005 R e o
ensti@PRopER meutind ibbfweet e :@b6t HRIVEaSE 01t AR, tHeBFbrensHaand effective

avai l'able for cleaning. Additionally, existing base )
chaxgting. i Semse regoire Mgchani¢ad kackingedeaisies fo prevant giskcaten of the robot during

t hensel yves fromcontact with t r obot rdn .
chaigh 31 Pl cXBAISCPOuel et sl TeBer i i g ptpp into contac
witletHeN@dtiohh Gush 8dthPohedts dafbftrease thekisd Grané baR sefiohR@hile decreasing the

base station. Such an unintentional collision my
aesthefges, imapdrtamb potisitieeatipan farartaneatedrobdeistdigpted nbtho gepsumer market. An

b i P 4 PRk RO HB00Bke R Gome more
diffidutt! dndideieRRB e Moo WtaneaAe fdreRahing! MeRItfdnaly, R base stations

interaction. There is, therefore, a need for a robot _
genemtly eckehe slatitydn prétect therssetens frons comdaqh mathehe rabiok dgring operation,

i HeeeHRod S50 R BB ot T D AR GRS o e buse
statidhe PRE Gn ShffidRidneotlsicH RaY %equgirg ghllnhﬁ i&a%gﬁfaﬁlg@ 2&hdsitRon the base

station and robot is desira ummary o
statiomvanepaina fl@0452H compomentaspect, the invention rel ates

1 th t o .robotj 20
100D, T heqerimi Bl - SRR e By gpendent autonomous
rob(?lg g{eg \érggﬁ ; &?in%é&tio?n q’h@resi's,gﬂéjefog&tg%g@ for aBBot e{cﬁ@tﬂag’éjstation that

e steps o provi'ding a base station for
canrenbime @roper matihg regabiiess of theaticeof thh dasesgmns Moteover, a system that can

having a plurality of _signal em.tters includin )
PreyqIi 4a P@@gmdlsiq%%/%wl thAAAE B Ry TSrigHENE Sllisghsbetween the station
anddSh&iTRiNg2 quantity of energy stored in the energy

storage unit, the quantity characterized at |east by

a high energy | evel anShmmhovefehehyynticevel ; and

Berform' ng, by the 25 robaqtic device, a predeterm ned . )

[00VEsk BaeBe awpect thednveniopaelateip 4 Wéﬁﬂaééﬁ»ﬁ qUeLEygRanagamgyt in a robotic
stoped. L . ' k ng:

a4 PSBTIORATEAL Sl Ol 68980 DS . The

methed istetds thd@epshe: sloaidlind ¥ bk serien gor wattipeditiothetrabdtic device, the
period of the device. [ OOOS'L In other enbodi nents of

base Hatipp hayog aglusiis of sighrenittars infludiag f dirsisiggal ¢raitter and a second

Siglgﬂrl %gg%&re %cgrzrgg}n%%gqu%ﬁtéﬁroz ehs gg sﬁtogegleiﬁ @%ﬂéé’yﬁéra&@ fihi¥%he quantity
chaPicBiEe8 aiMeAf byladfilh biteyHidiElGnaRVeWRALrg9 levicl @nd @edbining, by the
devi ce away fromthe base station in response to

robptic dentipo @, présetarminedi tagkdiaserbatdeasbin past orethp guentiy af prssgy stored. In

varg R Eal T e (e he BercoulURED Paithe DbEBaid & usedto
detSt@hé A2 JAnti§ IR CASEy 51Brdddr25R3epi8d BF the device.
PCT/ US2004/ 001504 -3 reception, by the signal

[0088} ectloothepkmbobiamatsifdhe fomedoing asgedi Ga alep @l gedorming the

returni he roboti device.to the base station when
preflgterains ok PO Bheh fhy WREHEGS pRerpy Seriirarcii the gh Oty lovel, the
pre@O8iiied B4R hincldding movement of the robotic device away from the base station in

response to reception, by the signal detector, of a base station avoidance signal. Still other

embodiments include the step of returning the robotic device to the base station in response to
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ot her enbodi nents of the foregoing aspect, the step of
returning the robotic device to the base station
woeec@ansglodhen the quantity of energy stored i s PEFES1004001504
the low energy level, and wheBein 5 the predeternined
task includes a reduction in energy use by the robotic

devi ce. Various enbadinents.fyrther inclu al.terin .
recepicry Gy d1e B ASieEPT.SF PLAST TR TOGHGE FEUEPs gty e robotic
devitLoahE baff tRGhIiWRIMhd fenBRsEr kAl @ited Bhadshdttht Resh energy level. In

devi'ce upon contact, and/dr resum ng the predeterm ned
othePEmBodlhieharafiie foasgoing BPAV.1the step b rdiemingspe pabotic evice to the base

invention relates to_ a nethod of docki a roboti.c .
Statigfp oS Whph{hg U8t 2L EITERTIPISH 1t 558 THA AT O PLE IFyPlnd wherein
the p%&@&hnfééﬁ ke fn%}udlsp& Lddelbih @ ehbfestuss bR roBHlid deiceaNhrious

a second signal emtter. The nefhod 1ncludes the
embsdigpatsofurther iactutle gltérhng artedyet clarabéaristie of therrebetid dsviaedo locate

(i).a, first signal transmtted by the first signal .
offeqtivelt iap bAFRPIALT) CRIGBE B HIEPD PG FAY Egeipipa he predetermined

pgnal emtter, and maintaining an orientation
Oragﬁ%‘%ﬁgt%gboti c device relative to the first and .
[0009§ CONEh iogeabspeas thehiavantibotélateseva methmgpif dadties a rabotikelevice with a

base station. Certain, enbodiments, of the 15 t hod of
base i onghaighss A S BB SIEHEIRILenEC LS B B EF iy and a second

] t. r-obot i g i | . . £ o to (i
s LPRObHOLEIRE UGSt RAR ki b ohinion o )
first’s@R@l irgnsamed By the fetsigrdbémitedamt (i) lasasdnd sigrphtrenditted by the

the signal overlap; and docking the robotic._ devi cle )
Secmvﬂtsign@ﬁ@nﬁ%eﬂnét%mtéhﬂn&&qufem ’@P&E e ToRpEuRGYSS slative to the first and

oSS PR 0 G DS 00 ot s o

metR&T 6f tAY féﬂagoiﬁ% gsprkt javiedt te.stepd of Aéikéingyay tteusbotic device, an overlap
enbodi nents of the nethod of the foregoing aspect also
betvaroltheiBrst dignalragdihrsccendyign; fableringg bY His TPbp davice, a path defined at

o 5 b o R UL 55 A%t I e station. Ot

relaldd@nhdansitaticaie randingt BOPLIBELBMRERIHotioHetibein thbstepof following
device. In sone enbodinents, contact of one or nore

the pathidefinet! atdeast inepasichistbe sicedipvedaised, additional |y or

roofiiher “BHiouSrHhedieRisoR HEM TR b Bk (hBEahE A Cadfitefife, during the
stepgdf{ do¥kinBend RIBBLE B HEMAVRR (RIBAOStab bR dgicttnd, b tholbbiie device, contact

evice to one of a plurality of charging |evels. ) )
witlCeltargiing temiinals me titeshase $tativr, end steppinp MysmMent @fifae robotic device. In

s R SOnk B ohE oo ABRC OO S tionay o
alte}ﬁa%]vhlg;’ﬁ);&éfﬁobﬁh&{t% tHeQ 0Bt AdEvRIROTRHS: exdisdd@fnts include the step of

I nc ase station, that includes charging )
chatgngiuilyl the faiotic daviec tidier dhatgingthk rotmtisideaics toeneofzpplurality of

chagggf@iﬂg@? g}\%tgl%eqw n(%@%@ét&lf%%iﬁqg%{gﬁtgﬁﬁie Q?r?&iqt%gﬁned task or a new

tasIBQSOEE: E64n K @MUiSe that the first signal enmitter
ransmt" a base station avoi dance signal and the

[00$ECONdn sh@hed aspedtof dre ihveation] the invbaisen ladts toanhuotpnagous system

signal. In other embodi nents, the homin ) .
inciagOm) )50 PP DO RS GOSOHS (Bng Gonfigting pyjpmafjerminals of

rob%hg ngélg?, aﬁ@ iagil?%t%;é h gpﬁnaf;ﬂ'e{)g&f a $d36nF &BRal @il f@4@H embodiments of the

above aspect provide that the first signal emitter transmit a base station avoidance signal and the

second signal emitter transmit a base station homing signal. In other embodiments, the homing
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emtted by a pair of emtters. In sone enbodi nents,
the signals may overlap, and nay be optical signals.
wQ 0@3A%10Cert ai n enbodi ments of the above aspecPCT/us10b€001504
i nclude a robotic device for 54perforning a
predeterm ned task, the robotic device having at | east

. _one enerqy.storage.,uni ' eyf. m.nal £ or
sl e S ARG e B R Aftend, S o saats may be
emifitd@PRb psiebeehaters. | I sofR ehrbotdingsniny did@iass mhii6vélap, &@Binay be optical

~one signal detector is adapted to detect at |east one
signalst i cal signal. The robotic device has, in certain

B ST e e AR DR o
perfShhiny «PrBterBiRECESK, Me {ob6ti CMViR HavidpVR MasObhel lefly@tdrge unit with

an energy manager including: a robotic device having
an exterha degrminal dorecretapying ther igegingierminall and si lgagilone signal detector. In

54 BB B tt y  ER e o
sigrfall ThEDotiO8EHEL G, & celtalnSmtpidaRalts, 8h8 E4pRbil@Nb dstinguish between the

second signal emtter; and a processor for determ ning
sigralscgeastiadbyofultipheesngijtesst ored in t he energy storage

MG onE R -
robgtmé%agfnﬁ F&fag%orﬁée%'éggg%aée%lﬁ R@ral 9haPhettfiSr; a base station for

evi ce. t odinments the Tirst signa

matly Wwitke thetrobotsndldviceathedasds daimpehayingreaplpraiteofsdignal emitters including a

restricting a}grmvejgent f the robotic device to. . .
firsii et ST PHGAST0, HERLTBIUSE 288 A SSOL i (FREMIYag B qgantity of

r .

o B R, B Lot SR, L bR Ying aspectuse
coulmasedrysirati Dtime28ripd Qil ddterGlifvethe aspeity sf ederghsoredwe tisk gariod of the

relate to a hoping systemincluyding a robotic deyice .
devipgy il @tﬂaotéue@ﬁa&%@eé s ,lrsgﬁanai CPMEs TS A A 3pge gignal, thereby

restg'glrh?%a rcﬁogﬁ@%%te&qtﬁ% Forboﬁg g%\ﬁcest%%%gti&is%% frdnT el t2be station, and the
ftal n enbodi ments of the foregoing aspect overlap
secSidIghaS einfitber Sranbihiela Aymidpesiddat, Sherelsi @irarting aintdvemeanef the robotic

t he second signal emtter. Still other enbodi nents
deviagrte Herbaspstatiele charging terninals on the base

ati i i . N i . .

On B S R L 8B A e o
havir aﬁiigﬁal idetedtoR Gmidrathasy SthitdN Havingta ARG Sighilabiifer and a second signal

including a first s%gnal emtter that transmts a,
emifter. s€ertin aruboginsiniscalabe BueEREERsPeE RVeRp Fighalt raisyhigd by the first

. emtter, d a se ' I ' [ : e .
s bl et RP5F A0TSR, P ShrbBin EATRIH e chrging
terriindR¥n tBEbidetatiof st dhlaaling leBninklsoh thé Sbdtic dsecé.he

second si gnal overl ap. other aspect relates to an

[002500i davralditjarabaspeetroftheinvenionnglates oo bawing systegt for a base station

. ast one .of .a fjr evi ce apd. a 30 second devi o

inelu e Bituifea Soy b Ry AP SRl T SRRRH ol rom the first signa

emB(El, (28 @ s8¢ AR gnabBdlithr HRERAGmiAeVdeEhd fHdial hREEI&ESutVAR from the
signal, thereby restricting the novenent of at | east

secombsigfal ehvattéri suwh thavhebrst sigahl ahé thesecormd sdignal oeerlappD Another aspect
2005/ 081074 PCT/ USZPO4/ 001504 -5 .

relates to an avoidance System for restricting a movement of at least one of a first device and a

second device, the avoidance system including a first device that emits a signal, and a second

device that receives the signal, thereby restricting the movement of at least one of the first device

and the second device.
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[0016] Still another aspect of the invention rel ates

to a base station, including a base plate and a
whawkssowp4s for a robotic device including: el eRCTUSENN4/001504

contacts | ocated on a top sideSof the base plate; a

first signal emtter |located on the backstop wherein a

Lgnal. transmtted by,.the first.signal, emtter .
(00358 L EORE: Pt £ietng Bepion Il IO i RS Slptian including o base plate
andP4 BAKRERH/ToR 8 ottt iRIRE iRfludihe dhdafabedifiaid RRate@BH aBop side of the base
second signal emtter and a third signal emtter,
platgh e fiestwignalemitigl Jocgted ondheybrekstop wharesink sigeal tapsiitted by the first signal

emfiF Stk P8 AoV Ee SR polie LR a e e of the base
stal§Y a8 @ a s€con@RIcREL erhiRr Ald 4 ﬁﬁ%si@ﬁ?erﬁiﬁ%ﬁ%ﬁﬂ&ﬁhfaﬁ?ﬂtgﬁ&t of signals

of it he base station. [0017] Another aspect o
tranismitied bythersetandsignabemittee eixbthe dliird signajiengtter dvadet tdgasbéne electrical

coq%%%%ﬁﬁ}%gpbqt%:h 12{:?%3 ggm?é\rlc n%‘,ﬁ:%te Bli’et ggcgﬂgatl ﬁgﬁt%\cltl oc}jtﬂeg base station.

