WD 01/ 91623 PCT/ US01/ 17088 AUTONOMOUS MOBI LE SURFACE TREATI NG APPARATUS
BACKGROUND OF THE I NVENTION 1. Field of the Invention 5 The invention
rel at es wwoautwabnous nobil e devi ces and nore parti cul ar | pCT/OS&IE1788 power ed
and sel f-guided surface treating apparatus for treating a surface, such as
a floor. 2. Description of the Related Art Despite a | arge potenti al

mar ket, autononous nobil e surface treating devices have not 10 been
comercially successful to date. Over the years, devel opers have repeatedly
attenpt ed I ' | iances with highly kinetic cleaning
parts suchhggiﬁﬁﬁgﬁsggg4§gﬁQ$gUA C&H@Bﬁﬁﬂ@N@%ﬁ@ﬁéﬁUﬁﬁﬁs exanpl e, U.S.

Pat ent 5, 815, 880, issued Cctober 6, 1998 to Nakani shi, discloses a

m croprocessor controlled cleaning robot wherein rotating scrub pads

di spense aBACELRAYNID Ot TN INVESITIOaAt ent 5, 940, 927, i ssued August 24, 1999
15 to Fﬁegfrnarﬁﬁkft ﬁl dgscloses a m croprocessor-control |l ed aut ononous
surface c'eanin& dﬂ% ?gFﬁglﬂherein a rotating brush roller is reversed
after it iShentanphadiats to ikt SGR AVIRDORPHDCLEANIAG ARGl ances wi th
hi ghly kinetic cleaning parts are inherently conpf ané pensive. In
addi ti on, Revesehihteliguidetbumtacotreasingragparinis ferquhatiog a stidacepsiehtabe fhioghl y

ki netic cleaning parts. Thus, such autononous cl eani ng appliances 20
require a large battery capacity to provide even a short duration of use.
Mor eover, hei ngDedstigtiby okihe ®elated ARtese parts may present a safety concern
when used around children or pets. Autononmous nobile cleaning devices with
passi ve clle&Rithg [a7ge patentiad marke), arionamoussrobileSudaeatpiating dapiessdsee Woexan ned

Pat ent {4Publ J i [ - 4.(Japanese Pat ent l.i cation [
o-30477a) ey ERBy Tl Sk B ERRRETR SER s heionBRee Sirniiiedt

Publ i cat i cattehiptediit alo@bbEClcapangsanER va hifBR kit Rantil nals 384t Roor
publ i shed Jul% 6, ,1999, hereinafter referred to as the Ichiro

appl i cat i SHEPOES AR yRapImy gleangrs. dipsieramplg, YiSBrient 38 EaRBhdssnebOrtobbi ng a
def or mabl g,998 @R pHA068 Xi; OV | n Ssw t.ches 30 that are
activated by ?{E al%Ief I e’g(%lfég%&%? Bﬁl%bgggses& é\ﬁlgﬁ)ﬂf {1121%% BBroRoy ﬁvilefeﬂﬂ ld’tﬁmg
obst acl es.scRbynds dispensapelaoiaotutioni Uch@atent 5040,907 Abdued IAREstDUdpyogr ear

and right side, are.nmounted.on the 1
9§ kﬂegermarckrg% ap, (ﬁscloses a microprocessor-controlled autonomous surface

cleaning apparatus wherein a rotating brush roller is reversed after it is entangled or
blocked. Such autonomous cleaning appliances with highly kinetic cleaning parts are
inherently complex and‘ expensive. In addition, a substantial amount of energy is required
to move the highly kinetic cleaning parts. Thus, such autonomous cleaning appliances

20 require a large battery capac'ity to provide even a short duration of use. Moreover, being
highly kinetic, these parts may present a safety concern when used around children or

pets.

Autonomous mobile cleaning devices with passive cleaning parts are also known. For
25  example, Japanese Unexamined Patent Publication Hei 11-178764 (Japanese Patent
Application Hei 9-394774) published July 6, 1999 and Japanese Unexamined Patent
Publication Hei 11-178765 (Japanese Patent Application Hei 9-3 64773) published July 6,
1999, hereinafter referred to as the Ichiro applications, each disclose a “small and simple
cleaning robot” having a deformable, dome-shaped cover provided with contact switches
30 that are activated by the deflection of the cover when the robot runs into obstacles. Four

separate contact switches, i.e., front, left side, rear and right side, are mounted on the

1



WO 01/91623 PCT/ US01/17088 |ower portion of the robot franme adjacent the
cover. The reliability of the switches depends on the anount of deflection
of the cqyglyandsthe location of the deflection of the covgrshplakdve to
the switches. For exanple, if deflection of the cover occurs between two

of the switches, the deflection may not be enough to activate the swtches.
I ncreasing the 5. nunmber of sw tches woul d reduce this problem but at
greater expense and conplexity. The robot has independent |eft and right
drive wheel s, independently controlled by a mcroprocessor, that allow the

robot to ila)mxtpertwhmf the tablo} fremomdjagens drestaelyTheontiaiility afkhe switaheact uat ed by
deformati gn of, the cover bot.iLs al so ovi d d oaded
ol ate i t ARG BIIF Tabal At ROT S BV an R G bar i GRREOLOr e 0o

mop” 10 ogbgerdelhtivol tﬁéléxfzﬂ&%s FbeeRaRss, 1Memmaed¢moms bethbestwd r om
the floor surface. A spring-biased catch clip.is mounted to the

spri ng- | oafithg spiitghes, eflectippamay sotrhsrppoug ip actvata e %"‘H@hﬁ%p[@Preﬁ%‘bg th8ecause

t he defornable does
ot sense Ty G aLeBBeP B REL AR ¥R P AR AREe arkitBrbRARY (70
and air Cq!ﬂ@'rébc@ﬁh@ﬂldé}b‘@ﬁﬁ@)t leify eh$riglet c&ﬁ/tarw}melspmdSpendaldl}t cIS(mnmlléd byns to
carpet. Wen raised 1 such a Iovv-I g obst acl e, theqs in -I oaded

b
pl at e t endycioOpracpgser,itha aﬁpwvtbe Wb@éwsrota &} weoipen itsgsed by .
addi tion, 9 r %&ﬁ cover
i s depict e‘%ﬁglge%gdgm% I'n acg?(?rg%agﬁg\%vﬁwl&%?s arrrlgé rlr((a)B{jbJ IEe Sé to edc‘glrg a{S rlglg%ed
when r ot addded plase with ap mpwatﬂ @nthee fdre and afs edhychsip assido posss achasrsanpfi as

adj acent chair_and table e s. The ed robot. furth r oses_.an
under flBot Oﬁ%ﬂﬁprbgyff@?‘?t e‘h’é@? ﬁbswbséﬁ'\sg/a@@“%‘tﬂé?ﬁo o Sirfaigt Awoul d
cause the %ﬁﬁ?hm&&f&eﬁf&aﬂg}ﬁ@ n%uhf@d't@'ihe’%‘ﬁﬁh@-lodde@ plate Sk @s&@ito remblablpt epped

upon. Thou right drive wheels are connected to notors
t hr ough a atthet the gaperenayy SBemaysd the titformaide stwenbes 4 subsfahtnlegtowns! eledrancgkat i ng

action. Al so, no.allowance is .made for alte ative an a beyond
changi ng HefoBahIAes pehsenssslopplying %ﬁéu? %}lgqﬁb ﬁéﬂg WRifaflon

sel f - propg Eh et cbﬁdﬁﬁoﬁlﬂg%ﬁk@\@bfd@f%nae&ﬁg L6Rls, Oefnd @%&ﬁaﬁm@q@emn@ﬂsémve
| ong been known. An early exanple is reflected in U S. Patent 367, 420,

i ssueds Aupysticlpa lob88ing obdtamdhshe spingHoatted plate tendatoclild devisive whegls. carri age
t hat haV|n obstacl.e ens b on _each e hat reverse
the toy'§ ‘fﬁ"?%ﬂ’f} it t?'Pt ¢ St?h ag‘é?&ﬁ{g %S%ﬂuf? @Ie r%on%Bﬁ er%rfééc%%m hﬁﬁg%}ge’%t ent
2,770, 074 ¢l sisdi@fesfd dIpicasiRgovatin al¥abvitw, d n@srediked to, bebeﬂhe trapfdderhen
r ef erred to as the Jones et al. patent,

rotation is not possible due to closely spaced obstacles such as adjacent chair and table

legs. The wheeled robot further poses an underfoot hazard by virtue of having freely

20 rotating wheels that would cause the robot to act like a roller skate, i.e., “skate-out”, if
stepped upon. Though the left and right drive wheels are connected to motors through a

belt drive system, little resistance is offered to this skating action. Also, no allowance is

made for alternative cleaning parts beyond changing the paper mop.

25  In a separate line of development, self-propelled toys capable of some degree of
autonomous operation have long been known. An early example is reflected in U.S.
Patent 367,420, issued August 2, 1887 to Luchs, which describes a clockwork toy
carriage that having obstacle sensing bumpers on each end that mechanically reverse the
toy’s direction of travel upon collision. More recently, U.S. Patent 2,770,074, issued

30  November 13, 1956 to Jones et al., hereinafter referred to as the Jones et al. patent,

discloses a compact, self-propelled toy which circumvents obstructions by rotating and
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di scl oses a conpact, self-propelled toy which circunvents obstructions by
rotating and 2 WO 01/91623 PCT/ US01/17088 noving away from obstacl es upon

contact hbyomwgei@pi cal feelers. Rotation is acconplished pyrigie/usss of

| ateral |y positioned, independent drive wheels, which, when driven in
opposite directions, cause the circular toy to rotate around its vertical
axis before proceeding thereby allowing the toy to rotate away from
obstacles after collision 5 rather than sinply reverse its direction.

Unfortunately the feelers, which protrude from_ the circular.shell, are
prone to H&V)é}gwy %rflé?%?té%l.es fet by perhanical %Sﬁf%a 1'% the Jones

et al. pa‘é@é@)rmsﬁhﬁﬂéd by @ty oMafidi RS RRMbPREAEP S At BT WReQS, WAASHE Wien
cl eaning parts. Progranmable toy rtobot Kits are also well known in the

art. Thesdrikért & appositeadirechions, egee 1 dirautis tayr tegoRtsrround ithveshedl erisSyst em
require assenbly and ogramy ng. .Th ar directed t he .educat.i onal
val ue of Bﬁ%ﬁ?lyﬁﬁe%@?%hﬁ%ggﬁiﬂ?%%& R ﬁ%@\ﬁe@&/ﬁg 0 %%?Sm ﬁ‘aﬁﬁf)ﬂ t he
sane Vvei NeathehdfitnplyMeREds€ itRakedtn, 208foRdhdtbignhd fere)Whlich ploftede £ém al .
publ i shed by A K Beters, Nat i ck, Massachusetts, 199@) teaches how to

bui | d aw'('] Freceirowler shadl, are ybae toheetdhrn ebstactes uMareayignplerp is o @aghingingBe abl e to
t at il i t it 15. s l,e.. i i1 t
i tches d9ke chpiePakRhadhd By mieRoLaR ey S iR R FR ehtlgpafl

defornmed during a collision with an obstacle. Mbile Robots teaches how a
robot may be programed to_ circumvent obstacl es by pro%rarrm' ng backi ng and

rotation Rresiammabledoerobebkits arelsaivall leovenathecare. These Kite guahas thokess ¢

whi ch _has i i j . t

oqut t0e” MSRormiR e hudtloR sYBich bl ashGUTD obd BB BRS T |
equi pped irkdted &t the @dasatipagisialte ofbeAding gotpdy sl refuiresokbwihégeRfyg Warri or kit

is equipped with a thin, deformable cover attached to th chassis with
three shoPFogramEigy| Ia the snmae V%éh%WEMf&ﬂéé@%ﬂ@ i Sdiipn (i%ﬁ%% a!sﬂnés &nd is

typically aﬂpgﬁ%ﬁ@g}%% Petbr3) N&t‘ﬂﬁé?l\@a?é’a\éﬁus%tt?,aﬂ9?9)sﬂéﬁélﬁ§ Bofv!toBlild ASRAg

consequence g Warrior doés not sense [ow obstacles and frequently
ri des up Wario\ABoichavirg a cicaulgyesharteriansder tobsabla hrogdte while ¢n cantabs widiconi ng

hung up as low parts of .the rjgid chassjs .contact the obstacles, naking
nat't dadedn oBdadRcutanaied wit Spiafi ek e Be fetesot o g P B R
teaches myuph iNOcVEPR' RGN WLARE a SWHRNSTHH & SRWRIe. RFhAIORSHB teddh@s i gi d
chassis adjacent the cover. The teliability of the switches depends on the
anount of how a robot may be programmed to circumvent obstacles by programming backing and
rotation when the cover collides with an obstacle. The Rug Warrior kit, which has been
described in a variety of forms from at least 1994, requires substantial technical expertise

20 to assemble and is not sold equipped with active or passive cleaning parts.

As sold the Rug Warrior kit is equipped with a thin, deformable cover attached to the
chassis with three short, flexible tubes. The cover clearance is not adjustable and is
typically more than 0.33 (1/3) inch above a hard surface floor. As a consequence, the

25 Rug Warrior does not sense low obstacles and frequently rides up over HVAC ducts,
carpet transitions, and electric cords becoming hung up as low parts of the rigid chassis
contact the obstacles, making unattended use problematic. As in the Ichiro patents,
Mobile Robots teaches mounting separate contact switches to lower portions of the rigid
chassis adjacent the cover. The reliability of the switches depends on the amount of

30  deformation of the cover and the location of the deformation of the cover relative to the

switches. For example, if deflection of the cover occurs between two of the switches, the
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30 deformation of the cover and the | ocation of the deformation of the
cover relative to the switches. For exanple, if deflection of the cover

occurs beyyashidyo of the switches, the 3 WO 01/91623 PCHYRRI{ /16888
defl ecti on may not be enough to activate the switches. Further, the

flexible tubes do no precisely locate the cover relative to the chassis.
This problemis aggravated when the cover or flexible tubes becone
distorted, e.g., through exposure to excessive heat. Accordingly, the cover
may remain pressed agai nst at |east one of the contact switches 5 giving a
fal se, codeflestiongaymot bash@ighds aetivets the swisehes) Hurtbersthedlexihde Wbahee nof

swi tches, and i.ncreasing the.spri onst : G i ter
rel ease tR]éecﬁsﬁ%ytl%at%oﬁtcgg?rsr, %tlﬁgfﬂ tgg r fei%fg%'eﬂﬁg?{)bel?l a1€ft§%’¥%1 I?&‘If;ﬁr %’B?Igﬁl]tebut at
great er e¥peNoeflafiticxabdy by dishired, 8., thitoudhsxpbalte iwekssve heappl i cat i ons,

t he wheel ed Rug Warri or poses an underfoot hazard by ﬁi rtue of  having
freely rofseordfshnéks covenmey rrndia Peassrckagamst idepst oG oidRe peNtaRiSWitehes epped

10 upoE. agﬁggfaﬁﬁecé@%ﬁhﬁﬁ%@é@f of & doYigsi N € Bl cPealin tgé)ﬂlﬂﬁﬁ & shvRcimL or s

t hr oug SYs e resistance is offered to this skating
action. Fund hereasinpehd dpring cdadtantiofalidheswithve bettmyeltasachaswitthocontaetst e shar p

edges that present the possibility of injury. SUMVARY JHE, ] NVENTI ON 15
A b ect VERIA IauGe e FRIPBIRY BroblyhPiha gEcei Cupan EM RGOS HOB | o

surface tyeathig L éﬁg 'ii@%tﬂﬁls, RBNHREEA ‘Rlﬁg@@zlrrigf pbda8 ah DN&RtoP Radald bP Provi de

an aut ononous no urtface treating pparatus that can alternatively
provi de avirtuerefhhting dfeelyi tofating mthesly tha s@utd easertrtrobasde lege outaDstepnedher

object of the inventjon.is.to. provid n_aut ono S bile surface treating
appar af us "Pffat _%ﬁé@e é‘iaﬁl&f%ﬁﬁf%epwﬁ?ff?ﬁi %&CBW@IL%%?QV&M%%‘T%@PV%M ect of
the i nventy i il fesiiMich 4o fBiedtd ARQIRNE J00Bh| Bushd:f M6 ehih! &Tbintle 25
apparatus having an inproved collision detection sensor that is nore

rel i abl e aoxerezy frsture hessetesharpledeesrthetressnt Be ppssibilibtofdriusbj ect of the

invention is to provide an autononous nobile surface treating apparatus
that can be inexpensively produced, preferably using toy manufacturing 30

processes sgMiMEUe OFRTHE INVENTION
15 An object of the invention is to provide an enhanced autonomous mobile surface treating

apparatus.

