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WD 01/ 91623 PCT/ US01/ 17088 AUTONGOMOUS MOBI LE SURFACE TREATI NG APPARATUS
BACKGROUND OF THE | NVENTI O\Iﬂw \ “\@ m\‘m the Invention 5 The i nvention
d
bl

rel ates twoakleggnous nobi le\ nore particul arl y4,0,§$)fies POVEr €d
and sel f-gui ded surface tr parat us for treating a surface, such as

a floor. 2. Description of the'REl'ated 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
attenpted to automate cl eaning appliances with highly kinetic cleaning
parts such AdSTONEMOUSIVIGBIEESSTRIFA ¢BQREA TING ASPAR Lprjsexanpl 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 aBACGRGROWSO! O TR NYENTRRGENt 5, 940, 927, issued August 24, 1999
15 to Haegermarck et al., discloses a mcroprocessor-controlled autononous

surface clleani Kigldpptednventinherein a rotating brush roller is reversed
after it i nt angl ed,ar . bl ocked. Su aut ononpus cl eani ng appliances with
hi ghl y 1§<i net ?(I:r}{ V%P‘géé‘?ﬂag“pfgrﬂfl ngpeus PWEQ‘F deMifss aad mre pagiculadly pesdf-ve. | n
addi tion, powefedhadkélakuRied it iresH | ' npve it he Qi ghl'y
kinetic cleaning parts.kuThus, sucﬁ gﬁ% gtfagllljsrsi%gPg‘gﬁl%naggug%ﬁ?’isgﬂb%ssa ﬁ%‘%
require a large battery capacity to provide even a short duration of use.

Mor eover, being .ghl iL,neti.c, .these parts nmay present a safety concern
when used ar oungegﬁ%u&}r{é)?t%reéelﬁ%?é“ Aut ononous nobi | e cl eani ng devices with

passi ve cl Basping IpRkbtential Mhket, KHOMBmoE b5 LHAIRLE: Ungxam ned
Pat ent Pub]ication Hej 11-178764 (Japa?leseoF{atSent %%Hgg(ge??%%ﬁ{ﬁ%?

9- 3947%4) DB ogERaIcially ju@essfigde dated Qeqraimeperd evedopenehbveatmatedly
Publ i cat i ofyddeliad iy panese Pat ent |i.cation Hei 9-3 64773)
publ i shed J uél‘:@5 %&Ltjo allng%éﬁg ﬁ%ﬁgﬁgga@&é@c?%‘f'&’ P%R‘t knelie ¢lpaning pargsuch as floor
appl i cat i ostsybtearinddiasehmsteaners SFa! dxanpl:, 81 91 €ent 61588380 i LRR Vet ing a
def or mabl e %orri\fag(hape_d cover provi degﬂw th contact st %ﬁes ?OCt?]%gtg are
activated by tR&aaRskcHiseises miseopsensesor whtroltedeleanmgtrobemsherein eotating
obst acl es. schthhads SEPRAAL LIS it [C g ont, left side,  rear
and right si&j}?a gr gsgmunt%ﬁoﬁtrl]%t?ofﬂ L?.Q.eﬁdtent 5?940,J2|:7, issued August i4, 1999
IS to Haegermarck et al., discloses 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 Hej 11-178764 (Japanese Patent
Application Hei 9-394774) published July 6, 1999 and Japanese Unexamined Patent
Publication Hei 11-178765 (Japanese Patent Application Hei 9-364773) published July 6,
1999, hereinafter referred to as the Ichiro ajpplications, 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
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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 cover and the | ocation of the deflection of the cover relative to
the switcNE3O1/HEE3 exanple, if deflection of the cover occuPST/BEMIERHE t wo

of the switches, the deflection may not be enough to activate the swtches.
I ncreasing the 5. nunber of switches would 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 righat fortiBRdf theGBb P adjfceRile BOvY THEREIRBlity D¥tHeGRERhaCt uat ed by
deformation of the cover. The roboOt is also provided wth a spring- |oaded

pl at e W t hdependspmmthd avenbteof defeeicamnd thd covishamshthe doaatien of thegic8edtioa of flaper

nop" 10 onto a floor surface, e paper | absor dust and r.ubbish from
'he 11 oor uprmaelo HEsviGen T8 sHABE B RO o Tt e SR e b
spring- | oagtefe phAdHRs ARE dbBedtidh thdydot BEBNGRh Yo adivatsiie khacRapeicremihg Because
t he deformabl e cover has a substantial ground cl earance, the robot does

not serfse nuspber pf pgitettes vepsildeedueathisay oblewe bulipd grratay chipise agd coraplexifiat i on

o pot e PPl adciehy Mt ight Abe LRl fenc R (BRI LO
pl at e t endgicképrbédstort that Aldw ehewbBstlts rotateautfn g ollitor @hertisetl bysbatatt. | n

addi tion, because the robot departs froma circular shape, .i.e., the cover
i s depi ct exvitpheniamatedby dploanatiansdd the govies e aohqtistlyo proviisd ot & $RAF8ed

when rotati i 0SSJ ) I . ke > as
b acent . cRARA hife Rl ROl EatE HR SUAAVIARAREE (PHRLAE FRePHEH
under f mot drag afidobyurtice! The phpdiavoprabsdibe dlist a2 ruldtisdt frovg théBedrsutfhet Awoul d

cause the ropbot to act |jke a roller skate, i.e , "skate-ouyt", if t epped
upon. Thouipangthiased catch HP f5 I@ﬂvnta‘k fotbe aprun-oadedplats M ds wd o temaahl

through a ,.hej, tthecga;p}égﬁlgﬁs BeMusk et e?oﬂtf%ﬁielscto@%s!a%uggt{algfa@gr(;ugdtctkialsan%(,at i ng

action. Also, no a ce1s made tor alternative cleaning parts beyond
changi ng tthe rgtapdobesmogp seis low-1ping @pstacleesuchne flobr-thevrtied heaitg, ventilation

sel f-propel |l ed toys. capa sone degree_ of autononmous operation.hgve
ong heon RKGURCOMTIEAIE A GRS LSeror oty e FPOTGR & BB W HEr 420,
I ssued;AUGMSECR a 16T ineQbsERSthe Wikl IARSE plaRasnd 16 li@CkWafike (A¥els,carri age
that having obstacl e”sensi ng bunpers on each end that nechanically reverse
the toy' scaisingdhd whobto stalhvialaddision, kashiseshorebondanarts &ioana Fijculay sBapepat ent
2,770, 074, i.el.,st ¢ %gver is depicted as oval in a plan view, it is more likely to become trapped when

rotation 1is 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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30 Novenber 13, 1956 to Jones et al., hereinafter referred to as the Jones
et al. patent, discloses a conpact, self-propelled toy which circunvents
obstructi tating and 2 WO 01/91623 PCT/ US01/ 17088 away
fron1obstgﬂf%@Mﬁ%on contact by mechanical feelers. Rotatlo'ﬁ'\m)g”lgo
acconplished by the use of laterally positioned, independent drive wheels,
whi ch, when driven in opposite directions, cause the circular toy to
rotate around its vertical axis before proceeding thereby allow ng the toy
to rotate away from obstacles after collision 5 rather than sinply reverse
its directmoving hmﬁyoﬁbumﬁsedciﬁsmlpen teeha by, mavhadbal feeens udothtianis t he circul ar
obs acl e reover, ere is no. t ing in

shel |, are pro ch o S
the Jone<CEPmB lsheggf/zbﬁ userpd daterg YPBWW%{D fdgpendgny; JSa&avlvae Ishwh .W elhy
passive clgaRhk r&go;g@dshé dire GRS AUBERE Sirb AN &9@&%@%5&@&%&&&&@4& known i n

the art. These ki such as the Lego 10 M ndstorms Robotic Invention System
requi re agwéorbipyocaeding m;vgﬂamﬂomgng fhhegry wrretatalawaciren dbstatles atetuwolisional

val ue of buj ots an f rogr anmn In the

saro vl n IO AR PR B io  Un R iR e Tintabr R T dom 4

publ i shed By cifeulksshEBL £6 §ronléla& bstkh oﬁ@ﬁﬁ@&&u smblte@vm 188is h@@&aﬁﬁﬁoh@‘met 0

build a "Rug Warrior" robot havi n% a circular shape in order to be able to
©

rot at e whiloges ¢f ab pateat thapvheroy Bught bsmapftdewnbﬁ@tn@rqy\na@se‘cb Geanmgpartsact
switches that are depressed by the robot's cover when the cover is
defornmed during a collision with an obstacle. Mbile Robots teaches how a

robot nay HegRHRHHREITEFob6 kits hE dTWERE]l REGVR G 8BS akY TREQAGRBIENSS t@@‘ﬂégdﬁlg and
rotation when the cover collides with an obstacle. The Rug Warri or

whi ch Has Mawhtorge Repotielnvertion Systaneraguise asssmply andmwgnamn@agt Thogare
requires V&H{éﬁfeﬂ’% kh%' ethé‘tth P{?‘Jlu fb‘?ﬁldm%grob&‘;’gﬁ&e%sﬁ@%’?Jngtvﬂe’&gﬁg? not sold

equi pped Ve ¢ g Warrior kit

is equi ppqﬂog’faﬁﬂmlﬁgt h1 ﬂhe sﬁiﬁé OEIRRIdE €exe OMBbil AR bIRed) Y BditibM@osephhds Joseswit t h
three short, flexible tubes. The cover clearance i s not adjustable and is

typi cal | y arpPeblishethbp Az Peresy, Netielh Mersachugetiial ¥ amaph%sénorw ®duildgs Rag
CONSeqUENCRantdtern Ry @ik i $A6S 1l \Hie:S8 %@%bieqxvrapétvaﬁle% Bidol yaguent |y

rides up over HVAC ducts, carpet transitions ectric cords becom ng
hung up asanl abatapley 4rsi prbvtdhé withgiodtachewisihes thabark depresded bylibe mbb€s covaki ng

unat t ended use. robl e in the. lchiro en b|| Robot s

t eaches oW ch‘éveeﬁésrn%tflgn% {siqpeWith Bﬁ)w WP%%#@ tetaf“iltl\.esr igid
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

3



chassi s adjacent the cover. The reliability of the switches depends on the
anount of 30 deformation of the cover and the |ocation of the defornmation
of the coyer relative to the swtches. For exanple, if deflection of the
cover occ&é”%@f%en two of the switches, the 3 WO 01/916P8T/BEN/4$1/ 17088
defl ection may not be enough to activate the switches. Further, the

fl exi ble tubes do no precisely |ocate 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 remai Niefleessittapaged tisdnoagh leasivae e Sfitdhbe EB@tHeathe Hwkibfabes & @i Vi ng a
fal se, continuing indication of a collision. Increasing the nunber of

swi t ches, Pregieply ReateaBe pever rrlatiysytoree ehonsis aieis sroblere ks aagiravatedrehandbe er

rel ease Ny sV AILIGORIRAC SomdBfled SO GR: IR LS APL dit dosRERBLEm but at
greater expense and conplexity. so’as’in e Tchiro et al. applications,
t he wheel edlcdaudinéy the @bvgrangsreaninpdssetl agiindtar kst diy of Viig doneacO§witehes Ng
freely rotat] g%f\é\(geel s .that would cause_ the robot to skate out if stepped

10 upon. THYY & QOBHRWEE NIRRT O4R COWSIRe JNEroatiag Burehes ot 14itdst.or s
through a a‘iﬁﬁ'iff&easﬁ?’g%@ @%}rilllg E&r#sf?mf @%{aﬁﬁ i6h loShepkt ?eﬁe%ge R SWiHch cSialis N9
hin,~d e y Ir

action. Further, the t ef or ma cover m acture to creat€ sharp
edges t hatwqilésefute theaehatsBiyhirbblem tof af grpateyexpefBidMdRYmplexTiylE AllddvAsNl ON 15
An object of the invention is to provjde enhanced aut ononous nobil e
surface t rtg%l{‘iﬁ’ﬁﬁ e_t ahpepligatiens. Aﬁo‘f’ﬁﬁfed&g‘j‘g«a&;ﬁb‘ff RORES 3N iveiREiPe a?%rdtlb(_ provi de
an aut ononpise JERIvie SeHI) AGsidd PRI Bat WHRALAIKIh Rbbt &%Raf%'oh?fﬁ?e%k!ﬁ' y
provide a plurality of different surface treatnent nodules. 20 Another

obj ectl0of uple. iThoeglt thoteft and Hglprdvive dédheals acaxtonnestedi® moloid thraughfaatrvet r eat i ng

apparatus that avpids bein ng .up.on l.ow obstacl es. Yet.another object of
the T nvency i B rERGR ol b Bt Tte a4 e dictnit dalrmgrSob
appar at us daayi gy Actufib Y&k §ald éde® thatlBle8GH HRHESBARY of I's more
reliable and can be inexpensively produced. Still another object of the

invention is to provide an autononous nobile surface treating apparatus

t hat can %Mﬁ%ﬁﬁﬁﬂ@ﬁﬂ%&q preferably using toy manufacturing

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.