[00??} eCtA Nh b As UL SLME Snyhtib %1%%’%%%9&%&‘89&1%9&&@ 9 taltery of a device,

east one of a predeterm ne ange I n and
thepnebied kavimgiihd stepg nf prodaling losv pavane tlergiag saaiiadle df awlidiger, detecting
the charger, and incr.easi power. to the . chayging
Pretseé’rcﬁioﬁ g’le%%{" 15¢ ON AAYETHE a'bggstt &Ry .0% bﬁ%’f@%ﬁ‘?ﬁ%@?ﬁﬁﬁ%ﬂg&ﬂn fpeba
: C
prelfRb Ao o R A R BRAR asn IRl MRS, RS GERRR power o the
chapgingitdrimineds ©hhngenhe batfery. hendanbeadiynehiofithe ndehodart tidwbove aspect

the. | evel of charge i s, bel ow a predeterm ned L )
furthey wehidegthe sepp 048 emyping a gy oheharag pebe deics ed permitting charging
of %’Q %S{Eér& ?rp%l'{?%fe@fcg SvHefl (e ]§¥§1F0?@1£rgé %s%‘ﬁfvg b B%d@te%ﬂleld%hreshold.

evl ce; e system having: a sfationary- charger

[ooa8]pr i SKilnghotlier aspechell e iy chisiclitdsto aGlystemi fof shakgihg a mobile device,

detecting presence of the device by nonitoring at )
the|spgiem hgHingo? statipnasy ehasge cRByrismg A chargigferminals, circuitry for detecting
e RU5H 05 OR LSR8 e RBEPShcERRGR LR
predéterBiaed AdgainalefRgpathdiemnBbsiActhRita thd chaf@l,emndl tahinobile device

first charging termnals. 20 Various enbodi nents of

havings adisgow, adbesend eharging tapinabnadapied te mate Wih irst changing terminals.

det er m nes ve har. E N b nd . .
VallG o e ot BeFhotl =58 RTul whitFio Tl g Rfpymy etermines
levbIEsfBhRdk $n thePattbly HRSAtrSFRPLWRERY S| froGHER tBY $it# RBarging terminals.

wherein the circuitry increases the power |evel

Stikhother dagodimsnisiacliifle s;tstemsaw]gqrcig thegirguitay igcwpsﬁs the power level provided

to tgﬁ zi?%j E:h%%lt}agégr:@ﬁglfs gl{i)éa].' gﬁ:gﬁgg%a@ﬂ% Cth ose%lsx}é)tg%%%%rgés the first charging
ter@RAIOWVRG hele@ vt the 3& 0Bl cBirgfAg36kiip4ll on of the

Drawi ngs [0019] In the drawmngs, |ike reference

charact ers gener al | BrredDescripgion|os the ,

I G ey L
theRli &R HERE Thd ﬁgﬁf}hg%%'a?é}n&l?l%cﬁﬁérﬂﬁ kPSBR, i gﬁa@?s instead generally being

invention. Int | owi ng description, rious
plaeerbaptinningtsatiof thehgrinpigsent the mventiom Mndhefollesing dwdription, various

el By SR 708 R PaH P RSSO DO ehes b bllowige drawings,in
whithschemati c perspective view a base station in
accordance w th one

[awmagst S
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enbodi nent of the invention; FIG 2Ais a schematic
perspective view of an robotic device in accordance
wowaos/ogres enbodi ment of the invention; 5 Fl GCRBS1084/601504
schematic side view of the robdtic device of FIG 2A
FIG 3 is a schematic perspectlve view of a
repre
Gept ot 55 2 S Bingl e BELEftE i RS sAR 1n BB G i one
enbeﬂllbf]@llﬁ{enoéfﬂhb&hvehﬁ&@ntl on transm tted by the base
station and detected by the robotic device; FIGS.
AA- 2C HfGe 24dR éﬁﬁiein@a’[]@@egpg@tv]e\ﬁ@ew oBemrapptic device in accordance with one
repre: ent at% ﬂt?l vepl mng signals in 10 accordance
wi t ™ odf FERT 0™t he invention transnitted by
the bqsx@ 5835 h 9éhedlfic sRRLEGH SFHRY¥oBIIR cre%etom@ ACE,
FI G is a schematic perspective view of otic
devic @Iﬁh d it hechoamitic pe@dpeadive ivievaof aimpiﬂsmgamn cbf&bbditg: device and base

positi.on;, FI.GS. 6A-6B are f]ow chgrts qof avoi dance

al gBPHPRAEPicHNE RR BYUGHICE Signehingherrdanse dffioricifathodigpent of the
t hejfaueod irfkmitdd @'r thé tase &atld Qﬂdcd%%rc{eﬁ%g/ R oBIGE Q¥vice;
managenent al goritHm in accordance W t

enbedi &St 4440 he scianedtid meRspeetind viewsof Bpeegit@iichs @ homing signals in
enbodi nent of the charger circuitry schematic in
accaf e withipne spdodinsad phibgtinvntipmEapymitied by the tree station and

Det 8&%& d@iﬁq%rﬂol%t VLC%0201 FIG 1 is a schematic

per spec se station 10 in accordance with
onee eFTDOGiidEBdheRiatit B@rs%aéb‘(@@ tieNof th BoHo@S %eﬁ%é‘ﬁﬁ(?fhe Mse station in a
i ncl udes both a substantially horizontal base plate
12 deekiag eumpatingrpdsiidny vertl cal backstop 14. The base

stati 0 be a.var.iety shape

o1 280 MERooRHGe b e * Lot efioriahe’ Begp iognos with one
CONMPRBEMhRnANCLS Wi effi®y; described 25 bel ow. The base
plate 12 is generally parallel to the ground surface

on whildfs. 7liea Hawehstt af boanclfy maastesenbaiporithyh inan¢eordance with one

S|I pwar d e.directed toward the backstop 14.
%@hi"iﬁf‘ﬂ‘h@fipﬁ@ eqiey: @ng rise of the base plate 12

the r { [ |

 pce" S8 BB Enlh R AU TR BB Yo 88 Y rdance wit

| oc sheeinbotimehtodf thelinfvagorof t he base plate 12,

allowing themto contact correspondl ng cont acts (FIG
2B) on the underside of PefailebBescription devi ce. The

ta L be either.
[OO?IBEe dcligrﬁi igsn'p Ch%H]%[lg ?Qrtsﬁeﬁ:tn%e B\{%Eg .s éﬁ.ﬁﬁ% gﬁkﬁ?iorcia\%e with one
emB@difn’éﬁt 6f théirlvefigor!) OBl Bak€ staB6Ye 1 0 @@ RidieY Bothal Bibsthhtid]E8rizontal base
roper | y det ect WD 2005/ 081074 PCT/ US2004/ 00150
plate71 ét#v@@a lyi viegtigal bwkéﬁ@ptlﬁe Thebese sgiogioldkmaybe any of a variety of

shaplé]s orbsa Zes prov1d1ng su%fo cient spacecfor fe desne% %1 onel?ts and systems, described

below. The base plate 12 is generally parallel to the ground surface on which the base station 10
rests, but may have a slight upwards angle directed toward the backstop 14. By minimizing the
angle of rise of the base plate 12, the robotic device (FIGS. 2A-2B) may easily dock with the
station 10. Electrical charging contacts 16 are located on a top surface of the base plate 12,
allowing them to contact corresponding contacts (FIG. 2B) on the underside of the robotic
device. The contacts 16 or the contacts on the robot may be either fixed or compliant. In the

depicted embodiment, two contacts 16 (one positive, one negative) are utilized to properly detect
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sequence is described in nore detail below |In other
enbodi nents, however, a single contact 16 or nore

WO b@s/08we4 cont acts may be utilized. An additi oP@el/US2004/001504
contact woul d provide redundandy in the event that
one of the robot contacts becones damaged, dirty, or

a cq?ﬁ@%%ﬁ étgg‘i%{ gvglpllﬁ %&gg@%oaolcg%vgﬁhgﬁ%g g%%}ﬂrtl Z%d?ﬁllé c?rg&lit recognition
seq@&iel id &RERbedThhfbre ATRA RN difhdrlehARdinhts; BBHBGdrSa ifigle contact 16

to charge the battery and additional contacts to
or morarikay twodantactsamay baitdinedt Aaraddétomelsontdst wdeldi peside redundancy in
0021] The ntacts 16 are sized and, positioned :
the PR BhAt Y6 A AP RO RS EETR IS Ao Qg o5 BiTchg - This would allow
t Qi pFsferls XAl QR @fdnge. 1
e B g L P R et R 0B Dt
emipldament’ 2itiliee tyvq cantaces otvetapkdidebattery anbaddgioneht¢antdcts to transmit data
wi . h the {)obot ontacts. Alternatively, the contacts
andjglogmatipn ‘FWG%W%&GWF%% on a base plate 12 with a
{\gher f ' 1
1003127 115 e 16 ofy Sfecind PRYBEA o 8Realy QPG contact the
corfdepardih depndarts dihthe aglpiti Eat ¢xampld, e dmseetypl anhey bR owrgized and/or may

fori f t to 20 and ter. Th
extcg}qiba{p:g)?rgg%a byaaég]r ]e?(; girgn(i)xp:p oéorlillgd éﬁ%, tq%sgrgggg‘rggtrwith th% robot contacts.
: i ' ). .
GBI EI7 0RO 1d i SRR on AELIRR HI e e o
riseQdt nhdyeprotrhdd abolb e besppleisd2ahatdé lat or has subistansibilyhio visd. NDepending on
the confi gur ation of the charging contacts 16, ensures
the gpplfrationd the hessritlate hg angle gf 564 mey sarysEapdetp whe 20° and greater. The

charaing conta n, both th ase.statio and t.he
entifbEh a0 D, BB Uhtulef 8 PRRE S 2B e et beoween the
twoldbRitREs TR EEe@fo &fb8es® RbACIaStel (FIG DBNELGe kéboTBTRe d¥prbdtion 26, in
one or nore correspondi ng contacts on the front caster

conglfinative wish gte copfigretiordf thnehaygimiesoniacts 4 6pensyied @soper alignment and

| ti f .of t b ti 0 .
rogef3ifi PSer e SR SR UM ETEIon HoPEABR S
Altgéi?rlﬂi‘fgeﬂr/ﬁgg SepedsRR B HAPLorRATh bh&br Alre ¢¥ thé E@hct$1 @RMnged to mate

, several indicator LEDs 22, and an AC plug
with ene pt aokecdrespaiing aptastsmathe fiont ¢aster of hegeb®r at es a

00541, ek e o Bl B 66t bR b S ssibonents
Spe%ﬁ%ﬂ | IMhd B&pictePOhbbdiRith G GiE higkdib) 04 iRAgne %@;{%gnal emitter 18, a

Irect contact 25 with thé base station 10 [
fropesidrat emnitter 201 seséral mdehtoad BDaQ2umdan ATHdug epegagadsd. The top signal
emtier 18 nerally utilizes g parabolj¢c . reflect: .
cm{ir 1§ Shstries £ BT SeaTbisias o groater L Ign D, in & oifuse rogion near
] QAR GRe RILBNEbm RnfAs k¢ hal¥erfent direct contact
the? ?%ﬁ%tmﬁg%) tg iérg‘?tnfel% aet 2 Ieens {\/:Aﬁ;grge geggmetfy "‘i@é’e 1t Glrect comac
with éliecbase s@don b9 while ptifogniag paaskbaich aalbectuniihg Thetop.signal emitter 18

Thiis parabolic reflector thus projects the avoidance )
ger@raélaraﬁlh_ze@a Byebelip t5flegier tealiap@}lﬁ th %0;%&98 HgRAln &L @ic8jap pmbodiment,
o o r‘ . . .
e o M St U B Do B9ty 004 LAUIERS LR s atemines

by ftftiHgen pasieily sboun e tbcus. Phidparabblic Redlesiontiue ptdiéts dO avoidance signal
2005/ 081074 PCT/ US2004/ 001504 -8 [0023] Wil e the .
60 peidntai 39R° pattarpewithmt Shegieaessibyrpf makiplgemHiprsy gh yimilar configuration can

o LA ALERSEEL b iy 2% e 0 BABEEL R e i LD

uni nterrupted 360 field around
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t he base station 10. Alternatively, base stations
desi gned for corner, on-wall, or near-wall

WO p@s@agioat i on may proj ect the avoi dance si gnal PCT/US2004/001504
substantially only al ong the hobstructed side. The 5
front signal emtter 20 projects one or nore

(0 R AT e S%E%fq?cs"f‘@@i? BT 4 B gHR- et the emiter 18 on
top gfﬁih Bgclg %kf AGarMdifd tltxéqﬁlo 1?%{1 'tl‘ﬁ%uétg al %nterrup ed 360° field around

rechargin uring rro non- u tura

the 150 B@ﬁbﬂ 10 O(Aafeﬁﬁhtméiyl Me hlaﬁmssrieaighedh fokQorrer, (ﬁ]l-\ngll Q)r near—wall
emtter may be used to performthe functions of bot

installation apay prejectibe apdance signa\ypsanizadly aplyyplane ﬁwnﬁbfmlwged side. The

fronE? &n'asl %}_)\&%r%ﬁgﬁrrqe?%ﬁoenﬁ% Iﬂ}gﬁeg %c?fgﬁ%%a{l s@ﬁlﬂg\’g‘ucﬂ' Qs %&gg’é]beams (FIGS. 4A-

4C)J toklibivcthe edtiogie deside ko @&ﬁﬁselﬁdﬁrﬁfg&[&l{ﬁlgrmﬂoﬂle‘b@se station 10 for
adapted to mate with the base station 10. In_the

rechpegingou @gmgemnod@@f wm-ee. Nawalhyibpronerlislocgisd on 4l bage station 10, a

sing?eh%%ugti%f %P%&?e ua?cf g}éelrfg) \fﬁer 1%/ %ﬁ%élglog ;bg{hﬁgn%ttg%nl%r %! ﬁg%lghe avoidance
signbghd IRniinE OLABY afeQleSorithll iRiiofe SABbIGHET ence

characters "FA" in FIG 2A) defines the forward
[0024] r ecFIG@% 25-2Bowé @nhe(nnah@lp%ram@a%ylews 106 phiekadicslevicgssuch as an

iSRS BhASEBR 21 I Pfgping aescsipion of

the SFBRhORYoLEER, GEESE th REmBRUST Y ForkwRkd/BFET 1é€drs %ﬁleﬁ«ﬁlyﬁﬁ the primary
the robot 40 includes a chassis 44, a cover

dirediiepbfrnetitn of thamplmt 448and theteehmokisy fzma -afhygxip eppiferstce

cha]{al{r;‘ltgfns1 qﬂ;ﬂ:"ﬁg&zé}l Z;kbﬁ%cpgp ?rf’);%xb %Idg]e% r{r}]\;g[tc]ar Indi caef‘é?by arrowhead of

the fdré- %ﬁsﬁcfs FAN13EH Y ebMeRbnt BINDEE FoleOffs dinfiefl oﬁ{Herbot 40.
nounting or integrating elenents of the various 20

[0025]bsy &t thenttodimerns elcpw@dxme howshag infrasfendtare 42@f tiguehot 40 includes a

chaS ey CGHF |1 G T 4 Sp e Fhissa 44aEH By mplgd from 2
matgﬁ%l' sﬁlﬂ?a #Q&Yé&s%lﬁ@ﬁeéerﬁélw %léaes adhl iRl fpreforrned wells,

a sensor system and task- speC|
recsssn'spmmceuhis;mhbm for, e adioyeouditngayintegratiog dbdlehtso]ﬁthe various
armterlal suc splc?%:\f s aunitary elene
%P glir

subpygtens QATER obeft §PF16ﬁuW§t ?H@yé?'é‘é‘iq aMjgfoprocessor, a
povgegg &gfg’t%fn 11‘?&1 n%&% bR fpodRHs R CESor e v%ﬁoﬂ £P8Rtcns and

npon unte to'the chassis 44. The chdssis
confifbnaiis), hh@otm\ﬁabsy@ﬁnﬁBeensdehlﬁsyﬂhhyandmﬂgsmﬁﬂ: domponent subsystems.

conbi nation by any suitable ne ., scre
Th ¢pvebhbmas e &pld ded ﬁﬁ%méﬁa@gm@ su Ma%%\?é o%?ﬂl%ﬁ?hat 1s

ru
corfbiFi b SONER O Blo BBl 46 oﬁ‘mﬂ% didtion oty pocess o

elem¥iERAd bé‘n’:l orﬂinﬁ;ﬁﬁoﬁrhﬁi foaheelakiis 44 ThéLhaski®@2@hd Teecover 46 are
di sgl aceabl e bunper 48, which has a generally arcuate
detasba ngfpaltat@nn cpEbistieR byiany3piiahleracass (L8 ¢ BBV RatIR combination,
f orwar S
the 8&? él ag}ldtcﬁer 5 fo¥ﬂ1%?%rﬁ£tu{aﬁ] gn\(f: odgz?lﬁldmél%e?g)ﬁi ﬁMng a generally
cylR@sitdlicenfiguratlfiethaiy rg%n@glyc@nfm@ﬂb@ltaﬂm thé fdrbaft axis FA.
di spl aceabl e bunper 48 is WD 2005/ 081074
[001!’6'.]T/ UShecliyriatsida bumgers% quhahas teeperally asspete eemfiguration, is mounted
in fﬁ%‘éﬁ iqd%bhle tgqjlh'xgézt:;e fopﬁ%r 638 9 ij Q((éﬁ,]ag%% ﬁ? goféﬁgﬁdl&ltwardly therefrom