Another object of the invention is to provide an autonomous mobile surface treating

apparatus that can alternatively provide a plurality of different surface treatment modules.
20

Another object of the invention is to provide an autonomous mobile surface treating

apparatus that avoids being hungup on low obstacles.

Yet another object of the invention is to provide an autonomous mobile surface treating
25  apparatus having an improved collision detection sensor that is more reliable and can be

inexpensively produced.

Still another object of the invention is to provide an autonomous mobile surface treating
apparatus that can be inexpensively produced, preferably using toy manufacturing

30  processes and materials.



4 WD 01/91623 PCT/ US01/ 17088 Yet still another object of the invention is
to provide an autononpbus nobile surface treating apparatus that reduces
the risk @ho18kate-out” if stepped upon. One aspect of theciRME8H 1S
directed to an autononous nobile surface treating 5 apparatus that
conprises a chassis, a drive mechanism nounted to the chassis by a
suspension, and a substantially rigid shell novably nounted to the chassis.
The suspension includes a resilient nenber interposed between the drive
mechani sm and the chassis so that when the shell is pushed toward the
suppor t i nyeksiifanotheniobiectof the EnTeriagnys HR BV lecd AURNOMOYS MODHE SHdHSer
conpresses _t.0 _perm i ke tg.d the shell and/or

t he chas Sfrgat{ng agggraagugﬁﬁ%%ﬁgédscé%%lgﬁﬁgﬁg %éé’{ref @.Jée& &Iﬁ%gd gp&éngenent reduces
the risk of the autononous nobile surface treating apparatus "skating-out"
if the stepped upon. A second_ aspect of the inventjon |s directed to an
aut ononou&nBsnerkolthe inyeatien iskireagd ta an @Bﬁ%"é‘ﬂfsﬂl&ﬁlﬁ’t S“E%ﬁ"p??aé’é‘g a chassis
havi ng, a i f el . .0pgni i igid shell
vty abEE R b A RO B S A pmo BB L B e
supports gspeisier ahda shisstqitiatiakiigtd/shefl nedveblyahedhtaberthe gsassiFhilke ar r angenent -

provides substantially free horizontal, b verti.cally constrain
novenent WSPfWéonsll"i‘é]a_ e%l %Feéfﬁ}e%%mf’@%ert lﬁ@rl?ﬂ‘?ﬁ‘gb?tgﬁeeﬁ}@fd&‘éﬁﬁﬁ al?lﬁinsang e
ar r angenepf,skis <44 when GRULEA G piRBedMoardine Qlibpcttind seeice&diton 20 sensor

having a passive portion attached to a central portion of the rigid shel
and an aptedetermined fome gtetrasiHed meamben eompeesssis $0 pamittheglrivie sieshardsn &zt i on

sensor _used in nj tion .with a riqgid | i ndri.cal shel |l reliable
and_ o' bEovRanE el oTRs whshde? hefprdte SRER AR FRE  ThETRIS g
directed (Qmas AsHOROMESutdRBinbes Sdbila&e fack GahlintSappafataRRataigUsutt ITahe
conprises a chassis, a substantially rigid shell novably attached to the
chassi s, stappes upon-skid | ower edge nenber novably attached to the shell to
adjust a clearance between the non-skid | ower edge nenber and the
supporting surface. Preferably the clearance is |less than 0.33 inches. This

reduces t desebbkPdspBad thdiaventd is aut@EDIIRMSuIdINoRs sobilaserfideasating

apparatus will becone hung up on | ow obstacles, . 30 .
15 apparatus that comprises a chassis having a plurality of elongated openings and a

substantially rigid shell movably attached to the chassis by a plurality of elongated elastic
supports received in the plurality of elongated openings. This arrangement provides
substantially free horizontal, but vertically constrained, movement of the shell relative to
the chassis. Preferably, this arrangement is used in conjunction with a collision detection
20  sensor having a passive portion attached to a central portion of the rigid shell and an
active portion attached to the chassis. This collision detection sensor used in conjunction

with a rigid cylindrical shell is more reliable and can be inexpensively produced.

A third aspect of the invention is directed to an autonomous mobile surface treating
25  apparatus that comprises a chassis, a substantially rigid shell movably attached to the
chassis, and a non-skid lower edge member movably attached to the shell to adjust a
clearance between the non-skid lbwer edge member and the supporting surface.
Preferably the clearance is less than 0.33 inches. This reduces the likelihood that the
autonomous mobile surface treating apparatus will become hung up on low obstacles.

30



WO 01/91623 PCT/ US01/ 17088 A fourth aspect of the invention is directed to
an autononous nobile surface treating apparatus that conprises a chassis

havi ng a ywgGadisyol ume that defines a surface treatnent ﬁ;gql;{jsgl/{ﬁgéei ving
area adapted to renoveably receive a surface treatnent nodule. Preferably,

the surface treatnent nodule receiving area is adapted to receive a 5
plurality of types of surface treatnent nodules. Mre preferably, a
pressure adjusting nechanismis used whereby a surface treating pad
applies an adjustable pressure to the supporting surface based on
frictiona foneth asnest p%lgp dnveption alitegisp &e &1 AYoRUPPUSIBObIK urfeehtrepdiiEct of t he

I nvention a#éaé%%‘l%/ %%E ?(%n}gﬁseg a%gﬁgsﬁ%%vgrgeaas}a%ﬂ%gﬂﬁgé%ﬁt 4Rt §duleRebe 10

renovabl y surface treatment nodul e receliving area of an

aut ononousreatiizht nedslerécieing neatifgedppamatesbly theive arsiidae ttaagadntent nodul e

conprises a verti nber having a fi r@t end.and a,second end,. a surface
&

cal e
treating pduls tPé%fI%@(y’lXaéh Hefage bggimenignadiyle recRlyiReITe? SANEHHICCIERA an

att achgen i = face
r oot o PG SR LR BERRERE e el R R e B S

DRAW NGS Tieehamsre it used whegehtyteesurfacd treating path epglicarnd adjustableghfssutedo dred
advant ages may . best be. understood fromthe follow ng detailed description
of the pr &fRACFE:E %ﬁ%ﬁﬂ??ﬁ@ﬁ@& H’F“Q%E"h%rarf\%ﬁg%ﬁtlt:hf’ F%g’%geﬁlr%aﬁe't he drawi ngs.
In the drawi ngs, |ike reference nunmeral depict like 20 elenents. FIG 1 is
a perspective view of an autononous nobile surface treating apparatus
accor di ng A Bt aspenboiihersrventdn ishiiretad ém swiice 2Gatest modulesidapted toshe sect i on

schematic dia min an. el evation view of .a | ower shel ortion of the

Rt P A S R e R e N e PR SO TR P
bot t om pl afpbile Su¢fae t}éaﬁngu%mmLrﬁhma_b@t@th{eﬁpmowe@bmpﬁs@ramwaus shown
in FIG 1. 30 FIGS. 3 and are schematic diagrans, respectively in a side

vi ew and aepdter banipg afirstenhand a secpgd snd@uLBed fraatmggad attached to the second
end of the vertical member, and an attachment mechanism adapted to removeably attach

sheet-type surface treating means to the surface treating pad.

15
BRIEF DESCRIPTION OF THE DRAWINGS
The invention together with the above and other objects and advantages may best be
understood from the following detailed description of the preferred embodiments of the
invention illustrated in the drawings. In the drawings, like reference numeral depict like

20 elements.

FIG. 1 is a perspective view of an autonomous mobile surface treating apparatus

according to an embodiment of the invention.

25 FIG. 1A is a cross section schematic diagram in an elevation view of a lower shell portion

of the autonomous mobile surface treating apparatus shown in FIG. 1.

FIG. 2 is a bottom plan view of the autonomous mobile surface treating apparatus shown
in FIG. 1.
30

FIGS. 3 and 4 are schematic diagrams, respectively in a side view and a bottom plan

6



view, of a first nodified version of the autononous nobile surface treating
apparatus shown in FIGS. 1 and 2 that includes a pair of flexible brushes.

FIGS. 5 aggo99f2§ schematic diagrans, respectively in a sipggéhBMegdd a
bottom plan 5 view, of a second nodified version of the autononous nobile

surface treating apparatus shown in FIGS. 1 and 2 that includes several
flexible brushes. FIG 6A is a schematic diagramof a top plan view of a
third nodified version of the autononobus nobile surface treating apparatus
shown in FIGS. 1 and 2 that includes 10 several| flexible brushes that
present atievy ef afirst meadifiereraision phihe agionp@pahmobileFHIfase sHIFAPPERMUShe shel | .

FIG 7 15 SERATRIS ¢ ofHaGt AN SLANH LR Mol a preferred wheel

suspensi on  'system o aut onomou e surface treating apparatus
shown in FIGS. 1 and 2. 15 FIG 7A is a cross section schematic diagramin

an elevation view of a portion of the preferred wheel suspensiqn system
shown in EI@S. Sande e sghenaatic iaesaes. dewetibiels tifetid VEVAnady ol

el evatj on ulewr % bednB W 1&?\9&&%1% l)ft’ ﬁﬁg ABtonéRofEMBEHld |fa§€ B eHncAidadtus

preferred attachnent mechani sm aut ononous nobi surfac treating
appar at us slsdvavin FIGSEI GBd 2thanacl2des Be@ralFlexslaboshess secti on schenatic
diagramin an elevation view of an alternative collision detection sensor
in a non-displaced position. 25 FIG 10 is a schematic diagramin a top

plan vi ewpf A8 ALdhBMAAL BMEradLbBLloh PMnSEES OF a tSRPWBdifRd Fbisiondf thd G 11 i's

a cross section schenatic dragramin-an el evation view of the alternative
30 col | i Shunnoebechdbite sefisotreaingappanatuBlsBwe ihBlGS. A aadd el indledesposi ti on.

7 WD 01/91623 PCT/ 1/ 17 Fl 12 i hemat i j ' t I
viiew of @ RRCHITEHAR PSP aab R et R Trrer G Bt P
di spl aced pggishéipn. FIG 13 is a schematic bl ock diagram of electronic

conponents of the autononous nobile 5 surface treating apparatus shown in
FIGS. 1 and 2.

FIG. 7 is a schematic diagram in an elevation view of a preferred wheel suspension

system of the autonomous mobile surface treating apparatus shown in FIGS. 1 and 2.
15

FIG. 7A is a cross section schematic diagram in an elevation view of a portion of the

preferred wheel suspension system shown in FIG. 7.

FIG. 8 is a cross section schematic diagram in an elevation view of a preferred collision
20  detection sensor and a preferred attachment mechanism of the autonomous mobile surface

treating apparatus shown in FIGS. 1 and 2.

FIG. 9 is a cross section schematic diagram in an elevation view of an alternative
collision detection sensor in a non-displaced position.

25
FIG. 10 is a schematic diagram in a top plan view of the alternative detection sensor

shown in FIG. 9.

FIG. 11 is a cross section schematic diagram in an elevation view of the alternative

30 collision detection sensor shown in FIG. 9 but in a displaced position.



FIG 14 is a schematic diagramin an elevation view of a surface treatnent
nodul e for the autononous nobile surface treating apparatus shown in FIGS.
1 and 2. {8 ¢fbfe2315 is a schematic diagramin a top plan yegwsel/17ohe
surface treatnent nodule showmn in FIG 14. FIG 16 is a schenatic di agram
in a bottomplan view of an alternative surface treatnent nodule for the
aut ononous nobile surface treating apparatus showmn in FIGS. 1 and 2. 15
FIG 17 is a cross section schematic diagramin an el evation view of

anot her alternative surface treatnent npdul e, DESCR| PT] ON OF THE PREFERRED
EMBODI MENFES. 2@ iy pscharrasicohamiam i b ionplan viescef the aligrnaflyesirarion sR0S8F t he

i nvention S Qf. . i : surface treatnents - not just

cl eani ng. Slfgﬁ%alggll(?i %ﬁuﬂ;% t%‘?%ls %ég%oéﬁl{é "surface treatnents include, for
exanple, treatnents that provide "protective"” benefits to floors and other

surfaces, such as stain and.sqil pratection, fire protection, W .
prot ect i OHE&V\E@F a SF@?@F}R@& ‘ﬁ%ﬁfég‘ O?friefeétraﬁﬂ CPWQ@’&?HQ%%“I&?? BytondgReYs mekile,pi 4|
treat nent ?ur?aﬁ':g tﬁeﬁ'ﬁrﬂéeéﬁiﬁraugﬂ%(m%ﬁ FRX¥QMphgsy of such surface treatnents

i ncl ude, for exanp treatnments that provide "aesthetic" benefits to
fl oors and other surfaces, such as buffing, odorization/deodorization; and

| yi ishes. Ref I. to Fl \ bi | f
CPeati ng EBsuis A schgndicdifdman o levitiont eRbb A P RANE HRTRH LT By
i ncludes gysHbabAThbEILd é&rﬁ}éé{rélegfdxi GRbara RS 8h&n §BIdS. 3QndBhe  shell 20 is not

limted to being cylindrical, may be any shape. Preferably, however, 8
WO 01/91623 PCT/ US01/ 17088 shell 20 has a substantially circular

peri er as cylinder or _do so as.to reduce . the |ikelli d of
bt ondhouEhol s  Sefiriicetiifimh SR S R S b B Ha P mo i B8R, o
inabilityidei@. auate. 5 Preferably shell 20 is substantially rigid and thus
unli ke the covers of the robots disclosed in the Ichiro applications and
the "Rug Warrior" robot in Mobile Robots, each of which is designed to
easily de or r S\ Lvatio i bed in
det ai | bef%ﬁf{ﬁg S%a%%#% (g%é%rng{l 3?’gg{)@%ﬁﬁsne\\g‘egzﬁ?%&%%g%éecﬁﬁa?%?gﬁ&gg ection
sensor t hafodule for the autonomous mobile surface treating apparatus shown in FIGS. 1 and 2.

15
FIG. 17 is a cross section schematic diagram in an elevation view of another alternative

surface treatment module.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20  The autonomous mobile surface treating apparatus of the invention may be used for a
variety of surface treatments — not just cleaning. In addition to cleaning, such surface
treatments include, for example, treatments that provide “protective” benefits to floors
and other surfaces, such as stain and soil protection, fire protection, UV protection, wear
resistance, dust mite and insect control, anti-microbial treatment, and the like. Other

25 examples of such surface treatments include, for example, treatments that provide
“aesthetic” benefits to floors and other surfaces, such as buffing,

odorization/deodorization; and applying polishes.