30 processes and materials. 4 WD 01/91623 PCT/ US01/ 17088 Yet still another
object of the invention is to provide an autonom)us nobi | e surface
treating ?‘p(garat us that reduces the risk of "skate-out" if stepped upon.
One aspectBIHAE i nvention is directed to an autononmous nBBY/PP140988ace
treating 5 apparatus that conprises a chassis, a drive nmechanismnounted to
the chassis by a suspension, and a substantially rigid shell novably
nounted to the chassis. The suspension includes a resilient nmenber
i nterposed between the drive nechanismand the chassis so that when the
shel | i's pusbedah@ner sbjédiof tHenp@intion & BWPrdaaeanhilitbnémody ekileyupfabed force
the resilient menber conpresses to permt the drive mechanismto 10 nove
and the siweplingsnpagtus that ehaeesitle Bk eoskaeout’ HEsteppadomonng surface. This
arrangenment reduces the risk of the autononous nobile surface treating
apparatus "skating-out"” if the stepped upon. A second aspect of the
i nvent i on O adpéctof e ihrvendion ddidiedosintg In AtdnbRossImobile sirfeatieagng 15
apparatus that conprises a chassis having a plurality of el ongated openings
and a 5sul3BPHALE 3}3It9°mP§Ff‘d ahiassis, Ay mechanigp moynicd to ple ¢essishsapy a
plurality 1 Mol ty of
el ongat ed ng gﬁéxQﬁ%ﬁ%ﬂsuﬁétQﬁtﬁdl]ﬁf 6%991&‘?1 ﬁrqu\//elfb gfo}ilgtggg(?g{r?{é :ﬁg }gj ’@r ee
hori zont alsuspbnslon/ ﬁrcﬂuctealahgsll@m sﬂemhen ﬁﬂerpumddxmm(anahe tihee mlae*lialmsnezluﬂi thee to
t he chassi Pref erahl y, g&i arr enent is used in conjunction with a
ndheyshell i

col i sion CE@@@@P(‘W FIBW fQV e 485 SHEPRIGIBISBH? ViRAed to a
central p Eé?mﬁ edtBRe thtedilmAthbmBat o R ild @veahiAahgr o the
chassi s. %ﬁn s colli sf?or? eteelct#ilt(e;l#l1 rgensg?ﬂnesg%I \r?%lc.:lonj unction wth arigid
cyl i ndpi cahovshat lthd shethmnd/or éia cibbses mredntaanthb suppoetupensiace! SthsraUaumnhntA
third aspect of .the i entlon is directe aut onanoy rface
treati ng oca bRk ol tiamtooas ebe st duling H@URUT avelBe Py if B

shel | novahlyedigsched to the chassis, and a non- ski d | ower edge rrenber
novably attached to the shell to adjust a clearance between the non-skid
| ower edge nenber and the supporti ng surface. Preferably the clearance-is
| ess than nches S | i kel.i hood t hat NONoUS
mobi | e surtiSeand FRAtt dighaRaP RS Tt Pl i ORI s e SRR oo

15  apparatus that comprises a chassis having a plurality of elongated openings and a

30

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 clearancesis less than 0.33 inches. This reduces the likelihood that the
autonomous mobile surface treating apparatus will become hung up on low obstacles.

30



5 WD 01/91623 PCT/ US01/ 17088 A fourth aspect of the invention is directed
to an aut ononous nobile surface treating apparatus that conprises a
chassi s having a vacant volume that defines a surface treatnment nodul e
receiving“ﬁ?@%”gﬁapted to renpveably receive a surface treBtHEMI1888dul e.
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 fA ifgirin0RpictOfdicdav@itiontis @isectdd tbhaa aattppaious ABbIY EhERe trebtidd ft h
aspect of the invention is directed to a surface treatnent nodul e adapted
to be 10 aPp#BaIN3S corpERRschapsinhaying drecapt wlume Hhat detingse suefees vi ng ar ea

of an aut QRARUS m JHRRl lle‘éei%{ﬁrgfa?@afsod%@t%ﬁ% &%&QE@? aLdisve ag!ﬁ?fagg{rgﬁfh%nlt reat ment
. hodul e conprises a vertica menbe aving a rst end and a second end, a
surface t readuleigPrefdatay ) the bedadedrenintens emdolt reediving hrealig adepitdd to atceivenber

and an attachment mecha%nl sm adaE;ed to [eg eabl agtach sh.e%%-type
surfacéd t RN RRESOISErIrdsdreatmeni modulesa ﬂgpbﬁ‘é&a lysa presite PEYERISPTI ON OF
THE DRAW B i i j 5 and
advant agegm%%ﬁglgsl? ﬁ%&%ﬁ%@%ﬁﬁé%ﬁg@é@%@ gP oéve[\n! ﬁ%}%&%{lg?{egﬁ?%gg@i ption
of the pr etpporeog ewifardibasst en ictibhe chametenstios of thel supporaingduidfavet he dr awi ngs.

In the drawi ngs, |ike reference nunmeral depict like 20 elenents. FIG 1 is
a perspective view of an autononmous nobile surface treating apparatus

accor di ng A @ffinssIEPoLinEMNentibn Tisr@réc_féﬁqaﬁisﬁgacleztgbaﬁh&t rﬂ&luiléacﬁpgeﬁcfé BeSection

schematic diagramin an el evation view o ower shell port of the

aut ondfiougemoyatlerecarvied dtea surdareitregtnagmp modtlegestiang aiea dlhGautbnoEb® 2 is a
P0rLOm Pl 3l iRl KOS AR TOBHE UL PEBR AR A, 1ot
view and andifdr@BVikarfirsCend and a second end, a surface treating pad attached to the second

end of the vertical member, and an attachment mechanism adapted to removéably 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



WO 01/91623 PCT/ US01/17088 view, of a first nodified version of the

aut ononous nobile surface treating apparatus shown in FIGS. 1 and 2 that
includes g pair of flexible brushes. FIGS. 5 and 6 are schenatic diagrans,
respect i v&(f/)‘”(ﬂ“é side view and a bottom plan 5 view, of aPGEEYHATSdifi ed
versi on of the autononous nobile surface treating apparatus shown in FIGS.
1 and 2 that includes several flexible brushes. FIG 6A is a schematic
diagram of a top plan view of a third nodified version of the autononous
nobi |l e surface treating apparatus shown in FIGS. 1 and 2 that includes 10

several f e dfe fisiabeisict Radsion o St dut@ibn@is madbile Raithqnedating spapaudi f f er ent
fromthe shape, of the shell. FIG 7 is a schematic diagramin an el evation
vi ew of a sppwh &t FXES i 2 hakipelydesompaisgkilexiblebrushes. aut onomous nobi | 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

pr ef err ed FM38eb andi6 pensthematiy diagramsh@gpectinelly lifa sifle vidweanBa béttaan plaass
section schematic diagram.in an elevation view of a preferred collision 20

det ect Pon Vé&h<¥ SarRndmpdiSrd ¥ Felpnof thecrenamars s shifere BN ARRIBHD uS
mobi | e_SUKheRR in FICORL A ARREHELES SUMMPabIbELERNed and 2. F1G 9 1S a

cross section schematic diagramin an el evation view of an alternative
collision detection sensor in a non-displaced position. 25 FIG 10 is a

schematic diagramin a top.plan yiew qf the ternative detecti sensor
Shown i n_ #HG: 65 pebelpi ittty ofs Biden st Sanbidfre el pitban
el evat i on wi@WnRhs Hd¥Bilaki@idateatfy aptarf@ dHoWnqR FEEE ELLAPR URERRRIdes NOWN i N
FIG 9 but in a displaced position. 7 WO 01/91623 PCT/US01/ 17088 FIG 12
i s a déhemavdral fthixaye hmshes that ppsept amovarahperipheted skdpeeatifierentfeornl tesshapon

sensor sr(l)g\ﬂ{geif FIG 9 but in the displaced position. FIG 13 is a
schemati c bl cﬁ?e]c!ﬁ agram of el ectronic conponents of the autononous nobile

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.

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.



5 surface treating apparatus shown in FIGS. 1 and 2. FIG 14 is a schematic
diagramin an elevation view of a surface treatnent nodule for the
aut ononmous nobile surface treating apparatus shown in FIGS., 1 and 2. 10
FIG 15 i ¥R Bmtic diagramin a top plan view of the sHEFH¥E/17988at nent
nmodul e shown in FIG 14. FIG 16 is a schematic diagramin a bottom pl an
view of an alternative surface treatnment nodule for the autononous nobile
surface treating apparatus shown in FIGS. 1 and 2. 15 FIG 17 is a cross
section schematic diagramin an el evation view of another alternative
surface t Gt i2ista svhembiic diRgRGRNRTbAMI i RisRieRRER: EdB&anMeNS 20 The
aut ononous_ nobi | e surface treati apparatus of the invention may be used
for a varsh%‘f"?1@#IGSQrbﬁléEbthFﬂé°Q1aﬁ%¥P%smo%ot just cleaning. In addition to
cl eaning, such surface treatnents include, for exanple, treatnents that
. provide "protective" benefits to floors and other surfaces, such as stain
and soil rFrIGt é&isimherhhﬂiceblpcloﬂiagtainomf elthnimcempdnem,s ofdmrautanesiost abde dust
mte and insect caontrol, anti cr le gat ment , .and the like. O her 25
exanpl 8s SFIRGH HwQBgFBEEmPﬁggﬁﬂbWﬂﬁ Sn&@ﬂ@e for exanple, treatnents that
provi de "aesthetic" benefits to floors and other surfaces, such as
buffing, odorization/deodorization; and applying polishes. Referring to
FIG 1, arFI@‘tul@ﬁ@rmhgnﬂmbdihgammaa@@vlaﬁemviengofaam@aﬁaae treatd@niamoduleiforgh¢ o an
30 enbodi nent of theblnve ti ﬁnclude a subst%E $aLa¥ iyllndrlcal case or
Shel | 20, SFIRUOMONETObSe Syidack Jreafing Anpamty i g @ 9 but may be any
shape. Preferably, however, 8 WD 01/91623 PCT/US01/ 17088 shell 20 has a
substantially circul ar perlneter such as a cylinder or donme, so as to
r educd0t h&1Gi kisiassbematic diagioroinmep pisbiview ofifesueface teeatment nagshde govg 10
becom ng té? due to an inability to rotate. 5 Preferably shell 20 is
subst anti y rigid and thus unlike the covers of the robots disclosed in
the Ichiro applications and the "Rug Warrior" robot in Mbile Robots, each

of which is designed to easily deformfor the purpose of contact svmtch
acti vati oR1GAL6 Bassehepaiic diggram in a bottom plan view of an alternative surface treatment

module 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



, discussed In

detail below, the invention preferably uses an inproved collision detection
sensor that, unlike the prior art, does not depend on cover deformation
for svmtcl;k S;vatlon 10 Al'so preferably shell 20 is provided with a

non- ski d Idﬁév 8%ye member 22 made of a high friction matRFTEPILGS as
rubber. Non-skid | ower edge nenber 22 may be integrally fornmed wth the

| oner edge shell 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 shell a0&afd subpeintinlly cifculafepin@@lsichRbalcolisdsr bagemt [ Bakitdgduce
appar at us %0 kg operating, e.g., Sstep Ped upon, the static friction created
bet ween ndhe 1&1096wéautea@}eoweﬂeszlzaaﬁae4tm appa@rusd0 beepring tsppedidee 24,

in CO”b'”QBaHQu%ﬂﬁfk hﬁggactlon caused by the inproved suspensi on nechani sm
et al % retards horizontal novenent of autononmous nobile

