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Case 1:17-cv-10651-LTS Document 3 Filed 04/17/17 Page 1 of 1

A0 120 (Rev. 03/10)

Mail Step 8 REPGR’I“ ON THE
Eireetor et’the US. Patent and Trademark ()ffice FILING 0R DETERM‘ENATIGN OF AN

TO :

Poi}. Box 1450 A CT? ()N R EGA REE N G A PAT EMT 0R

Alexandria, VA 22313—1459 TRADEMARK 
In Compliance with 35 USC, § 290 and/or 15 USC § 1 116 you are hereby advised that a semi action has best:

flied {lithe US District Court District. 0‘? MESSaChUSGfiS 013 the following.
 

E] 'It'adematks or fliilatems. ( Z the patent acme-n involves 35 U.3313. § 23192.):

DOCKET N0. DATE FELED US. DISTRECT COURT

1:17—cv—10551 4/17/201 :7 . District of Massachusetts
PLAiNTEFF DEFENDANT

iRaho't Corpmatien bObsweep, inc; bObsweep USA; and Shenzhen Siivea‘
Star inteiiigent Technoiogy 0a., Ltd.

PATENT OR DATE OF PATENT Y E W ,‘T M T a , .— ‘ ‘M.
TRADEMARK NO. OR TRADEMARK 510L133: 0* P‘H‘ET‘T OR T‘ EM

-——

In the above—entitled case, the Foilmving patent(5)/ tradcnmrk(s) have been included:

DATE INCLUDED {N CLUDED BY

 
[j Amendmcm, [:3 Answer "‘1 Cross; Bill [:1 Other Pleading,

 
{n the abovewetttifled case, the followmg decision has been rendered. orjudgemént issued:

DECISION/IUDGEREENT

(BY) DEPUTY CLERK 
Copy 1 -----(pun initiation of actiem, mail this capy to Directur Cum 3------{Igmn termination of actiun, maii this cupy t0 Iiirector
(kitty 2------Upon filing (imminent adding gamma), maifl this (fatty t0 fliirectiir (Ruby 4----- Case file (1pr
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Case 1:17-cv-10649-LTS Document 2 Filed 04/17/17 Page 1 of 1

A0 120 (Rev. 03/10)

Mail Step 8 REPGR’I“ ON THE
Eireetor et’the US. Patent and Trademark ()ffice FILING 0R DETERM‘ENATIGN OF AN

TO :

Poi}. Box 1450 A CT? ()N R EGA REE N G A PAT EMT 0R

Alexandria, VA 22313—1459 TRADEMARK 
In Compliance with 35 USC, § 290 and/or 15 USC § 1 116 you are hereby advised that a semi action has bean

flied {lithe US District Court District 0‘? MESSaChUSGfiS 013 the following.
 

E] 'fi'ademat'ks or fliilatems. ( Z the patent acme-n involves 35 U.3313. § 23192.):

DQCKET NO. DATE FELED US. DISTRECT COURT

1:1 lav—"E 054$: 14/17/201? . District of Massachusetts
PLAENTEFF DEFENDANT

iRaho't Corpmatien Bisseii Homecare, me; Maisuiek Enterprises (39., Ltd.

PATENT OR DATE OF PATENT Y E W ,‘T M T a , .— ‘ ‘M.
TRADEMARK NO. OR TRADEMARK 510L133: 0* P‘H‘ET‘T OR T‘ EM

In the above—entitled case, the Foilmving patent(s)/ trademark(s) have been included:

DATE INCLUDED {N CLUDED BY

 
[j Amendmcm, [:3 Answer "‘1 Cross; Bill [:1 Other Pleading,

 
{n the abovewetttifled case, the followmg decision has been rendered. orjudgemént issued:

DECISION/IUDGEREENT

(BY) DEPUTY CLERK 
Copy 1 -----(pun initiation of actiem, mail this capy to Directur Cum 3------{Igmn termination of acl‘iun, maii this cupy t0 Iiirector
(kitty 2------Upon filing (imminent adding Emissitfi), maifl this (fatty t0 fliirectiir (Ruby 4----- Case file (1pr
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Case 1:17-cv-10652-LTS Document 3 Filed 04/17/17 Page 1 of l

‘ AG 139. (Rev. 33:13} ‘

Riki} Step 8 REPURY UH EH}?
Eileen}? 9?“ $632 US. Patmfi and Trafiemm‘k {3mm EILENG GR BEYERK’ENfiIEQN i3}? 5&7

RU. En: 1453 ACTKHV RE {REXREEENG .X FEEE‘J ()3

.sfisaxsmfirissg VA 3.231314%? IREEER‘EARI§

31:}:

 
'3.“

In maplimmc with 35 uSC § 393 :mirbi if? USE. if i ‘i if; you arc kink}: advistfi' file: a cam; aerial} has him)

himi in ”(Est UB‘. Mimi-Ci Cow's Bistrict a3? Massathusefis 0:3 EEK: fifliswiag
 

C: ré'i'aéfinafks GS’ 593? gamma { 1:} SN: patent amiss: immi‘ores 351.}.533. § 393.3:
r

  
MCKE? N0 DRE”? , ‘ Femqmc mum

: 1:16—CV—10652 1 ' , ‘ i3 ; . 3 Dietrim‘ 0f Maswmusefis
’J‘E'Nif“ QHERNRIW

iRmfimtifierpaiafim‘; fimnzhen ZhiYi Techmiagy £30., Liz: dfibfia Rife

; 8AM§§Q

....................... ..............................................................................................