Referring to FIG. 1, an autonomous mobile surface treating apparatus 10 according to an
30  embodiment of the invention includes a substantially cylindrical case or shell 20. The

shell 20 is not limited to being cylindrical, but may be any shape. Preferably, however,

8



unlike the prior art, does not depend on cover deformation for switch
activation. 10 Also preferably shell 20 is provided with a non-skid | ower

edge menbgp i¢814yede of a high friction material such as pEhR&6H117eN- skid
| ower edge nenber 22 may be integrally formed with the | ower edge shel

20, affixed to the | ower edge of shell 20 with fasteners, adhesives and
the like, or fitted over the | ower edge of shell 20 with an interference
fit. 15 Accordingly, when shell 20 is depressed toward a fl oor or other
surface 24 upon which autononmous nopbile surface treatrng apparat u 10 IS
oper at i ngshedl 2§ hasqx subpfarfialiyirculap perimetar, isucly 35 acgyligdecorelonsy st at ipde

ki d
Conbi nat | By TeLBPAFolRARRmGES niilel il RS EnBERES 10 Butonds “g%éih%ﬁ. s

di scussedtdﬁnﬁelbmt}}tobetam/.v, retards horrzont al nmovenent of autononobus nobile
20 surface treating apparatus 10, i.e., skating out, and the floor of other
surface 24 is not damaged. It is preferred that non-skid | ower edge nenber

22 extend to
bt ac es§§%b§%ﬂ%%rbtr)l |¥St ﬁf;&a tlalgﬂ‘a%?g S uﬂhpﬁfﬁ@%ﬁvér@ oPIHRUERts RBRER

whi ch aut ononous nobil e
surface t ireteilcdgreaplications ahd tlmdmugd‘éfamo?hmbwbmiﬂkbzde R@h@s, ea@d@fthmhtﬂer 2 2

may al so serve as a.se Tha non- ski d nber

22 may i n%?sd@é@ §°§%§1§' CP?SO g’ﬁghesl?}l(mosﬁé) 88%%%“ “i?@ a?tb%?ﬁ’roﬂr Aﬁ%ggcéle’ﬁng& ri c
material yhal bbw, M(f@rﬁﬁﬁfbré})éra%gj hde§ b %r%%’d EQIEH6E HbtéStioh defSr Hha, OF
generates an el ectrical current that can be used as control input. Through

t he use obmkkecthe pansamgimaorsdepsmbm c@r defeomattan foeswigvagiivgtien-t ached to
t he chassis of autononous nobile surface treating apparatus 10 but rmay
instedd be rigidly attached thereto. 30 9 WD 01/91623 PCT/US01/17088 It is

al so_pref engestetehaly SN HKis %rdﬁ&wwﬁﬁigﬂoﬂl@mﬂq{)wgﬁedg@ n@shibes Dabhade aff i xed to
or fitted over the | ower ge of shell 20 to provide a clearance

adj ust menhighetinéemmatsniabRichl a oyer. Wagekigdawercdze member RS maydsringeray her
surface 2 Ag eg_laﬂg gr edgeI g’lﬁ"elﬁfb A R095 FI‘EQB elsed Q)?\éwel ﬂ%ﬁ tﬁag ne}%’m chis
o c va

a Cross s ragram’in an e |on ewo I'ower edge
of shell 3Z&haands Bﬂdltlﬁ:klikd d)IQW&rd @dgthetewbiesdga af shell Zd“lﬁltb)mﬁmhéersﬂmvﬁt in

FIG 1A, non-skid | ower ge menber 22 is fitted over the |4OV\B£1 h1ghe of
shel | 150 iceerdingly, when shell 0 is depressed toward a floor or other surface 24 upon w
autonomous mobile surface treating apparatus 10 is operating, e.g., stepped upon, the
static friction created between non-skid lower edge member 22 and the floor or other
surface 24, in combination wheel retraction caused by the improved suspension
mechanism discussed in detail below, retards horizontal movement of autonomous mobile
20  surface treating apparatus 10, i.e., skating out, and the floor of other surface 24 is not
damaged. It is preferred that non-skid lower edge member 22 extends horizontally so as
to serve as a bumper to prevent damage to obstacles such as furniture legs and walls with
which autonomous mobile surface treating apparatus 10 collides. The non-skid lower
edge member 22 may also serve as a sensor device. That is, non-skid lower edge member
25 22 may include a sensing means such as conductive foam or piezoelectric material that is
compressed by collisions and respectively resists or generates an electrical current that
can be used as control input. Through the use of such sensing means, shell 20 need not be
movably attached to the chassis of autonomous mobile surface treating apparatus 10 but
may instead be rigidly attached thereto.
30



interference fit that allows vertical novenent of non-skid | ower edge 22
relative to the |ower edge of shell 20 and thereby adjustnment of the

cl earanceypqi R8s non-skid lower edge nenber 22 and the B@RiSoP{7084 her
surface 24. 10 Referring back to FIG 1, the clearance between the | ower
edge of shell 20, inclusive of the non-skid | ower edge 22, and the floor
or other surface 24 upon whi ch autononous nobile surface treating
apparatus 10 operates is preferably substantially uniformabout the
circunference of shel|l| 20 and nore preferably | ess than 0,33 g}IB i hches.
As will bé 13 8lsp@referresbinas mpngfrlealcereraégeampmben Zube aiisiphinaffixed %‘b%r’ﬁ“%ijgt s an

obstacle i tﬂglr?'\xfgﬁf%g%égﬁfh]eﬂab Bo plfe VL OIRNS aﬂﬁmnb]éit BHiwe Rfi ot LeRtbwe

apparatus ects ative to the assi's of autononous
nobi | e sued@aaembmalz angl thp flasadrushet Gurfser2d. mip txangpd¢ obtveh aneohhgegiapnis

det ecti on sensor., t he ground cl earance is substantially. .greater.than
0.33 (1/ 3thvmwerIG s AP ets oG b embie, LB VT BV HRADS .

venti | ?t i géé‘bf ih%ﬁ@@'ahﬁ?i@h@ﬁldzlgw@ﬂ'é@@méﬂﬁ%tr 92. I ARxAMPRIhORN GRr PEL, Or

electrrca cor not contact shell 20 and autononobus nobile surface
treating EiparAtnes-skid levier cdget memhe2tih fittod sverdhelowes edgpyof sheld RD mathizaic oni ng
stuck or

ent angl e e.shel | refer S.an ov | ess t han
3.5 (3 1/ %Qef?‘?fgwgﬁ'ﬂﬂgfélogatvﬁ‘& QYGRS P tx%g?ﬁi%w?re #%56?%8’%2?& s 10 is
expect ed {RyQRAEALsHell 20QATBh oI a BSstmBROTHROSTBar @it Yetwshaion-sRavioRgr
counters that overhang the floor. The uppernost portion of shell 20 is

pr ef er abl pdge mhmwben Reandzhy flegn errhassudcetde chassis. A handle 26 is
pref er ?bly provi ded on a top surface of autononous nobile surface treating
appar us 10. The handle 26 may be, for exanple, noved between a raised,

carrying R@ﬁﬁlh%ﬂadkrtﬁ FaG30, th@weaadee lﬁdt@mﬁha\IWerQﬁgé of gwllRocatkgive ofa
depression on the top of shel | In this exanB handl e 26 may be
pi vot abl y thernogi-skirbleyey eﬁmﬂr&, &d tle flaee ot pEss T TaGE éupehwht%r@utorenw 01/ 91623

not protru@ above t sur en I'n ower ed, stowed

away posi the%ircuinﬁﬁéﬂ&yoﬂshdlﬂmo agd iri@ﬁe pfefdszﬂﬂy haothaaf. 38C(|1Y3)$1i1c£hﬁ§ Wistwill be
over hangi ng counters. Alternpatively, andl e may r enpveabl y m)unt ed to

t he chassiescaiped Wegra@r%%%h@omwbres@ur%f@ata@%atq ﬁf@déﬁ‘béhﬂa{n&%e iate

path of autonomous mobile surface treating apparatus 10, shell 20 deflects relative to the
chassis of autonomous mobile surface treating apparatus 10, serving to actuate a collision
detection sensor. If the ground clearance is substantially greater than 0.33 (1/3) inches,
low obstacles such as floor-mounted mounted heating, ventilation and air conditioning

20  (HVAC) ducts, transitions to carpet, or electrical cords will not contact shell 20 and
autonomous mobile surface treating apparatus 10 will not sense the obstacle thereby

risking becoming stuck or entangled.

The shell 20 preferably has an overall height less than 3.5 (3 %) inches if
25  autonomous mobile surface treating apparatus 10 is expected to operate in rooms such as
bathrooms and kitchens having counters that overhang the floor. The uppermost portion
of shell 20 is preferably higher than any extension of the chassis. A handle 26 is
preferably provided on a top surface of autonomous mobile surface treating apparatus 10.
The handle 26 may be, for example, moved between a raised, carrying position and a
30 lowered, stowed away position located in a depression on the top of shell 20. In this

example, handle 26 may be pivotably or slideably mounted to the chassis of autonomous

10



5 10 by fasteners such as screws so that the handl e protrudes above the top
surface of shell 20. In this alternative exanple, the handle may be
removed dypighei@peration of autononous nobile surface trealjyigpRparat us
10, thereby reducing the likelihood of collisions with overhanging
counters. In another alternative, the handle may be rigidly nounted to the
chassis in a non-renoveabl e fashion, but with a depression bel ow the 10
handl e - to allow for gripping. Preferably, the rigidly nounted handl e does
not protrude_ above the upper perlneter of she it is

| I n
pr ef er abl B10bHasurface trfe@gngmpar%nm wthathadls %CAOG%EO%P@‘@%&@BF\V@JPP rai sed
hori zont akur?:{?:ﬁto?gljleqls% @H&pmarge fovrddad, st ggtwa%/ ﬁﬁﬁﬁgﬁ acﬁé:r)é‘%y ﬁéﬂh@iﬁ% pRus nobile
rea tfo

surface t I'ng apparatus 1 rdw a sto 28 | ocat ed
at an easlikslitmode$ so]ﬂlbmnpmﬁltdvenhaﬁgmg calmtdu’eeAﬂ‘rﬁmasmlyacbamﬂe miebé 20. The

stop button 28 js operatively cannected to a conj| | e. di scus d in
Gt ni | bo e eably TR e o HnsiopT S edinpaLs OBy wrler Pading o
appar ag us légg rf%%en@fsos%ER QQ&QeOO@%‘tha%@ Baﬁlﬂ& Pf?ﬁ'ruags ABoVE R 189 §§1¢aceU¥@h§I op

button r exanpl e, nounted chassi s of  aut ononous npbhil e
surface tQ@aﬁlﬁmuﬁmenutasmmﬂcamdhmmﬂcan@etﬂn@v@hmangop@ﬁﬂanDﬁ the top

20 1 0" ovarERoBBPbY YRS BT ararebh 9acrenk R eBPUBESPIREL on of

shel | 20 E@l‘l@bhé’@qth%v%ﬁhﬁn%ﬁ@ _EHitSrs O Tn AHHBBOATR UV thé Barfdls g Be kighAY i NY
apparatus 10. Alternative stop button 28 may be a menbrane, either

mount ed t mouhtedtto fresaassicia aﬁonswmoweame fashlpmh;@ wath adepggsaier belgt thet he t op

e R B o A L S

al t er nat i YpowRXBEBpRer ipSrimeety BNEIRUEWI In othet Rdtds) Nies prerepstas thaihy ripedlly t he
switch fromcontam nants such as dust and noisture. |In anot her alternative

exanpl e, swuptedendls nobehle rcanitacs saisegl hopgentalpbstacies farh appchajiugs.
additional alternative exanple is |ess preferable in that wiring nust be
routed to stop button 28 between shell 20 and the chassis of autononous

nobi | e suPkde@bly3futbh@adusngobiparfateisedidg appariis QﬂlﬁQﬁlﬁQiﬁleB’@WhLMdﬁ 17088
The aut ononpus _nobil e surface treatjng apparatus, 10 na oeg gﬁl Eave at
| east 1&ne buttpmy?} lasatied @f wycasily @ecest pioyposision such a5 ihe fop ke ‘btjéﬁ eflhe

connect ed i § btuptgn §Q iy (§ﬁ%kat1v%§ﬂéblnge&%% ) SRS ERobMe dlcAiskd RPN belbf sbED 32

and Ioudspe Ker or ex
that operatlon of autonomous mobile surface treating apparatus 10 may be stopped when

stop button 28 is depressed. The stop button 28 may be, for example, mounted to the
chassis of autonomous mobile surface treating apparatus 10 and protrude through a hole

20  in the top surface of shell 20. In this example, the hole in the top surface of shell 20 is
oversized relative to stop button 28 to allow horizontal motion of shell 20 relative to the
chassis of autonomous mobile surface treating apparatus 10. Alternatively, stop button 28
may be a membrane, either mounted to the top surface of shell 20 or integrally formed
with the top surface of shell 20, that cooperates with a contact switch mounted to the

25 chassis of autonomous mobile surface treating apparatus 10. This alternative example is
advantageous in that the membrane may seal the switch from contaminants such as dust
and moisture. In another alternative éxample, stop button 28 may be directly mounted on
shell 20. This additional alternative example is less preferable in that wiring must be
routed to stop button 28 between shell 20 and the chassis of autonomous mobile surface

30 treating apparatus 10.
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nounted to the chassis of autononous nobile surface treating apparatus 10,
with LED 32 5 observable either through a hole in shell 20 or through a
transpar eph oQo1d25 ansl ucent portion of shell 20. Alternatip¢glsor/tfehk 32 My
be directly mounted on shell 20. This alternative is less preferable in
that wiring nust be routed to LED 32 between shell 20 and the chassis of
aut ononous nobil e surface treating apparatus 10. The LED 32 and

| oudspeaker under control of the control nodule may, for exanple,
respectively react by 10 flashing and produci ng sounds_to various stimuli
such as bUhpprWgEnemew mabilihyttes Beatingappgratus1Oasy epiionally Byeradsasienen

proxi mtyy. . r 4l i I pl an vi ew

of aut ono%ﬁtse%nlgﬁ{gls c{ew%euégarge3r2| %ﬁrqég?qgﬁé&gg{))&aétgv S?y\gudﬁ chthg Ffthggblltﬂgwnount ed on

a chassi sniddufear dikefitsedtin detaivbelowl ThadtBin82rand loudipchkersuayf, dareexhmpht, beig

apparatus 10 cqontacts an opstacle as discussed in detail bel qw. ir of

ot or - geafl9yREd toyth a%?biﬁ{[ﬁ’é%oné?ﬁl%lﬁ fle Surace ffepHn g apRaTafit ﬁwé@ﬁla% 36

driving a i ' 0is
g do%&?ﬁ?l@éthe?ﬁg@%ﬁ Fshe drghra)ggﬁ 26SndohRAt bNGaRRRBA Kol

pr opel e two etrally positione eels 38 that are i1 ndependently

dri ven soof $tefl 200 dtaraativiety, LEDEIZady be datdtiyemownteden shdhic}0. Sthis hlégrnative

aut ononous nobi | rface treating, 20 apparatu 0 can rotate out its
verti cal é%é?%’*.mﬂ*ﬁ@%"rjﬁfe& @td’%lélfﬂﬁﬂi‘?’égb%ré’ Oéﬁﬁl ?%éetg’ﬁﬁn Sl?:eg]r@ear’l’tdlﬂﬁ?‘lal gear
ar r angeneghastRlof §HBRbMBE hbFil Mo gediRlctPpRhind 100BE [IED el 38. For

exanpl e, each notor-gearbox 36 may include a DC notor having a spindle
attached iandspeaisenrundgeeomtrohhf tie coptsdlasodule may foperangderespepiicly redaetdugh a

reduct j on ar set drives eel 38. Alternatively. .wheels 38 be

G r octby AR Sy PRa e souH et S s kg G By oPalRb ipe
belt and pwu{g@yp,afrr@g,gﬁﬁgmpmﬁrﬁiwfochﬁdgmort is al so nounted on chassis 34.
The third support may, for exanple, be a ball-in-socket 40, a static
spherical protrusion having a lowfriction surface, a caster or the |ike.
Al ternatiyely, a L) =i .n- ket -or_.thir r e wheel
may 30 bey{ﬁi%f\}?%ré(g‘gg(ﬁgﬁghzg%‘fhé%helﬁ gﬁ%;&o%l 51% Y%‘%é’é%ﬁggﬁgﬁ%%?&g%ﬁ%%mr ed. In
yet anot hegatirl dppaaals 10g shdllhF id mou@tedrmtadtiasdis Basorldeflectbarwlianke arrangement
of four wheels, 1.e., a first 12 WD 01/91623 PCT/ US01/ 17088 set. of two
pover 88 wAEenemaabileRbige Featingrappugiusl@cralrs apwberslepagiscrEsd Br may not
be power ede, k16, VA LLAWE nfiidVgafTokbash ATRodn%a & QREY SA% AN RS Mobi e

surface

gearbox 36 driving a wheel 38. The autonomous mobile surface treating apparatus 10 is
propelled by the two laterally positioned wheels 38 that are independently driven so that
one can be reversed relative to the other so that autonomous mobile surface treating

20  apparatus 10 can rotate about its vertical axis. The motor-gearboxes 36 may utilize any
conventional gear arrangement for coupling the driving force of a motor to wheel 38. For
example, each motor-gearbox 36 may include a DC motor having a spindle attached to a
worm gear, which meshes with a spur gear, which through a reduction gear set drives
wheel 38. Alternatively, wheels 38 may be directly driven by a motor or indirectly driven

25 by a motor through a belt and pulley arrangement.