20 surface treating apparatus 10, i.e., skating out, and the roor of ot her
surface 24 i t ed. It. prefer ed that non-skid | ower menber
22 ext éndﬁj F%ﬁ%gyomeg%gé‘g’sé?éma lyrigidand thes uplikg dhresovers ‘tfrﬂé@’é’il?f)tsdié dt 0
obst acl es ;g uchS ‘ “Eﬂ% 0 | e
surface t#eat|ﬁg %%%ggﬁﬁﬁgﬁqugi ﬁg%géﬁh#ﬁe$%%ﬁns Jgpgggé b Paﬁgﬁggr

may al so gigsigredio easibedeform dathe purpdbeaof aostachmtcﬂkacﬂvhmmerAsa«dh;enbmhber 25
i ezoel ctrlc

22 may inc s Sln means h as caonducti,ve fpa .

mat eri al 4‘7%?1&9 Z Vggg%prﬁ&r%ﬁ}' PPSiaPLygd F@gﬁ@&rH%Flgn PRSPt o
gener at es \@lketRPridraal déddmbeddpehdh cov&%f&ﬁmﬂ@ﬁ EhrasiteR @Et‘iv%'tloh nput.
Through the use of such sensing neans, shell 20 need not be novably

attacHéd to the chassis of autononous nobile surface treating apparatus 10

but tt th 30 9. WO 01 23

PCT/ USOL/ W%%ﬁ‘agﬁr?be%h%} gé)}lsp‘i%%‘f‘g?‘? g’ﬁhtaﬁg?%esﬁfbdn“’?’l?f glgeqnen c]?gemﬁ‘%?rﬂf@r 22 be

adj ust abl yhigH frickefl niagerf shdhtds@dbbedY BontshRl 1bw&agc}genpér @f}ﬁé bitdgPalBr OVi de
clearance %ﬁtustnent bet ween non-skid | ower edge 2 and the fl oor

or ot her with the lpyyesdegshell 39, adiedd tarhelomgng tShfﬂé 20 svmhvﬁnstcmﬁrﬂ G 1A
which is %dﬁ s%%eﬁﬁ%é 1A Hﬁé@&\{(&? algill I%Q'rexagﬁé%%f%ﬂel%@ %atglfgr}?t\é} xﬁnce ﬁ{ he 5

| ower edge o 0 ah non- s e exanpl e
shown 16n Accordingly, when shell 20 is depressed toward a ﬂoor or other surface 24 upon which

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



FIG IA non-skid |ower edge nmenber 22 is fitted over the | ower edge of
shell 20 with an interference fit that allows vertical novenent of
non-skid | ower edge 22 relative to the |ower edge of shell 20 and thereby
adj ust ment’QYRE ¢l ear ance between non-skid | ower edge nBGHERIAF88nd t he
floor or other surface 24. 10 Referring back to FIG 1, the cl earance
between. the | ower edge of shell 20, inclusive of the non-skid | ower edge
22, and the floor or other surface 24 upon which autononobus nobile surface
treating apparatus 10 operates is preferably substantially uniform about

t he cir curtt Brayeqeefeires el horGkidneweiddge picaiiRe ablby alijRsablyhdfixddl t3%r (itted)
inches. As will be 15 described in greater detail bel ow, when shel|l 20
contacts Aveokedaweieedes of phell Jhiedraride a glearnes adiuttmapiRst¥CHoN-Kid lovesc e
treating %E{ggﬁfﬂﬁ%r 39 ?né{h%'doo? Or 68E! &efage b8! ﬁ%%%n%l% dfidch SMaRRIoEmBHt is

aut ononous Il'e surface treating apparatus , Serving to acttate a

col | i si on shaehacFI@nAsehedris a kfost bertign echethatic elrgamnn én as elsudtsanéw af the

greater. than 0.33 { nches, ..l pw obstacl es syc s fl oor-nounted
mount ed_ hdavFriEe oLl 2 FE iR el Gles FrBRy. 38 o RRGPIEAIAS i
transiti ongGt PACRSRELd 1QVer@UBE iehftRt 2£ Rl d vt the %W&ﬁ@%@% siield wit a2 nd

aut onormous nobil e surface treéating apparatus 10 wil | sense the obstacle
t hereby rintsikeregedhbtibai allpvsstwecticabmosemeantgif adn-skhldowbie¢dge 22 platfetoabby has

an overall, height | a .5 (3,'/2) inches if 25 autonono bile
ur face t i gt ab FRTLICER Gerdey At oEe Sisarmabebdtiemamesdd Bvers
bat hr oonms eapélmehibenenand g ifd@r 6PsMELsfatdad. overhang the floor. The

uppernost portion of shell 20 is preferably higher than any extension of
the cHlssis. A handle 26 is preferably provided on a top surface of

i f ' . h . , , f
xami o, RoRank Eedkle S L EEIRRPRIRCER HRapVrrsebe R TG Tt S owec

away posi ttheiod-sied i Breriedg@2Zepdansiles @dtidd suiraie 2afupsh &tick2fitoddmdi S
exanpl e, handle 26 may be pivotably or slideably nmounted to the chassis of

aut ononpudnobilg spyfacereieg IpPaTaueidl pparaeg & prafesatile suhstanselly uniferm shyut

appar at us ;10 . {f%]' % angl . t he top ,surface of
shel | 20 ; e%lﬁ:?ln Eélc‘{]owere 2&6%3 g’ﬁg?ﬂ[}%&%@g : (%ésslgtqll? aéln,'%vﬁlé%)elgflhe(rg'eﬁ%‘lvhlgg? he

| i kel itboodeafribedlin gehtendetail bhlooy evhleasiaENZ) cmitattearsobsfclesihnhd invatdiatea handl e
may be

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



renoveably nounted to the chassis of the autononous nobile surface treating
apparatus 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 re &#1¢%dri ng operation of autononous nobile surfpafg'gU§0|”éé‘lsf’ng
apparatus 10, thereby reducing the likelihood of <collisions with

over hangi ng 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 handle to allow for gripping. Preferably, the rigidly nounted
handl e dogsobiletsuffacd ti¢stiag apparuias 106o tppkindde?6 dedsernt pfotisidekbov2Ghe tap ot her
words, it is preferable that the rigi dly . nounted. hara%{_ﬁi? no& be gble to
cont act r &rEface Hchel) 4R ivhen ehthedewersd, siorked aavPsHigN thefryy redusingtas ap) v,

aut onomu §1I<QHR . Aéiﬁpf%%ﬁfs?oqﬁ \‘&ﬁl’f@&%&‘%&@%ﬁ%{l%&s AiRrhatively04 hdfdle ‘ﬁia& lhea stop 15

button 28 Toca at an easily acc e position such as the top surface
of shell 28modubdly mbogtedtd the chaBisiof tlepet@atomonk ynobiln vedi@dréatng apmnatn |
aut onglmous m)ﬁile

dul e di din detail bel th i f
Cor Tacs 1 O ftienesn Sk SorEts s e dhecrapls GO itsh abarehS FR LORCH S T8
depr essed.ogThg tlﬁ%?l}?erH&ﬁJe%a%%le’,‘% Hgdlef Ry B4Rl E dl[ﬁ%%’kﬁp%@atfo'ﬁ dfhe chassis

of autononous no e surface treating apparatus 10 and protrude through a
hol e 20 i rautdnentooprmbilé swdacefiresting apmReatud H), therebyoxduphgthetlikelibendeoti n t he
top surface, of shell 20 is. oversized relative t0o stop button 28.t.0 allow
hori zont aICOHﬁf(?“éﬁV‘B‘fOV “Ig‘%o}lﬁﬁeésfi&éan_toglef ﬁ]gem thva?s%sqeg‘aB SRR robi | e
surface t rEalHQooIRP ALY $n 4 Hon-Airh&Felbleif¥dion, betwith BdbpresiciBbelomyhdoe a
menbrane, elther nmounted to the top surface of shell 20 or integrally

f or medo wiliehdle e allop fongrinping. dreforably, thorigidhamoeeplengiedossinphpiatiednt act

appar at us S0V i icebth et an gl A PO R VRS A BBl h AR bR, "

nmenbr ane mRyuni@Phantdhendt b kbl tb coifaahisedharanhiil sbitdvias swblisds a chnid rumy. st ur e.
In anot her alternative exanple, stop button 28 may be directly nounted on

shell 20. This additional alternative exanple is |less preferable in that

Wi ring ”“%eﬂ%?a%%ﬁ%o%gmtoﬁ% ﬁmtoBHgg]H?&cg %e%&g@%‘éﬁ% Sk %(!59@&@\9% hgpchassi's

of aut onornous e surrace reatin par at us 11 WO 01/ 81623
PCT/ USG1/ 1638 28 Thatal dt an @eaxlysacoessiblepssitidnasneh tis thattomgpriaop af sitelis201 OTheay

ggteL g? ?Lg%lsyorg@v eﬁwgtgﬁleigggé'at? ’ \ eéllmgep%p%n a tcgrlltpoq rr(ljc;d%?eedigclﬁ%) d 11?1’ %etaaﬂq)elo%sqos peaker

that operation 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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nmodul e as di scussed in detail below. The LED 32 and | oudspeaker may, for
exanpl e, be nounted to the chassis of autononous nobile surface treating
apparatus 10, with LED 32 5 observable either through a hole in shell 20 or
t hrough a“¥Q 8M¥p2¥ ent or translucent portion of shell 20.PAIVEMAZPE8vel y,
LED 32 may be directly nounted on shell 20. This alternative is |ess
preferable in that wiring nust be routed to LED 32 between shell 20 and the
chassi s of autononous nobile surface treating apparatus 10. The LED 32 and
| oudspeaker under control of the control nodule may, for exanple,

respecti vethe ficHoindiy nidbilelsagienecaing apFRAUS | M eha§ Qpfiesallychava ki REG opki Mul i
such as bumping into an obstacles, bein pi cked up, or operating in

‘proxi ni ty light amijting dinde REERY B2 and wdspegker aperagivelytviophedted te thoeamdidlpl an vi ew
of autono i f 2t reati t h ' d
e ol O U AL 0 B R 0 B g o

appar at us rhéurtehfoxtit sh4aBis @ atitdaadBodsmabikcCsisies treatingdpbadatusbld ewh LApaRr of
not or - gear hoxes, 36 i s nounted on chassis 34, with each notor- gearbox 36
driving a YWserblggithenfbrongh gheionsheth Y pethsonghatEanspasrt ¢gragpiyssuPagiony | s
propel | ed t . I pf t Al @b ntly
driven so ﬁg%ﬁg%n)eﬁggﬁhgée&r ﬂé%]@%g?a&‘g‘?‘ﬁg?\y/vg?@éﬁ {eﬁgmo{ﬁﬁg r 6's ghgshnﬂ;?%ﬁgg

aut ononousis esb pteferablefiadet iviat hng beGoaed & BED3 2K tween shell@Dendldeut its
vertical axis. The notor-gearboxes 36 n_?}géuti lize ange{é nventional gear

ar r angenenthasssy ofaapnonays pebilg sprerdreadipg apRaratys At & d 38. For
Yo ' . oG :
exanpl e,  egGianLe hngﬁé}foﬁﬁé\}{]ﬁgﬁ%t‘i}o@ tloddfe Iﬂaf%ﬂmléglgge'r] ?ééaﬂg valySiBhdi Gy e

attached to a° worm gear, shes wth spur Ich"through a
reductioon fishmgset pdvdueag sowhdsatb vaSousAtinernaich we bympinigesiosin3®staelys, heing
directly driven by a notor. or i.ndi rectI%Bdriven 25 by a nmotor through a

belt and pRIFFEPaPT WRIAUMEIN PrRIY 1A aP5BBrt is al so mounted 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 t er nat i ViRé¢fprring noowerld6. Bawhichns & beotkaemn plan vidw payonmnes mehikeudbte wheel

may 30 be provided and.th h erall QsSi t] one%El eel e unpowered. In
yet anot het®® 155?%?%%?‘? \}é S_%F gbdsr ?’\%Xtﬁg(?ﬂ&ﬁ}‘%WS X Of)getzecggg-“i Re arrangement
of fours whagdfomdus enobil shitfhcd trealiﬁ% WD 419 16 enthRéed 4AJSOstAcly B8Siscusedd iaf t wo
power ed wheel s and a second set of two steerabl e wheels that may or may not

detail below. A pair of motor-gearboxes 36 is mounted on chassis 34, with each motor-