(théﬁﬁkfn@gégey?tﬁiy Riitioar). chstaclingonfi@dei&r &f thedisplassable bumper 48 is
he ISP aced
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position"), and returns to the normal operating

position when contact with the stationary object or
wobwsagloed4 i s term nated (due to operation of aPCDNBE2004/001504

sequence which, in response to9any such 5 di spl acenent

of the bunper 48, inplenments a "bounce" node that

sucf B¢ St ORRRL e b PEEE B4 PE aB Ry Beat Sk whenever
the MEMBLOM &dolihtersra AR ldnarytsbyd 6r %t@[@oﬁxé’cﬁt&nﬁﬁed mass (the “displaced

detectors 50, 52. In this enbodiment of the robotic
posiliw’s endiztumbito themernalrapesding Bositien shor centegiavith the stationary object

ect fr the emtters on the,base
or G EGH EpiaRe G roRetsaora pattl soffinte SR Bupgponse to any such
dlsﬂlﬁ‘&-‘ﬁieﬁ?& fhb %ﬁﬁi &r 48, epRAthtsI0 bR Thde! iRle 18at cAbke® thd ldBot 40 to evade
base station of mbre than two detectors may be
the smdnary an@etrctraqbataclemnd domtimiedts taskgodénedct or s 50, 52

00ZFE) Sl et drnieC b LRSS dfghis embodiment

of t%@fo%%ﬁb GE‘VlEé ﬁ@ Yhd Bdtectbid 0052 HHAEIE Si3nits hfbi8dte @B the emitters 18, 20
irectional |éns, where ommni - dlrectlonal refers to a

on tha bageaatdtical 10y Is |0ﬂ@lr embbém&:nts]’h eingR @mcmumelvmxgmhls from both

eml%g;]sp]g %6 ];)Btﬁ‘tll?lﬁz}s e ,man %sg% %@t‘%@\% mbg used. In certain
eml%%ﬁfﬁ?ﬁt? r’chFF:I EEgaLA SQ)S 32 %%p M‘d%cﬁhﬁ%d?’“lﬁ{e?gﬁe&@f ﬁ%ﬁiﬂ@@ that include a

wavel engt can be’use ong as t ters 18,
phoZéticde ztﬂdefela&ﬂemqﬂfﬁcaﬁm 4] detectiad antuatfy; in CD'ﬁjUﬂbtldiIthth an omni-
det ectors 50, 52 ﬁﬂ the _raobot 40. not.her

direstigenl lvRsny/here RIpH kIS ek Fedeis fos2 ﬁ‘H%?taE}E gpelgipianeohe IR detector
ol 8 B GRS ATBEL B, S SRR RO RSGOLS),

HoWeedr Oy QiR e soa) regalﬁlﬁmaf mpdyekasomgakaytetimnwheslerpdd chwbe used as
neasure the intensity of IR | |(g$t at the robot

long s th epmtipre d§i Hben Hif hass stakqrel (bare prwpted Orapich ﬂtﬁ’eqo‘f\%‘éé‘ﬁs 50, 52 on the
1obk{'¥oe£ té?llggléo elﬁggdléf%ﬁt égﬁtgﬁgllgsgstﬁs lrﬁ eeiulsgd %mth Oé w1thout electronic

ampﬂhﬁdaﬁ&ﬁ Bleﬁme&fsrﬁldrrﬁaydj&bcﬁm@m&ﬂdw&tly tovEy abelogemmitmyﬁﬂmmroprocessor
shown in FIGS. 2A-2B, at |east one detector

Slgﬁ@lmw@asmg mebidhas besssd thBRAIIGhe Mtprsity ob SR light %tﬁbe robot 40, which

prov%y\@alge&t{x]E té Bfﬁ% d(i)sgaﬁ g%e{\x%lgﬁtthezlrgb@ts (?deﬁ'\d'tﬁg e SR 11%1‘:

rave ect I on, y an arr

Alterhafivd]l$ rhdio ﬁ%@ué&@éé?ﬂnaﬁﬁﬂtﬂc&ieﬂd&?aﬁibﬁl&%dﬁic Sisdrs aﬂdbttﬁlﬁsddcers may be
at the highest PSOI nt of the robot 40 in order to avoid
emplazierbwhs shotwn is IJESi 2ZARED of leagione dpisctappd iscaepsedatthe hlghest pomt on

L L A

ind®latc@WytaRQriodbet 249FN0 pass under obstacles. In
certain enbodi nents, the detector 50 can be

[0028} | ngVhiduthealstector D lipmonnied dethe bighestgointof theabobatyikin order to avoid
i,nto.the ho of the robot. 40 when the, rpho r uns
shadQwget % is degjrq wftﬁ%ﬂ’ﬁﬁmﬁﬂf éocxpmlglbze“atb?)ggjgﬁt(ﬁgh%?obot 40 and/or the

deté&bll 5 0 1o n;bréxth%t aﬁéraﬂ\éﬂaﬁ dIFREREEY A tb BRdw thdroBbE AT 08Jaky €nder obstacles.
nts, nultiple detectors can be used. Such an

In @mﬂaunbmmmhmamtg,tthe detettad20 cazi bﬁgSpmugﬂmcpln@dstp @dowshe detgctor 50 to

col@pgezﬁgé@e%%d }%ﬁglgost 40 v?l}?gttge& &’8? 11(2&%% glragffrf:agﬁ%&g Werhangmg object.
[Oﬂ‘gbﬁw On¥p KAPR/ 184 i RED, {gﬁ@g Q04/:0 Qﬂfégétlve kb itnehts emult1ple

sors corresponds to t a the single, top nounted
detsetosaan bBasal sSch asienmjodimentmiight include using multiple side-mounted sensors

or detectors. Each of the sensors can be oriented in a manner so that a collective field of view of
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directional detector is nounted at the highest point
of the robot for optimal performance, it is possible

W 00050814 t he profile of the robot by incorporBCT/N§2004/001504
nmul tiple, side nounted detectd?s. [0030] The
undercarri age of the robotic device 40 is indicated

at EREEEE Ao BHRER o e 0P B 5L 0 s,
direél%%fai GHEQSE ik FhovHeld a®tHeQfgdsPpbihttof tEOfobesfer bgtital Pertdiance, it is

ocation of the electrical contacts 16 of the base
possitilatd lowet Gre pEeRlerodthe,robotley ingorapsiting mibiilacide wavtad detectors.
ou 20 e S5 Bl SRR ORISR PR by sumer 54, One
or ol a{&@hg @Bntadtd aeSréRhindAD Al BRI Soe J41 Cordipakd MGuch a location to
contacts may be larger on either the base station 10
correspondlnith t#6 locaiboradf tevelsruisnl eontasts orafdhs baswiating 10. Generally, the
e S encRe 1% RGPS BOR AR AP RE b tion 10, rganles o
theiMAERE AL drRERtiBA - InltBtail @hbIBmMENTRAS Bt SinBRYNta IS mkFebe larger on
any conbi nation of notors, wheels, drive shafts, or
eithérrthe kaseatatiodd fior echot Bstedllow widst caveplianceinduaking contact. Also, the

appli.cation.of the robot. 40, .all.of .which are L1 .
motRRGHA 43 SPFAIC SELOTERS ATERS oL U FBAEHE iy i ainse 34, The
asdiede 2§ WRbEdtioh BF fldkdts, AARRM| 8BS shafts, or track
nﬂﬁgkf%ggé?lgpﬁggqt 45 a?g-nategomﬁth thg depresgio? 28 m'um<sas
desieod, bied basestarantended. applicdtive of dekobototOnil ofi whiht dre well known in the
robotic device 40 is.syited are virtua unlinmted .
art. SEpouRlive OB RS RIS HORELS T 4THEPTERE i Wieh, s Soahgpliment,
drivEX HRbBot 4oad HERAL b ﬂ%vdegf‘esﬁgn DBYn e 6 H1atO12.F A@RHe tasks to which
waxing an poI|§ Ing, | ooOr 'sqrubblng, I Ce
the fo%‘o?bilf& ﬁa@ibeﬂg% (s«'mgéd/ ﬁlieﬁ/adtllkl)aylypgﬁlhmedmd) tby aeaq_he pomeponents to perform those
manuf act ured under. the bran nane, Zapboni (r.)), oy
taskgwéepeignpin dhs mbatinfifdee Hhmex bs Hed for Bo diind i Befiphing, floor
o/ 3B Pad der the brand
son g G RERL ALY RGEE Hy il el s e
nan{EFan2dni®), seaeping énd vicusnidp, uadkishedafiebr saydisgai digin/paint
i ncorporated into the robotic device 40, as necessary.
appleatios; ivp meadting/andisnpw rapmevale grepoRtiRg, picd dwymupeber of components may
vacuum n he demonst I r j .
e T e RIBE O PR SR R0 ERSEhbice ) s necesary
For 3p 13y OttEkOS 1184t dnUsiglt degirgbedias chia i@ ds tiedepionstiate pyedigermined task.
application across a variety of robotic systens. . .
It wild b apparéns, thomgit, that thevenergytanagesen apd piietdpckmg functions disclosed

hehavi or al des to vacuum. effeect]|. 25 wor ki ng
hergip E‘?:t‘.’e gécﬁe?‘?gg?agllon FBTEL® Rl 8%"?"8 lﬂ%? g’%eo ntrol systens
[0031}at GRB rHHRRRYRE 80 ukdy PRty & behavibel ModePRMACESE @ffectively a
I's operative to execute a prioritized arbitration )
workixipearea. t Beliagimmalichgdeaatt layerp bBemmitiol syséenesythatmas be opeiasastin parallel.

S CHECON TR EACTR T N TR

i e i Eﬂpc{ fhetS ndVed FRARE ¢ivBR BieAgrio, BABEH upon inputs
e org |t%ggﬁg%ﬂgx€%%@nw t Y t he base stat i%%lvlo. 301[ 00321 P P )
froizaheseakdysysieine Thehaietapradesson dealsd operathe td esendinateavoidance, homing,

robotic device 4& caﬁ%gge ,chgracteri zed as: (1)
anddpgkinggransarey réthahe hagsttiopd)- escape behavi or al

[oo_ggﬁeg ﬁ&%&ll&,ﬁw %ﬁgﬁdag@éal\/ﬁ?oé&%{ A8 HRI4iBET{IER 0024 28 be

ehavi o Cover age behavi oral nodes are

chapidterired ly: ((psivergd btlmvadrabmoddse (2) ebaipe behavioral modes; and (3) safety
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device 40 to performits operations in an efficient

and effective manner, while the escape and safety
whedawswral nodes are priority behavioral npdeBCT/US2004/001504

i npl emented when a signal fromlthe sensor system

i ndi cates that normal operation of the robotic device

beheﬁ/?%iéf@o{;{ggib oevﬁlaﬁa%g i‘brgl’éa ié)rgf%lsgésgq;% Bﬁrg)?aﬁijygdee?fgggae g)) eﬁfov&if the robotic

devic®933) pEERhEREHScdtions iRadefficlens hxPéffacave MMaf@g®hile the escape and
behavi oral nodes (for vacuum ng) for the robotic

safetjelveheeiozd) nhavieh engepriofity behagiswl nBules implemgated evhen a(spgnabfrom the

e S AU A8 SR A SRS e ., o
encSRNEERIE: RHUKLBID be GAUERS (ehie drghoticeiday).ce 40 to

clean’a limted area within the defined working area,
[0033] g. , Rapiesaitatie and aivsiretivr eweragn behavérrabimadesitbudiapwmuigg) for the

ot R PRI B8k e BT R e

Cle@iiiggﬁr(?'&\la}f%%erlﬁ%ﬁl, asd BYLYRRACovFaRE ReterlI STH] p(;'z:g?bverage pattern

spita Ithm whi¢h causes outward or | nwar
causspithieadobntic dewesdhto ddantaHeniteabota withthethe defiukd, working area, e.g., a high-
Lmpl enented by contf.rol sigpals.fromthe m. croprocesspr
trafiy e b AT EPORUCEIS e B0 EHEC PRRSHD ISR aEH py means of a
i f LsQJF stk bb eI SArRAGS, SIERUEDEYgonal, can b
P H?ﬁ%‘?@ﬁg@w&cr %?{11}5/ dgg{rng%g i%n%ad% %(gﬁspi T al noge?i%?%a > CAn e
usedatTiterspiraf algdrithmobybicheades ootvatd pr infv@dd 4diraling nraotentof the robotic

devigg\ébggéég}e:gfqp?&%e{yféo%% Lg@%ﬂ%@g&gge %c\:éfe){) 3 gsss rg‘r})tt glrl]lofci% system to

chafdSHE 'ilﬁ[é\ %(ﬂﬁgra‘agi thé ZHISURRGE tinfe & distéhd@Re B thereby
spi ral di stance and/or until the occurrence of a
incregeind/d¢ceehsingaht spiml groyvement pasteinoot thé robotc deviow4®. of
the obstacle detection systens &col Lectively a .
[0034]ans iThe sebatisisigrice 4R )s onerdied W the SRSS o sHREs ARt fghe predetermined or
ti i a..i.0nl 3 .
R g SHRHLEARN S o2 L BIEIE o pirlcisanc
and®r udtiDie oetuitench ehavpeotfrk evettee.gi, Actvagior obonk oranbreaff the obstacle
the robotic device 40, the Straight Line behavioral,
detestige systema (qobeptielyor ranpitiogeoaditionh ABA HiransHion ongisienoccurs, the
t he.robot, i.n .an; a ] t {-& ' i ;
ool RSB0l L A ARBS EARIEYgRL GLShArine, e 2. S Lin
behBABRE erdRNAVI R el bodRAht 0N tHeaBbbtiaddvive A0L the Saraidhtt Laieghthavioral mode
Li ne behavioral node. The Bounce behavioral node is a |
is alewipeiofitsh defask bekaviorahatprepelhidie 2ebat iiban apruoxigagalpsfeaight line at a
statjonary object. or tacl e d ti_pue s . o .
ot SRRt .08 AP a3y PTG R nation it
StrAEhiTUROBelRidrAl thétR. aihetBnee béhatidrdlenaRris dehae tigdtion that allows the
(T.e., the bunper 48 is no |onger conpressed). [0035] )
robbtf 4@ foeevadeaa statipany clojaetiariobsta¢le andheontiswglits task rewiine. Avoidance is

tobotic device 40 encounter.i n_,obstacle, .th .
achiaIBR Y EXTRIE & SaES A ARB P REP oY Fatedongfr higfieg i - the bumper
48 {sRNshddreBhpeste.a different 30 behavioral node. The

robotic device 4().) can nmonmentarily inplenent a

[00B8]havilbthaltransitien tonditi@i i ty reswlt apthe rofwtiglslsvige He eagnpntering an

obs%q%feg g?e r%gg‘{il({a ql‘,ygc% n%sréﬁﬂ%?fgﬁ%r%c{iﬁfg itggﬁg% #r?x@slétlx%{s o{oi a{ gll?%erent