A third support is also mounted on chassis 34. The third support may, for example, be a

ball-in-socket 40, a static spherical protrusion having a low-friction surface, a caster or

the like. Alternatively, a powered ball-in-socket or third powered, steerable wheel may
30  be provided and the laterally positioned wheels may be unpowered. In yet another

alternative, the drive mechanism may be a car-like arrangement of four wheels, i.e., a first

12



treating apparatus 10 have been described, the scope of the invention it
not limted thereto. O her drive nechanisns that allow a robot to turn,
such as tya%Kotsve 5 mechanisns, are within the scope of pbhgishilyRg i on.
For exanpl e, independently driven tracks nay be substituted fsor wheel s 38,
t hereby dispensing with the need for a ball-in- socket 40 and providi ng
superior traction on sone surfaces, but at the cost of energy efficiency.
10 The chassis 34 also includes a battery case 42 that is preferably
positioned to bal ance autononous nobil e surface treating apparatus 10 on

i ts t hreesed@htEepoyeicdvehec)s aad a sgprad|sst ofgosirgrablg whegls dgtmay onmay uet e

r ef er abl : I Lt ane i L | trol
odul ¢ 435Banney (RNt HAveREMHRAR ol bARBIhE ARlohimaRPRRGIC St 00t 10
el ect r omagesting apperahisrléricee bEd Jesuifilsd, therstomd ofithelinventdd®, it nodimitéche EM

originates 15 fromthe batieries wthin battery case 42. | n addition,
chassi s 3thepiter Ofhgsdyve mechyamythata] %TQ%@F%%H‘&@ %fé%‘qck@?"ﬁ sur f ace

treat nent XpEUHGnd gfe_ew' AL DPe Sy dnBi6R) Fy&aﬁl 16 WideEfichfl$ aFi &Nt
modul e as di scusséd in detal el ow. More pre erablp , surface " treatnent
modul e r etecksimay e absttddsfopwbitls dBcberblet dspemsinatwigr theqmsdfot2 taHdncont r ol

nodul e 43. Preferaply,.several. types of surface treatmnment ul es may be
st al | ed et PO e RERE ORStlF Sp et Uf AGRAFed HA Ehoe o
parti cul agfficydgyof surface treatment nodule is selected, the surface

treatment nodule is preferably installed by placing autononous nobile
surface treating apparatus 10 over the surface treatnment nodule and

pressing t ohonm hi l.e,surface treati,ng.a ratus 10 daown, until the
Surt adh % TS ERERR Shaln o BaGAo o tt 2 L sERBRRY Bestfore Rt bt

el ement s ghtoi@&S Mobide Sutfle B8atifpeappRiafis- 1983 IRAKES c3Btadl PinD M. WikeRd
substantially above the non-skid | ower edge 22 of shell 20 so that

aut onormoud? andbill-in-sepkeid® Meemniefeirbdp pattery sase4? Baesitigned dameiisally apped on
bst acl i ¢h_shel i en. G : h |
Py ng. ol oSusEl 2 Ffton R0 P AS RTARNTh oW S 3 By IR AR HRARLET | O

t han non- gReldcitamggneeiggfczehce (EMIRhporlédntrokeeile Whgied. sthe EBIMIDI gt &x1623

PCT/ US01/ 17088 38 and ball-in-socket 40. Likew se, an installed surface
t r eat hent fTeBYEE Battgresiygthin battery case 42. In addition, chassis 34 preferably includes a

vacant volume that defines a surface treatment module receiving area 44 for receiving a
surface treatment module as discussed in detail below. More preferably, surface
treatment module receiving area 44 is positioned between battery case 42 and control
module 43. Preferably, several types of surface treatment modules may be installed

20  within surface treatment module receiving area 44. Once a particular type of surface
treatment module is selected, the surface treatment module is preferably installed by
placing autonomous mobile surface treating apparatus 10 over the surface treatment
module and pressing autonomous mobile surface treating apparatus 10 down until the
surface treatment module snaps into place.

25
Preferably, low lying elements of chassis 34 such as the motor-gearboxes 36 are
positioned substantially above the non-skid lower edge 22 of shell 20 so that autonomous
mobile surface treating apparatus 10 does not become trapped on obstacles which shell 20
passes over but which would then contact such low lying elements. In other words, no

30  part of chassis 34 should be lower than non-skid lower edge 22 of shell 20, except wheels
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positioned | ower than the non-skid | ower edge 22 of shell 20. Shell 20 is
preferably w thout any protrusions so that the robot can freely rotate
while inwgotenhact with an obstacle. However, it may al t@[j@,:ﬁsbylgogs be
desirable to attach one or nore flexible brushes to autononous bile
surface treating apparatus 10 that protrude beyond the radius of shel | 20.
FIGS. 3-6 and 6A show nodified versions of autononous nobile surface
treating 10 apparatus 10 that include flexible brushes 46. Flexible brushes
46 may, for exanple, reach corners of the floor or other surface 24 al

the way t 8% endbaliin-sockgt 4 Likevisesanaapallef srfagnieatospti modyle 12y he pat h of
the S!Jffagss&(gl?éat w&mﬁ&ﬂe on-sf?cfdf h%i%%%zﬁ@éﬁ&?ﬁo% may extend from

| ocations“partially or arou periphery of shell 20. The
fl exi ble brushes 46 al so serve to act as extenS|ons of the shell 20 so as

to cause 15 col lisions between. shell an t he obstacles, . I n other
wor ds, éﬁ?li é& ismr@t%mhbsw OUteAny PFotrysinns s rlg;lt Céarﬁﬁeﬁﬁ TR RRIS®  but
al so ag é%'vﬁ 1%\6% @eha@&w%& wandy %ﬁéﬁﬂfd %ﬂﬁe d&iraﬁﬁgb bitee® dn@ osENSE
Immlyln stac own I n FI G~ 6A e shel eparts froma

cylindri caioref ﬂembleslmms’.heaﬁo aheddmAB moltilesnifidedrdatiug hpsard6s df thabdpsoitmde | engt h
may be usg Ea?]f r%e @r%@ ends of flexible brushes 46 taken together
subst ant i aFY%} d]é% Y5t sh | e as 20 projected onto the floor or other
surface 24 in plan view The flexible brushes 46 nay be attached to

aut ononous nobil e surface treating apparatus 10 using conventional
adhesi ves FH#S {6 andh éA§h0Wrm®chﬁadbw s1of.1$ efkdupdreniug sibsleserfagedreatingched t o

ncor Br afeRiettR 50 sk Ry G bl e BlRIO 5 B ey OBl bl e

brushes 4€eagh GortesRATESOHSoratbilidh 'dﬁrfaid%fm\f&l&hé Wa g&@ eRedIs28 sd9k fdswd
exanpl e, hook and | oop fasteners. shown in 3 and 4, one o the

f1exi bl e Briighddelrs mﬁythb@a@tqféhmwfap@trea&tv@ﬁaocme e“éhqwﬂ@m@@ begsh a%%ﬁwous
mobi | e sub f gﬁ fro%n lgg%tiong y%} ggmélgteb%ro{u?@ h%;)aﬁf)ﬁe(}g oWsﬁehl ﬁ S on

opposi te & ONoRD ng” appar at us

shown in Beble rugted 46 ,als‘é@éﬁfe&b aeddickiensiahs offthexidll 2 skmrasshealséﬁscrfay be
attached to_aut ononous nopbile surface treating ap(garat us _10:30 to provide a

mor e thor eeijEoBsRepicay sl 20vndihe pkstacles. 1n other ordsy e dlepible bryshes Fprss
Referring, n%ﬁbﬁv? s Ebf@anifip nfbcREAEAT 58 108 Blx BRSRSAR 28 aR¥ SR LK@ sions

aut onomous
of shell 20 to sense low-lying obstacles. As shown in FIG. 6A, if the shell departs from a

cylindrical form, such as shell 20’, flexible brushes 46 of varying length may be used so
that the outer ends of flexible brushes 46 taken together substantially describe a circle as
20  projected onto the floor or other surface 24 in plan view. The flexible brushes 46 may be
attached to autonomous mobile surface treating apparatus 10 using conventional
adhesives or fasteners. Preferably, flexible brushes 46 are attached to shell 20 or chassis
34. Alternatively, flexible brushes 46 may be incorporated into non-skid lower edge
member 22. Preferably, flexible brushes 46 are disposable and thus removeably attached
25  using, for example, hook and loop fasteners. As shown in FIGS. 3 and 4, one of the
flexible brushes 46 may be attached to extend to each side of autonomous mobile surface
treating apparatus 10 for registration with corners on opposite sides of autonomous
mobile surface treating apparatus 10. As shown in FIGS. 5 and 6, several additional
flexible brushes 46 may be attached to autonomous mobile surface treating apparatus 10

30  to provide a more thorough sweeping of the corners.
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surface treating apparatus 10 is shown in an elevation view with the shell
20 renmoved. Although a preferred wheel suspension systemis shown,

nodi fi catyygngeidisreof as well as other types of wheel suppgighPioss
mechani sms nmay be used instead. Wieel suspension 5 system 50 I's shown for

t he purpose of illustration, and the invention is not limted thereto.

Wheel suspension system 50 is used for both wheels 38. Each wheel 38 is
driven by notor-gearbox 36 that is pivotably nmounted to chassis 34 usi ng a
pivot pin 52. Upward rotation of nptor-gearbox 36 in direction A

when aut oRefering rayhiq BlG Js ¢ aeaderrad-whael pusbansmien sysissr 1908 autonpamug %&Hﬁ t owar d
t he f l oor %aeottrhgt'in > rt’:l?a(&?s l%fl- Sh ﬁlsdn 1@\% IQM V?GW]'%IJ[B%% Aheﬁ@b r&h@%nt 54

i nt erpose%ilr ween or-gear assi s ferring nowto FIG

7A, whi chAltBowghtd m&r&aaﬁhe@hsmpmr@tsﬁyﬁteﬁh iagliawm, mochﬁcﬁbﬁyﬂteraoﬁ as wewas of a

portion of notor-gearbox 36, the resjlient ele % Ee, for exanpl e,
a faE

a pin 560H8UHPeOL Whest SWCWWG%Q}SB@P@@QWS 111? PB4 and is
bi ased; by aﬁte‘%l? 56 B dd@nT8r tth‘ @fo@@Bf ifia t¥at1o§1ea°ﬂd the HveRHSGIRHot BhitEB YRG0 2

spri ng bi pr n nmount ed on chassi s to contact the notor-gearbox
36. In anﬁﬂieersuaﬂ)etmmmastymm, 5(}19$lséd @nbothlvdwe}st385£achu&1ede38as dukéreby peg

attached to either tor- rb ch 4.to contact_.t other
The resi | TROHT-&Sf tg%f gﬁ HB&;{P?‘Q’B%@ c?h@ss%éggsllgg BBIVRF PR Phr YRYE,
sliding fqiifdnl cﬁ"?nétbf SRLENTS mtcHFecJu@r{‘At B g0fyeh %uﬂ%ﬁbﬁﬂﬁd RBbil¢ QATeHassi S 34
to notor-gearbox 3 é 20 adj ust abl e. fger natively, such a resilient

el ement wtredurgmpgd;aumlé)bs QUShed QDanW@mﬂ@nﬂwmr ot’rmy sméacat%a@ hesdstedby a
m)tor ear bq % qe &'\ it can be seﬁg fq % an adj ust nent
Wil S8 vEstisnbglpment YHBITRoed Beiverh MOt sawor e 85 e nassi s 34 by
causing notor-gearbox 36 to rotate upward or downward about pivot pin 56.
Alternatively, resilient elenments of varying |engths may be substituted
for one aRofehung faw ta REG.Janevineh is@ropess sectivafsehqmatty dizgrpmtip arpleyatjon

resilient_ el enent i sis 34
£ aut onoveucoaran BLFPRE IR irbalob e bl ettt A kb fe Y Aanblad! o
st epped UBRIB6 howREd i d’»’tfbnf theRE-gedrbet B@thab tirtatechidsis 84 tdiis baased by anmor e of

t he non-skid 30 | ower e nenber 22, shell 20, a |ower part of chassis 34
and alsur fping 1% e%ﬂttwmv Yroeiicat elsareat i men be p spihe biasesHe mosnieddp ar 24.

Thi's arrapgement 0L Miz&Shd Btdrledkib8k 3618 WRultaRdfdsyd tdiiidaP dehies

may be a rubber peg attached to either motor-gearbox 36 or chassis 34 to contact the
other. The resilient element 54 may be attached to chassis 34 with threads or a sliding
friction fit so that the length of its extension from chassis 34 to motor-gearbox 36 is

20  adjustable. Alternatively, such a resilient element with an adjustable length-of-extension
may be attached to motor-gearbox 36. In either case, it can be seen that such an
adjustment will serve to adjust the riding height above the floor of chassis 34 by causing
‘motor-gearbox 36 to rotate upward or downward about pivot pin 56. Alternatively,

resilient elements of varying lengths may be substituted for one another for the same

25  purpose.

Referring back to FIG. 7, resilient element 54 preferably allows wheels 38 to rise into

chassis 34 if autonomous mobile surface treating apparatus 10 is pushed down, e.g.,

stepped upon, toward the floor or other surface 24 so that one or more of the non-skid
30  lower edge member 22, shell 20, a lower part of chassis 34 and a surface treatment

module contacts the floor or other surface 24. This arrangement minimizes the risk of
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aut ononous nobil e surface treating apparatus 10 wheeling out from underf oot
like a roller skate, i.e., skating out, when it is stepped upon. This
arrangemph (@b Provi des autononous nobile surface treapichgsaPpasat us 10
with inproved traction on uneven surfaces. 5 The pivotable arrangenent of
not or - gear boxes 36 relative to chassis 34 preferably allows

not or - gear boxes 36 and hence wheels 38 to fall toward the floor or other
surface 24, i.e., notor-gearboxes 36 rotate in direction B, when

aut ononous nobile surface treating apparatus 10 | oses contact wth the
floor or &etReemeyymakite sufacq tresingfappatsiug, 1 0avheshagpusirompniefenilikage

treating AaROLAUS ol Oy L AW A ws&{@@@a@&p%ﬂﬁ e AEAR0R ol Ho iR

act uat ed en aut’ongrous e surf appa ushed
down, | i f wetdnomousomobifiesunfacd atdtingepphratz e widninaabved ﬁratbtlbhebnfuhlefml or ot her
surface 24. Referring back to FIG 7A, a contact sensor 60, for exanple,
may be po&¥acshred within 15 each of the notor-gearboxes 36 to sense if pin
56 hassreached a predetermi ned conpressed position, i.e., the position
that is occupied by pin 56 when autononous nobile surface treating

appar at us The pivetgblesirechgdmant aﬁmcbtoagqmrmies 86 melatdk tarchassis 3 prefembd:;e allows

Accor di ngI aut qnono ile reatl ng. appar at u her eby
sense tqrrESpEDOREr A %ﬁﬁmw b 3§ o PR B0 & offerni@d 2, 1

appr opri a%téﬁé&ﬂ%@s 36 Hithte 20 RSt B) Mitgn AlifonbMBusRIoBIIS stkdcB kiRating

not or - gear boxes 62. Moreover, an addi’'tional contact sensor nay be provi ded
to sense apwrdios l(ﬁ)hsdmcmtmtmeﬂhth@ﬂp@msdcbrpuﬁmaﬂn occupied as a result of

a |l esser conpression of pin 56 caused by increased notor torque and nonent
reacting upon one or both notor-gearboxes 62 as a consequence of a

hor i zont alpregerablys hi@Bnoméss rﬁ@&fb%@ﬂfa&@trédﬂﬁg%ﬁﬁaﬁh’é Q@ﬁ@ﬁro@ﬁléﬂrvﬁﬁﬁdu nkRAUl t1Nng
from bei ng step{l)ed upon. The 25 control nodul e may, for exanple, respond

by rever ssengorssharage wt@mwhe@wgwtmbﬂemﬂefa@ﬁﬁ@ﬂ’a@g@ph@ﬂtuﬁﬂﬂmsrgusmd hi n

t he nDtor ear Sin Lononou C ng devi ce
10°to br 9V R, R ors B Dy GRRRRRLTRE Hthond o ST ShBEE 24 o1 verr o

thus ci rcmfeeﬁﬁg Beﬂ:ldtb@l@b"iSAa@J:(ﬁlta/Mt bdhsBhb @ Hod dxafiPld, ndﬁdw pokitiohéd ithinanot her
contact sensor 62 may be positioned within each of e notor-gear boxes 62

to sen%e P@chmfﬁh%mogg-%a@ox%%@éewegf BideOdiagropsheda predeiesmipedi ti on, . e.,
the posit E&leteQ@d ﬂo§1tf3ﬁ, e, tﬁg pgs}ftlon that is occupied by pin 56 when autonomous

mobile surface treating apparatus 10 is pushed down with a predetermined amount of
force. Accordingly, autonomous mobile surface treating apparatus 10 can thereby sense
when it is being pushed down and control module 43 makes an appropriate response, such