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



be powered. Wile various drive nechani sns for propelling autononous nobile
surface treating apparatus 10 have been described, the scope of the
invention it not limted thereto. Other drive mechanisnms that allow a
robot to MHN18¥ch as track drive 5 nechanisms, are withi BCVHE014AMSe of
the invention. For exanple, independently driven tracks may be substituted
for wheels 38, thereby dispensing wwth the need for a ball-in- socket 40
and providing superior traction on sonme surfaces, but at the cost of energy
efficiency. 10 The chassis 34 also includes a battery case 42 that is

pr ef er abl ysepoBiwo ppwatled @hbs and e secahid SR QTOUS staBrableavisad!sl thgieniy @ahayigot
apparatus 10 on its three contact points, i.e., wheels 38 and

bal | - i n- sceeverss Yiile vareusedraisigechpasme for reepsdlingpaytengreasinanlgurface

di anetric I d sis 34,
. thereby quF\%a%ﬁhn%%ﬁpa??ug ¥o ﬁa&eot%geh%f‘ &?’gg’ttg%rm ne#| {Hel Vé lé)gétnlgdg hf‘ﬁ upon
cont rol nubete®. zmhen dreve, méchﬁnEMs tidtiabwatrebotltb tuirhpmchhetﬂaalt tevd es vm' thin
battery case 42. In addition, chassjs. 34 preferably includes a vacant

vol ume 3t hahecharisngsary wathin thesconecafithimy cnintI For cxereplyi mgergndenthdrvsn
receiving t?ack§1=hra§' %%%ulgsrtﬁlﬁtemtwmg@@tté?e g'cﬁﬁ}éﬁﬁﬁg wif tggﬁ@édl foPE bAWin MT €
preferably, surface treatnent nodul é recéiving a ositioned

bet ween babtlat ¢ aad profidiag dupspivr trattiommrkone ABfacd?y; bﬁtmtaﬂrl gast e:ﬁaarrer@d types

of surface {.reat ment nodul es nmay be installed 20 within surface treatnent
nodul e rec é Mg -area 44. Once a particular type of surface treatment

nodul e is selected, the surface treatnment nodule is preferably installed by
pl aci ng aut ononous nobile surface treating apparatus 10 over the surface
treat nént Theodasses halspmebsieng batitry m@mﬂisthartdbpteéenablryfmsiéionccbmtba&aycappar at us
10 down unt i t he rlfa trtea .rent nod u (g sna@H i nt O?*f‘gl Sr%‘? .25

Pref er abl y*" qn(?WOPf/PWélgls e EoaE e Appasdpy 1 G an U Hpeq coniard PRI, - @hFHixes 36
are posi t3gamabaBulsbad: 4! Morab%faabllsvebmay sdsk d2liop&YitidaRidretatalghel | 20
so that autononous nobile surface treating apparatus 10 does not becone

t r apped owpaggtea?cq@go&m@nleﬂ%enoum@i mpﬁw@gas;sw Bmebmnnwnmm He imnpart
contact s | yi t n_ot her rd of ch SSIS 34
shoul d belﬁ%g\l/{cllech\%]ﬁélrll&%gghglgﬁp @é\d “Pc’%""n d?ﬂ Ile E)doe excgrplgm féel s 13
WO 01/1916 Zonr@hik/UdRe1iéslwilBih battery case 42. In addmon, cha531s 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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38 and ball-in-socket 40. Likew se, an installed surface treatnent nodul e
may be 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 whiY@VH625 contact with an obstacle. However, it nBGT/APUIATPSSt i vel y
be desirable to attach one or nore flexible brushes to autononous nobile
surface treating apparatus 10 that protrude beyond the radius of shell 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, f 38 sdaliar-sock@aA0h ISkewied, an MstdlRe shfeR rtmaithesdusdmbpee 24 al
the way to the walls 48 so as to sweep dust and debris into the path of

t he surf acRosttiongd faweribanthe nomskidilpwes asige 2B 0fishds?U6 may  extend from

| ocations partially or conpletely around the periphery of shell 20. The
flexi ble brushes 46 also serve to act as extensions of the shell 20 so as
to cause "$iellt20 i prefedablysiitinsit bey p@ansishedd thathansbot ben fbdy asthiesvhilerinot her
wor ds, the fl exi blﬂe brushes 46 act . not only as a cleaning mechani sm but

al so as f1%9R1ast wihsmhatacie s Py ERdraealiceidivelyde dspirafe [q attigh pge gense
| | yi t i i . .
ool i 19 B RAIE brdfie B ool Fopfiésurtee Wit ppay AR hac bR

may be uséwtyend thehadius héshelit2®r ends of fl exi ble 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

aut ononduspIaPBLEarIBA &y Mo%ﬁiéd%rmacrf%@oﬂqguyﬁmge cRBe RELHnAl

adhesives or fasteners. Preferably, flexible brushes 46 are attached to
shel | 120 mppatatussiOshatdnclude flexihkgtbryshley 46.f Flexibld Erubhres dhasay Gorreagmble,

i ted,int -skid | d 22. f ly. flexibl
br uehes. acapstieh 08 oo pEOHE S 0Er 2 TR RR v o abh BT 8 s lg Stp ©
exanmpl e, hRgKarRldkbkie oo RS AN 6F fhe sOFaNRMIng thodlieS The fRRb1&bruShéE 48fmiyhe

flexible brushes 46 may be attached to extend to each side of autononous
nobi | e surexind from tecatiprygpaapll etaempldely aroundgheperghiennofisheh 26.0rer s on

opposite sid f aut nous bile surface eat ing.apparatus 10.,,As shown
ChoR s, e Bruslel IR AG T & S o R R 6 B i o8 ached
t 0 autwnonmllisicmibetveeehshtRe ahd GRidbe@cRP PR @hétSvdids, tBOflEabRMPYIHdE46 atror €

thorough Sﬁ,(\;? ggliyna% aocfleatnri]neg r?lgéhrglgirsgi, b%t4 algé)%sof:lgx?bllg %lgwrl?v%;rr/d%%%%u%gg8extensions

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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Referring nowto FIG 7, a preferred wheel suspension system 50 of
aut ononous nobile surface treating apparatus 10 is shown in an el evation
Vi ew WlthW m&%ll 20 renoved. Although a preferred wheel suspension
system i s"Eht nodi fications thereof as well as other tREYSWARReel
suspensi on nmechani sns may be used instead. Weel suspension 5 system50 is
shown for the purpose of illustration, and the invention is not limted
thereto. Weel suspension system50 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 pRefdripg fow2o FIGVBaprefeatdivhed] sofpensibosyganshof adonomouk melild on A,
e.g., when autononous nobile surface treating apparatus 10 is pushed down
toward t héurch@&eatwg MnEtus | sphewp an ap gleyaiignstiey wath the shelk Ziepioyed. el ement

54 interpag &iﬁf‘e?éhe@&zﬂéel ER% %@teﬁ{‘fé H0@% Srhédlﬁéano':ﬁﬁ l?e{rédf%g wWeWst O
FIG 7A s a cross sec on schiematic diagramin evation view
of a port othrer tyfpesmf whed] @agpensioB mechdndsnisanay bengedehﬂemlntWBéel sEgpehson f or

exanpl e, in 56 nou in or tor-gearhox 36 that contact ChaSSIS
34 and’ | s SHoRaY 1%%)30&111% gfﬁrnwssg?ﬂﬂaotf%tﬂ%@v@ﬁneynvqnegv i el g RerE o8 ey
be a spri Rghdki ﬁfsﬁglswrfky@%ns(ﬁfﬁ us8d R boqlnwﬁ&?é?s SEaf a/&epmsaﬁveﬁ |B§
not or - gear box 36. In another alternative, resilient el enent be a

r ubber peglomrtmﬂ@d 3t6dh@t| i palrotamt mpqud{td)d)assaﬁ%usmgawcg pBﬂSQc ollp(mr@ct t he
ot her. The reS|I He é may. 2atta o chas&i? th t hr eads
or a sludfﬁﬂ“”’r?.“&?ﬁ%ﬁe? @“1‘?1‘5& 'PRé- Féngt H&P‘i"f’@o&f“@ é‘FB '1'3%Fom chassi s
34 to not geardRApParandol 0 i8 pasheddoWnitaRhRl thé\b& Adthet 8lidfaceSME [k rBsikt@8 bl laent

el enent with an adj ust abl e | engt h- of - ext ension may be attached to

ot or 1geardsdienseement i ntrsposed Setween muder-grarteueit andahassiscH. an  adj ust ment
will serve to adjust the riding height above the floor of chassis 34 by
causing -notor-gearbox 36 to rotate upward or downward about pivot pin 56.
Al t er nat i Refeysing i itd FEML7 £ vatiTB s @bss\uaétidn@héBMne MiagrdRyinke efvtdn t ut ed
for one another for the sane 25 purpose. Referrin back to FIG 7,

resil i ent ViMepferRoran pf mpEysREpox PP e restlicar elemgnt mﬁ%be,lfﬁt%améisi s 34

|1 aut Onog'&”s% Iggl\?l\g!?(g irPol Jrfxﬁ&o& ge%b)? J6 #RP e A9 1‘%3%51‘5 34848 &eoqas%

st epped upon, oor sur ace SO t one nDre of
t he non- skprihg3tB. | Alenatbvbde raslidie eleiznt Shelal b2 @,spang biased piamiovafeddhassi s 34
and a surface tr% t ment duI e contacts the f] oor or .other sur{ace 24.
This arr aﬂ@@]ilﬁe‘lﬁlts tﬂpﬂqtggg $ BOtqrigepr 1&361 another alternative, resilient element 54

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

15



WO 01/91623 PCT/ US01/ 17088 autononmous nobile surface treating apparatus 10
wheeling out fromunderfoot like a roller skate, i.e., skating out, when
it is stepped upon. This arrangenent al so provi des autononous nobil e
surface t MY HEPapparatus 10 with inproved traction on unBvEHSO18088aces. 5
The pivotabl e arrangenent of notor-gearboxes 36 relative to chassis 34
preferably allows notor-gearboxes 36 and hence wheels 38 to fall toward
the floor or other surface 24, i.e., notor-gearboxes 36 rotate in
direction B, when autononous nobile surface treating apparatus 10 | oses

contact Widuforioful ntWile Qurfade tedatinp %%@_@ﬁu@ﬂo whEellfigedud FRl YndepdbOmanpUus
0N

nobi | e surface treating apparatus 1 s provided with suspension sensors
that are delieraikal wheskating oHb ndgs itrie Biepredgipohiackhis pmandemgnbppara@vidss 10 i s