BRSO, B85y s mocs

avoid or escape the obstacle and resume operation under control of the spiral algorithm (i.e.,

continue spiraling in the same direction). Alternatively, the robotic device 40 can momentarily
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i mpl ement a behavioral npde to avoid or escape the

obstacl e and resume operation under control of the
wa@piosagioad gorithm (but in the o posite directiPOT/AUS2004/001504

reflective spiraling). [0036] he CObstacl e- Fol | owi ng

vaerage pattern causes the robotic device 40 to clean

1mp1p1518m ;glg%gg%a 5‘90({/&#) l%gm eofr 8%1‘%? ?%r Irs)%rgllerre ?esuﬁ}e%gera%gn under control
of tHeRBHAGH Fgor(tﬁm but fuhdbpesity dirédtioh R réMetide fpitdagyor ki ng
area. Preferably, the robotic device 40 utili zes

an
[0036bst al%ﬂme@bwdrlm‘oﬂgwyggs@@m qgs RebpiD; qausRsShs/rabatin dayiee 49 to clean the

M TR MR S ——
obst£<99 gé & Crifgire PwitinGRs §8Mnedivorkidglafey HrefRfhbRG e robeticdlice 40

om tantly clean along the perineter of the
utlhzﬂ:ssmamls’moleEfoﬂbwn’@mfstemrtb sontimiotsly amaintgin its position with respect to an

oo 2 5 e LSS RGO B e By TR 40 40 s

itto ‘h%%laddga eAB A ARBAOmitngy elRah alohe tHOddrRwdt A Db IS RMcles Different
oper at (5’ to detect the presence or ‘absence of the

embobistentd &f the nbsiacletfelrwiag systene paroll waedtto iplement the Obstacle-Following
obstacl e-fol lowing system is operated to detect an
behayprebpate™™ind then maintain a predeternined di stance
[Oﬂﬁt Wettlce %lgﬁ’l n%ﬁﬁécﬁl‘h'eﬁts B0 IbdidlGe-FARREAE @y Beopfhted 10 detect the
firs di ment,” the m croprocessor is operative,
preseficd @Pedine of thetabstcipndh sn fltanattveendivdimerdtsthe ob$tm-fﬁ@lowmg system
system to inplenent sg;a clockvvlsg ) the obstacl
is opaywiAd &1 SFteRsiaoYaiacle gnd e sra R RO pnipgL fisiagre hgtypen the obstacle

and t}?esll‘?)ggﬁc {1«9\11&!150 Ollﬂ]sc @ﬁ}' E@ﬁnfeﬁp A Iﬁlcg@@fb&%sé}% O]tjeratwe in response
W se tarn when the rob
to s%ﬂéﬂls Gﬁ)nﬂﬂletdbamsletfoﬂmmfgrsgm:mb&tmmlle&nm smell clekwise oo pounterclockwise
tection (reflection to non- refle

turns i meRsain it PORPN VaBLiRERSFLIOdR% Arstas fl?f) safsie dgyice 40 implements a
sma %’clétﬁﬁsedt | Gfed Bafetr[)@&ﬁ:' debvRBSIOf aﬁﬁiﬁﬁ@fr&%to%@fabl‘érﬂefe@tlon to non-
dlct non-reflection to reflection). 20 Sim |l ar
detdction (e fedihay nohSefldction)qrl te ipleadnty smhle cowbertiockwise turn when the
device 40 to nmintain the predetermne di st ance fr
robcptmgdqymﬁé)cqr@sn{oggﬁg}n noiedetentionite defechadnagre cgﬁlé'toarteglacuon).
he
ol oA FO S5l R %l

predé%@rﬁﬁﬁ&fdtktﬁﬁ@bi%mﬁl@é@b};fﬁcw stance (e.g., a maxi num or
m ni mum di stance) and/or until the occurrence of

[003§]eci flhe dotisriteyice 4§ is opesated bx the K botclstHdlaving b?h??”é)f'féfmode for a

| e,det ect
pre%erter{rp (?rcrélgﬁlcrng 8%% C!e intlrgg Sf%) %}a ?Le%%fﬁ%% é{:ﬁ ;Zﬁ'ﬂ?{:cre (e.g.,a
maﬁﬁ{&@bpmﬁﬁﬁﬁﬁi dBiahéo) ahﬁV@r ikt tRPS RVEBHE of el dplemﬁadh seent I'eeg activation

robotic device 40 to inplenent an Align_behavi or al
of anecbe muyenf thetabstatlediateation $ysteghbs piged plerraiagd BUMEP csfﬁg%eérff:oﬂecﬁvely a

tralisﬁg)ntrcgggk%sgaﬂ.pg Fol | Cbbodgg?ﬂ*%% %c&%f)(éesgor w1m%{1§é tHe robotic device

40 fBQHﬂﬂé'ﬁ&it%ﬁWgﬁ%ehwi&aI Rodd st dcfiaticiDENth€ obkeadledetdétion system in
e obstacle. 30 [0039] The Room Coverage pattern
the Qbstaoke-Eslbovibg belmlqr@lboodec wherirctbe 40bqt §0dmplemeathye minimum angle
defined . workin

s b N
cougieaslpacwist UL GUtRe SEF d58FF FOPATCR YoV ¢ ¢ ya
[0 @915 UfHe! OM@Evé?n,?éé]?ﬁfeﬁi denRBPbY %eQSU(btﬁﬁle‘lfQ:efﬂOchlean any defined

sing through a erw se unbounded zone). Certain
Woisl@@ﬁl@&ﬂ% IdnBPEThUS10Y 41ag Idbotcles or other barriers (e.g., a virtual wall unit

that prevents the robotic device 40 from passing through an otherwise unbounded zone). Certain
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-13 enbodi nents of the Room Coverage pattern include
t he Random Bounce behavi oral node in conbination with
wo b@s8srad ght Li ne behavioral node. Initially, PChEs2004/001504
robotic device 40 travels undér control of the
Strai ght-Line behavioral node (wheels operating at the ,
sane [ ot.af | [ ] [ i e :
embEea L ROn SPERE g R 8 Ee Rub Kb b BiekicR] mode n
comBihaRoPins eabtragitIdas b¥fdvioral medd Initiatgtibetdbotic dbvitdé0 travels
base station avoi dance signal. _ Upagn activation of one |
undeyrconweleofdhe $traiglising bplavirselmedalvheplsvammatipg at the same rotational

1.Cr.Opr.oce . LV .
oo i BRP SRR Bof B BT SIS D O RSRIPhEPbeincicated by
phyS9&i 86hthQrvillysWalloa déteviadrest. thd bae stition apsidamssignal. Upon activation of
sel ects a new heading fromw thin the acceptabl e range
one anaioiengd therebrtacledetedtivnioxiier, Bie RiSTARIQSEEI0H BQICERIVE (ip gOMpute an
to.achi eve. t he,.new headi ng W Lh mj.nj e
sccepffef b Sl e Phs ) b oAU ARAESTR I adatea. Tue

micfo?fdc@%g sédctd Hh¥RheadiBY aoRNWithia theiocenalle tdrpe a0l éaplengnts a
efficiency of the robotic device 40. The new headi ng

clockmiselve coumeiolpckwiseltemtte dchieyerbs newheadipg withapmanglgpgement. In

of headi ngs,, or base on_so tatisti ' .
s R Al PR LA RO LY Rl bl e
clea%ﬁfg%@ﬁ%%f ®e foB6tidReaRCY ETRAR vORhdMpahi®l baTRedeomlyelected across

roprocéssing unit can be programed to change
the dveeptablg sangarod beddmgs: ombaspd uplert s Fiatiptied selegiden scheme, such as

W t hout i nput_fromthe sensor em ~[ 0040 he
Gaup R AR EIRYBDR ol BT LSRG ! T RHER ST aaRr i gl mode, the
micﬁgp@c\é'ss‘?ﬁﬁﬁni%eoef RbgRmnd RhSi¥ REHNSY rah 86t OrRE piedetermined

of tinme,  for a predeterm ned or random di stance (e.qg.,
times, witheautrinpot dronribei seosor dygerance) and/ or until the

occurrence of a specified event, e.g.. acti i on , of
(0040 o55e ERhoBS deviee sy BrPRSTA eI tée BP%igle({OgFmgﬁ égﬁ%%gpwde fora

RS ' irfle, 515 bt iR 610RRddrh At 2

preﬁg%%ﬁgﬁﬁoﬁgﬁo\ﬁ%@%g of t%%&lr&gboti c device zzl(c):e (c£.2 o
madifehusenindutmelstame) hedieniumil die opodeence of a Fpeaified event, e.g., activation

of tﬁé&%a&{-%teq%ggystg%&%g%t%%qgm% gggl%ﬁﬁ &@_Ylweﬁ%?vlgly% BBnsition
coné#;'i hi/ed inthe art will appreciate that other
a

/i oral nmodes can be wutilized by the robotic _
[0041Vi CEeAfin edtwdithermmotthefrotidtiesievice Ha waudel fonnesespentegpavioral modes:

be inmplenmented, 25 for_ exanple, i esponse to. a
a TigurbeBmioal Bedendiise dehaviaal metie, SR LReR byliiatelgnpdsy and a Slow
Sone;sor.t | . : I ot e b
vy R S S BESREF oS RS et hodesca e
util28d b9 the robstic@dvaet 400 rO8S oranweeE thede bghagiceaitmoded @B bel implemented,
the Turn behavi oral node, the rol%gti }c( devi ce 4{) qS1iur ns ¢
for pxeopplads resposserta adyrEdiseds PRo AL the fagkcomgoRinigficgtng some sort o

. velocit g bW : [ i OC] o :
T T R I —
or detclbRSf ¥ ¥heslidryp evénte. , small panic turns and | arge

panic turns, respectively. Low panic turns are i
[0082]ef edamBieyTrirn behavierahigeddithepmbeiic deyicq 4 yenspamiace iy p frndom

.are preferahly in the range of 90 270, r :
dirggtiqn, Stayfing at?m erryle]&;gﬁ{esg.t c¢ iyrm all gu?%.\gégzgleo-gﬁg A dcreasing to a
lower velocity (one-half normal turning velocity), i.¢., small panic turns and large panic turns,
respectively. Low panic turns are preferably in the range of 45° to 90°, large panic turns are

preferably in the range of 90° to 270°. The Turn behavioral mode prevents the robotic device 40
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WO 2005/ 081074 PCT/ US2004/ 001504 -14 from becom ng
stuck on surface inpedinents (e.g., high spot on

w@ 20050810074 f r om becom ng stuck _under other obsPETUER04/001504
(e.g., an overhang), or front btcom ng trapped in a
confined area. [0043] In the Edge behavi oral node, the

bot i. ' dg .
o B AL 71085 PRI ORI SRR typoming s
unded @ 8Bstadled RPtanagiiiaag), onfrom Wymbdy ttdpped i obatfaet @rea.

detection units, or until the robotjc device 40 has
[00481ir el therEdgrybehavigrad aradsy thie meleptisisietise 48 folipygy the ¢dge of an obstacle

..since initiation of .th e be Laral F - he. Ed
unit s G g Pt At B E MR, ROl 0 oy ofhe
obsthdls ALtE&idrheniSH Ursi$ theROB&dd i POITial gEnéDthesphpeprtd@eimined
confined areas. [0044] In _the Wieel Drop behavioral
numbreef, deggtees, rHinpe dpitisitesaighe Eég@b@@s'lqrﬁen@fer déeibsige behavieral mode

to. main wheel drive assenblies no taridy, t
slovpginro Pyt s i srSa iRoeh i DR B Aoy H Rk PlgBibe from
conﬂﬂe?d%?asf’i predeterm ned tine, the m croprocessor then

e

reinpl ements the behavioral node that was being o
[004% e c Ulnettle [ifieal Ditap tichavieral inedej tha no¢ropiesesapraisivergesofe direction of the

.sensaor. . [0045] .1 n response o certai t ..
iR b BRI b8 S5 B SR bvalipeg) aor
sensBE GeactiOWePRNAN OfrRlcttMflRed SmbRb ﬁﬁ&ﬂ%ﬂ%@es}s@r eRYéifiPWients the

the robotic device 40 for a 15 predeterm ned di stance

behaietal mede thanpabbeikg exectitediprior hotheakbtivion af thegvigsedwp sensor.
0046}( Wen a safety condition, i 8 de{ ec eq by the 1ifF detect

[00454 s ol LepRRsS fochertalt eéfpgtsae.g.e?(ftg@ 107 0F 3, Wiee éig#pp%eﬁégﬁor&c iff detector,
the %?erleh 184% Shob & i %téchﬁ) G&F I8 RRIMHOBBEHKGE 4 for a

notors to be tenporarily cycled off, or a wheel drop
predeestmdiedatistanceland thettetimp thacnugs enisonoramt opeatte spoed.

%eater that a predeternined. period of tinme, the o5 of tas]
[0046dbot Pehenansatisy amnchtionge Aeiesief Py YeieatpTBORFCE £S5 oS of task

'R | LR . ily cycled
con B 0 B0 S B0 S5 PR AR bty
off, BPEeshebldrop Bensoobiat ¢liff deedtivg séfiscametivatatt flen gredter thabe predetermined

representative of the types of operating nodes that. .
period of timei thpirebatistdsyics ¢0theencrablysyrled odn QI stats- SI@?E&UOH: an audible
1 skil | gd i n etlthc? art will appreciate that the behavi oral
alarIRY Pgedttihed  above can be inplenmented in ot her

[004#7Tbi At fQBsoiARdesetiftsn SDEpRaliRhatierall efodesetfbr tiee mbbiiedevice 40 are
a’ 25 desired result in a particular applicatiaqn.
intehd@}®] beAcprasdntaitve of the trpastaf opets{ing Bredes affan pedpplemented by the

d y i i nat Lon wit ; R
rob&t@v egf'i%géﬁ)g ;Ql’éﬁy s[k;).llgedg?l g%l,lalr}ﬁ tallﬂg ggpﬁ%%lgﬁ E@ﬁ %lﬁéb%@%\%l?&é ?/rﬁ)\ﬂkg §escribed

abo@&l 8 mek Anflehentsd i &hércontARRASAd ther hbdesfoarn e defiged to achieve a
control signal that controls the novenent of the

desirebsilt irepirtieulatgpplicgianhe notion al gorit hns,

004+ o s PR AL S g B TS RO BT Efpibation with the
robSiS &&gﬁ’:é)moaetnﬁéndé IREEl Ay ShificRAtY BRredf, by ddaigGaddt@ministic

contr al gorithm The navigation control algorithm )
contputienti@s the foefi bfia cororol signal thategotrels thaadvemeng gé therigbotic device 40)

to the motion algorithms, including random motion, autonomously implemented by the robotic

device 40. The navigational control system operates under the direction of a navigation control
algorithm. The navigation control algorithm includes a definition of a predetermined triggering

event.
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event. WO 2005/081074 PCT/ US2004/ 001504 -15 [0049]

Broadly descri bed, the navigational control system
wanasnstone direction of the navigation controPCT/US2004/001504

al gorithm nonitors the novemdAt- activity of the

robotic device 40. In one enbodlnent t he nonitored

TSRS, R o e bt
nav1r%gﬁ$1b@6ntﬂﬁ bRlokithe! A¥hitorthd 'i‘l%\)@ﬁfenﬁmy e fHe rob&® device 40. In one

tored 5 noverment activity is defined in terns of
emboldaméritnthe amnitoeniusoyrossnt agivityas defiredrin bt of thevipositid@history” of the

rob% g%vlqe 4%ee£<5ﬁs @mﬁgge&ﬁlaéag%gkwgl nath eﬁé@@%ment the monitored

. movehl ﬁ’bét%l flS Hgﬁr{eﬁcﬂ? Qrin§ of B¢ "ﬁ%tzﬂl@aneyﬁ’s%bsﬁfb%" of the robotic device 40.