20 as turning off the motors within motor-gearboxes 62. Moreover, an additional contact
sensor may be provided to sense another predetermined compressed position occupied as
a result of a lesser compression of pin 56 caused by increased motor torque and moment
reacting upon one or both motor-gearboxes 62 as a consequence of a horizontal collision,
as opposed to the much greater compression resulting from being stepped upon. The

25 control module 43 may, for example, respond by reversing motors and then subsequently
one or the other motors within the motor-gearboxes 62, causing autonomous mobile
surface treating device 10 to briefly back and then rotate before attempting to proceed
forward, thus circumventing the obstacle with which it collided. Similarly, another
contact sensor 62 may be positioned within each of the motor-gearboxes 62 to sense if pin

30 56 has reached a predetermined extended position, i.e., the position that is occupied by

pin 56 when autonomous mobile surface treating apparatus 10 is lifted or at least one of
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pin 56 when autononous nobile surface treating apparatus 10 is lifted or at
| east one of 16 WD 01/91623 PCT/US01/17088 the wheels 38 | oses cont act
with the {b®9o1Q5 other surface 24. The autononous nobil epcgHishBFRsd reating
apparatus 10 can thereby sense when it is being picked up or has | ost
traction, and control nodul e 43 can nmake an appropriate response, such as
turning off or reversing the notors w thin notor-gearboxes 62. O course,
ot her responses nmay be 5 desirabl e depending on the situation. For exanple,
i f autononous npbile surface treating aPparatus 10 is being used to spray

a sur f ace therebaeint Wersronést wih theotlodt o pthier pyrfaseiZflg Thmuengsrus mabale
Sprayed by ihe Suner arpelfias S8t ReRbEVAR st ilis SRR PR sbBEIICR:  ng
appar at us triétion] Bndtéatrdd nshinlesd 3acapredkeranegpaiptiachogohseysediaas temingoff or

novably attaching shell 20Q.to chassis 3§% 8 wel | g; a preferred collision
det ect i onTSERY e AnGLETS R MOTRSET 08 Rt & Y3 ObeT ERBPISCHBY &Pat i ve to

chassi s 3qesifhff ?{?&1}2{% ofi Qld diBhGoh. dES RS hinBR, ﬁ%ﬁﬁﬁﬁn\&%ﬁs #loBe R Be ERating

conpression of sh oward chassis 34 such as en aut ononous nobil e’

surface t epperatng 10 ppkaieg used 10 sprey 8 seqipredraatiog solnfioh ou tixiaopirsftng ed
attachnment .15 mechani sm and a (grreferred é:,g)ltl i sin?n det ecthijﬁtr} seﬁéor are
shown, modF4STARE: B SUSPRRAT.QILTENSQs MY be Used 1y prayenf g sidoysy child oty Reipe

mechani s rr*s‘%lggﬂghnlgpihleisﬁbg_ﬁh&%rps& iR SedRaichs Mbile uriieatbating hfRfatud §.achnent

mechani sm collision detection sensor 90 are shown for ~ the purpose
of illustration, and the invention is not limted thereto. 20 The shell 20

DA MO SR bR u e ReehRaR o B PR LSRN ES 2, LT,

recei ved whiskis34as welles & PriparbdRaidtideléetion senbas 90 Sordénsifty Réreioalily,
el astic supports 72 are sufficiently conpressible to collapse under

. | np )|, .
vertical msdign ofpeelb] redativefto elkaspis 8fa Sraferablyppriision detegtionpiepsrr¥dltoo
chassis 3 Egﬁ t Folele ' shel | 20.
When 25 s %ﬁ?gﬁ S&%@bﬁéﬁﬁﬁ?ﬂéﬁk%ﬁﬁ %%% mﬁthﬁg%%%gg?%é%gﬁgﬁﬁpgﬂﬁﬁving
hor i zont aktifacegregting bpardtas 10lisrsespipedopal. Althicuyh@, prefeatd a@érhn®ent ree to nove
in a nearly horizontal arc relative to, chassis 4. The cone-shﬁped
openi ngs Techanign Bl a preferred ppibision detoction ssasor gregoya; Profbgtieisdhcreprsugh
the overa [ cTeI -y f o ¥ LU 10 18
pr ef er abl i‘/)J eghrhgrotg& Ir ae\slg?'JI @%&gﬁ%@rpg@ t 1{;'?] qrsf‘:laig Cg{}/lglrohéﬁg&%lﬁlgsﬁggr. Pref erably,
t he | engt hsafinstead. Attachment mechanism 70 and collision detection sensor 90 are shown for

the purpose of illustration, and the invention is not limited thereto.

20  The shell 20 is movably attached to chassis 34 by two or more elastic supports 72 which
may be, for example, springs, elastic rods, elastic tubes or the like, each received within a
cone-shaped opening 74 in chassis 34. Preferably, elastic supports 72 are sufficiently
compressible to collapse under vertical load. The bottom of each elastic support 72 is
attached to chassis 34 and the top of each elastic support 72 is attached to shell 20. When

25  shell 20 is brought into contact with an obstacle while moving horizontally, e.g., in the
direction of arrow C, shell 20 is free to move in a nearly horizontal arc relative to chassis
34. The cone-shaped openings 74 allow elastic supports 72 to be relatively long even
though the overall height of autonomous mobile surface treating apparatus 10 is
preferably short to avoid counters that may overhang the floor. Preferably, the length of

30 elastic supports 72 is at least 2 the height of autonomous mobile surface treating

apparatus 10, and more preferably at least % that height. The relatively long length of
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30 elastic supports 72 is at least 1/z the hei ght of autononous nobile
surface treating apparatus 10, and nore preferably at |east 3/4 that

hei ght. TRe ¢iBlasi vely long length of 17 WO 01/ 91623 PCThESRLH LRSS
i |

el astic supports 72 provides a substantially free, but vertically

constrai ned, novenent of shell 20 relative to chassis 34. This arrangenent
allows a strong, .rigid case or shell 20 (that can be stepped upon w t hout
shattering) to be used rather than the thin, deformable covers of prior
art autononous nobil e cl eaning devices. 5 The vertical c|earance between
t he under §laglic gpPerel? prayides @ suhdantisy dree iy yertisaliy constraed sraovemept gt | east

as great elfitgrreg%gﬁggcﬁAsag@aﬂ%gifbawgﬂm&aﬁo&QQs&gﬁ%ﬂgﬁ)es se Blgfn Jgper 22

and the floor surtace as previous cri W th
respect {(thatda@bektdppednpdrewithdut shaesingh@rbeQis8Bratlidr 3an the hes, def@ndableer r i ng
again to FIG 8, collision detection sensor 90 senses horizontal notion of
shel | 20 PHIrsPf REOTast yionagqus mppilepleantg|deVisPhn det ecti on sensor 90
includes a passive portion 92 attached to the underside of shell 20. The
term "passive" is used in the sense that no electrical conductors need to
be rout ed The vpdissl clearpoetticoneed2hd vnderdidd of shpk 28 ted thedopof capsdiS3pissi ve

portion 92 of collision detection sensor 90.on shell 20 .i.s,advantageous in
that no  SrSEEPb ISR & Lo Baideraie oD iR diid [T egeShl | 20.
The passi yenfiF bb and 82 fiddr 6l HleSsiRfacaRe8yeieRn ngfelvfb@sglc@kcr%d samdwigebed
bet ween shell 20 and a small conductive disk 96. The | arge conductive di sk

94 and smtd FIG@dnid peaferablydessith®60.33 €1/3) ingledsed to shell 20 so as to be
concegbric relati ve to one anot her and shell 20. 20 The collision detection
sensor 90 al so includes an active portion 98 attached to chassis 34. The

term "act Reerrihg agtif € FIG. 1) €ol5i6i0 @cfebién hesitani seades GOrigbiiilanGtionegdhéld be
routed to active portion 98 for it to operate. The active portion 98 of

col |i si on208&elatyd torrhessist B collisionsdriectionsersor AY ineludse e passais Bpriien & or
more, el e%{tééh%glt ﬁl%%ﬁ%l%ld%%@?%ﬂ% .Oﬂqe(tglqll‘lyPés ezﬁ 1@%&3 inst}ﬂg\éghsk 'ﬂ}alt:hgi .8)
arranged at equal “angular intferval's'in a circle that 1s concentric with
smal | condleetricdEcatidaétoRnead o barageedao pdssie poetich Sk 4t toloperasdhdldca@@z i S i n

‘s n?? ) passive portion 92 of collision detection sensor 90 on shell 20 is advantageous in that no
electrical conductors need be routed from chassis 34 to shell 20. The passive portion 92
includes a large conductive disk 94 sandwiched between shell 20 and a small conductive
disk 96. The large conductive disk 94 and small conductive disk 96 are attached to shell
20 so as to be concentric relative to one another and shell 20.

20
The collision detection sensor 90 also includes an active portion 98 attached to chassis 34.
The term “active” is used in the sense that electrical conductors need to be routed to
active portion 98 for it to operate. The active portion 98 of collision detection sensor 90
includes one or more, preferably three or more, electrical contact sensors 100 (only two

25  are shown in FIG. 8) arranged at equal angular intervals in a circle that is concentric with
small conductive disk 96 and large conductive disk 94 when shell 20 is in its non-
displaced position relative to chassis 34. Each electrical contact sensor 100 includes two
electrical contacts 102 (only one is shown in FIG. 8) separated by a gap. When shell 20
contacts an obstacle, shell 20 is displaced relative to chassis 34 in vector 180 degrees

30 away from the contact point. The small conductive disk 96, which is displaced along

with shell 20, travels over at least one of the electrical contact sensors 100. If displaced a
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di spl aced position relative to chassis 34. Each electrical contact sensor
100 includes two electrical contacts 102 (only one is shown in FIG 8)

separ at edyBYy;3:@3P- Wen shell 20 contacts an obstacle, $pgldsofProb$
di spl aced relative to chassis 34 in vector 180 degrees 30 away fromthe

contact point. The small conductive disk 96, which is displaced along wth
shell 20, travels over at |east one of the electrical contact sensors 100.
| f displaced a 18 WD 01/91623 PCT/US01/17088 sufficient anount, small
conductive disk 96 activates at |east one of the electrical contact

sensors 1@ 155¢nb¢m@g1trﬁgnat IhrondugivetisheXpctivales i least opgpik the electrisal coplach of

th | t t t |
maur e aa s 196 BYREREHe BhFbetol caAAENbAUE YOS O RAGEI e ERCERAE [0 )
control noghthe séh&ohﬁlimds operativetin c@rcht(ed to Bororod sjodafe 43hé1‘herdimet1m ofithe e

el ectrical_contact sensors 100 has (have) beep_a determ nin
the di r ectisplacgmentof shglks) is detpamined i’éfr??’f‘%‘i’ll?r?fgﬁ‘?%& h%sefjrﬁi} W}F r§><(t8ﬁpl e, "9
rotates 0bn@aoindiftet of Alof oIBUHENTRS AR COPKLBAR,) bbGRAdRGAPBYr at us 10

away from stac e before proceeding forward again. According
aut ononougetamhining theidirag®n of teeadisplgccappycattog m@duia% meyj fbkxample,

ci rcurmav at e acles inits envir nme 0 Collisian tectLon sensor
90 prefer ’thl ‘?ﬁ?ﬁﬁ?é‘i%%ewg?é‘? g? 'éth%qe]ﬁ c5Hng waﬁu WY LB, such
as when apeiRABRDMMP bt esdhs ?&e«afcr@éaxﬂ wcc%aﬁag@t dFordindis nSbEIRREHacePON.
When shell 20 is forced vertically downward, |arge conductive disk 94

el ect ri caktstingrppdges ltot'ﬁangelmbbe@m&@maﬁig@tﬁtqmtﬁales oM emtitonneRt. i n al | of the
el ectrjcal contact sensors 100. 15 Once control nodul e 43 determ nes that
this ¢bndition is present, control nodule 43 may, for exanple, shut off

t he nmot or §oyMsidh dbtdBpbA ke8ROP BretsiaR§ alsblst el dbmpRkdion 8fsHeit20Gahargensor nmay
be used for collision detection. Referring nowto FIGS. 9-12, which show

an opt i cakhassis |3ﬂ§u@1hawh@mut@mrrscmambﬂf soriace teabing eRPASHRS L Stepped s 20

attached to s

The passi ve° 1}) Frcl)rsl %@gpls? b %%:I)gl algp {ﬁrgfhgé]igrgte é%%%gg%lgtgg ei%g-?&h udes
a reflect bioi@géiltﬁé(gé{i&tw%ﬁ @lbctrlbzﬁ cohtacis 162 irt gll shipk lelezﬂlcabccﬁﬁact Slenlsers 100.
concentric relative to shell 20. The active portion 114 of

col | i 45 onOmee eentred moghskesdy defarmnineschatdbis capditipn i5aressnt, Gﬂnté%wgl o) %ma¥’uc h as
N ASED:  Ablntic0Bhl 6B il BREY LARiORBRRLBarbbfs SeuC a5 photo di odes,

arranged a

Alternatively, an optical sensor may be used for collision detection. Referring now to
FIGS. 9-12, which show an optical collision detection sensor 110, a passive portion 112 is

20  attached to shell 20 and an active portion 114 is attached to chassis 34. The passive
portion 112 of optical collision detection sensor 110 includes a reflective disk 113, which
is attached to shell 20 so as to be concentric relative to shell 20. The active portion 114 of
optical collision detection sensor 110 includes an illumination source 116, such as an
LED, and six optical receiving sensors 118, such as photo diodes, arranged at equal

25  angular intervals in a circle that is concentric with reflective disk 113 when shell 20 is in
its non-displaced position relative to chassis 34, i.e., the position shown in FIGS. 9 and
10. Of course, more than one illumination source 116 may alternatively be used.
Likewise, more or less than six optical receiving sensors 118 may alternatively be used.
For example, one or more source/sensor pairs may be used, i.e., each pair consisting of

30  one illumination source and one optical receiving sensor. The illumination source 116

and optical receiving sensors 118 are mounted facing upward toward reflective disk 113.
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25 angular intervals in a circle that is concentric wth reflective disk
113 when shell 20 is in its non-displaced position relative to chassis 34,
i.e., theygQshiden shown in FIGS. 9 and 10. O course, Mg dshpimogde
illumnation source 116 may alternatively be used. Likew se, nore or |ess
than six optical receiving sensors 118 nmay alternatively be used. For
exanpl e, one or nore source/sensor pairs nmay be used, i.e., each pair
consisting of 30 one illum nation source and one optical receiving sensor.
The illum nation squrce 116 and optical receiving sensors 118 are nounted
{ aci ng. Up REEFE R rdit |V matBledngebin & Tghisrier B 00 PGH LBIRHDR 03

Pr ef er abl i i : ol : MR I : ) rio-ng 120
A e o T L E s O RR A

wi t h | i ghtpdoad apeet a distagse D20 redude 1igi2t lealpge.eingijraly; rafidilighbperaed® 126 areeduce

i ght |leakage. Simlarly, radial |ight barriers 124 are ref.erably | ocated
between: aBGRHE IS psr G BT ing 5oty U eoFeEiEn Eshesge. o A
l'i ght bar nijgfhe bhipQr _ﬂiag 106 pfg&rably sus it RUREISpti APr LBV irpaknddé €1 /io8dERNSOr S
118 to reduce the introduction of stray light. Wen shell 20 is displaced

hor i zont atHeyinreduativw ef stey lighs BTen sBe] 20 isfdistaded dodrerkallyl ®lative Kreohghris over

tical.. 118 shown.i.n Fl GS. d 12.
Thus, | whed PARISHSE Sk 1ais pRagBShanem B0 opgRe TPt P nera dd 1 rom

i 11 um nat LRRVISRWICS. 118nd 02 aThisy #hen AN EbRACINBIFla6dtsheRD0) IBER i@ fesRESOr S
118 via 10 reflective disk 113. Each of the optical receiving sensors 118

i s oper at frosl Ylusitation seerce 16 nativele orp @umeregpticrheecelivingsensnrs bk Yipe

di spl f 20 i : ; whi ch
one (8 ofles s EPRLLL Bhdyr e Gt e eSS L BBRf e BRE G " ©

act i vat edcorol deidarov i T difvetich 6Lk idplastmeftefdhap @ Geivestinineddytdoatronodul e
43 may, for exanple, rotate, or back and rotate, autononous nobile surface

treati ng IBdgisarbasedson whishane (eiomeptef thhaptiel ecpamersnirs  Eebas{ga¥dr war d
agai n. Acgordi nol ¥, B?lﬂte%gﬁ:mﬂégsthm&t?onsdfrtfx@ﬁﬁ?ltaEé?ﬁéﬂt,n&)rlﬁepﬁP@hE§f3 10 can
reliably citcummavigate obstactes 1n 1ts envitonnent. [t w e

recogni zeehayfol bxxsrpls kiotdte dr back 41 ratate, attoadmowswobildhenfacy pestimgf col | i si on
20 detection sensors y ahge natié‘%ﬁ? be used to sense nmgvenent . of shel |
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its environment.