R e ey S S R i

exanpl e, mayfabs. positioned within 15 each of the notor-gearboxes 36 to
sense if pin 56 has reached a predeterm ned conpressed position, i.e., the
position that is occupied by pin 56 when autonompus nobile surface

treating appafiadtisie %Prah@e#g@? nglgg)qygéax\ﬂi&& % Efagigggcgé@§9§§4%8§&%ly

f or ce.
. 11
Accor di ngly, "aut ononous urfface treatin can ?hgyéby

sense whanotbt-geablrasi3g apd hbeck wioets g fald dwaed theofbdrer 4theralkkEread, ie.,

appropriate response, .such 20 as turning off the notqors within .
not or - gear’B‘Ef?Eggaé OXQj0dBiRLs 11 dgrﬁc%%BtW Fautennmops tnobile SUHACHEABE provi ded

to sense apghlifk mrls%]gceﬁmtrwﬁh &@rﬂ%rogéﬁ&ﬂmp&ﬁfaké op occupied as a result of

a | esser conpression of pin 56 cause y 1 ncreased notor torque and noment

reactilig upon one or both notor-gearboxes 62 as a consequence of a

hori zontal, col i siopn, —as oppgsed.to the nuch greater canpyession resulting
from bei ngP 1%@5’6’ ad! 8WOU%HE’BQ%S‘E&?F Fﬁ?tl%ﬂﬂa@%ﬂfﬂrﬂéﬂo‘f@%’%Qgﬁ‘bﬁpﬁ{mﬁ.’%s_pond
by rever sisgkoiPhar e AbhatcdSihen4RRRAGHBNL MHbilORRFRE ufeﬂﬁn%%ﬁb%?au@f(% u¥tidghi n

t he not or- gearboxes 62, causi ng aut ononous nobile surtace treating device

10 to bri afowp, bEekupnt onkenbetbivdteel loed cordacatitarthe flngr ermthercodect 24. or war d,
T R T N T T
to sense ichclpbfithe motor-gearboxes 36 to sense if pin 56 has reached a predetermined
compressed position, i.e., the position 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
aresult 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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30 56 has reached a predeterm ned extended position, i.e., the position
that is occupied by pin 56 when autononous nobile surface treating
apparatus 10 is lifted or at |east one of 16 WD 01/91623 PCT/ USO1/ 17088

t he wheel ¥BYY6Pes contact with the floor or other surfackCHUSOIMIFESS

aut ononous nobile surface treating apparatus 10 can thereby sense when it
is being picked up or has lost traction, and control nodule 43 can nmake an
appropriate response, such as turning off or reversing the notors within
not or - gear boxes 62. O course, other responses may be 5 desirabl e depending

on the si tHatwhesls 38 0sses ¥autadtavith the AoboGOSREISSURREE P4 ThE hakRobasinbbile
apparatus 10 is being used to spray a surface treating solution, or toxic

or irritatSupfgce SeaimeapparatusHe can dhisaehyi saseswhRoit & heie pekedsornhgs lestvent a

curious chj r j - N L EL L PG onous
mobi 1o surFaghy e firOfnadlt 3 B By BEamitisAPERRURE nich of W B R

at t achmentrevarsing thesmoitds withinmyteblyarbdtea @i (¥ cotisk] otRE responedsansy se 34, as

well as a preferred collision detection seqsor 90 for sensing hori zont al

- moti onof 4ERlle depending: qn/he sifuativas SPE Xl EyHeRamays rBefile ITiase Weatat i on
~sensor 90 ah30nsSIPNS %éin‘g%@q t%sséka?“a Q80 8k ol RINAT agr t%?i%so?'iﬁité’tglgs uch as
us surt ac r

when aut on nobi e eating apparatus 10 1s stepped upon.
Al t hough aupstedceer thedusiemaioh rensbrshibayrbe heedits prevant acypiont ehilé fromdidingsi on
detection sensaé ﬁ%ﬁ hown, no ngcations thereof as well as other types
of at t achriBHY CHE¥ AT ENEHPWIIIINE PHRPBPUTRPIIF LBRSS reating APparatiiddq
i nstead. Attachnment nmechanism 70 and col |l ision detection sensor 90 are
shown for the purpose of illustration, and the invention is not limted
t her etld. ZIGTBeheweh preforrédattasimabhiymerthanistie) foo noalblyiaga@dngshelhidd tor nor e

el astic supports, 72 i ch e,..for example, springs, elastic rods,
ol asti o ¢ VDRI af el R preBRT FliEo) dErea Thichea D OGanaens A Bt ZEeh ng 74
i n chassi spédon 6BERNBREMIivEloahhists 34 PBefersbly, ZoflsPorSdbiddtioh 88dsoy 90 also
conpressible to coll apse under vertical |oad. The bottom of each elastic

support 72enses campraskiod of shalhi{stovardchasgig 34 echtaspvieh astaniemeus gtobde suppor t

72 is attached to.shell . en 25 shel l is brought. into contact with
2 obstac S reseRy s LIS RSy gIfoldh PREYIHA LIRS ot oW ¢
shel | 120 iBedharBnt andeDpreferied@onBivhl detdecion Za@Rbedre 3hew, ahadifivaions thehasak S

34. The cone-shaEed openings 74 allow elastic supports. 72 to be relatively

| ong even Welh#iRfRen pesRiatashmend mpshagsms e rkaons detetlionscaiprs BRE bEr eat i ng

apparat us 111st .irﬁtead. 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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preferably short to avoid counters that may overhang the floor. Preferably,
the length of 30 elastic supports 72 is at least 1/2 the height of

aut ononous nDblle surface treating apparatus 10, and nDre referably at

| east 3/ AMRE'WE ght. The relatively long | ength of HYPY11698

PCT/ US01/ 17088 el astic. supports 72 provides a substantlally 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 without shattering) to be used rather than the thin, deformable

covers of gustiorsugidrisai2t srovidedis sulRintigllefreq bungerdealiyc@astrdindd) enovementa]
cl earance between the underside of shell 20 and the top of chassis 34 is
pr ef er abl ysheH 20 aelativesto chagsig 34 sThip argpesmeat %ll%@raaﬂwgb@mééw qri$Bethdf- ski d

| over edgey, daqggq?lﬁ%egg%ﬁ{lﬂ;oh%thohpﬁfatt @é@ﬁ%u?&ﬁr&?ﬁfﬂ%ﬂ 't}ré’\éﬂ}nc Bei%ﬁ able

previously respect erab éss t an 0.33
(1/3) i ncrmerskﬂpﬁefentlahmgomgas mobide edaingdeviads! i si on det ectl on sensor 90
senses horizontal notion of shell 20 relative to chassis '34. The

col | i sPon detection sensor 90 includes a passive portion 92 attached to

t he under sjyleyficas Q%%anggbetwé@n fh%rdi‘fﬁelﬁﬁi%%'f ¥&ell Z@adﬁstﬁgt t}]{bftéﬂgss%ejllslg that no

el ectrical conductors need to be routed passi ve on 92 for it to
oper at e. Lwekribhgatllfaghas gieataspbe groand le:amhce::bétwlesn tinn mte{stm:t lowar edgesor 90 on

shell 20 is a in that n e rical cond ors. n be routed
Fr om chas<REmBS TAGEHB Foah: ofi e e A GHOGOTY RGrUBBCvAR FphE
conduct i vaodiigk1 dprefpsbl (RS chah ®l3ear)shelket. 20 and a smal |l conducti ve di sk
96. The large conductive disk 94 and snmall conductive disk 96 are attached

to shelll 20 so as to be concentric relative to one another and shell 20

2t ached IS ENRELEET FI8TR 28R ddeciol 3ol DE O EReForPRALY BobEh bl

el ectri cal20cendive totkassie8d. The BEllikRH de@cliéh sesér 90EinBIEd DpasHiPe boitioht92t O
operate. The active portion 98 of collision detection sensor 9 i ncl udes

one or rnorastachaddp sheipnderside eleshell 2Rorlae tesmeprssivaalis uipdtinthe seasesibrisno100 (only
two 25 are léﬁﬁw chiade hﬁb n83d B F0AES 1¥asEI BbrBADY! B ic LB SLNR! $obdlind Clrcle

that is concen
15  passive portlon 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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smal | conductive disk 96 and | arge conductive disk 94 when shell 20 is in
its non- displaced position relative to chassis 34. Each el ectrical contact
sensor 100 includes two electrical contacts 102 (only one is shown in FIG
8) separ a™¥'MY6F gap. Wien shell 20 contacts an obstacl ePCEHRMNTYE | s

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, snal

conduct i veutficént Amoant, kwall endiictilveaisk 96 aetivitestah teasll @Rtdfitkadleadtd] @ohitact
sensors 100 by bridgi r]g the gap between electrical contacts 102. Each of
g1

the el ect rseasrs 10Gbby biedging Hisgap beieen slespraheqnircts | o fashoé therebectiaidd r ol
nmodul e 43. ' t [ | ' ined by
Cont ol msgirE: HEE0aR Werdely ShiRAFRTRapo gl The beABh B
elhec'ij ri caldigﬂmfaﬁhth siésfglsbale isld)éiemﬁﬁecﬂb}awﬁrlobﬁmﬂu]'amibaaém w]!?o'y:h otle{@r Im ni ng
the direction of the displacenent, control nop e 43 y, for ex e,
rotate’ orolBRK thireeranere elasinsabsamiact ﬁﬁsﬁplrsé%§ e Qe e tars%at%ﬁg %‘ atus 10
away from : . i i gl y,

Ut ononous et ifias UG Of B BIRRESRLT RO HHAURMS oy, M aripl Y

ci r cutmav irgates oobatkaaniderstaten autbsoraons mobiieesuifacd Geafmigl apparatusdOtasaly ifom sensor

90 preferaply, al so, senses c ressigon.-af shell .20 toward chassis 34 such
25 hhen auloHRTRAC oSBT ac S RIER 1 A8t Cap ek asoromeus BER ST hpon.

Wien shel |tre%ﬁn%§pﬂa?£tﬁ§@0 Y& felighly oo anRMBH e obdt AN &8 GRREVESANM&Gt di Sk 94
electrically ri'dges the gap between electrical contacts 102 in all of the

el ectriocal contact sensors 100. 15 Once control nodul e 43 determ nes that

this conditipon i resent nt r.ol ule 43 nma for e shut off
t he not or sé%ﬁflf’ﬁl aetggq%seaéﬁﬁﬁﬁ%fgraggpﬂﬁ ?eélﬁef‘?actof‘ﬁ%?s\?{oné’rg Sﬁ‘%wdcgﬂwagcgnsor may
be used f gha&® 14 fchRAs dDks alitoBBmolREhEbild tFfaBOWedttg dphbeBtusA 0l ste%}ﬁ‘d:dc h show
an optical collision detection sensor 110, a passive portion 112 is 20

attached twoshdYhenzbeldAd itoreedtvierticaly doweyar lprgescandusiiveedisk ¥ elpetsisilly 34.
The passive. portion 112 of ical collisi. ect:l Qn _sensQr 0._J udes
 reft oot iigeat b Bln hisah RGPl 1 i n SR LRTOL GG BTG st 160

C I'S a
concenisr i Mnicelcdhirylembdule AgldeteAfined that tid donditioaris pesent,ldbnarbl mogiile dalmay,
collision detection sensor 110 includes an illum nati on source 116, such as
an for example, shut off the motors within motor-gearboxes 36.

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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LED, and six optical receiving sensors 118, such as photo di odes, 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 WO UM s 34, i.e., the position shown in FIGS. ‘é&iﬁﬂ”“i‘ﬁ‘s
course, nore than one illumnation source 116 may alternatively be used.

Li kewi se, nore or |ess than six optical receiving sensors 118 may
alternatively be used. For exanple, one or nore source/sensor pairs nay be
used, i.e., each pair consisting of 30 one illum nation source and one

optical raeefkeibhg ratieaos diskhes id hoimitedivithin £1®glrt¢>ar1ﬂeifﬁmgaad aa@illemhation
recei ving sensors. 118 are npunted facing upward. toward reflectl ye (ﬁésk 113.
19 WO 01/ 92623 1 priyoswied vo8E 2 kehdarimsrpe lrés vk fighidbagiairings 4 20 angrbéht ed

within al [ en ed

W thin a (PARE BFbdharcb TRopS el Iy Sy 3L OBt Hglets (P05
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S ansor 5 1 Polig e R R e CuB I O e Eeker s SRS 1186 Tbter 2ol y
surrounds g u8Ridtialof rsﬁ'? llg ke gNﬁéf‘s%@fl 20 jES'L§1315IQCédaﬁﬁxt‘fﬁz%ntail? Selhtitfel 1B BRdskQN Of
stray light. Wen shel s displaced horizontally relative the chassis
34, refl eddi seflecivekdidkl B3 is booughtbverame or ooee opticabreseivplg sensors ebfeasvi ng

shert 50T gk in PN 118a Ty T SpERtn bl B ahpit S e BRhtS ondte Bl oo

one or NMOFRPRINGRIINEGAEEI NG t§ 8RHRALSorkIS nYdrd oimceﬂ eédeBahg ¥eséls 38 3. Each
of the optical receiving sensors 118 is operative connected to control

modul 8043 reflgsiveldiskdil B oadtf of the oniuab rescwmghiensirs 4 l‘hé i9 opeativelydenaeaigdied by