rea I zat i he predeterm ned triggering event,
[0030)e ndke gastdemnained duiggecihg syt & gpeifateesutancgen eomtiton in the
and conmuni cat e control signal _to _the robotic ) . .
mo A ety atihg g%‘h%@”‘i"o G Wohe FEHizeY jthe pggetermined triggering
eve toﬁlg:tﬂ GiodB¥h A Lo l%gﬁéﬁtoﬁéra&i@ tc]-g Eﬁﬁ@&fm&ﬁnﬁéﬁ%%ﬁtrol signal to
Adu prescrl he con o signal, 1.e., the
the wbeﬁe devieel 40 0nhttesionse ﬂfhﬂhs coiited Gignbke o‘:hecmhdlimdevice 40 operates to

. represents a determnistjc conponent of e venen,
implgmpeng ¥ 9X€’<9F1’_fet %@ndﬁﬁi%ﬁ%‘{’?ﬁew g capirol [SEEET q gegcribed conduct.
ST N
robdtieddvaseqcst ati on 10 coul d danmage or nove the base

station into an 15 area _ that woul d nmake docki
[005Hpos SV hilesthe Tohatistdsyiee 48 ioyasuwaing uﬁ@llumﬁaqhicw mproach the stationary
bas%§ Jilﬁg%l E(B Sont%ct%gkhg}eggged%%{ogl\e/gc g{éﬁgégg dr I?r?og%%ﬁéabase station into an

are@RI wH@d rhake dﬁbﬁng 3mpddtblaVvDhdalefors asoignak fGiktiogalithdiesirable. To
bei ng transmtted fromthe emtter 18 on the top of
avotdhiaa m@n‘g@q;)@aq,zthe trape statign AP n?aé(rg?@eré?e Wogl@gq:edsdg,@é 60, as depicted in
g 60. .from.t h S
FIG, g 3%18 Iaxaldg%ce 51%n&e (IS) %e ?(I{al % %&ai% f}/o% ﬁlseeemltter 18 on the top of the
bacﬁs%ﬁ 89T he eAdiftrie of GRSdvdRTaatd ﬂ?ﬁal 69\tfroan fheTas TticH01.0 may vary,
t he avoi dance signal 60 need on proj ect a distance
depsuding on pradefinedpfagtoscsettings, ws a;et@mt pioptharroppigesations. At a minimum,

the g{l](é étrecgtéltg%ggh%gge ;O?? }}sgg\tglbe% ﬁié}rcl)t tp-légoets tﬁ%ﬁaasg %Fition 10 from
uniftknfidil BasiSotStift theRobb? 401 ‘Fhél chh@an@e dighglsn@nsearétend from beyond
feet fromthe base station 10, depending on the
the @plp)}bhemjabf‘diln ba@eo@ﬂmn Metaeyp torv@déo@mrdﬂaswgragf haipmahe base station 10,
icte onn|-d|rect|onal (i.e., single plane)
depﬁ%‘ﬁpﬁf’? %ﬂ'ﬂn al t hough other signals are
[OOEﬂnt e'ﬁgré‘ttﬁg aviiddiee §%nﬁ g0l iy Epitied a®hn §inﬂghﬁec~°¢foﬁﬁl| (@B3aEgle plane)
eams or signals. If stationary beanms are used
infiamsdebeam, akthaighfoithelr sighals ardoentecapldted,sucly a&j@plumlhéyq gﬁmggle stationary
cover age ar und t he, base station 10 to crease.th 1d 4
beaglR Al 1t HELOBBORPEISAE VR ROVEVER T AgbsAuLd provide
. v,
w80 AL S RO O ARER AR PRESIIRSoic 4
encoolteting thabev i Wehed Ehecderectdr t56rof itiesroboiin davjceaty neeqmsrthd avoidance signal
to avoid the base 30 station 10. Alternativel

60 frgmdhe emifisilSethegobalicgerics 4P Fan It IS SOYEPASIE %&ﬁeﬂgtotweld the base
s’catk?é?hS ﬁ).SAﬂéﬂngpvely, if the robotic device 40 is actively or passively seeking the base station

10 (for recharging or other docking purposes), it can alter its course toward the base station 10,



10

15

20

25

30

10 (for recharging or other docking purposes), it can
alter its course toward the base station 10, WO
wQo@5/0881074 PCT/ US2004/ 001504 -16 such as byPCT/US10041001504
the base station 10, in such-&0way to increase the
chances of encountering the hom ng signals described
wi th respect to FIGS. . 4A-4B.bel ow .[0053],ln certain .
such i ATERE Do G5 SRRl db Sk Y (PO R a6 i hgountering the
| 50 AL it 25kt B6 FROS e1A0hB pelent | al
homy}%%é@;rence from sur?lei ght and other IR sources, nost
[0053R delni ceetgin entblimbntass eodlimated 8 amittdr ds ugedy sshaks Waitrony p/n IE-

] eSSt G TEBHE O S dois,
suc}gér%%%l?{rfc;cr?tliﬁg%s??em LG 45RtahRRE offfer IR chiimunkdatidA devices, emit

he present invention, additional
signapdudt adydre mbdiutlited b Bleren,dbe emittersgiée A6 yodubate thexoaaps et 38 kHz. Inan

ety SRR SVPHCEy FUFEHELOGREoDEF P BERRS of & Heduency, fo
exa@gfgig?m dif%&ﬁ;@rﬁ Yhe ﬁcth%eﬁé&%f@@ﬂ%ﬁk%l%tre@%sgﬁrgﬁms interference

, as are t omng signals 10 62, 64. Th
wittesthedRnguipehdmd Geaenally | thasvdidanae yigoaddsis avdeds ed are thechoming signals

such that the robot 40 can , detect, the presenc f
62, ek c RhapigArgoding aathpd a3 we e R tﬁﬁtethe robot 40 can
Lol : :
detﬁ%‘g@g E)r%l?ﬁq{ﬁggx? %ighéi eveh 3R }oo¥E0 ‘féé:%fve@ n&@%ﬁlg F@%@S%lmultaneously.

oh fromthe avoi dance

[0054] T i kK§ghehbeer adéaiable 1601 of Heradidtion fonh Bieawoiddacesgnal 60 strikes the
behavior is triggered. In one enbodinent, this . i )

detegton 20i e ro‘@é’@é@savp]:d@nqaeolpﬁbgvmglsttgggeﬁ@ch ]]nrpn@egg)@d{naeqtﬁgls behavior
left until.the.lR si f :

col i A0 05 3181 B LI o el

TheFobbtQI0. th&PicBMinBYits Siletious mdesh.r Spinhingdeft isedesirsd Bt @ntmin systems
because, by convention, the robot may attemt to éeep )

becatlsk, Wybjoazertions therrgbetimast atigmpt rykeeplallakiss todisaieht dgnag following

The r t! voi danc Vi: ' j j Y N
onethat DDy VRS LAY oSN Bb T M gb i e
on Y& AEevidinad siffal G0N TObee @fbaiineRnthe debetadSDactsas a gradient

50 acts as a gradient detector. Wen_the robot

40 ..
detestrro Wasr the so0hos 40 sncaymtens yrraton af ighes B3 intgnsiypide rofad 0 spins in

40 ' | 0.pl .. B t 0 i
placo FiPatts i ety RFE matidiR o 1 MR8 fldTbecquse the sobot 40
doek ABOLoAObaclRaR], AR dEYG JDatkiRI Peest it idaleadh®IR bflensity before other

al ways "sees" the increasing IR intensity before other
parpaf the robott4fe Frolsowpinrtng ipnlace capson tharpteqtoniOdeaneve g @gegion of
sec I R IR e OBl FEREEPAF e o mrosion of
decfb%Q&ﬂ‘R?iﬁténXitﬁD\é%¥ FOnfthe 80biashRlsigndesy. eased | R
Intensity - ‘away fromthe avoidance signal 60. 25 )
[0055]055]n bthenémbodiewbisdihadasesstationd Ojagladsestrapltiple coded emitters at
_includes nultiple cod emtters at i fferent, power . .
dlf@@pgp%wgrle\gﬁlﬁ 9 E‘é‘tfllétefsﬁgc% W eif RRYVET 168 1qgea\ﬁélﬁte&15(¥ﬁ§n%mult1plex1ng.
The¥ glte 2 Rhed tﬁ@c&ﬂéldts\ilégﬂaﬁfih@%hicﬂ—&%fe hE S8R 4090 aRNEAtE Cowards the
coded signal rings I ch enabl e the robot 40 to
basa atatigat @ fioavnar devay hrethe becne. Thias, thwrobet 40rwoulflde awaeeofithe presence of
o e o T e RN A MU D2 UL 64D, dcerminin
jeh ok Rel 08 ' 'S i}y tOrobdP4K 184 its motion through
ho‘g grfié:b ﬁ]kﬁ%enrg&?&%% %&vér{r;%g gT a?h%“?%%ﬁégg’g breoen cl eanég,mo on .Oug
the @R dieldNotiae3aid avghayient sfdRrenbrgyy. Ahansbe sigh ©f thetgradient is negative (i.e.,

t hrough . .
the detecteg energy is decreasing with motion), the robot 40 goes straight (away from the IR
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the IRfield to neasure a gradient of IR energy. Wen

the sign of the gradient is negative (i.e., the
w@letsos®d4 energy i s decreasing wth notion), tPET/U81904/001504

40 goes straight (away fromthe' TR WO 2005/ 081074 -17-

PCT/ US2004/ 001504 source). Wien the sign of the
soEAIeRdn ths sRATrk n {
O o e ol RS Bt cRag) Wbl 2 RBor 0 tumms. The
netegfecinto ahplementmy gradienthietdent alpdrithmy'Owik cleniobat 40 @@aping from the

t he our ce of the &\éoi dance, signal 60. This gradi ent
SOures %tge A dapce signal ol e fhis gradisak Methoddwarraleo by used iy sealighe source of

' at L [ i\ l.evel $...
emPANRrBls, SR PROGRTE b 4t oA I RRURE i ety cven
withletter meastioodetainihitéonr @thsiagndgnad strarpgi.h. [ 0056] A
f | owchart of one enbodi nent of the control |ogic of
[0SR abiflasiieert BEAR sBboditment of thegqwiiel ogicrafche gvoidanies behavior 100 is
t et ] ' t.ect .
S o a0 P o Bleg kRl BB b1 PR EGRFEY B detector 501
an avaidatea signsl @ndl ab @viidartte sipabledD isdbrcle@NBE rédt 4D @RE®Ss a turning
. a turni n% direction 120. The robot 40 then begins to
dirgction 12H- dhe reles 48 shew hegmsito Ry i the chessnslizsridemenil the avoidance signal
' [ 0 r t ..Once th
0 58 Bhect Je R0 RO o IERESE el 881 Bt Pt the robor 4o
cordueciih® b sintadditiondl dnefundM4@ A 4Rl OIafHé%Bot]lﬂ'%l turn randomly
such as 20, or the robot may turn randomy betweén 0
betwigen 4381d [33657] While in flowhart step 120, the

o AR P VAo LA LD 1
flowOdrt Sownqs iF‘PG._k@lﬁ,% ﬁgéﬁ%qubcﬁ@%oﬁggﬂgg% I%Fﬁsgt't}fctkeof tHrobot’s discrete

interactions wth the beam The ro

intéragroasemthshabemunthe rdbpt 40 frsl B2 renfntodlcountrivgroad 122. On odd

inte act;ti ons, the rog t 40 chooses a new turning

nurgy "F%‘i’ﬁ BRCHORRJBRTPOL 29 chaosgs a pew twpiwg dinspipgreraadomly 124, 126; on even
. cen

B B AR, o o 10 g afiH I R che BB byl o n e

altemmative Sithe sebonkD aieycihoest whith tivedtiohino alrn AEAAGEM. 1t wili ddntinue to turn in

nti.nue to }lurn in that direction until it has noved

contl,
thafa‘%?iﬁlf"il enight hag mevgtasuibgentglisigice; n ot her enbodi nent s,

r i ingle.direction or
(00550 o 7St PSR shiedo'ct EnuR Bk 15 686l GRefim o choose a
dirdction sanidomby) eWhieh eled 106, 40 AlwaRytugtin Shel@ifedtidondit n@Tbet B¥ck in a loop

turning away fromthe beam bunping into another -
by pEripg avay ftamdhe bean. humping tharsther ohetaele in eodsedmning back toward

' ' rni ng, awa bunpi agai n, ., ad
e SEFRE B B8 b BN BB RPN b oo
the gotst AQloalydtufredh beihgld dire26s aattRRéduéntPal il tol R cU@EWEMRIn areas of
certain areas of 25 the floor. Thus, where the robot's

the flaate Thys; whetwsihe wbet’atsk istosamplathwotkytusaly thraugbest agroom, a single
i PBigh 5 B8 5HE 5] O PRiaBln 58 MBh g e oo

may thif) bAkCthdFosh beeh, his of drRPunt@$ tid begRcount ers the beam
0059] Again referring to FIG 6A in the enbodi nent

[0039] st dgamupfertingta Bikb1A4 tha embodimenadbistep d4Glth2dbr £0murns an
t.he lo at. whi.ch the .ayoi dance sjgnal 60 is | ost.

addﬁ‘}?élagﬂc e et Qe e anggarv_s Fiedal ¢Gis leghe The arc of the turn can be

variR@ 6 bAichiaPRibof 0 M?@?%Logl?tl*h%rédd{[ﬁﬁaﬂqg{ LA prevent the robot

turn helfps to prevent t
40 from re-encountering the avoidance signal 60 immediately after first encountering it. For
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40 fromre-encountering the avoi dance signal 60
i mredi ately after first encountering it. For WO
wWQo@5/0881074 - 18- PCT/USZOO4/OE%504 vari ous PCT/US2004/001504
applications, the anobunt of additional novenent
(l'inear or turning) can be a predeterm ned distance,
vari§RH Blidticht The afbouhtblaAgiiBhd SHARMAE IRYr b GHHIS cfn be a
rang m conponent. In still other enbodi nents, the
predetzimired distaricd parpde rethag,iooin the pltemetiveimay encéudsiamgnddne component. In
...robot' direction until  the ayoidance.signal 60.is no, .
still B S Dexdimsatse he T8Ol YgBET BUGVIRh GRS GG TeuBigE B fobot's
irecti 1 iR iOn@ ¥ od3R i@t d £ br bOMsBSbdd¥ove, the robot
dueé%%ﬁ a%ge sig%éfpgg&ﬁﬁgd%%] FFGS. 4A—4C¥depfct theOve © robot may
turnrRAIRIN1G beedes ©° 40d i B5vafter tusingsthagesidafce skl 60y t he
base station 10 by using the hom ng signals 62, 64. )
[006phe rBISHY id\-fie vicpist the rericslerice 1A dn Nersisstages ofseghing the base station
10 %ﬁgi tt;et: hg@&rﬁggsﬁ%}ai{] 8gc ?hg 9obrog18 { E\éigg g% ‘ir}lrc'ay%géll 6 YaseNtation 10 when

d “vacuumn
it dAQSCihk Resl pheMareOREButiehe of Ghei ithasehpltedad@irgiet she room. As
the presence of the avoidance signal 60 (and 10 . i
described ebaree oncrethb ahwtistdsvicoAO detpots fhe prasenapbihg gvoidance signal 60 (and

required to detect. the hom ng signals, 6 4. .As . W
L s A S e S
witlPthe @b AR Bfal 60 8bRRIMIRDrSb@e@tHg6dnd offehtittn dfahe homing signals 62,
varied, as desired. It should be noted however, that,
64 hayngevarsidgrradesirednltishaylé he voteh Boweyrinibat lepgartsignalsisen increase the