It will be recognized by those skilled in the art, that many other types of collision

20  detection sensors may alternatively be used to sense movement of shell 20 relative to
chassis 34. For example, multiple discrete contact switches such as those disclosed in the
Ichiro applications may be used. Alternatively, Hall affect sensors may be used, i.e., a
magnet may be mounted on a central portion of shell 20 to cooperate with multiple Hall
affect sensors mounted on chassis 34. Also, sensors that use pattern recognition to

25  identify the direction of displacement may be used. With such sensors, different patterns
are located in different areas, such as in different sectors of a passive disk, which may be
mounted to the shell, for example. Accordingly, the direction of displacement is
determined based on which of the different patterns is detected by an active sensor, such
as an optical, magnetic or capacitive transducer, which may be mounted to the chassis, for

30  example, so as to be able to read the different patterns on the passive disk when the shell

is displaced.
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magnet may be nmounted on a central portion of shell 20 to cooperate with
multiple Hall affect sensors nounted on chassis 34. Al so, sensors that use

pattern rnegQyRidison to 25 identify the direction of displ ggqgjgm/lw be
used. Wth such sensors, different patterns are |ocated in fferent

areas, such as in dlfferent sectors of a passive disk, which may be

nount ed to the shell, for exanple. Accordingly, the direction of

di spl acenent is determ ned based on which of the different patterns is
detected by an active sensor, such as an optical, magnetic or capacitive
transducer, which may be nounted to the chassis, for 30 exanple, so as to
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| anguages known 10 in the art (e.g., C, C++). For exanple, the
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nobi | e_surfac reat ppar at us S of the ri ous
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machi ne-readabl e i nstructions pref e;iggﬁli% control other functions of
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| east one "cOFTiSTON Ion-sensor I S1 0N I on sensor

90 or opt ipgAtrablg@ohirs] &heldﬁhﬁﬁinls of a&@ﬂ@rﬁ@ushﬁ&oﬂeasmdfab@trwtm\g agparatik 10tast 0 at
| east one drive notor 134, P t he notors_within notor-gearboxes 36. 20
The niler odtHs rﬁéacp@mglwwwoa rellerd a0 dp e eartivedy orusHAR i el MPELEPPti nput

fromat | ¢ast or*e%ﬁw?&?&ét%’cﬁmh%e&s%ﬁ?f e:]g3 Goolif¥Rdef et E¥n sEor 8 %%t?cal det ect

t he presence of an ani
collision detection sensor 110, and to provide output to at least one drive motor 134, e.g.,

the motors within motor-gearboxes 36.

20  The microcontroller 130 may also be operatively connected to receive input from at least
one passive IR sensor 136, which may, for example, detect the presence of an animal or a
human. The term “passive” is used in the sense that the IR sensor detects the presence of
an object but does not measure the distance to the object. The passive IR sensor 136 may,
for example, be mounted on shell 20. The microcontroller 130 may, for example, cause

25  an audio or visual alert to be issued in response the detection of the presence of an animal

or human.

Another input to microcontroller 130 may be provided by at least one active IR sensor
138. The term “active” is used in the sense that the IR sensor 138 has the ability to
30  measure the distance to a detected object. The active IR sensor 138 preferably employs

uniquely modulated IR emissions so as to minimize interference from other IR sources in
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human. The term "passive" is used in the sense that the IR sensor detects
the presence of an object but does not neasure the distance to the object.
The passiwe ohiigegnsor 136 may, for exanple, be nounted opcshgbl/1@d8 The
m crocontroller 130 may, for exanple, cause 25 an audio or visual alert to
be issued in response the detection of the presence of an aninmal or human.
Anot her input to mcrocontroller 130 may be provided by at | east one active
IR sensor 138. The term"active" is used in the sense that the IR sensor
The

138 has the ability to 30 negsure.the di nce o a detected,object.
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i ts forwandatpal dpphaatgelteoteacbsitact esfoneaid pailtiesieadct bbssaclgdaichy sidds diyits
simlarly rotating active |R sensor 138 relative to the chgélsi S.
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types, su sensors enpl oyl ng” ul'trasonic, tic, mcrowave, or |aser
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apparent tq those skilled in the art that sensors of these S y be
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m crocontr er 1 may al so be operatively connected to receive input from
at | east imempemsbtecacousiics epticat®nsucrowafe leRsasftbatdipdaden vheamew dresefgctive N not or
gear boxes gtg,fﬁ‘re each, equipped with a current sensor 140 so that

condi t7 on®2BhALNSEG-i p 'and/ or over-torque can 20 be detected. The
m crocontroller 130 may respond to these detected conditions by, for

The microcontroller 130 may also be operatively connected to receive input from at least
one motor current sensor 140. Preferably, the motors within motor gearboxes 36 are each
equipped with a current sensor 140 so that conditions of wheel slip and/or over-torque can
20  be detected. The microcontroller 130 may respond to these detected conditions by, for
example, turning off the motors. Alternatively, microcontroller 130 may respond to these
conditions by adjusting the pressure applied to a surface treating pad of a pressure
adjusting surface treatment module, as discussed in detail below. For example,
microcontroller 130 may respond to an over-torque condition by reducing the pressure on
25  the surface treating pad and respond to an under-torque condition by increasing the
pressure on the surface treating pad. Motor current sensing may also be used to detect
collisions. Thus, motor current sensing may be used as an inexpensive primary means of
obstacle collision detection or a backup means of obstacle collision detection for
collisions not registered by shell 20. An analog to digital converter (ADC) converts an
30  analog signal from motor current sensor 140 into a digital signal that is provided to

microcontroller 130.
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exanple, turning off the notors. Alternatively, mcrocontroller 130 nmay
respond to these conditions by adjusting the pressure applied to a surface

treating Wad19i628 Pressure adjusting surface treatnent nmpgyhRo1/fPss
di scussed in detail below For exanple, mcrocontroller 130 may respond to

an over-torque condition by reducing the pressure on 25 the surface
treating pad and respond to an under-torque condition by increasing the
pressure on the surface treating pad. Motor current sensing nay al so be
used to detect collisions. Thus, notor current sensing may be used as an
i nexpensive primary nmeans of obstacle collision detection or a backup

nmeans of |l e. Y 1 . i S by
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to this detected condition by, f le,. turnj ff t tors,
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adjusting surface treatnent nodul e, as discussed in detail below For

exanpl e, rmsporstioranrabhoranally3dowegeed cesdition by tedaningbirropresturs o the\supreed

¢ sponl 1 ediverarhdspy s BE S Dot erl BTl avh SR AR RE,

on the suph gfetuifabiréAgpad. Another input to mcrocontroller 130 may be
provi ded by at | east one suspension sensor 144 to detect, for exanple,
when aut ononous nobil e surface treating apparatus 10 is 15 pushed down,

l11ted Up%_g{h.?ﬁ@%up{o RIS 3b?1§a§r J)Ceﬁgéﬁ&%d WI b edd ﬁléé é@géns%n s‘%}x%ﬁ{ o

surface suspensi on sensor or- exanp rrespon

cont act semsaydetdd, fanekangle, sSitenauiohofloGs moBile Wiéire onetind agpamses Ioindi ti ons
is detected, microcontroller 130 makes an appropriate esponggr,r syuch as

turni ny oP¥sheAdova bited umpor ererpckoth whres lose capfariswth thayfloge oge age
dependi ng)pn} 0§ FhALR dBBor 172 mdX BTk Emplel cAHHsPARIMMYBntact sensors 60 and

62 shown in FIG. 7A. When one of these conditions is detected, microcontroller 130

makes an appropriate response, such as turning off the motors. Of course, other

responses may be desirable depending on the situation. For example, if autonomous
20 mobile surface treating apparatus .10 is being used to spray a cleaning solution,

microcontroller 130 may respond by turning off the spraying mechanism.

The condition of autonomous mobile surface treating apparatus 10 being pushed down
may also be detected by collision detection sensor 90, i.e., when large conductive disk 94
25  electrically bridges the gap between electrical contacts 102 in all of the electrical contact
sensors 100, as discussed above with regard to FIG. 8. Accordingly, microcontroller 130
may use the input from all of the electrical contact sensors 100 of collision detection
sensor 90 to detect when autonomous mobile surface treating apparatus 10 is pushed
down. Again, when this condition is detected, microcontroller 130 makes an appropriate

30  response, such as turning off the motors.
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20 nobil e surface treating apparatus 10 is being used to spray a cl eaning
solution, mcrocontroller 130 may respond by turning off the spraying
mechani snyobh@12ondi ti on of autononous nobil e surface tregtrngogpiess at us 10
bei ng pushed down may al so be.detected by collision detection sensor 90,
i.e., when |arge conductive disk 94 25 electrically bridges the gap
between el ectrical contacts 102 in all of the electrical contact sensors
100, as discussed above with regard to FIG 8. Accordingly, mcrocontroller

130 th f the el ect | t 0 of
col 1151 on TREFEBBPRY 28 S8 a0 8 ARBUSERRRAL SOTEHGTI S OIS L hce
treating SRRATRbMSsiSR of Stop YSRGS BAMECteOIRE icttbtrdlitr $3¢ aRded 40N 1S

detected, mcrocontroller 130 nmakes an appropriate 30 response, such as
turning ofpproprateraspense, SBhWONONING DEDBE ROIMBISO1/ 17088 The stop button 28
shown in FIG 2 also is operatively connected to mcrocontroller 130. Wen
depression of stop button 28 is detected, the microcontroller 130 nekes an

approps i aRefei@SPARFto mma@w&woﬁtreuelomb hiealsDbO6seratheRet@mestsg again to
FIG 13, nicrocontroller 130 may al so be operatively connected _through an
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m crocontroller 130 is operatively connected through an audio driver to at
| east onea®0Wl er BIEPUt 148, such as a | oudspeaker, and through a displ ay
driver,to at |east one display output 150, such an LCD screen or an LED.
Accorélngly, m crocontroller 130 may issue audio and visual alerts using
audi o out preferdyl§, migtochnsmolleny1 ik ppératitdy cdimedied t]m'ouglomoalmdio dtieer th a0 may

al so be operatively connected to at | east one ntrol out
152, whi cf?awe apgio %ﬁﬂﬂé Sugh it # dudgpeakers prckibre &4 e five fealiiface

2k o DMLl I AL sy o epe UIGRIEM AL o
sprayi ng f3hotaydssue audio and visual alerts using audio output 148 and display output 150.
15
The microcontroller 130 may also be operatively connected to at least one auxiliary
control output 152, which may, for example, control electrical functions in the surface
treatment modules or in other portions of the of autonomous mobile surface treating
apparatus 10. For example, microcontroller 130 may control a spraying function in a
26 surface treatment module of autonomous mobile surface treating apparatus 10. In another
example, microcontroller 130 may control the amount of pressure applied to a surface

treating pad of a pressure adjusting surface treatment module, as discussed in detail

below.

25 In addition, microcontroller 130 may be operatively connected to a network adapter 140,
which may include a serial port, to connect microcontroller 130 to other computers to
download and upload data and software. For example, network adapter 140 may be used

to interface microcontroller 130 to the Internet by digital and analog links and wireless.

30  FIGS. 14 and 15 illustrate a surface treatment module 160 that is accepted into surface

treatment module receiving area 44 of chassis 34. It is to be understood that this is only
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20 surface treatnent nodul e of autononmous nobile surface treating apparatus
10. In another exanple, mcrocontroller 130 nay control the anount of
pressure wpphe@dsto a surface treating pad of a pressurepagjuset/ifags surface
treatment nodul e, as discussed in detail below 25 In addition,

m crocontroller 130 nmay be operatively connected to a network adapter 140,
whi ch may include a serial port, to connect mcrocontroller 130 to other
conputers to download and upl oad data and software. For exanple, network

adapter 140 may be yse to i.nterface mcrocontraller 130 to the Internet
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member 162, may be used as containers for surface treating fluids such as a cleaning

fluid, a buffing oil, a suspended wax, an abrasive, or some other fluid which is to be

applied to the floor or other surface 24. For example, cleaning fluids or water may be

20  dispensed through a porous portion of the surface treating pad by gravity through a valve

or by varying the pressure within the container as described in detail below.

Alternatively, a surface treating function of surface treatment module 160 may be non-
removeably integrated into the structure of the chassis 34 by providing a rigid pin instead
25 of the elastic protrusion 164. Likewise, vertical member 162 may be replaced with
vertical rods free to slide through a plate within surface treatment module receiving area
44 of chassis 34 above surface contact form 168. In any event, it is preferable that
surface contact form 168 not be configured to press upward on chassis 34 through a
spring or other elastic means. In other words, the surface contact pressure of surface

30  contact form 168 is preferably to be had from the weight of surface treatment module 160

25



applied to the floor or other surface 24. For exanple, cleaning fluids or
wat er may be 20 di spensed through a porous portion of the surface treating

pad by grweioigidbr ough a valve or by varying the pressurecwdshi/ivogdhe
contai ner as described in detail below. Alternatively, a surface treating

function of surface treatnment nodule 160 nmay be non- renoveably integrated
into the structure of the chassis 34 by providing a rigid pin instead 25 of
the elastic protrusion 164. Likew se, vertical nmenber 162 may be repl aced
with vertical . r
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nmeans. In other words, the surface contact pressure of surface 30 contact
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t he cur veevhigrie pestetabllytremovéabtemotinted bh drauefacy enitact farrm 686 &ithribyloe f or
nore uni form contact of sheet-type surface treating nmeans 172, which is

pr ef er abl §* PEFHERSE $4mount ed on the surface contact form 168, with the
floor ,,or other surface 24. 10 The upper surface of the surface contact
forn1i%8 is preferably provided with attachment points 170 for sheet-type
surface t Thauppa sueacesofti@surfdse calntedtfoty pes syréfarmblit preaided gvithrattactendnz?2 may
be, for exa ust cl ot r% waxi.ng cl ot ve (%r non-¥wven cl ot h,

|l e
wetted sh@gf S(\/@tfgé Sk-bRe TR &S Lfaln A 20! 1€ 'éYpea%_aﬁ%Q?a}u@ponge, _
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center of gisposed so as to sweep inwardly from the outer edges of the surface treatment module.
As illustrated, attachment points 170 are pie-shaped sections of relatively stiff, resilient
plastic arranged so that sheet-type surface treating means 172 pressed into the center of
attachment point 170 will be caught in the points of the pie shaped sections as the sections
20  close together when the downward pressure used to insert sheet-type surface treating
means 172 is released. Accordingly, sheet-type surface treating means 172 is attached to
surface contact form 168 by simply folding sheet-type surface treating means 172 over
the surface contact form 168 and pressing sheet-type surface treating means 172 into
attachment points 170. Similar attachment points may be found on the Swiffer brand dust
25  mops available from The Procter & Gamble Company, Cincinnati, OH. Of course, the
invention is not limited to attachment mechanisms of the attachment point type, which is
shown for the purpose of illustration. Other types of attachment mechanisms may

alternatively be used, such as spring-biased clips, hook and loop fasteners, and adhesives.