I dul.e 4 I
Censors 178 RAGn L RS “hEee ooy ARG Mg RET o Gs PR IR BT BRI e

di spl acenmgnddule4mbdsed oﬂ&dﬁ&lﬁorfb?(oﬁaﬂes) bDthe @pA6A r€seivifd 8norsan 8 lnaszgh
rotate, autononous nobile surface treating 15 agq paratus 10 away omt he

obst acl e eeRReivpicdc Syulatgnimngitiealieegtipmot the dispcagryt, consial mvdﬁ%%% nobi | e
f |
surface ti a§7t rdt}%mﬁﬁpﬁf S, rDafiRn %'ta{tgbah¥011%sl3{?‘ay fm%ﬁ? g\i{fﬁgqgg{n&g es in its

envi ronnen _ be recogni ze ’hose t hat many
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sense novenent of shel reI ative to assi s For exa | t.iple
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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, 50 as to be able to read the different patterns on the passive disk when the shell

is displaced.
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Ichiro applications may be used. Alternatively, Hall affect sensors may be
used, i.e., a magnet nay be nounted on a central portion of shell 20 to
cooperateﬁﬁi&ﬁngthiple Hal | affect sensors nounted on chassis 34. Al so,
sensors that Us&pattern recognition to 25 identify the difetVPUH7E8

di spl acenent may be used. Wth such sensors, different patterns are

| ocated in different areas, such as in different sectors of a passive disk,
whi ch nay be nounted to the shell, for exanple. Accordingly, the
direction of displacenent is determ ned based on which of the different
patterns is detected by an active sensor, such as an optical, nmagnetic or
capacitiv ransducer, which nmay be nounted to the chassis, for 30
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m cr ocont rebdiftés alstQubnte! dfh@RhedetiabR inflAlcfiofd. OBIRSBRFodonablleesaGes a

sequence of machi ne-readable instructions. The mcrocontroller 130 also

pr ef er abl yrefaeablidasludese memery m which the hacheeeteadable omtiatticmsirersder (Iitei ons
reside. Th chi he-readabl e instructions . are used to.control autononous
nobi | e sur %:gén T %é;%%ﬁlen‘éls“%\%ﬁgﬁ gﬁ}gﬁ% SRR bR ORBROE rg‘gb‘% UBEeU 8 number
of progr anppaigius A0GHAGLS doRMe 4Ry bie dfEndhler Q)Qﬁﬂagrarﬁ-}nil‘%ﬂ'ﬁﬁguag&rklﬁ%@{ml e,

t he machi ne-readabl e instructions may control the noverment of aut onomous
nobi | d9surik Heaart (et ¢rfeHalp Jior gxamplecthe snaghinggeagiablei indrugtignomay pentrof flre ous
movenent ' ' ar m wal k..mode o

oper at 1 on kb AR HIR Blbes R8s Bora S W ST BB RSy B e

machi ne- r eatdail @overadnt wptiatioss kiowef i@tediry, saeiiy Dtanabiaralk Wik o®Bser@fion
aut ononous nobi | eg%urf_ace treating apparatus 10 as 15 wel|. Accordingly,
mi cr ocont PERPaHEReH Watk BRds ok gre&atipne S reuisedhe sackingirgadableinstructions at
| east  one eablah i QRuAPLEEL AL GRMThiohdn it Gfttlch et |s9 sensor
90 or opt ipcal ? ?ol isFon dfeut eclz(?{lgon sé)ngo?u%{l Pl %ﬁ'g atcgwsggl\ﬁd%%g%msg@tasto at
| east 16ne vl VAeccnotingly Iddcroengroller ¥30es npdratiwelycodnentednd niceiye dnpuofem &6. 20
The m crocontrol | er .138 ma%/ al so lﬁ\ oper atlf',velg connected to receive input
from at | e&astone collision detection sensor 132, €.g., collision detection sensor 90 or optical

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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one passive IR sensor 136, which may, for exanple, detect the presence of
an animal or a human. The terns "passive" is used in the sense that the IR
sensor de e presence of an object but does not ne t he di stance
to the ob&&§%%"$ﬂb passive IR sensor 136 may, for exanplgﬁH@§SW€§W?ed on
shell 20. 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
animal or human. Another input to mcrocontroller 130 may be provi ded by
at |l east one active IR sensor 138. The term"active" is used in the sense
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to the chassi s. AIternatlvesoly3t8 10 multiple active IR sensors 138 may be
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receive inpu rom at ast one notor current sensor 140. Preferably, the
not or s15wi tgathntbabiseensgpdar boxes 36 are each equi pped with a current sensor
140 so that conditions of wheel slip and/or over-torque can

It

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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20 be detected. The m crocontroller 130 nmay respond to these detected
conditions by, for exanple, turning off the notors. Alternatively,

m crocontroller 130 nay respond to these <conditions by adjusting the
pressure MHI¥BE2% o0 a surface treating pad of a pressure T’U%‘F?‘ﬁ@gssurface
treatment nodul e, as discussed in detail below For exanple,

m crocontroller 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 al so be used to detect collisions. Thus, notor current
sensing may be used as an inexpensive primary neans of obstacle collision
det ect i on Lakevaisy agikipsonselies 13 mayplspdiccopettivelyi connessadlorpesive iput At si ons
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142 to detect nor mal wheel spee crocontro may
respond t dytadjstinle tlegiredurecmpglied n hyfacé oeatenggradlof o pressuneiadgmsong surfeee
motors. Alternatively, m.crocontroller 130 _nmay respond to this condition
by adj ust itif8IRHE MdeLs Bt dISGHSHE ledieta&ebgl%rF%&%ﬁt@i&ﬁl?f@%&&% 13 PR¥ssure
adj usti ng ralohd&Pan MRALARNLIO A Peondftio 1 (AR 8 pARLHklonEd QitacEOr
exanpl e, r¥1 rocon%nro'ﬁ%erlgq%oo{r?gg rceosnpolr?g 0 an abno ma% yogl ow sgged
condi tioon tiegtingpadamigesgoadpo es sbreemelly fdsespsad tamdtidiOby meatasing tipeaphesamde
respond to abpornmal Ly fast speed condition by increasing the pressure
on the suroflgﬁfés Eaé;gﬁe %‘Y%J%f’gis Anot her input to microcontroller 130 may be
provi ded by at | east one suspension sensor 144 to detect, for exanple,

when aut ononmous nobile surface treati ng apparatus 10 is 15 pushed down,
lifted upAnsthesiepusito maerbcantiodes!Ibmay boproaided hiytah laapfeonlsyenensipn s¢tiser

sur face AT suspension sensor, 144 may...for [ corresppnd to
Cont oot sadssd HGeSURRERSHON, REOP RhoddtloMapileJhrBXANRl e SSEELESRONE. 1O
i s detigct gashad dvinag ifted @b @Tont 30 botiekes]sdbsejopiapivithtiee flesevger seifale as

turning off the notors. O course, other
24, The suspension sensor 144 may, for example, correspond to contact 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 l10 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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responses may be desirabl e depending on the situation. For exanple, if
aut ononous 20 nobile surface treating apparatus 10 is being used to spray a

cl eani ng tion, mcrocontroller 130 may respond by tur of £ the
sprayi ng ﬁé%ﬁ%%?gh1 The condition of autononmous nobile surgg@g& 'égﬁlng
apparatus 10 bei ng pushed down may also be detected by collision detection
sensor 90, i.e., when |arge 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,
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response, such as turning off the notors. 23 WD 01/91623 PCT/ US01/ 17088

The stop button 28 shown in FIG 2 also is operatlvely connected to

m cr oc |l er 130. r.essi an .pf 0 tton 28 | det ec
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operatlvely connected through an ADC to receive input fromat 1east one
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alert to &% € presenc ani mal
or human. hin&rethamabl y, m crocont roI |l er 130 is operatively connected
through an audio driver to at |east one audio output 148, such as a

| oudspi®aker, and through a display driver to at |east one display out put

150, such @} iﬁrﬁ%m?&le?rbb'rzs% ng[}ﬂéoﬂg%éfec% m{&ggﬁc ghﬂlgl Lifer tom0 ey

i ssue audi'0 an erts USI ay out put

150. 15 THeastose arkidbiplit B48, 33 mMoadls@eam anﬁehmhgh/eldmptatynnﬁret wcht lensat
| east one auxiliary control output 152, which may, for_ exanple ontrol
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of the of I%Utn?d}pi@fésauqﬁ)bé&dew%ﬁ gl@ﬁ§u§15§§ﬁdlggutput 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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apparatus 10. For exanple, mcrocontroller 130 may control a spraying
function in a 20 surface treatnent nodul e of autononous nobile surface
treati ng Ry s 10. In another example, mcrocontrolle ﬁ control
t he amount o‘?‘ 9(|’cj)}§iej"ssure applied to a surface treating pad %‘fﬁ gﬂ”@é‘&ure
adj usting surface treatnent nodul e, as discussed in detail below. 25 In
addition, mcrocontroller 130 may be operatively connected to a network
adapter 140, which may include a serial port, to connect mcrocontroller
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t r eat nent PAOdG¢kInpposing wadls of surface traatpmnt meflule|ressiving aige gt ofi shasais 3464
d tanti 6 FIG 2
or ot ded PacismsBE b st FRSAE B AoY a8F kB anfRestes 8 St SRR e 42 o

chassi s 34ertidal §ber68) Yonsequaigetle dledsit bLsupfa0t rdgihRit Aoduled 68 4 alttd:cal Iy
free to travel vertically vertical slot 166. Consequent ly, i ght
of surlf ac @lmes gretusivelniless @%@@W@%W@W%ﬁuwlw éﬂ@p%w@avl%tﬁess

mnor fri q%kglgﬁ{ f? E!%l\f%cggregrlﬁ% hé(f oxps!’u?faEéJ &%41 %st‘ﬁﬁg@éﬂ ﬁ)%lﬂo%l' ?{]gth?xl 66) b y
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bet ween SLterac onta form 168 _and the floor. or_ other surface 24 that is
not af f ecti@@m ff?@r ebpieersirtace 24 thaf siof piferird by SRriRSHIANSERRL f Hrce to

be provi dgg,f a@l'bwg }f&ta &&té&?%@@ﬂﬂﬁéﬁ'ﬂrogﬁe& Io: tﬁ\ﬁ'lgmde dndbitCrife QIE%ﬁf of tl dt Si t

conponent s of aut ononous l e surface treating apparatus 10 tion,
hol | ows porothiepnempbnesity ¢fzaortoneats nnmbulermda,deeleﬂﬁﬂg appacdtua 0. aIrhrdd[ltmm, portion
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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
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fluid, a buffing oil, a suspended wax, an abrasive, or sone other fluid
which is to be applied to the floor or other surface 24. For exanple,

cl eani ng { wat er nmay be 20 di spensed t hrough a por rtjqn of
t he surfaggy?ﬁég?{ng pad by gravity through a valve or byﬂegpgﬁﬁéhghe
pressure within the container as described in detail below Alternatively,
a surface treating function of surface treatnent nodule 160 may 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
menber 1622rnegiglismermyende dr liguids apmhietite &l If thd sufaceeonactspresterd dandegh a
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member 1640@R 168 prayide for empreramforppepmtast abthepiaype surfase tisatinhmpans 152 he
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surface oforstirel aedace@dt act form 168 provide for nore uniform contact of
sheet-type surface treating nmeans 172, which is preferably renoveably

mount €d on the surface contact form 168, with the floor or other surface

24. 10 Th f . i ]
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ttachnent points 1 sheet -t ype ace treating neans
172. The goeds 170 foe sbeatftpmesurfaeatreatng meand 72 7Phesheebpe bofacexrapihe, a dust
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sections %fisprogécﬁstoi a‘é‘% ¥w§ct:p| ifanarcfl)e %Joln{ 2 touter 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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pl astic arranged so that sheet-type surface treating neans 172 pressed into
the center of attachnment point 170 will be caught in the points of the pie
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Accordingly, sheet-type surface treating neans 172 is attached to surface
contact form 168 by sinply folding sheet-type surface treating neans 172
over the surface contact form 168 and pressing sheet-type surface treating
means 172 into attachnent points 170. Simlar attachnent points may be

found on tdagfiwkfibels Appaatiwiibateqatedpmvaydidred)ie., braferablaabbnol) @mcés Ganbl e
Company, Cincinnati, OH O course, the inventionis not limted to
" at t achnentor mEh Anthard wuareacksyrepiynfor pePrRAMeYsIaobilgiuEiace geattigown for the

pur pose of_i t i OX N /| t '

o1 ermat | vePyreHS 11 2bbARkg (1 GhadkBER Rbagbi AR, CREABRLRTS IBYa clom

f ast ener s,is gredBwidleebiavié dustB cldths, ianyigahl ofremlEhePrd¢tscandeGadble l(aimpany,
particul arly good ¢l eanjn erfor ce and buyffi occurs en.a

oi | - wett ecF‘B%‘P{}?FbrO]E‘P'o?he g%iﬁ’i”ﬁ@“"é’nn&?@lﬂaﬁ_ @ﬁlﬂ‘f ?18330_ PPN OFE 26 WO
01791623 %%numg;é s suﬁ%ftfegﬂﬁgz‘%mﬁpathssl@P&%Eés‘?ﬂu%krﬁrﬁéﬁw@ﬁﬁ sdpnwar d
force, i.e., preferably about 10 Ounces or nore wth a 24 square inch
surface, byrfhorareatabongwits a sutisianéakdovirerzed towadtifogpe appaisaiglsprodideptorat ed i n

a random wal k no of _operati.an. e exampl e of. such a gloth.. is the.