40 fi ndi as tation 10 efficiently. Longer .
chaiie gt pcrobar i find R aedt ot 10 FilehlTol piecs SORES cppatso be useful it
the toboHE BLAYEA0 {SURIRRA il £ ParBEhiirly REES06R0 Whe18ERing the base station 10

| ocating the base’station 10 15 randomy could be
randomaly @bwidtbelipordinately ime wonsgningoHominsigned 162604 ragges that extend from

ranges. t hat extend 0 oxi mat.el y ~Ssj X_inch )
app%y%ﬁtalyt%mﬁﬁ%‘?eyaﬁé gt st Dbt batecpigts ™12, 19 yp o hgond several feet
bey QY BB hagEBeab E6dnteRFMRAMIBEIIRASE applialod. 2Nafially, the angular

contenpl ated, dependi ng on application. Naturally, the )
wid#nefithe homirgiignadsf 62, 16é nieymiangdepegdial oneppliGgiondyut wagular widths in the

dependi ng on appl i jon, but angul ar wi dt in th .
rangeaig LoD &0 M BYop OMhEISRYSREE0: ok St EFS%&V&F@& deggribed above

i e | O =1 can al so be
can%gsgg)eﬁféé%fﬁdﬁ ?\f{]lg Ilrrogglf)ifl q?%&%ggg%ﬁ&%tgt ata Icle' base stati on.
[006 06 1In Aduigéitict dperating a0 pevigitlong! eacaay hgatrigafglals 62, 64 (and even the
beacons, hom ng signals 62, 64 (and even the

avoplappeisigna 68) maxlsep usedtodragsmi dnforaeliqny includingprogramming data, fail

i nfor.mation, i ncl.udi r ' '
st T 8 R ASA AT kR b, e and conv
seqhdHces, BB, iTRRucH®i thbstamest, thiedigaltcan providathe sosiso] irfoemation, dictating
In such an enbodi nent, the signals can_ provide the . )
the eahot s s¢actinfso rerapPasad tajthe sehort A taking ¢ratapoasdiong upon contacting certain

. reactions, as e Q. t.he .y obhot ' '
ol FR I DR Th S AR AR A e o e
bas8 b@tib 10, dperdtinglab G{re&éﬁiﬁ%thfe@%nﬁ@@.@m. 40 functions as

nore of a'slave to the ase station 10, operatin

as
[0062]r ec(Tdd rofyot ieesioynaitsdending, wi[ﬂ@dv@:b]asemt@tiqrbﬁb@ccn@%ely and repeatably,
perforns .its docki with.the base station,10. .
i i aen osass B aplel iddi FRBTe Ik iR dRing sigrl g2 64 are
distPERRAIbIE By tRUHBBAE BefibR o REmpIEY al1W0 iRl qParkl gtadSsignal 64. IR
isfRRRATbEDY il tB0C Reti shabl e by t he S e devi co. 8
beaforaregenepilly wied o producs thesign@g ardds audy atemos vigide. Bae color
IR beans are generally used to produce the signals
and, as such, are not visible. The col or
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WD 2005/ 081074 PCT/ US2004/ 001504 -19 distinction is
given for illustrative purposes only, and any "col or"

W@ 2008/081034 gnal bit pattern) may be used, provPdEUS100€001504
robotic device 40 recogni zes -Wfi-ch signal to orient a
particular side. Alternatively, the signals 62, 64

. .may. be distingui shed by using, di e I
s faR S PR BRI BBt OB LA TP Sl SABAI e may e
used, PréHdeBhe kbBoticaleGick 40 récdglZe3Ivhithuignaloastienbe padioglal Side.
device 40 wants or needs to dock, if the detector 50

Alterpatisielss she signals &4 64 inegyare dstinguishedrbY nying diffesent tavelgngihs or by using

..Station Lt .noves ep. t heof i.gnal 62 on the
dlﬁ%&B{a‘%af’ger&%&HFn°§?sa%sg"i 0GR o8 BBt Peen signal 64
[0063]2N'S Mg, it ftROFFbbHE 18AsS4 G vahts @R nddds té dodkpifaRe détector 50 receives
keep the green signal 64 on the robot's left side.

the Wtlesignal h2 trenwnigtingnioms tihe/kase ajptipn A it evediwkeep Hiegedsigpal 62 on the

t he.robot 40 knows,.that the  station 10.i s near .
rob RF g e OIS Qi Er &) SRt LG T Bl eRs Saten 10, itmoves
to ke& ffﬁlg?eetnrb?gn\é%éi B0 BB0t8 I ASideN Whas thY Re! iR erlap (the “yellow”
possi ble, to ensure proper orientation and approach

zone b6}, e 1bbioA0 ik vesrthatshe basssstaion d6 dkieagby aidmantiendetly, Such a
the red signal 62 an reen si | 64 may he repl aced

sy B PGP e JRT R oREBoE BE) TodTg caplg Rogge: o cnsure

progf{}tdrfen%ﬂﬁﬁﬁﬁjd apRORA ofFh&FBbo 4y Afd SheRisshul dédkinga rARéi‘ﬁelttri]VGIy, the red

ages, a dockKing procedure utilizing two signals.
sigrbb 6Fhfil grbdn sighal tdehacborepbed by h ninglessignabevhich theablot 40 would
si gnal géfield, and thus the robotic device 40 will
follggymty dogieds t he ri ght, in direction MRin an effort
ke ' t f 15 :
(005 (7RG 42, GO S0 s ogs 2 DRI pro@Uule iR 130 signals. In
FIGs 4gndie datecton S0hein thé preeh or heft dgdad 64 dield, 50J thuSithd dohotigdevice 40 will

in FIG 4B, the detector 50 is_.in the red or r.ight
mog {giardsghe Fight & Sigeio M&lwa@fowséewh_&%ee%ng%4| tp the left of the
robgglg(g(h%n %Ya@gl?[z’ J}lg ?oétJr?gFfé Erbdvgsdrwt I%e%? ;t]ﬁe ie%%stlé%fl %{ﬂ rt](z feQkk of fhe detector
50)d Sirailhdy, ii5BIG. 1485 the datedfdrG0 i4 G thehed oefight sipnalbéR field, and thus the
encount ered, yel | ow zone 6. .At, this _pojnt, the X
robplipdevies Hevilbwoupioniards el ih dlawleetl\ﬁxow Wf%ﬁf@éiem that red signal
. 3 |
oo QUEHHR Bor T y H MABRSRA b et sl sone
66. SRE®Ek $int, ARROBARMea@/40rwitli hevarihidiveetionally diteetly, toords the base
performother functions to ensure trouble-free .
staterac k). nWhile peryeaching the bastsstaion 18 thgrrobeitrdavire 40gpex slay its speed of

detects, t he avoi dance s I . i 7]
oS} R YBLE TR 0B DKo ERTGNLEL Bt
docRipe rTHRESERI 810Nk Ae dcbliBwhéh tHe rolopa0 de@cts liageidancé signal 60, thus

signal fromthe emtters 62, 64. [0065] Various

recogstitig shahitds elosr torthe hessdtation 18neiiat spige phwt Predeterpiped time, e.g., upon
40 corrpectl o] Wit station 10. For exanpl e,
a chigpge _Frbﬁ’StSIgﬁ%l %%{[nggﬁ,eo?ﬂl]ltﬁﬁfe%%gmve toward the base
[OOESFlt | OfhribYs ndeiddBiart doneenyRhte® orZRngifptthattné tdbot A correctly docks with
u

nper 48 is depressed, signaling the robot 40 that it |
bashatian 100 Fvnetaswle, Hee todetd G eant dopAnucio mewstthwerd the base station 10

RS YRV 60 Do & caiey AR S e e 3 epgling B bot 40 thatit has
coftd ihatbed sl 1ohandihe chdoatimdh? oVérldps toRsihg kdfals 62, 64 such that

the yellow zone 66 terminates at a point calibrated such that the robot 40 will contact the

charging contacts 16 upon reaching the termination point. Other embodiments simply stop the



10

15

20

25

30

chargi ng contacts 16 upon reaching the term nation
poi nt. Ot her enbodi nents sinply stop the WO
wQo@5/0881074 PCT/ US2004/ 001504 -20 robot 40 wWheTUB1084/001504
el ectrical contacts touch theZ8lectrical contacts 16
on the base station 10. This would guarantee that the
Qt, 40 |
rob%‘glg lebe Est eﬁec@%’a% Q(?ntQ&?Eogtﬁg ﬁ%%quc%:t%n al Son Qctigé Q¥ él?é e Station 10. This
woul dBi&¥@se tHaethelrelsdt0damolviigadiet the cohtatise 6cpongitig #Wiping action that
Thr's al so enables the base station 10 to be |ighter,
cleag ﬂwe:omactjidé@ndémpm\?éthe@l?cé@aé {ntegiity phhesoprasEigratis also enables

the ﬁ 3@ Jo Eg hgla)félo %1%013 I, dgy egrg }balx(/g (’50 1%%{(}1? fggag\ﬁgceetsgﬁy to depress the

c¢onp

rob&ts%dn%br 430 FIdNeS sHodslthle rdb‘bhﬁ dpviee 80l bsapletyy @dcked with the base station
utiliZe detector 52 or a conbination of both

10. dvetteratlprthis pr{)@d@@]mwﬁlsceu’qﬂmegieméaﬁ gicompinagien of both detectors.

i pventi q escr. us of. 1R, Si
(00805 Vel SRET ARG F S oy RRARG s st LoybigRls for both
avofél%ﬁ@eeéﬂd Homvig &' BB the E‘ysfs’#@ aﬁtﬁ&eﬂfoﬁ%&'tﬁﬂ 148RhSink/enticCHARBE bSBr signals to
t he goal s. her types of waves may have drawbacks,

accdroplishathe gds. Oxwntipes of waves may hexe émvehaék&mpwever For example, radio

difficult ensi ve dire

warp arergrei el S FRS e G aRR FltrioREin R T g ffers from

1nte§f9fé‘h€@ f oA HaiiPioulRs dhé hfa?%% 'd%a&%glt%%s&s Setthwieaseduld also be
could al so be wused, but is simlarly difficult to

usedydtue i 1tss> sindlaply defifiguld i meké smmld parely dinedtionalead stendaves tend to scatter
sc tter and reflect nore. [0067] FIG 7 depicts a

andg e di agram whi ch shows the control sequence 200

[0 0@ t h% 1’5dé Qoh sGhe Yl'ch?a fin WG o VAR RABRAY] sequence 200 of the

nera e contro uence 200 includes three
rob@tubdevs&qﬁlﬂedmmg vaaseningn Gehelal’rye,athm cadrod seyugycd 200ahclofles three sub-

Se(l‘éﬁbl(ggsr %gt Iog devée?sﬁ@é%nergg esv(?a(lig1 irrglgﬂer ﬁg}%gg 4pe&215srege|29¥eferenced

e

the pighdpeyyTeve sulisaglence B10, thd ®botis devivedLpariongs its predetermined task, in
(utilizing various behaV|oral nodes as  des
thisg8es SRCUURRNG SHIAIENFIGUE RehayiPrH 48 o 25 05-5ribh 350 vgh ayile avoiding the
basggtngﬁ 5% HifeR %&d@geﬁlé Bike 2tkfion LIS, tgg Reblie adaud @@ pé]iQorms its
orns its avol dance haV|or and cont i nues
avoﬂﬁﬁb@b@aﬂmlaﬁ(ﬂ bontintbs ® qpentesanedlyt Thisqgoodss b(mtinlu&s while the robotic
robotic  device 40 continually nonitors its ene
devicevid coptiually:moriess HeeHsaaslcuslel 1y A1ariaps wetiodhgis avgiable to monitor
the %%%gg %Q)tépillﬁl! (?f“tﬁcl: pg\;l?l s%{r%%ctggﬁcﬁ %‘@51*18191%?@ e. %H%%ﬁs lglof current
conStah@y blﬁt@rlﬁglﬁhd 1@@th1 thetdevep @Mbeﬁ@ﬂmmpl)y méHsuﬁngmd)lyage remaining in the
measuring voltage remaining in the 25 power source
pov@IrtsevIce, ng)@hﬂr eevppdiments ¢fdhe Kibetie ée‘d@ﬁw“b@an oinrly egipfay timer and a

loo]? %&%ﬁg ﬁﬁﬁﬁ%ﬁﬁg ﬁcé d%tgrgrll(lpg glg}&ref?n%tgg trcgbe Ft‘% (Sf 210@%6%513( operate before it

entQB RGeS 1bdel s@iRbQlchcd Shill bRkeahbedigksy nhagMeinply operate the
subsequence. Still other enmbodi nents may si

|y
robob‘é(} fre plrmtermamdttlmpefrmd b@fqzrp Serbaring, madons rp‘gming gvhich energy

oS8 ub S Gitgony . P Yo PRI Y By et 0
1evar}ﬁ5;aé1§§b@ﬁ1e§su&écﬂw1tﬁ dS¥icaseRHSy f(ﬁkﬁifnmtthé &rt30 | evel
may ‘al so be neasured with deV|ces currently known in

[0068F ar@nce the energy remaining drops below a predetermined high level, the robot 40

enters its medium energy level sequence 220. The robot 40 continues to vacuum and monitor its
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[0068] Once the energy remaining drops bel ow a

predeterm ned high level, the robot 40 enters its
wore@sosnoener gy | evel sequence 220. The robot 4BCT/US2004/001504

continues to vacuum and nonit@l-its WO 2005/ 081074

PCT/ US2004/ 001504 -21 energy |evel 224, enploying

e LS OSSR B ST ey s
220 KR kSVer, ARLrdboe4® G%agsﬁél?tséék@” 292 th&akestRiassi 0 eWhile passively seeking

seekln 222 the se station 10, the robot 40 does
222 et bask 1statlon 118, the achst 40 dagsarst eltersits teayel ef@tren‘équstlp&, rather, it continues

aboﬁtﬁ?sirig%?%ﬁ@q@g@g%l é’&‘f‘% LPﬁL qg%lp haV| iﬁcbs tgo ce esllgngl 60 or a homing
81gn|aP@2 '& eachl FRAMicIPRay B4 folRael watil M@lr%bt %)ﬁltlﬁﬁat%@fl doeKedrith the base

the robot 40 ultimately docks with the base
Statmhdl()l dm oft@r Wordsotﬂtbér rohot digects thetameidutssigrabb@while pagsively seeking

2225jl é?};@git nagxeﬁé(zi ha%%@e@%{{é)e ass velp%gseek J;gt ql%rs its travel

cha{ae{eﬁ'?«hésxm i détectstth@h&rﬁﬁ@ sig@staza&m {8 an@mngrit ®LdRR.
unti etects the homng S|gnasf52 or 64, thus

[0068]! owiAgriatively, the cébot B0 ©6a]nuAB pperating inghig, madien reoergy level

40 contj nues_ogper.ati n in t m ener | ev
SubiS B SRG BA BT BSRinE P ek et FE i B e logdgvel. At tis
e PYibsEMRhee 790, ERdricte®Rd Yy a dHAR ti
roEp Ty P SIEAIEIGIA LOMAS B, LAk i nprion
and(Ifa&Blach‘aﬁIcteZBtici)chaccmbwg endrgy,dperadi éhmagdiscontannelpowering all

characteristics. To conserve ener the robot 40 may
incidpraaloHE A OASFIRGS.1FD 9 YCRUB At IQYIBE g Comgete Ao much energy as

pos&Bﬁrf@f "‘eR:'?i%e Pf%&’&bhﬁ’l@” YRLRY 'Eﬂerlglse Qﬂa{l&Y"l@QW}ﬁletaetﬁéFj‘ Sk dtfing 232, the
ene possi bl e for "actively searchi ng’
rob&% rhay amérétsbmvel cﬁltamhtenﬂtlds&o inhedse itachances 9f Sehng thierbgse station 10.