30  The inventors have discovered that particularly good cleaning performance and buffing

occurs when a oil-wetted polymer cloth having an entangled fiber or microfiber
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attachnment point 170 will be caught in the points of the pie shaped
sections as the sections 20 cl ose together when the downward pressure used
to insertygheBictype surface treating neans 172 is rel eappgdushbeRgsi naly,
sheet-type surface treating neans 172 is attached to surface contact form
168 by sinply folding sheet-type surface treating nmeans 172 over the
surface contact form 168 and pressing sheet-type surface treating neans 172
into attachnment points 170. Simlar attachment points nay be found on the
Sw ffer brand dust 25 nops .avajl able from The Procter Ganbl? any,
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is applied with adequate downward force, i.e., preferably about 10 ounces
or nore watthnemous mchléerﬂlrfan@tre%mgfaap@atubﬂOfpeﬁfseaumimdﬁ‘bms rvdrithesamg f ace

t t t 10 t
exanpl o oRtERE A wpe N T prat ) Rt AR A oo R i R e B b e
from The Bi@eber (andfedh KdfERMeMe anbicipaftdidib@id actiohl OrheMigfis®adionas i on of

a random wal k ‘'node of operation, wherein autononmous nobile surface

treating a@mpaneugmmlwak@mcm single-pass) mﬁwm@ns affilee @aﬂae Afbeyghce area,
| b d t . d f
bur 1 A oP g 428 bF 2o ra G B 3rRE i AR6 EEr R BH ALY on° The

buffing action is not apparent in manual (typically single-pass)
applications of the cloth. Although 10 buffing. can_be done manual ly, the

process i $he geeet-iyps seﬁm%gmaa%lvﬂa@x plsgperve thdisigfrebt Fongramales f ace
t t 12 i ,
such. as  HEARiscsy a s e e A EO04 it N iflbte £l AEVTBLE: and iR POS

Conpany, Cofiphfiy)dihcinfdti, @hisrayaylis: povidediedthwididinfecdnsigehemt disihfeagend t o
disinfect hard 15 surfaces. FIG 16 shows an alternative surface treatnent

nmodul &5 ha®¥#§ea different configuration on the bottomof a surface contact
form 173. This alternative surface contact form 173

FIG. 16 shows an alternative surface treatment module having a different configuration
on the bottom of a surface contact form 173. This alternative surface contact form 173
has a semicircular raised portion 174 so that when the surface contact form 173 is

20  contacting the floor or other surface 24, a semicircular vacant space 176 is formed
between the surface contact form 173 and the floor or other surface 24. The semicircular
vacant space 176 prevents particles that have been collected from spilling off the leading
edge of the surface contact form 173. It will be recognized that the vacant space may
have a form other than semicircular. For example, the vacant space may be an open

25  rectangle or triangle with the open end facing forward or be comprised of a plural grooves
with forward facing open ends. Preferably, the overall rectangular shape at the top of the
surface contact form 173 is maintained so that common rectangular sheet-type surface
treating means 172 may be used. Preferably, the surface of the semicircular vacant space
176 is provided with an attachment point 170 to prevent sheet-type surface treating means

30 172 from drooping at that point. Alternatively, other attachment mechanisms, such as

spring-biased clips, hook and loop fasteners, and adhesives, may be used.
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has a semcircular raised portion 174 so that when the surface contact form
173 is 20 contacting the floor or other surface 24, a semcircul ar vacant
space 176ypS1bpsed between the surface contact form 173 papdishiiprokd 0or or
ot her surface 24. The semicircular vacant space 176 prevents particles
that have been collected fromspilling off the | eading edge of the surface
contact form173. It will be recogni zed that the vacant space nmay have a
formother than semcircular. For exanple, the vacant space nmay be an open
25 rectangle or triangle with the open end facing forward or be conprised
of a plural grooves wth forward facing open ends. Preferably, the overall
rectangul a; spape c?(gss b iotn%glhé?]fl Hfa ﬁl’ﬂriifl?ﬁ%leg%l?\(;i%wfo?%ﬂ?)tﬂg@alfeﬁlaﬁ% ntai ned
so that comon rectangular s ee%-typ% surtace treating neans 172 may be
used. Prefafmbltieatnidng nwdofeate, oprebduee sdinstmgrsorther trecdimamtmepae £90. 146 i s

provided with an attachnment point 170 to prevent sh -type surface
treating ﬁ@&%e%@?%’?meq%ﬂn&Pﬁ?dedg@PgP ﬁ&lﬁ@a{m@mi{s#&%&?ﬁ%ﬂ&? ot her

at t achgen RN S r ekt Riipsed 2ohbidl wWheksptdifhy 8kt
fastengenres,E(’I{amﬂnigi‘t’}gS I'ﬁglg?sv%@%%y ordif Wil 318500 (bhufite WHEOKsBAEhy ABBtine |
17 i s a ctieggesertdpphied thesmface trdatagy mad 198 odpresbwe adiustinginedulefl 9&not her

alternative urface treatnent, nodule, i.e., a pressure adjusiing surface
t r eat ment Aﬁﬁﬁg}r’é}ﬁzé}@? prﬁ?“%’i‘@ﬁ:‘ﬁ&?‘éﬂ“%ﬁ%\tfg?mﬁ Q?rdglcqgﬁ?aryol?q aégﬁsli %t hr ough
auxi | i ary ;oupRithte ¥orthBBY cti R PORadtistcs ONElE FloBSr GtH&T upfacdd. qﬁ‘or@!ﬁ@lﬁlf)lew que,

wheel slip, and abnormal wheel speed by adjusting the pressure applied to
a sur f acentigreetritrodlep 430 M9 respond tsanover-satjiues eandifionp €81, €aussd by addglor di ngl y,

the pressure. applied to surface treati.n ad '

corrper@ at ﬁr 1‘&’6’?‘%&% OF P&t T’%ﬁ?ﬁ? Eg,hbazrrgg?%?g g{%ipé%sjs%% q%ri??eﬁ?dt@?&agg %%? dr face
24. For exapvh®io anNinkdeLeRiid nkiRion1S8., bRMsed B ROGW fititicuflsvt OF other Siiteace
condition, e.g., caused by a high 10 friction floor _ or other surface 24, by

reduci ng 2hdypinetsasing therpressurefaicairfeeetedting nadd 93.9 faxdble bag p¥his t o an
under -t orgque._condi tion, . b Chd . r

ur face DR toblBRsof peRBIEE 1PL 81 b bk oy PRbh 136 sEEreBE"

fl exi bl e bagsthfAmbaule i100.eThe fedblaiagrontaiidaffate, d ¢ caber)gnd@in¥R2d and an
upper body portion 196 of pressure. adjusting nodule 190, ;;{16 fl exi bl e bag
cont ailhs &ommymisatign yith afwdeulic hged ?lsalnh?rﬂ?%iVHI%ISd%ﬁ?jlﬁﬁ}V@ Uidn with a

R

fluid through channel 202 is controlled by microcontroller 130 by operation of a motor

204 having an impeller within channel 202. Consequently, microcontroller 130 controls
the pressure applied to surface treating pad 192 through adjustment of the height of the

20 fluid in hydraulic head chamber 198 that provides a hydraulic head above surface treating.
pad 192,

Pressure adjusting module 190 may be configured to fit within, or a snap into, module
receiving area 44 of chassis 34. This allows a portion of the weight of pressure adjusting
25 module 190 to be transferred to the wheels, wherein the portion depends on the weight on
surface treating pad 192 provided by the hydraulic head. It is to be understood that the
fluid storage chamber 200 and its contents is to be substantially supported by the wheels
of the autonomous mobile surface treating device 10. Additionally, pressure adjusting
" module 190 is configured with an electrical connector (not shown) to mate with a

30 corresponding electrical connector (not shown) within module receiving area 44 of
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fluid through channel 202 is controlled by mcrocontroller 130 by operation
of a notor 204 having an inpeller within channel 202. Consequently,

m cr ocontweloh®162330 controls the pressure applied to surpa¢ashi/emats ng pad
192 through adjustnment of the height of the 20 fluid in hydraulic head
chanber 198 that provides a hydraulic head above surface treating pad 192.
Pressure adjusting nodule 190 nay be configured to fit within, or a snap
into, nodule receiving area 44 of chassis 34. This allows a portion of the

wei ght of pressyre adjust.i. 25 modul 0 ta be t d th
V\/nlegl s, \A,ﬁ]garséiggxtsﬂé‘s g‘i#??tbgﬁh'e‘f%‘ﬁ% ng‘ﬁgrt é“\ﬂé‘i%ﬁ?ﬂ%%tﬁﬁ{sﬁ%ﬁ?g@go? Oati ﬁg pad
192 provi dediily dufyguthgdraulic head. It is to be understood that the fluid

storage chanmber 200 and its contents is to be substantially supported by
t he wheels of the autononmous nobile surface treating device 10.

Addi ti | L uSt | l.le 190 j fi it
ol ect 1 caft SopREEIHAG BHLARE M AP B S SR AL Bl BT ca
connecs or b AQtrfadeaydalinpvflutd suchasb kRaniag Suid, abudirgtoil4 safpendéd Wex,Qb/ 91623

PCT/ US01/ 17088 chassis 34 so as to electrically connect nptor 204 to
ni cr ocont PerapiEe, or someeths divid hatds 1o be gprdigd peithefippr or pthenyyifage Bd The t her

under st oo : i } -ad] i fqgg By S be a
surface tggg{]]?ﬁ?f;etf%%f;}{#’?ﬁ%(ﬁﬁ]ggl%lqﬁ?{es}%%%e%fl?g%eﬁ Hg uf |F1Uég8%%9?9a suspended
wax, ﬁn &hf?ﬁimétillgpa$mm and ten thidotiglda pbdus elerient, bechaaspl poeduistverditreof | oor
or other surface 24, The  fluid is preferably applied {hrough hol es or
pores in BhEUBECEEHR reativgingags hiY ta G flgeg of gther %}Eéc? %‘éa??eg‘ﬁa]ﬂé(dt §92, and
t hen ro : =& -PQr.0 i f -type

ur fach o laleRl fos U WA ing PRy AEi B G e AR, PR bRl LYED) .

t he 10 popomss elearmanby tagsllagyadiod. CRiengpradsarl amdre maythes for ekameple, spoegé,l uid i s

drawn t hrqugh the orous el enent capill ar ction. The parpous el enent
may be, fg‘?a_%%%}fﬁw vey BBH%,"VOV%_%EH{%P{E@t%}ta‘f}é_eiﬁg%fﬁa HRATOHOLVITIE) ot h wi th
ent angl ed c§iiB8lr% 4 SraRRLLASoFRhEMbRLAl. g%xm@fyﬁgnge rgcgatﬁwﬁeaa (et emd

material. By varying the hydraulic he (pressur the rate of fluid
appl i cat i cate ofifluidexppbertioniche e cagralkel] asawelt #rethel dommarand pessymaxertekent ed on

R S AN A R AR A S
drag forcege aR\SRH cR¥mPLBY controlled in relationship to drag forces sensed by motor
current sensing in accordance with the fluid application task such as increasing the
pressure and fluid application rate when a gritty or dirty floor area is encountered, which
will typically be occasioned by higher friction between the floor and the pad, increasing
20  drag forces. Alternatively, the fluid may be applied at a controlled rate through pores in
flexible bag 194 located in advance of (relative to the forward motion of autonomous
mobile surface treatment apparatus 10) rather than through surface treating pad 192 and
sheet-type surface treating means 172, with the application rate being controlled in the
same manner. In another alternative, the fluid may be applied from fluid storage chamber
25 200 using another motor that is independent of motor 204. Of course, the fluid may also
be applied from another fluid storage chamber in pressure adjusting module 190, in
another module or in chassis 34. In any event, the fluid application rate is preferably
controlled by microcontroller 130 in a similar manner, for example, in relationship to
drag forces sensed by motor current sensors 140.

30
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current sensing in accordance with the fluid application task such as
increasing the pressure and fluid application rate when a gritty or dirty

floor areggoiggofasountered, which will typically be occasi gped;sby1fakgher
friction between the floor and the pad, increasing 20 drag forces.

Alternatively, the fluid may be applied at a controlled rate through pores
in flexible bag 194 | ocated in advance of (relative to the forward notion
of autononmous nobile surface treatnent apparatus 10) rather than through
surface treating pad 192 and sheet-type surface treating neans 172, with

the appl i &he floxi ledza@ 194iineftached toppT BEEgrain lRemed with, syaiprfeating paddPRer
| t ti I 2% 200
s ng- anot Tt i, cirtef R aal s e bRBicddof it BRfe ARS8 200 | |

may al so Theﬂanbilit@dfﬁurm aﬂ@ﬁﬂppadfllmladios/ts Glftagenfohamdi)eneven ﬂ@nmudroeher
adj usting npdul e 190, .in another nodule or r}chasm s, 34. In angItlr vent

the flui dSesee %%tt Thsshest-ype §“§§?‘°@ft€e|a‘é%$ freansoht rlﬁrqr‘éqyeﬁ?/lyrﬁttéﬁ‘bt?ééﬂ ®er 130

inasimlar I it aHRs- sensed by
ot o bur HESTERRA0D bl AR for el SR BB A R SRRE Dbl e
bag 194 i biasdd dipselbdkmnddoop fastegeral dnd aflbesimed. Wi t h, surface treating pad

192. Preferably, surface treating pad 192 is a flexible plastic or rubber
pl ate having ribs 208. The flexibility of surface treating pad 192 all ows

it to confQhPuld®eUnaNGredllRQ kiRt ﬁ@ﬁbfétﬂagfl%%ﬂﬁ hnGBstivefy b HBeFRARE- t Ype
surface treating neans 172 is renoveably attached to surface 5 treating pad

192 using gmmuhﬂr selihivenrovide fivaniosmliasiedatmentattiaestindepengit of Sie hydrautig-
bi ased cli ok and Ioo f ast ecg urt her

real i 2%d fig‘ﬁ‘fesfq%é’i‘?sﬁ‘t‘rg @ngglﬁeigﬁt gﬁﬁg? adh I’B@gllnf *I’Faetalen %uﬁfag gr anul ar

solid to BLEYEWSed ﬁrcoﬁju‘ﬁ@m Wﬁmhetﬁr@ﬂbﬁﬁﬁﬁes%ﬂb&ﬁ nll epgoyartacol the
hydraulic 10 devices of pressure adjusting m)du 0. This form of

conpl ai nt treatgwentmeduls 160 adbe geanulanbelil bay beary matee@lrlm peafpeblyiinelndeshe
| b hydraul f ,Th
O anutar. SRR iy Bat SADACRAGE ok 24 BF BrlibRS W Be RISy M0 E"F o s

that will ampgub@@ﬁ{aam}agﬁkheﬁ e.g., t he par ti cI es that are essentially
snooth and substantially spheri cal. 15
15
Although autonomous mobile surface treating apparatus 10 is preferably provided with
detachable surface treatment modules, it should be realized that in some instances it may
be advantageous to integrate some or all of the surface treating function into chassis 34.

Accordingly, various components of the surface treatment modules discussed herein may

20  be integrated into the chassis, rather than being part of the surface treatment module.

While the invention here has been described with reference to the details of the illustrated
embodiments, these details are not intended to limit the scope of the invention as defined
in the appended claims.

25
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Al t hough aut ononous nobil e surface treating apparatus 10 is preferably
provided with detachable surface treatnment nodules, it should be realized
that in sQgRipfipsances it may be advantageous to integraberiRop;Rs al | of
the surface treating function into chassis 34. Accordingly, various
conponents of the surface treatnment nodul es di scussed herein may 20 be
integrated into the chassis, rather than being part of the surface
treatment nodule. \While the invention here has been described with
reference to the details of the illustrated enbodinents, these details are
not i nt end¥AATISIGLAMMERdSscope of the invention as defined in the
appended clains. 25 30 WO 01/91623 PCT/US01/ 17088 WHAT IS CLAIMED IS: 1.
An aut ononous nobil e surface treating apparatus for treating a supporting
surface, lcoAprautehagousemobikssirfire aeglingwppamtldod tseating arstpebrting satatechassi s
by a suspension;, ,a substantially rigid shell novably nmounted to said
chassis; sai @"8USP€nsi on including a resilient menber interposed between
said drive nechapismiand said chassis so that when said shell is pushed
toward the supporting 'surface with a predeterm ned force said resilient
menber conpressesa dqudacchanlsﬂamduntddtwsaldmdmbambssasmspenmme relative to said
chassis and at Ieas ? g gﬂ@hel and %gl dc aﬁsis_to contact the
suppor ting surfacaeSu Kﬂya’iﬁgl SBEHbTO vHRID s g te 588 P98t i ng apparat us as
recited in clai mgjg é’M@ﬁér%idﬁ 1ﬁ@h@1ng%‘%§£ﬁé}ﬁMﬂeﬁﬂt%@&d@e&#&bﬁ%ﬁﬁ&ﬁk senses
when said resilient nenber has reache redeterm ned conpressed

posi tion. 3.mgghanistnomdreeidschassi SOethswlﬁme heltis plgshaci)maadd@ WYPeIEBRt ed in
claim1l, wherei to sai SO
Chat when ¢ vtk B as e TR Vs e AR et P SkibsRB pEM R o vy
from the supfofetrhéaasisnl 8esoveatidtied iokaid@eakanimiat idsesnd cfwaiddhtiend

supporting surface. 4. An autononous nobile surface treating apparatus as
recited in cfeid ¢hassis (erronigchthegppporting surface.