S fTer Dranaane SRR ALUOE i PE AR R RisE Rt ol N s T i
Conpany, $othfsaréidt nantdli(Bpichhe sﬁ%@ba@@tdfpﬁﬂcﬁfon@of&@@%Wl&dﬁgﬁ'e of
operation, wherein autonorous hobil e surface treating apparatus 10 passes
mul ti ploe thufisg candre dome neamrelly, she pracess a tog tinzd eomguminghio He puasticaint i al
downward contact force surprisingly provides for buffing of the surface in
addition to the anticipated dusting action. The buffing action is not

appar ent  iThelsBtaY pd Sutice dlehtingShBals 8 7P aseS)alapRHccidtdiBctofFok barsplet h.
Al t hough 10 buffing can be done manually, the process is too tinme consum ng

to be praclampavipes, Fheh ahibe Mz (Hrandrgridavipes avadebladrane dhe Procser gag Gamble ser ve

to disinfect. For-examl en...damp,w pes : . . . i pes
avai | abl e T oMY h(e:l lrng%b’e?hlgh@%%&ev ldeéo%nbﬁg%gf%l%&ﬁ%%ﬁ%ﬁt,gﬁ&‘?%&%rgrra&y be
provi dgd wutfAced. di sinfectant agent to disinfect hard 15 surfaces. FIG 16

shows an alternative surface treatnent nodul e having a different
configuration

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. Tt 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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on the bottomof a surface contact form 173. This alternative surface
contact form 173 has a semcircular raised portion 174 so that when the
surface contact form 173 is 20 contacting the floor or other surface 24, a
sem ci r cuPM O UEBnt space 176 is formed between the surf aREVEYHIAMES f or m
173 and the floor or other surface 24. The semcircular vacant space 176
prevents particles that have been collected fromspilling off the | eading
edge of the surface contact form173. It will be recognized that the vacant
space may have a formother than semcircular. For exanple, the vacant
~space may 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.
Pr ef er abl FIG: héisci/apad sectierschsmatiafdiagtapin a clevasion yppvoef aneger glipmatéee

contact faqm, 7t§e£n%e%6‘dl@ézrf§ga ?estsﬁk%tagﬁﬁgﬂggher;fag%ﬁ%%?hoﬁﬁg%ﬁ e

surface treating neans y ‘bé use e 'surtace of the

sem ci r culdigcuysedabbves pac®cordivdller $3Ptasughedixidin oatpual I2aebyesporiiont 170 to
prevent sheet-type surface treating neans. 30 172 from droopi 8% at_ t hat
4

poi nt . SAl (%OPRiioRYBIcY as saier ovgr faranrvhechilipnand ahpormaluvkech speed Byiadstrgised
clips, th{%@%ﬁ’su&?%\%l{@%g@@{ﬁ% (FRfn g?daf%’ redtive %ﬂdﬁﬁgg%od%% g 01/ 91623

PCT/ USO1/ 1 IS a Cross settion schematic ramin an
el evat i on Adcevdindly athe pressurabpgliadad iswdacesiratiag pad i Ehinap bt adjpdiaiey i .e., a

pressure adjusting.surface treatnment nodul e 190. di scussed_above,
M or ocont HTTPERSASET i BUGAA SR RSO & B 068 2 Rl FECKERA. Far SRarivle
condi ti ONSyRHEBnRSI1FABOMAMEBEInARE HE oveitBRlue Tbhditiod N 2ORGEIRY 2 WagE! speed

by adjusting the pressuré applied to a surface treating pad "192 "of
pressuite ddptst flogr armther eufa@.24, By vastudingdghe/presduee pn agface dreafpyy pasidl R2end

surface treati ad 192 may be.adjusted t o ensate for the frictional
char act er TEPBE R CRETTIGG i GiTh e-dpicd D% P dairether sutice

m crocont rx| bf inciAQinBBNe pRENPOG RfRB u@Ykg b e A aBdivid 3.198.49. . caused
by a high 10 Triction floor or other surface 24, by reduci ng the pressure

on. sur f acanterpmatd beyweerisurfe seating peslpéidind anappemtbely podiauid b pessiren,
e, 0. causgd By, B oW (ol GLEGRBNOBL Qu Lher UL Eace o o, by, higr easi ng

d 2
the pressdre oneSUrFace treating pa e e ‘bay 1S i nterposed

bet wean subhameidat@atwitiga PadtadlZheat dhanbdi1Pe| whietys poselective i®A of pressure
adj usting nodul e 190. The flexible bag contains_a fluid, e. % , water, and
be gt e

is in fluicempEIreHten Witka flud siarage dhapibar 200 theoughArhanpasis pasgpgec® is in

sel ective ffulid"hgough 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



comruni cation with a fluid storage chanber 200 through a channel 202. The
passage of fluid through channel 202 is controlled by mcrocontroller 130
by operati notor 204 having an inpeller within cha
Consequen?ﬁg?ﬁﬁfgﬁocontroIIer 130 controls the pressure ag /hgﬁ%ﬁgmsurface
treating pad 192 through adjustnment of the height of the 20 fluid in
hydraul i c head chanber 198 that provides a hydraulic head above surface
treating pad 192. Pressure adjusting nodule 190 may be configured to fit
within, or a snap into, nodule receiving area 44 of chassis 34. This

al l ows a pbassioit of astthelasiaghy cofngot motu 24 salimigotongrolles] Hottiedugh190 to be
transferred Ho thq:wpﬁgés, wherein the portion depends on the wei ght on
surface tr%ﬁﬂFﬁbO%QH provi ded by the hydraulic head. It is to be
understood that the fluid storage chanber 200 and its contents is to be

substantially supported by the wheels of the autononous nobile surface
treating déshqdd hofurhgrimdessiasd that fhe dhidmsed ae pressure gdjustngunedul® 99¢ may
configure i tH- conngct nqt wn) ..t 0 te,wth a 30

Cor  oofondiony SRR FF B ALERCRINAER e ARR. A FARRRRI bR By " e
44 of 28 AbEAsHD] Ol &u2de GG/ USHA thal TOBDe HPASHiotheAostoraghdrauh@cl4. imal | y

connect notor 204 tqo mcrocontroller 130 through auxili ar,g out put 152. It
shoul d be fuif isvaefesite prnlisddhionah helss of perpsiin ibe ottem ef 8gxibledagdiPdgnd ng

nmodul e 19 f ' | L ' icd, a
put 1 mg ook reu iR Ba3oh, Sk BRMRG, LB At B EbBRN Beslontbil, T,
be appl i edhtet-typestrfaetreatinginbats 190y foathe flddr orBileer sttfade 4. Prpfeeiby, ald v

appl i ed through_hol e pores.in_the bottomof f|exible bag 194 and

surf acd tr@é?‘?srfée“ﬁ%{ﬁ%Egé?‘)da\‘f&kt%érlilafaﬁ%ié@??: he-pihiedluad i1 dspvem thiroughcthe as a
: 2 el :
porous VersiQn e@émelﬁ@?g%l {1)1&@50?15115. %@Bgfoﬁé‘%fegﬁnpﬁ%‘E%]fzgexahgal%mgﬁﬁéﬁgor or

ot her surface 24. Pr I e 10 porous ene as goo
char act er ifetinehgeti weven darimenfwanied clath ehitivemtanigtedifgiers, h@orquemuatsriag| enent by

capillary actian. The porous, el enent be, for exanpl e, onge, . . foam
Shoet  vensBRtaTng B #Rp R AR T et o By ARG e A rune BeatPriSTRLbE: © ol
cont ai Ni NGa@ AFRMHARARSPERSY coRBbBE, 3L weBYas VIR a0 ard BrdINAE akdiea Jead
(pressure) the rate of fluid application can be controlled, as well as the

downwelbd prefseurentiagaedd2 end dBeshipeateacer teeating gopasil 700 Theritid Applicatigpe
surface t rrgf%trthyg f&e&gﬁlpile? %e c:)rrn.'Folfeld th gelftp&lsfli%% 'dpa% 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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rate may, for exanple, be controlled in relationship to drag forces sensed
by nmotor current sensing in accordance with the fluid application task

such as increasing the pressure and fluid application rate when a gritty
or dirty WM®YPPea is encountered, which will typically bRCHESHETHRed by
hi gher 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 autonomous nobile surface treatnent apparatus 10) rather than through

surface treatfierhlObsk 19Pisantchedhe I it¥@all$ torhravitl, @ifadedrdaBa@padl¥. W th
the application rate being controlled in the sane manner. |n another

al t er nat i \Reeferably, ppitace trraynseadip isadlextderpliastia o whbsradaie brvns &bs 268.200
using anot@&rnd ti]?té/ Cf)tf?&tfa(!estréapﬂg Bg@?&?%ﬂ&{s {PRY Qs N ouqu&PH&?rgan& Bﬁlelf luid
pli e urd's anber

may al so b€ ap rom ano orage c ' pressure

adj ust i ng sorfaeds@41 90e sheet-t@eadubface reddinkenans 172 GhaseicabBdattdchediysuefaent |
the fluid application rate is Ereferabl y. controlled by mcrocontroller 130
in a sPni [LAURRPHEIIZ YsiRg ExatiAshment HeGhaNism, gl gitadhmept REintso FRIEE-sensed by

t . PCT/ US01/ 17088 The fl exi bl
ot or cur Rentq égﬁ%ggﬁ %%glrooﬁ%sgegxreéaéﬁ)?%&%ge%. e exible

bag 194 is atta , ornmed with, surface treating pad
192. Preferably, surface treating pad 192 is a flexible plastic or rubber

pl ate having ribs 208. The f|exjbili of surface treati ad 192 all ows
it to conftb _lllfgbqﬁ'&ﬁ@weﬁﬂ _ rtgatﬁ? 1ol¢ f%%%lg“s%“f E’é@t‘ﬁy%?ﬁﬁl%gﬁ‘@g]ta-type
surface t eS8 AN Srodide ﬂr)]ﬁa &&HRY&@HEMH@H ﬁfﬁ@@'iﬁd@géﬁ%ﬁ%@h@h}&-&ﬁid ng pad

192 using "an attachnment nechanismj such as attachnment points, spring-
bi asedocl idesicehoiykesnt ddpopping astdutet?), Tmsifomvd sbmpkintliteagha ba five chor t her

realized that flexible. bag 194 n alternatively be filled with a granular

Sol 1o to BRBIesSd irec BEHan MAHRE RN el @ iSRSt « he

hydraul i ¢ yrend@Widaar 160, MR SeatuParadiid ilak e afP diskeial BO: préfdtably Rlcmdes

conpl aint treatnment surface can also be used in conjunction wWth the

pr evi ous| yadwdeforiye thag malh nbiyphcktdgether sug.f the parttickestthasare esseniiadly 53600tlThe

granul ar sol i m%iaﬁesq{]%icnat erial but preferably includes particle forns
CK AT bRt NE

that wll aﬁ‘(j)tsupséa ?1,' e.g., the particles that are essentially
snmoot hs and substantially spherical .