232, the 15 robot 40 may g r its fravel
It map dhsqeR@ricshehdorbmodes Wish as fiose eRaloyEE dpite] W&Vﬁ@el%th%(hlch do not
necessg’xﬁly c&ga%g H é%‘ a%)l{i/e %@X(‘éa‘iifs gl(ffr? a{sﬁggt‘gﬁg Eﬁ\fé \Mrg Hﬁ?éj&élberate modes,
such@$ wallFoRewRIgl |’[Shl§3deﬁbéﬁteasehklgg1 evill chuatinme vmfil thecalbat @ detects the

t he base station, in favor of nore deliberate pp

preseniehobiiehasq statiny léwsﬁlger byeteciing ths avadancesignahg) g\xe‘i?‘? homing signals
62, ;‘6% tdé gr g@&l 1c|>rbatr1]rs] % a)gl?eI g&%@cta@& \9{1}%@ §3§l§§] ag%rglcsewhen the

povidr@8ahinfly @icHebe haedl fIEg/eE; o mﬁ(ﬂl re@éhstdct tﬁérou@ thardbot 40 has taken
addi ti onal subsequences may be |ncorporated whi ch

sinesdast¢ontagtingthaibese Haton Woeaid méﬁrl@r:ﬁmggt ¢ statoredl.g

[00? @]Ibglt CI% rH§V %lltO gﬂ%yr alé’\g] ﬁﬁ%c@{ bre?e(fu% %gﬂ { 1?16& ﬁhétt ft htaE‘ gompleted its
asszhad ta8R (48, {/&u@hﬁin% rdofd)0 TRk irdkebt 1'4[) Qna@trﬁzﬁl«tectﬁlslﬁten[nﬁﬁtﬁ@l based on a
he robot 40 may so dock because it has determ ned

vartetgaof ﬁactorﬁamc@(dmg @qn@mletattlgns @ggﬁd@ger@oma%q@, (céalgun time, total distance

AL e S8 b 0L Y GBS i rorame, in

the'basd 44t 301 CAHMBARAIR LN M gd S§aELS hBoihRAUT Sk Bee. tlgf)@ﬁ determmmg that it
run time, total distance traveled, dirt sensing,

hasAlotgeied ity tﬂs};z,, the tabot dbwill albsr 1§ngl5;chawtﬁr1ﬁ§Wn@gder to find the base
11? using the base station 10 and/or walls and
sta g(gqlblﬁﬁdéfcts as points of reference. Upon deternm ning

[OOZF‘f‘t 'éncenﬁér&%m S8Rkt {h8 bh@Sdtatidnh®), '[t(blﬁﬁfrec‘ﬁgrfg‘éﬂlﬂsélf autonomously.

er its travel characteristics in order to fin
Cirbaisrg wittin thedrasd Statjon tkigtects the presence of the robot 40 and then sw1tches on the

charging voltage to its contacts 16. The robot 40 then detects the presence of the charging
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30 [0071] Once the robot 40 contacts the base station

10, it can recharge itself autononously. Crcuitry
wowvaokiosiorvhe base station 10 detects the presener/vb20041601504

robot 40 and then switches on2Zhe charging voltage to

its contacts 16. The robot 40 then detects the

res e of. the chargin 8107 .
volt e R O S 08 19 g e Taarol Rt ot flow into the
battéﬁrys Th BhEERBOditleat) SheStaRE stBONETO SoMtdieda bonstdnt-Qurentity R ¥witching
ffowinto the battery. In one enbodi nent, the base

chargtmtMexiniign cemerdiinkmed trappamdmeteht bA? ampp evaniindeha pleprt circuit
harger. . Maxi mum.current is.linjte approxi .

confN38 8B PHEHIE ST e e, SRR LI 2. o

con@@ﬁj-dﬁﬁ@hﬂéﬂa@éiﬂg dird 81 WiuBad to\chhloa giee hadtely il th€£bbo040 via the electrical

approxi mately 22vdc. This 5 constant-current charging )
conmdctions provileddydhe eontdrdy Heon the base station Gandiboseginghe yndercarriage 54

of thapadls 96 wbifwentedbE el SoRma Rt diae
[00‘{%1 der gap&hfgSvint thtodol 80 IORRy i t{d¥nse5RAcH 8 Rhe Marging contacts

i s charging sequence is detailed below. [0072] .
16 watingeseht five whiid, Eintited to dindt mainiusn shwarycifougreutthet hevseThis low

station 10, the charging confacts 16 W. resent
Vol W BITEERt TR (NI ok R L ARl rEg L the contacts 16
thuscl%{lg&ﬂfg tful:nﬂyé’afe-liﬁ ge dvnt Oy ¥RlchAESEl BYheHahE RhimAERAE electrically

condition 'imts the anount of avail able energy at the

cond@diivaobiectst, Thetcontmcts endbe intlgrdatmiage Sdfod thewobbied & wéeh contacting the

they are_ contacted by humans, ani mals, .an . ) .
contapsgir s Pyse SHIBIEL PRETOBPECES 1oHH Ve 33 et alogg iffen resistor in

' the H%%Ea?@érlifa&%aég gfg[l};ig@eﬁ&keg_t/oﬂ&e HRAL. CORiEshiJREssbat constantly

cont'ac 6 on station 10, present a precise
motiesh teivottagoadodshthd corahatnts wicodnizesitkislewarvoltage.t Abis voltage divider

base station 10, creates a high i|npedance voltage
crezigs A EFLICAONRES, GHISHE S381Y 2 Koy @hﬁ”’ing‘tcﬁnt[{’? fenthe mypvopyRegssor

t . i i t .
st PO, AL A BEDLRSHE A4S phREOGRLESS it cbor 0
presepeCllid @icroproegeor thénsmorond marsistorismoteh thed ldelieens @ higher

When the m croprocessor .deter niangzs, t hat _t he vol ha e .
voligae/cyrzgnt hargn ((spe e of paeging eherrghefes infarnal beey o thg Fharging contacts

t raho i t T . m r X r: .
16.:gficriiy s bt B SRAose ARUGIL Y G REP BREnk PR ofthe charging
circv@tyaerdig s kigaslk tabasiote (R dpahs, ehabbycharigniig thixehe robot 40 has, in fact,

robot's internal battery) to the charging contacts 20
docked. Alternatively, the robot 40 and/or base station 10

0088 ! SE6<Y gairis Pispoagirter PRIty Eh5AHe. Wi fve vols
bei&%gxfeisén@@ 1B Bhsd $i8idnOR e thé Goth@Bresibtor fintders RUOLKRDR116 to hold Q48
[0073] FI 8 depicts an enbodi nent of the charge

r .
andc@$ offiwhen J36 fisimedontact with thefinitial losy veltagpstatry Hriedivjdesalso provides

t he base stati Lt,.Ls.the job.of i r . .
the Fhorapeciensa o0 Ralys oS it BRI Sl bpye-gpsr diode drop
of 329 THis TReFHM Bhpedthddls iR rieh nithal rebiStor #Otht @86k &bon thus forming
his divider also provides the known inpedance of R101

a voltags dRiddr6 A windevacdraparatit ¢irqeitouithin the daskingstasiondealsdpr a specific
di ode dr of. 8. Thi heveni n .i npedance ,i,S_in -
votlggf pizale B o oivalers DB i PP O QoG T R o fflgscance islikely the

robBP{ﬂa e Bh¥PEIRAGEHE BHAYE it théh MAIRLRWIE BITPEY 3810Eapable, 1.25 Amp
cifcurt wthin the docking station | ooks for a

chasgieg ivbitage to the robot.
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vol tage created by the divider. Once the base station
has determ ned this inpedance is likely the 30 robot
w@ ps/080ne ot her conductive body), it then del PeBPUS20041601504
full 22 volt capable, 1.25 “‘charging voltage to
t he robot. WO 2005/081074 -23- PCT/ US2004/ 001504

074], At t et.af thi.s _hi : ,
100ty gy B o s e ARG R RIRE e 8824 are such that the
requiRGnkLATE b tfuen BRIQA8GmE I respectddy.alids s combination of transistors

respectively. It is this conbjnation of transistors ,
thattthert altaverruaienbiasflow to datontheard ook dectieaics enbyp allewingilag robot’s

el ectronics only..al i ng ot ' r 0
progasis i BRiRs &Y it ' i W BerhRROhucto aREBRENSAN el
[00951P! erde Badrhve, thdrobBOY Bloceieis BRArabld téletdchthepRdehcesof the base
processor 1s then able to detect the presence of the

statiraswoltage viniRdr 3vaod Rigeandiifidmiving tampiity drivgapofars. Once stable on the
drivin turn off j.ts driye ors. Once stable on th

chafgag gy % S aigs tnedomat Rt Ristessh Brindfth B Bfterdfrobot battery

andRieCRE SRR ah@ WHRRSBE 8f ERgind ket lcydle RotecBed WREY all@Widg current to
deci de when and at type of charging control cycle Is

flow ésol & hattery. didr ewamplecifithesbaiteryols af I bvlisathentihig acceptable to turn on

atitery.. For exanpl if the battery is 12 volt
Q43 s O vieG e SR B BB e oo A vEe eto Fat Ead T U9 to the
batie S SHint O kRls, in order to allow current to flow
through FET W9 to the battery on a continuous basis.
[0076)07 6]If, hbweVeoyhe dattery veltiget is degmadolessathan b yols éhgatetadly svould not be

desi;?tﬁgWS@l o %I}Sﬂ ﬁJilng.?rglgtﬁ:{) ?]llol&y tp}éc%a?t@?)? qt)]rég g%tfnglfs)% @%llsg ”lthoe reason this
confAfL DR BRI 'ilﬁ THReraL@RRME pde so&RB WithilPhe TSOCTis a constant current

concern [i1es in the fact that” the power source wthin
chatdee, viih insll adjostrisst @mputcottagend beSlighthrigeher thin thh badtdrly voltage in order

adjust its qutput vqQltage to be slightly. higher than
to flave] BaeA By Lt 1P f08F GRES: Ths Srighpert i S gt B the battery

' . . Lol
w0 RSSO il v s
outp@s@liage fohrzopatlvertic atcesany ¥ oblt dxye] ndeded exapepdte then board base

volts, would cause the output voltage to drop bel ow
statiqpeandgpeielgoironicy §Vife: | evel needed to operate the on

rd t.al i . ' ' :
0075 RS P00 Fe S e SLER QDL R i o e e
confroPlih& perwiith t01Qd 7] sich dat the ehbgy Glordg@eapadiond ihdoth the@obot and base
pertaining to @47, such that the ener g%/ st or age
statgeyagintain enqughishinge thkeapdhelt regpretive sectratias Watking properly throughout

i ntain enpu har ' i .

e BT P 00 8B B GR HLTEH BIRFRL bt g oo o
pul BdRvRIEh mbaglaBBe EEdtgils Ry ele Ere8BPR GhdrOuStad e BRI tharge pulse. This

repl eni shed during the off time of the pulse width )
scepeuutinoes Wit ithy brjteryasdeen ehpagedite theeaintsifagra pgoptiaious charge is no

next . charge pul se, This enario,cont i '
long ol bl el AR R B OB IRR AR bontoolcan become
a stefPldyBuous charge is no |longer able to bring the

supply voltage down to a critical |level and the charge
[0088ht r Hineeathistpetsermeidthameduletian precask in thixosrghodBnertaeki¢si an software

corfig Hatth RogiPp e SEBrGr. BoRu itk The RGP 25§ 1qgh are important
Th@fe%ﬁﬁ@xﬁ&tlt'th&%e@ fpirtHoP cRREnP 2SR & LRArb@NvichdogPBé incoFRrated via Q45

| mportant.
such that a static high or low state on this signal line will disable current flow into the battery. It

is a requirement of the robot processor to continuously pulse this control line in order for any
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30 The requirenent then set fourth for charging is for

a charger "watchdog" be incorporated via Q45 such that
w@2@bsasiocs hi gh or | ow state on this signal |ineCTMIB1004/001504

di sable current flow into thezﬁattery It is a

requi renent of the robot processor to continuously

BB B G 5 PPy g g

dischh@e ok ofter batiely fadibd gvéstoRasieseating phodRsging pioﬁilé: hmerally, other
due to electrostatic discharge or other battery
conirel andgglateddpil safe selamassopdde; lﬁlélzﬁche chargi ng profile.

r h control and r
lﬂﬂi@ oo SoreEehpERE Gl G YRRl RR G ures. ven though the
SriibtSBPME REFosel Ml efsigiRad .t BE&dauey a §RtMcediSahds i8 Sequired to
even though the 5 charging contacts 16 are exposed

creaamai spavifigyolege dBpomusse the eptasis ioewhassthe barediesense voltage is present (ie.,

uire speci fjc vol.t OB 85I @SS the
whesgfle 5L 40 & ngf dfe s et e defied 2 6B e 0P A Qldtal contact
becéﬂse Ghe low\RBE &Nt RBREMLs. | AlsBOhe Q%@@éﬂﬂonﬂ'@%ﬂl leYer$Wwitch to the
danger of electric shock due to accidental contact

higlire valisge/qunent loviels berasacthe sense cigetihasheisateral e ,prftd@termlned range.

b t at t
SR T AN T D A ——
voltrd é/cﬁ{’éﬁ r efistchg o pleal Rl 8 rdﬁﬁrox&@até@@ﬂ Volte/128%@nps maximum.

ation 10 does determ ne that the robot 40 is
qunnésmdvertem caigddt veewsredhiiriop delgveny of the chargeyeourneait which is unlikely,

I n urrent . is limted t pr.oxi teI .22
sincgJhg bpt S e S bhmockean Sedctn BRDURS kiTFRe ghlifid would not
I harging current --
proQffHRE s SHffdli}ﬁF% e o s o 44
[0080]f ectAnediey ldylebtﬁ:ﬂmfdtjn(s affondeglcysthd Base-statioe 10ahtegeg for the robot 40 at
del j vered mould not present, a serious Shﬂfk hazar d,

regular injeryals. femyag Yidleyes oBgs rSninBis g0 RS Mgk Ao F MEs Pero%ﬂcond or more.