2. An autonomous mobile surface treating apparatus as recited in claim 1, wherein said
suspension includes a sensor that senses when said resilient member has reached a

predetermined compressed position.

3. An autonomous mobile surface treating apparatus as recited in claim 1, whereih said
suspension is movably mounted to said chassis so that when the autonomous mobile
surface treating apparatus is lifted away from the supporting surface said drive

mechanism moves toward the supporting surface.

4. An autonomous mobile surface treating apparatus as recited in claim 3, wherein said
resilient member expands toward a predetermined extended position when the
autonomous mobile surface treating apparatus is lifted away from the supporting
surface and wherein said suspension includes a sensor that senses when said resilient

member has reached said predetermined extended position.

5. An autonomous mobile surface treating apparatus as recited in claim 1, further
comprising a sensor that senses when the autonomous mobile surface treating

apparatus is lifted away from the supporting surface.
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resilient nmenber expands toward a predeterm ned extended position when the
aut ononous nobile surface treating apparatus is lifted away fromthe
supporti ngo osMidace and wherei n said suspensi on includes ac3aReDI70kHAt
senses when said resilient nenber has reached said predeterm ned extended
position. 5. An autononobus nobile surface treating apparatus as recited in
claim1, further conprising a sensor that senses when the autononous
nobil e surface treating apparatus is lifted away fromthe supporting
surface. 31 WD 01/91623 PCT/ US01/17088 6. An autononous nobile surface
treating apparatus as recited in claim1l1l, wherein said shell includes a
non-skid 0wy g%ﬂﬁnm%ilé §itacE AR DphiAfis S PRAEE i 1 | WEGein¥agN sSai d

shell is pushed toward the supporting surface wth a predeterm ned force.

7. An aut oncteoll snalwdss laeostskidloset edgrtmengbearid cantasts thr supperding syrface
supporting surface onpri si,ng: chassi s. havi.ng a.plurality. of .el ongated
openi ngs; a ‘% ihihelis usrlﬁeﬁf“g”aarﬁé}fq S%Q)iﬂﬁ?“ﬁ?‘%é@ﬂﬁﬁp{%e@ fed fUisSi s by a

plurality of elongated elastic supports received in said plurality of

el ongat ed openi ngs. 8. An autononous nobile surface treating apparatus as
recited i fi. cAmpwoTomonremebite stafade tredtngppedivs fenirejiog arsepponeg shifgsed. 9. An
aut ononous nobi l e.surface treating apparatus as recited in claim7, wherein
the aut ononSI® B | e surface treati ng apparatus has an overall height of

|l ess than 3.5 jichsRRShaRasiisielity erlédRtclupeaings;ng surface to a top surface
of said shell. 10. An autononous nobile surface treating apparatus as

. or . g !
recited in cl apmestaniielly sigid shellanovably ataehesdle said chasses Bhephraliigpfides a
recess for r Vi : ) ] i . e treating
ppar at us. s paatedhis R rodelyed I SR VRIS AT ol PUIREEE, 1
accessible froma top surface of said shell. 12. An autononous nobile

surface treating apparatus_as recited in claim?7, further _conprising a
non-ski d Bovdr a@gpemawipebilaiurien Bgating apaatus as recitgd inelamm 7 whergi sat

supporting s o MELEL L. ( -skid | ower edge nenber extends beyond
the peri phe#éﬁ%?e%soﬁuc s lgﬁ c.%% Snifd

9. An autonomous mobile surface treating apparatus as recited in claim 7, wherein the
autonomous mobile surface treating apparatus has an overall height of less than 3.5

inches measured from the supporting surface to a top surface of said shell.

10. An autonomous mobile surface treating apparatus as recited in claim 9, wherein said

top surface of said shell includes a recess for receiving a handle.

11. An autonomous mobile surface treating apparatus as recited in claim 7, further

comprising a stop button accessible from a top surface of said shell.

12. An autonomous mobile surface treating apparatus as recited in claim 7, further
comprising a non-skid lower edge member attached to said shell adjacent to the
supporting surface, wherein said non-skid lower edge member extends beyond the

periphery of said shell.
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32 WD 01/91623 PCT/ US01/17088 13. An autononous nobile surface treating
apparatus as recited in claim12, wherein a clearance between said non-skid
| ower edogorgmts and the supporting surface is |ess thapc@3gyiashes. 14.
An aut ononous nobil e surface treating apparatus as recited in claim7,
wherein said shell is substantially cylindrical and has a substantially
circular top, further conprising a collision detection sensor having a
passive portion attached to said top of said shell and an active portion

attached aid chassis utononnus nmobi l e surface treati.n
apparatusﬁgsg?@@PF@BOWHnEPEi é&e FHESSPRATRLS @S 195H §§Pb@aﬁ%}% T8F 2sai d
col lision deél@a‘%&ﬂc@'%eﬁ;@é&ﬁ%ld'r{bﬁls%ﬁﬂ%w%r edgaqﬁé;ﬁw%nélt@@ P glsarfac@%l ve
portion of said collision detection sensor includes at [east three

el ectrical lewrthac®.33émbes.s. 16. An aut ononous nobile surface treating
apparatus as recited in claim 14, wherein said passive portion of said
collision detection sensor includes a reflective disk and said active
portion ofi4sah gutefbhbsd @BbilCheRte @eatﬁ@m%paratu@ ek wekaisd af clhip@ag) whdieiaeaidpt i cal
receiving sensors. 17. An autononous Il e surface treati ng apparatus as
recited in ofhgllig subsignalli ¢yligdriepl asdbag a subsigpbaltyagitauiartep, dytheidr i cal and
further conp ISI t of sald
shel | and sa°|r°81 PE ga‘cgdf;%@ %elét%( (%ll SE%S% g%rﬁgaﬁjﬁ% rgj(ﬂ %#aChg Saﬂﬂgp

An autonormttﬁ‘saidtyhbleaﬁ&laﬁ aabretpoetidn Mclkgda saiduhadsiy. treatl ng a supportl ng
surface, conprising: a chassis; a substantially rigid shell novably
attached to said chassis; a non-skid | ower edge nenber novably attached to

and t he- stiper FitoliShod B68R 985Ee o f0eaRyaRk BRRT 1 daa g RAgR SEroer
aut ononous nmssivepentivh af eaitl cekisiongletppan stnser iasludesci ¢omductivealisk andks8id

wherein said
active portion of said collision detection sensor includes at least three electrical

contact sensors.

16. An autonomous mobile surface treating apparatus as recited in claim 14, wherein said
passive portion of said collision detection sensor includes a reflective disk and said
active portion of said collision detection sensor includes at least three optical

receiving sensors.

17. An autonomous mobile surface treating apparatus as recited in claim 7, wherein said
shell is substantially cylindrical and further comprising a plurality of brushes attached
to at least one of said shell and said chassis and extending beyond the radius of said
shell.

18. An autonomous mobile surface treating apparatus for treating a supporting surface,
comprising:
a chassis;
a substantially rigid shell movably attached to said chassis;
a non-skid lower edge member movably attached to said shell to adjust a clearance

between said non-skid lower edge member and the supporting surface.
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clearance is less than 0.33 inches. 20. An autononous nobile surface
treating apparatus for treating a supporting surface, conprising: a
chassi s hgwigigi@szvacant vol unme that defines a surface treatciryygl e
receiving area adapted to renoveably receive a surface treatnent nodule; a
drive nmechanismattached to said chassis. 21. An autononous nobile surface
treating apparatus as recited in claim?20, wherein said surface treatnent
nodul e receiving area is adapted to reaneany receive any one of a
plurality reat nent nodu nous bile

surface t ?gﬁ.“% %‘8813?5%&%%{[{% eaf'é‘rt%“‘éecﬁr?aélﬁg iPRPE I"‘%IP ﬁ? gt ‘éf\ﬂ%‘fﬂ gé{‘f R ace

treat ment mglsl-ick RCREMNAY 03B §qchefiCl udes a sl ot that is adapted to permt
the surface treatnment nodule to nove substantially freely in the direction

of said slot. 23. An autononous nobile surface treating apparatus for

having 3 ?#fﬁ%@“' BTG e BRI bR 13 D SR PR

surface treaboimp Irgodul e receiving area in Whl ch said surface treatnent
nodul e is rennveab received; a drive nechanism attached to _the chassis.
24. An aut onon@GbaSﬁrﬁlﬁhﬁV@gﬂaﬂﬁéé’oluﬁle‘dhﬁtr@ﬁ&%ﬁ&f%§ trgatnpeag modulei n ¢l ai m 23,

uher el n Sal dechL 368 SR PAhGIBAN & LR ATAMMASKAMLY ALt achren

mechani sm a novea ype sur eati ng means
to said surfacedtmeﬁtebhtgumdttachsdtoésmlcamaemrmus mobi |l e surface treating
apparatus as recited in claim?24, wherein said attachnent nechani sm
includes a plurality of attachment points having pie shaped sections for

receivi ng%gg@émglg&m&}’s%oﬁw&?ﬁ& i gﬁasru ; ?Q§ recRad RIS 99 8ARrein said

PCT/ US01/ An aut ononous no ace treatlng apparatus as
recited i n cushes 2tmbntrrhbdile mmmwmgmrmsadaptbcbto&hmveat&pmcsm fag end oat i ng

means an oil - ed émeff {f oth. 27. An aut ononous nobile surface
treating apgdt Hﬁaﬁ} gigtyp Qlsuase e fmetBosleiher ei n said surface treatment
nodul e includes a pair of elastic protrusions each slideably received
22. An autonomous mobile surface treating apparatus as recited in claim 20, wherein said
surface treatment module receiving area includes a slot that is adapted to permit the

surface treatment module to move substantially freely in the direction of said slot.

23. An autonomous mobile surface treating apparatus for treating a supporting surface,
comprising:
a surface treatment module having a surface treating pad;
a chassis having a volume that defines a surface treatment module receiving area
in which said surface treatment module is removeably received,;

a drive mechanism attached to the chassis.

24. An autonomous mobile surface treating apparatus as recited in claim 23, wherein said
surface treatment module is provided with an attachment mechanism adapted to

removeably attach sheet-type surface treating means to said surface treating pad.

25. An autonomous mobile surface treating apparatus as recited in claim 24, wherein said
attachment mechanism includes a plurality of attachment points having pie shaped

sections for receiving the sheet-type surface treating means.
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in a slot provided in a wall of said surface treatnent nodul e receiving
area. 28. An autononpus nobile surface treating apparatus as recited in
claim 23,\whhehep said surface treatnment nodul e includes pgrRISEHFEE

adj usting nmechani sm whereby said surface treating pad applies an

adj ust abl e pressure to the supporting surface. 29. An autononous nobile
surface treating apparatus as recited in claim28, wherein the pressure
applied to the supporting surface by said surface treating pad is adjusted
based on a frictional characteristic of the supporting surface. 30. An

aut ononous nobil e surface treating apparatus as recited in claim 28,

wherein t 4 e : ' 3 ' urface
reat i ng pad P AR b e B Y T a1, A
sur face tr eajfompisinged theshedagybe surfaze e atirnmeads an oibweitadgblimerclet f ace

treatnment nodul e receiving area of an autononous nobile surface treating
apparatus, conprising: a vertical nenber having a first end and a second

end; a suphage aﬁtf)ﬁ&hj)ﬁbgm{?lﬁﬁe QB BefindoQppathaths 36 8RN BNElaRh 23 alKbr¥iBshidcal

menber; an attachnent nechani sm adapted to renoveably attach sheep-iype
surface tr eatfacgtrentmast modwainghsies & peie of elestid protrpsions @h sidesblyfrgesive

treat ment nodul ? as r.%g[.t ed ilg ffl gj" mgal ere{ n a@%d vertical nmenber

i ncl udes a pAis APIided in@ Walbeh 3L Fecs freamegt Ppfulp G e Ak adapt ed to be
slideably 35 WD 01/91623 PCT/US01/ 17088 received in a slot provided in a
wal | of the surface treatnent nodule receiving area of the autononous

nobi | e suPBateattoeemorrgmapipasiafaos ireBRig appatatsas eccited it elaing 2powifAreingsid
recited in claim31. wherein sajd attachnent. echani smi .

bi ar a1ty "o Rerbesmre e e T h RS EE Brins T BRI il e v ng
the sheet-t yﬁ@fa@@&éaﬁeﬁg pall @3lidRGn HERREbleIfesshrest thaappbitigisuEate. nodul e as
recited in claim3l, further conprising as the sheet- type surface treating

means an oil-wetted polyner cloth. 35. An autononous nobile surface

treating 35PRY AlWfohSls hbBR Mo RnSRRULbAAMs SV HLAEE in IGATBE | Whdln the

pressure applied to the supporting surface by said surface treating pad is adjusted

based on a frictional characteristic of the supporting surface.

30. An autonomous mobile surface treating apparatus as recited in claim 28, wherein the
pressure applied to the supporting surface by said surface treating pad is adjusted by
changing the height of a hydraulic head.

31. A surface treatment module adapted to be removably received in a surface treatment
module receiving area of an autonomous mobile surface treating apparatus,
comprising:

a vertical member having a first end and a second end;
a surface treating pad attached to said second end of said vertical member;
an attachment mechanism adapted to removeably attach sheet-type surface

treating means to said surface treating pad.

32. A surface treatment module as recited in claim 31, wherein said vertical member

includes a pair of elastic protrusions at said first end each adapted to be slideably
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a chassis; a drive nmechanism nounted to said chassis by a suspension; said
suspension allow ng said chassis to contact the supporting surface when

the aut onQpRysg3bi | € surface treating apparatus is subje¢iefishpisd orce
toward the supporting surface greater than the weight of the autononous

nobil e surface treating apparatus. 36. An autononous nobile surface
treating apparatus as recited in claim35, further conprising at |east one
sensor to sense said force or novenent of said suspension. 37. An

aut ononous nobil e surface treating apparatus for treating a supportin

sur f ace, ccmpfriif@iimglslﬁnrh‘édgdma%rﬂlﬂogthﬁééﬁ@ﬁﬁtmﬁmm@@Q@C@ﬁmﬁ sis; a

fluid contaigpner nounted to. saj | S dapted to contain a fluid; a
por ous el emet Fa tgﬁ%r\lllg%ﬁ ?Bﬁ%euﬁqgaagﬂgﬁiﬂéagﬁgﬁggsi s and di sposed so as to :
contact said supporting surface; a flow control device interposed between
said fluid container and said porous _elenent; 36 WO 01/91623

PCT/ US01/ 3308 8urfaceriestoemmediq asregiprsrinelapsd), woMBCPEAtassRd f1ow
control —devige. it 0iff rﬂk:ﬁlﬁé%a gﬁhﬁh‘fﬁ@’ atflchinBf r%)%ﬂﬂ% ga\tsi{llgpiae?fe}hﬁedueyﬂi&ls%m al ner
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to said porous e Shen aut ononous reati ng apparat us
as recited imcéliamgnhasheetiype sunfacearedtingrimeniscontrol l er controls the flow
rate to the fluid based on a characteristic of the supporting surface. 39.

An aut ononous nobile surface treating apparatus as recited in claim 37,

g’gef ein sgida R QAUFaBhETBNdulSasteBRIAAH 130881 flrihRecsiHiiFEEad thedlideld Means.

type surface treating means an oil-wetted polymer cloth.

35. An autonomous mobile surface treating apparatus for treating a supporting surface,
comprising:
a chassis;
a drive mechanism mounted to said chassis by a suspension;
said suspension allowing said chassis to contact the supporting surface when
the autonomous mobile surface treating apparatus is subjected to a force toward the
supporting surface greater than the weight of the autonomous mobile surface treating

apparatus.

36. An autonomous mobile surface treating apparatus as recited in claim 35, further

comprising at least one sensor to sense said force or movement of said suspension.

37. An autonomous mobile surface treating apparatus for treating a supporting surface,
comprising:
a chassis;
drive mechanism mounted to said chassis;
a fluid container mounted to said chassis and adapted to contain a fluid;
a porous element removably mounted to said chassis and disposed so as to
contact said supporting surface;
a flow control device interposed between said fluid container and said porous

element;
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a microcontroller operatively connected to said flow control device to control

delivery of the fluid from said fluid container to said porous element.
38. An autonomous mobile surface treating apparatus as recited in claim 37, wherein said
microcontroller controls the flow rate to the fluid based on a characteristic of the

supporting surface.

39. An autonomous mobile surface treating apparatus as recited in claim 37, wherein said

porous element is a porous sheet-type surface treating means.
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