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.
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15 Al t hough autononous nobile surface treating apparatus 10 is preferably
provided with detachable surface treatnment nodules, it should be realized
that in sgne instances it may be advantageous to integrate sone or all of
the surfal®@ Y8485 ng function into chassis 34. Accordi ngl SCTHSH{1G%R8
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 ntend®HWADIS ChAfMBIRISScope of the invention as defined in the
appended clains. 25 30 WD 01/91623 PCT/ US01/ 17088 WHAT IS CLAIMED IS: 1.
An aut ononous nobil e surface treating apparatus for treating a supporting

surface, gconprisdds; A8 ShiFacedredfil R : ' hassi s
by a suspens?@n;u a é’&gggdgnti all%?cf re?gl?%%gﬁpémé%tﬁ%]%lr%ﬁpgglgﬁghg%%d
chassi s; sai dommpspegisi on including a resilient nenber interposed between
said drive nechanismand said chassis so that when said shell is pushed

toward the suppor 8fA§Ssurface with a predeternined force said resilient
menber conpresses ardgvpg{eghgnisﬁﬁthg)ungg@t?;gaiggﬁggglbgrgcgﬁgpéﬁg%g. relative to said

chassis and at | east one of said shel and sai assis to contact the
supporting surf ace sulstantiallg mgohshet) msovablyi theursed fosso el dhaesad;i ng appar at us as

(11200 LA otk eu 581, SYRRSIN ShoL LSS M SRASPL Rl S

position. 3. nABhAKN® REITEAIE chARBIs k6 1Y has Saill sBAL s pasiRRewatdiie d$ppofEld ed in
claim1l1, wherein said suspension is novably nounted to said chassis so

t hat when t heuréage avidripredetetmined foseq faad eestlicabmpmberqomressestoiperhitsaidd away

fromthe s UpHH{lé fngana%%rn{ %Cr?loéear'egatfé{e 't/ gai%ﬁa@%@ L RELRYESnt 8}‘\@3&9 sﬁetl]leand
supporting surtace. _
' said chassis to contact the supporting 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, wherein 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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4. An autononous nobile surface treating apparatus as recited in claim 3,
wherein said resilient nenber expands toward a predeterm ned extended

position epn the autononous nobile surface treating app i ifted
away from orting surface an erein said suspens es a
y f W%Ql/)slgf}p i ng f d wher ei id susp alg‘g'w??fé‘ﬁ&’l&

- sensor that senses when said resilient menber has reached said

predet erm ned extended position. 5. An autononous nobile surface treating
apparatus as recited in claiml, further conprising a sensor that senses
when t he autononous nobile surface treating apparatus is lifted away from
t he supporting surface. 31 WO 01/91623 PCT/ USO1/ 17088 6. An aut ononous

nobi |l e surface treating apparatus as recited in cl _aic{n 1, wh relifn .sai d shell
i ncl udes &-nEA-AUGPMBREROLAIG FUTTARSHERRIING ABRAI UM RHEFLE Wél%‘ﬂ‘pﬁd}‘ g S8Gr f ace

when said sh tlfll inguEs s ﬁgn-tsﬁ\ﬁ@&gelie%lge ARHRf fﬂapgorﬁ tf A€ Quppdriin@surface

predet er m ne orce. /. An autononbus nobile surface treating apparatus
for treatingwhesugpdehtli sgpusbed @emrd the supporsaggrfaae shithsspreddiaviinegd force.
plurality of elongated openings; a substantially rigid shell novably
attached to said chassis by a plurality of elongated elastic supports

received i 9@ Mgl oticis nhobiRisufhNGakRE 2ARSRLO B treBtind R s@HOR facdDbi | e
surface treating apparatus as recited in claim?7, wherein sai el ongat ed

openi ngs ar ecompdsispaped. 9. An aut ononous nobile surface treating
apparatus as reci,ted 'bn .cl ai 21 7o v%iel' el I %he .aut ononmous nobil e surface
treating apparal tRESHAL2YRE PEFATY HEIOGRICAPPIWAS:  han 3.5 i nches measured
from the supporj &utgrasitihflPAgidtsBeR nfoRBb]§ Uith@ed t&faid dhabssgld plurhfity M

aut ononmous nobil e surface treating apparatus as recited in claim9, wherein

said top surclmgetedtlagias suppheh recervedl insssd pluradite sEelppgatedeRaniiigsy a handl e.
11. An autononous nobile surface treating apparatus as recited in claim?7,
further conprising a stop button accessible froma top surface of said

shel | . 12.8 Anmpdii Hvoioud Snotalei suefasa tidaniag af)pﬁﬁhb BgredREinadlaith Asvliceeihtseid i n
claim?7, further conprising a non-skid |ower edge nmenber attached to said
shel | adj acestonggted Rpenisgie cONtgPaped-f ace, wherein said non-skid | ower edge
menber extends beyond the

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.



peri phery of said shell. 32 WD 01/91623 PCT/ US01/ 17088 13. An autononous
nobi |l e surface treating apparatus as recited in claim1l2, wherein a

cl earance sai d non-skid | ower edge nenber and the i

surface iﬁ%\g@ggt han 0.33 inches. 14. An aut ononobus nobi Iéél@ﬁgﬁ{lbg@b%
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 to said chassis.
15. An autiGnamcmsonvatniuk enchile safacettreatihg agpaagipadsatetitedas clam 2edrherrircd ai m 14,
wherein said  passive porti,@n of . gi d collisi n_d@{)?cti on sensol includes a
" conductive dF€RABsRPLNIEN Sal P?Q/‘ékla PV 5SS MegReH ARG e SUPRARIRETIERES Bn sensor
includes at gaghnloyegcglsectrical contact sensors. 16. An aut ononous

. hobile surface treating apparatus as recited in claim 14, wherein said

passive portion of said collision detection sensor includes a reflective

di sk and sgj active porti.on of said collision detection nsor .i ncludes
at least ci de fioteR Mo Puthes Raftud Pape S oSG0 OB TG B ur 1 ace
treating appgietiySutsktantRl tPlndritalAR s A subiSNtRIY cironldr tophRirthet S
substantially cylindrical and further conprising a plurality of brushes

attached tocempliginge collisionfdetagtion s¢nept haying apdssive pagnaittahtdde seidddmg
beyond the ragdjus .of, said hel | .. 18, An.aut ononous nobil e surface treating
appar at us foPPW‘iglllql%adl%aansﬁéﬁ%mriuﬂﬁ a%ﬁh’feggﬁal‘ﬁ]@?}aﬁﬁlﬁ sing: a chassis; a
substantially rigid shell novably attached to said chassis; a non-skid
| ower edge nmenber novably attached to said shell to adjust a clearance

bet ween sak3d Adcitasiemeus sypbile sudecertiastiag apnfrtuhes espontclag kb whates saed WO
01/91623 PCT{)‘%‘?%/ pJOZt9C§'18Of said collision detection sensor includes a conductive disk and 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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19. An autononous nobile surface treating apparatus as recited in claim 18,
wherein said clearance is less than 0.33 inches. 20. An autononous nobile
surface t j pparatus for treating a supporting surface conpri si ng:
a chassis$ﬁg§#%glg vacant vol ume that defines a surface trBal/HEH{1Mdul 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 renoveably receive any one of a

pl urality 18 Anaptemonfous orobde eurface dtentng appachiess. re@d iAnlaamt [Gnehewes saxbi | e
surface treatiqg %Pgiraaus(?$3re ited in claim?20, wherein said surface
treat ment nodarerreEdsss g AL loesc udes a slot that is adapted to pernit
the surface treatnment nodule to nove substantially freely in the direction
of said slot. 23. An autononous nobile surface treating apparatus for
treating &0sdpputonomgus mobde syurface diepiinginpgrates foutitating 2 supabrimgtsurfocy| e
havi ng a sur%gggﬁéreaiing pad; a chassis having a volune that defines a
surface treathent Todul e receiving area in which said surface treatnent
nmodul e is renmoweshbbsys KAae ¥ esbantydhihy thalBefMaRiaSitatd @ehaentmoddle chassis.
24. An aut onomous nobile surface treating apparatus as recited in claim 23,
wher ei n sai drecsiyjiearea adaptediie remonsably deqesvent Bifage tresiiment medaler achment
nmechani sm adapt.g \kqnaﬁﬁgg%gﬁggﬁdqggﬁag iﬂget-type surface treating neans
to said surface treating pad. . AN auPonohDus nobil e surface treating
apparatus as recited in claim?24, wherein said attachnment nechani sm

i ncl udes plurality of attachment points having pie shaped sections for

recei vi ng 4 h8nSHOBPIOEYHEOBHF puiéace {ealing anpariuss reaiedypchingfeyherem said

PCT/ US01/ 170 . i . i aRRaL At S
recited in c ala%gg’z?tﬁ%lr #‘hg@%%@g?ﬂﬁé%aé;déﬂ?gqgh&e%@%@lggesurfaagl eolljlt%rogati ng
means an oi | a plrdlgg optipgsref sucfaot treatiént Aodded. ononous nobi | e surface
treating apparatus as recited in claim 23, wherein said

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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. surface tre

surface treatnent nodul e includes a pair of elastic protrusions each
slideably received in a slot provided in a wall of said surface treatnent
nodul e recej vi ng area. 28. An autononopus npbil e surface treatln ar at us
as reciteAH PHi m 23, wherein said surface treatnent ndHﬁVBS|H6E§des a
pressure adjusting mechani smwhereby 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 nobile surface_ treating apparatus as recited in claim

" wherein tﬁédAﬁﬁé@@eﬁ@uw@bﬂ%wr@&e aling gpsratasey recifaddn &1 aw?éaﬁaﬂ%rface
treat Jhei-ght - of . d. 31. A
reating pa %dnr@p r%%%ﬁ ggﬂé &grréa*aﬁ g FL o @etéaagbgiﬁér%ldﬁﬁa

e reffovably received I'n"a surface
treatnent nodul e receivi ng ar ea of an aut ononous nobile surface treating

appar at us onprisin .a.vertical penber havin i rst d and.a second
B o ST ab8 aRicaar iy s SHrtiee meat T R h T Bar B g
menbe r; an ghhReheRilenMRehARIRAL %%%ﬁe@asﬁ@ Bﬂﬂﬁéf?)lny e@éht ﬁi@l@ab‘ﬂﬂ gRkivel Pe
surface treating means to said surface treating pad. 32. A surface

treat ment noohd Sotgsovided treaiwalh of bad suBdce tigatnait maslaledesmyinga@eda. menber

includes a pair of elastic protrusions at said first end each adapted to be
slideably 35 WD 01/91623 PCT/US01/ 17088 received in a slot provided in a

val I of the AHRLlRAEMOLEAIBRE turfiRe Weﬁtllﬁge%ﬁiaydm@as%&@edql cldie3ahOReRIS
nobi |l e surface treating apparatus urface treatment nmodul e as

recited in ctuafage Seatmenemeiinle dudladestatpaetswigradjusiing meahamsm Nty said
plurality of a hrrent v e _sha ctions fo recei ving

t he sheet - tyspué agﬁgf%l&g Ifa[r& agpflﬁs annaedé?‘fgab?%‘,ﬁres%rgf?r?lg%‘éprfomna% Surfa “nodul e as
recited in claim31l, further conprising as the sheet- type surface treating
means an oil-wetted polyner cloth. 35. An autononous nobile surface

treati ng 2fpAnatiegomers mobie puipcs tsappbrRariusasTeeited in claim 28, 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 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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conprising: a chassis; a drive mechanismnounted to said chassis by a
suspensi on; said suspension allowi ng said chassis to contact the supporting
surface when the autononous nobile surface treating apparatus i s subjected
to a forc¥AWHFY the supporting surface greater than thePGREPIHATSE t he
aut ononous nobile 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 supporting

surface, copReivelnda skt ?fb%d%!d% a WAIVET theG Bt FEMIRHNMBHulk Qecedifly fRASSI S, a
fluid container nounted to said chassis and adapted to contain a fluid; a

porous el enette auomowedis ynabolg stdecet toeasing dpraiatysi 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 WD (11/91623

PCT/ US01/ 1350@8surfacEtrestaefnmbahle @k r@ped & ¢lvied Y1,GeHenas b&d attectiadnd 1 ow
control device to control delivery of the fluid fromsaid fluid container

to said por otchinsmncludss a phyralilyidissadurenibpinsday inginie shaped seatings Bpar at us
as recited i ??c‘é{vg‘k@héégee\@@%e% ag@{rga in%‘srﬁéa?lg.ont roller controls the flow

rate to the ased on’a charac é[r ic of the supporting surface. 39.
An aut ononous nobile surface treating apparatus as recited in claim 37,
wherein said porous elenent is a porous sheet-type surface treating neans.
37 - 34. A surface treatment module as recited i claim 31, fufther comprising as the sheet-

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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