L e G

hunedig) ethp eharping ld:txﬁeﬁtﬁ:oalsd Tpaushint dtswﬂ.ﬁnmjedm“&:l}p €rhis smmcbrmlntlon applies if
Thus, in_the event th

nor e.
the ap@taeaééaler FshoFh e tosh i Shegip b 01f§> E@F @Hé?r IBSPHHHnaHY or accidentally,
heh b h
for SRR s AP B BT BRS ORI . OF ST

joospnt a%ﬁadﬂ@tlcﬂfaﬁsﬁé@ féatGrerof thi$ elthriing beduece mb@énm&verheatmg of
docked (either intentionally or accidentally

20 for
Coné%@éﬂnkﬂ due tpfintepiéonab shertingorgradatione ¥y thermpa ch °‘t“ﬁ greaker or similar device
har ] I
canfcog 5 rl%%g]& %1%1%’? h’gérs‘?alsk agg\geé'l agﬁ‘grelf%pg)gédeeg{&? egﬁigﬁﬁf Wi th a temperature
me#&¥uring @itira6fise. 1ﬁ1edd1|1%uit Brdaké® Rowevea) provided the gd@e[ntage of controlhng
oxi dation. A thermal circuit breaker or simlar
congash teamepeeaipledn St avenpelrd BicHIRTAGessar £ Roftware failyre aédéltlonallm the base

statéqu{d) %{rq%ﬁt? ga%{‘?és qlﬂl?@lﬁglgat%\g {élgﬁlato rg%? ﬁg&é@%grs‘%ugg %%dr{ﬁ% subroutine or
cir@HVAREIRIR BE cGARLE S skdni aillite. CTHYs@ Sdfetl RORILSI8 Ity el ificdrP@rated into the

event of a mcroprocessor or software failure.
“wadatlag’” deseribgd abdwe. base station 10 circuitry can al so

0B BE " AL e e Db SR SR e

mafrﬁéﬂaﬂé@or i §t1eséﬁe%fcé/ l‘ﬁ%ﬁtﬁlﬁl eHFBYndIes, HIRCRbBIPERompletely recharge
into hdog” descri bed above.

its power source or only partlally charge it, based on various factors. For example, if the robot

40 determines, through the use of route-tracking subroutines, that only a small portion of the
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15

[0082] While docked with the base station 10, the
robot 40 can al so perform other 30 mai nt enance or
walc@gnoesri c checks. In certain enbodi nents, theCT/obmN4/001504
40 can conpletely recharge i-28-power source or only
parti aIIy charge it, based on various factors. For
if the. robot erm nes, .thr

4
roorg Sl eieet FaCRTNBESUBPB IE B, PHARbSHESPeGgraring to complete
cleaﬂﬂlr LJFPRe Tgonf he NoRe<E0 ﬁ{e%%)c% B4 {“éé%-?fgﬁ%%é E%re re%§n1ng to clean
mstill requires vacuuming, it nay t
the mom, it option yeldoefvailable.etfiheiabgt 4Q)hasmtvp1pétt’t@d 1ts: V@ammn@ of the room

priog s inga iR Sk L N eec LA eloA0Gth S (ot iternal or
t Béahih& By @e. Whilkh (i@ Reha-BP nfdRE, the robot 40
eXteﬁ)lpelnjpjm’elgg1 l?gtlz&vacudngg% Sf ‘the r oém pr F}gr to d(e)(r:?ﬂong mey
conﬁlﬁumma@ﬁﬂe itsfenbigy levetsheadgeay Bagih cliaagidg bgqubmceawaon realchmg an energy
(ei.ther, inpternal r 5 external) to begin

leveh églpwcar PEAPRGUBGE RBOURN iy @mq‘ﬁ“’f’lﬁr hegobnt 4! i Wyrfﬁal@tauf B gonstant or
o S R L AR Rk e
the @dekiggyposittsteduches diagrospit daetionsyiimerhabmocirhism cleaning, communication

Al ternatively, the robot 40 may nai nta| n a c&nstant or
withhe aetwesh i sl4 m?nlﬂﬂﬁ@%ﬁﬁlﬁ?%st%ayk%@p § pesfogmed.gy | evel s
or hear e
003 DRLOBE e LASTn SRR ML Ecd 8 ARy
prefeBed @mbs&@nfdnﬁaiﬂtlikgpremmnﬁ@t iother hddvidations sfaheviarviention will
or data mani pul ation functions nmay al so_be performe

becq?nng 8Bpareiit glqsh glriledyinthe pEdionythsdrachings hewelt nl hpartigiy methods of
a{%ﬁg%ﬁ?s’l rﬁ?t?gsn gféngpédq{e\felﬁﬁ ex@fng)ia?{r IF %t%’r{%ﬁg faﬂ;:elgﬁ‘t%o be

conéﬁ&%ﬂ‘lﬂnﬁﬁng\ﬂ Itlis theeEaadedRdab 88 keduded inakeakhdddecaints all such
the art fromthe teachings herein. The particul ar
modigicaits apfall Wﬁhlnftbwmﬁbaw(’@fé@ﬁfb? investien. st eewedigely, what is desired to

ve 514 R PR e bPeNEE SN ROkl B8 oovin

claifgcured in the appended clainms all such nodifications
as fall within the spirit and scope of the invention.

[008¢]c or Winalis/claimiealtisii s desired to be secured by Letters
Patent is the invention as defined and differentiated
inthe following clains. [0084] Wat is clained is:
WD 2005/ 081074 PCT/ US2004/ 001504 -26- Clains 1 1. A
nmet hod for energy managenent in a robotic device, the
robotic device conprising at 2 |east one energy
storage unit and a signal detector, the nethod
conprising the steps of 3 providing a base station for
mating with the robotic device, the base station
conprising a 4 plurality of signal emtters including
a first signal enmtter and a second signal emtter; 5
determining a quantity of energy stored in the energy
storage unit, the quantity



6 characterized at |east by a high energy level and a
| ow energy level; and 7 perform ng, by the robotic
waelewsogL07a predet erm ned task based at | east i PCPHEF10006001504
the 8 quantity of energy stoPBd. 1 2. The nethod of
claim1 wherein the step of determning a quantity of
energy stored 2 conprises qﬁgﬂgscoulonetry. 1 3. The
nmet hod of claim 1l wherein the step of determning a
1. quUaDiietnbdahr SResasdeement in2 ool deas, etrbbay devideremprising at
period. 1 4. The nmethod of claim 1 wherein the step of
leasbaref energyrjoregeunt ek Hgnal deigciondhe methed somprigyng the Feps of:
quanti.ty of ener tor ds .t he hi. . e
e repvisthed haregatth o REGTe SR RuF oblidg 06 btion pomprising o
plurh§ JreRRhl GnkeM if€udnAY Hrstaigdahembfs endh 8dcond sighal emitter;
reSponse to reception, 4 by the signal detector, of a
basletesmirtinga quarditylafensrssi serad in thesnerplistosgervi, Bre quantity

| ai. f i Si th t f ' th
charhifgrsGat it Boe piptnerey A RREa Fif Pty FRLARLDO 1 0
Le ‘liﬁ,%%hﬁﬁrg, pyrthte ?S%O?ic%aice, R8&t8Fmined task baee ableaitiin Eart on the
0 al . . e

ng sign The nethod of claimb5 wherein t
quastitgpf ehergesiored. ng t he robotic device to the base

station 2 ogcurs en.the guantj of. energy.. stor
2. § s nedgernia BF S R BR P B eletmPind A 2 b Py stored
Al é"é}ﬁlpﬁh 'he step of returning the robotic
o éls‘f’sg‘]é&%o the ﬁra}ée station 2 occurs when the quantity
3. of Hmwreaneihodbbeleth i svhesds thetstap aflietdroiniene guantityolgnergy stored
and wherein the 3 predeterm ned task conprises a
compEigecit iy ¢ WIERENYY use by the robotic device. 1 8.

4, N elt‘ hB@gd 8F ciginh ﬁh@réi‘@ BleQidp 5fgférf8frﬁ§1§ttﬁé PleB&Brhiéktask occurs
further conprises altering a travel 2 characteristic

whedfthé eartinp of ererglestoreé exceeds thehégnatergydewdl, the aredermined task
further conprising the step of charging the.rabotic .

compaiginganovement o%— %ﬂ@tﬁdf?w&ls azy,a&&%t%{a l?%f%?’uo@olﬂﬁ?ﬁpg?sr?gto reception,

- Ste I ] : : pned task. 1 11. A

by thg?]ﬁgéil %%&g%b@féjnggsggtﬁ%%g?%@%g%?fcgghlw th a base station

5. COIThd mEihgd af plaim alfuttyer cbmptiging lthe Qereof retuenisg iheaioboticdevice to the
a first signal emtter an% a. second  si %a%e%t eé o sienal

base patipr HGEPWSFH eSTRgn: et signalfietesfor, BsiaHgR goming signal.
-27 . ' i . i i b tati

R T

occlisivttensthe Gadntitpoefietdyestorad ik 164si tharaths éginehesgydored].

transmtted by the second signal emtter; and . .
7. nai Heeingthed ohkladn Darliesgin dhe BeP @fhrgtulngggmecrog%tﬁ %é(lce to the base station

| ati t ' ' .
LB o A0 OB e g i e
preddi@niiBéREk 6dmpiligs Brdduction ih@lergompbysha@bbtiedstieps

of . 2 detecti n%_ tgzy the robotic device, an _overl ap )
8. bet Weemethed of iclagm Tsvhpsein thapredgtermypedigsk Qr@ﬁgpo priges altering a travel

SR e Lol < Gevice 3 bt et e

e si gnal overl ap; and

9. The method of claim 5 further comprising the step of charging the robotic device.
10.  The method of claim 9 further comprising the step of resuming the predetermined task.
11. A method of docking a robotic device with a base station comprising a plurality of signal

emitters including a first signal emitter and a second signal emitter, the method comprising the

steps of:



P

4 docking the robotic device with the base station. 1
13. The nmethod of claim 12 wherein the step of
wo edososionyg t he path defined at {7east in part bRCT/RS100€001504
signal overlap conprises redug'ﬁg vel ocity of the
robotic device. 1 14. The nmethod of claim 12 wherein

5B 0, 0 By 4 A MR PP i

rnses:
emitét@\ahé €ii) £suebad sigmdl tlanahitedibyghd scondsibsal emittdrgarihse
station; .and 4 stopping novenent of_ the robatic .
dewaitainingan origpiatiopof §i¢ 1epotis deviserelatiye qutgﬁ first and second signals as

c Iy S th ing the robotic device. 1
the rfgc%)%ee l%qﬁ’g(%c%#setglﬂg%%gg{a\%@r ein the step of
12. chamhginhghddef dlabot i firtlevéeprtimpthe seps af: 2 plurality

of charging levels. , 1 17. An autononpus sSystem .
codpiering Yy shbaticdeicen An evern betwepn the B pignalgnd the second signal;
tera nal s fo act . r:m i
SRR BRI RYLRE AREIGIA SRR Y Al overtp: o
segefiens HgndboteddviRrwithl thtaseThigiqaut ononous syst em of

claim17 wherein the first signal emtter transmts a

13. padire npethechef drimalovhersinghe pigh f follpwing thypath-dafinad ablgast in part by
system of cl aj 7 140 . [ | emtter

the S5 ST Py SRl bR Bt B AR ERRG TEROE, 20 ' The

14. aUtTRRGHANS] VAN Divhekr the 3@p Wi eb&iny th eotueitidedice with the base
signal conprises a pair of 2 signals. 1 21. The

statigytomoreass system of claim 20 wherein the pair of

sighals ¢ i S first si.gnal. and second .

ai APr g ST Aot 0055 ot drblite BTN th pare yation: and
21 b8l Moddtent bf &b rébARRalevRBd the second signal 2

overfap.” 1 23. The autononous systemof claim 17

15. whdeimethéreof dlaist 14sfugthat camprising thasttpofichagingiee wibgtiatevice.

t6. 3088 hStAC RIS 5 GheisSh BB RS EB L5 AR ae comprises
plurQl‘i’t%rQ)‘f% fhed¥wdiem of claim 17 further conprising a
robotic device for performing a 2 predeterm ned task,

17. t he\wr affodrooweysiem comppisingiarigise Saton t@pisingie ener gy
¢ hehaiePi R en iarnel rninales SR AE ey and
detaef‘ﬁ%@sri%rhaé eﬁl?ctﬁrgﬁ(?a@woﬂﬂ@@ﬂ}serﬁﬁﬁ%ﬁem of claim 24

wherein east one signal detector is adapted to
18. 2 ddicentonamolue swtenonfcleint i ¢ athesimgthalfirst signal emitter transmits a base

station avoidance signal.

19.  The autonomous system of claim 17 wherein the second signal emitter transmits a base
station homing signal.

20.  The autonomous system of claim 19 wherein the homing signal comprises a pair of
signals.

21.  The autonomous system of claim 20 wherein the pair of signals comprise a first signal
and a second different signal.

22.  The autonomous system of claim 21 wherein the first signal and the second signal
overlap.

23.  The autonomous system of claim 17 wherein the first signal emitter and the second signal

emitter transmit at least one optical signal.



1 26. A nethod of charging a battery of a device, the

nmet hod conprising the steps of- 2 providing | ow energy
WO eooslosrogé ng term nals of a charger; 3 detectiPQr/uS2004/001504

presence of the device by noni“Poring at | east one of a

predeterm ned change in 4 and a predeterm ned

magRi t ude ' L: ; .
24. oot 4R el s R ST Ly 37 FA L P AR O or performing a
predebm@ediths, lBalfoBstic dévictompriginget hod according to

claim 26, further conprising the steps of. 2 | )

detas teastnanegnargystaspgegitowil geeingl epaingls ok eontagting ghe charging

per.m tting charging of the battery in the device when
tem{rlﬂ%ls’laé\‘}el of charge is below a 4 predeternined

t hr2 el She slordBdetéetsyst em for charging a nobile

devi ce, the systemconprising: 2 a stationary charger .
25. corfifre asitonprzous isustemiof glagn 2 whetein theradilengt enersignahefectar is adapted to

circuitry for detegting presence of the device by
detqqt?]tﬁf:g&pﬁ%o%tllca?ggg% one of a 4 predeternined change in
26. aNdA dRKROSE SLBiNeAbARSNbE Agkvic 1R RahadesBprising the steps of:

associated with the 5 charger; and 6 a nobile device
conpovidingjow energyarchasgipg tepminas af prhargdti ty of second

o tistriie PESSt R G RERES i fPing all s T FRRi iR change n
and & Frédbitd in B8 ATTIIB Of & ph@MRter QisoeiafddaRith thelchgrgbRbhET Y

27and controls an power |evel provided to the first
changieaging enargntal the charging terménals ot ahargsfthe paftey. 29

wherei n the circui ' th I I
27. o aesRae etasdit ¢ Vel 26 TRRGR, o puPiRThs G,

Meagihiiging aRERAe! el iadhy vigan@cr oss the first

charging 3 term nals when mated with the second

c hapeginitting eharginglof the battery in the device when the level of charge is below a

predetermined threshold.
28. A system for charging a mobile device, the system comprising:
a stationary charger comprising a plurality of first charging terminals;
circuitry for detecting presence of the device by monitoring at least one of a
predetermined change in and a predetermined magnitude of a parameter associated with the
charger; and
a mobile device comprising:
a battery; and
a plurality of second charging terminals adapted to mate with first charging
terminals.
29.  The system of claim 28, wherein the circuitry determines a level of charge in the battery
and controls an power level provided to the first charging terminals.
30.  The system of claim 29 wherein the circuitry increases the power level provided to the
first charging terminals upon measuring a predetermined voltage across the first charging

terminals when mated with the second charging terminal.