T51 the abg‘.v‘c‘.----x:mit§ed 9.9.5: tbs? faila'wing ya te_11${s}.-" trmim.mrk{s} haw: 5.36611 issciiidcté:
INCLUDES {-3 ’~

“ Anawcr C} (Time 33-31! L} UtiierPiméiug

{BY} DEPUTY (Ti? '1

 
("leggy i -----{.7an initiatims £2? attic!“ mai! this “3193' is Direflcr {Ta-9y 3~----7€.7g30a im‘nfiassfioa of adiam midi this €219}? tars Bii‘ecfim‘
{:fszgy 2---—:§J§mn fiififlg {intrumz‘ifi 3&1?ng Pairings}, 1133,33 fisis N59}; his Birem‘m‘ Cayy i—n-Caw fiie any}:



5

Case 1:17-cv-10647-LTS Document 3 Filed 04/17/17 Page 1 of 1

132.0 139. (Rev. 33:13}

 
 

31.1111 REM} :55ng 8 ‘ EEEZPE}RY {EH EEK_ ' Bigwmr 9? firm {7.8.Patmfi and T1afiemm‘k {3mm NILENG {ER BEYERK’ENNEEQN {3}? EN

E333. 36: 1453 AC‘E‘R’H‘E RE: {EUXREENG .35. FEEENE‘ QR

.sfisaxsmfirissg VA 3.231314%? Ifigfififi‘ifim1;

In “antiylimmr:with 35 U SECS. § 393 311.1501“ if? USE. "} EE ES 1.1m arc kink}: advistfi' file: a cam; RC‘EEGY} has him)213533 in ”(Est U3. Him .13 (om: QESEFEC‘E 3‘? Via$SECNU§EEES~ 0:3 {Em {BEEBWEag

E I E6.3.121ka 01“ SEE:“3812?.5 { 1:} fly: patent swim-31 firmives 3:3 ELSE. § 393.}:

[QDE‘UFutm 89w? _ _ 1Dga'tm'i 0f Maseamussefis

QHENLAIW 3 , 3
g Hoover £315.; 1193:6213. Apphance Manufactunng Ca. Ens. {33'E133
TT} E1001" Care Nari}: America, 111cc. Shenzhen Sfiver Sim

intefiigam Technuiogy (110., LEE; Suzhou ReaE Power Electric

.Arpghance Cm, Ltd.
GATE: {3E9A1EzNE

.3133 II?A3735. 1 E—‘AIEATE3?. EiA'JEVi." {E52  
3131983916 iRobo: Corpnmfian

E51 the abfi‘fC-"wilfii‘fEQd 9.9.5.: EEK: its-HEWdrug .mtcutf5:3' Erwin-Burk:'5}urn: 5.3661135:HL‘E idck'}:
ENCLUBE E} {3‘

RATE DE EA .
{13R 'EEEABE $1» ‘ '

{BY} DEPUTY (Ti? '1

 
("leggy i -----{.7an initiatims £2? atficn. mai! this “3193' is Direflcr {Ix-9y 3~----7E.7g30a im‘nfiassfioa of attics}. midi this €219}? tars Bii‘ecfim‘
{Iggy Ewifgmn fiififlg {intrumz‘ifi midiug Pairings}, 1133.33 fisis 95593;“ his Birem‘m‘ Effigy i—n-Caw fiie any}:
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UNITED S'rA'n-gs PA'l‘EN’l‘ AND TRADEMARK OFFICE‘ UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Admess COMMISSIONER FOR PATENTSPO 13011450 

Alcxmdn'a, Virginia 2231371450wwwusptogov

10/167,851 6809490 2837 06B0

mull|II|mmmIwmmmmmmuulmllulunulllnlmlu

Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 108858 on 01/30/2015

- Correspondence Address
- Maintenance Fee Address

The address of record for Customer Number 108858 is:

108858

Fish & Richardson PC
P.O. Box 1022

Minneapolis, MN 55440-1022

PART 1 - ATTORNEY/APPLICANT COPY

page 1 of 1
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UNITED S'I‘A'I‘ES PA'I‘EN'I‘ AND TRADEMARK OFFICE‘ UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Admess COMMISSIONER FOR PATENTSPO 13011450 

Adcxanddn,\figyjfia 2231371450wwwusptogov

APPLICATION NUMBER FILING OR 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

10/167,851 06/12/2002 Joseph L. Jones 09945—0014001 / DP—05 US
CONFIRMATION NO. 7777

26161 POA ACCEPTANCE LETTER

FISH & RICHARDSON P.C. (BO)

PO. BOX 1022 ||||||||||||I|I|||||I|||I|I|III|||II||||||||||I|||I|||fl||1||||||||U||||||||||||I|||||I||||0000000457 0830
MINNEAPOLIS, MN 55440—1022

Date Mailed: 02/04/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/21/2011.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/fstephanos/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED S'I‘A'I‘ES PA'I‘EN'I‘ AND TRADEMARK OFFICEI UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Adm'ess COMMISSIONER FOR PATENTSPO 13011450

Alcximdn'a, Virginia 2231371450wwwusptogov

APPLICATION NUMBER FILING OR 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
10/167,851 06/12/2002 Joseph L. Jones DP—5 US

CONFIRMATION NO. 7777

24390 POWER OF ATTORNEY NOTICE

LUCASH, GESMER & UPDEGROVE, LLP

40 BROAD ST ||||||||||||1|1|||||1|||I|I|III|||II||||||||||1|||1|||I||1||||||||U|||||||||1||1|||1|1||||0000000457 0802
SUITE 300

BOSTON, MA 02109
Date Mailed: 02/04/2011

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/21/2011.

- The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/fstephanos/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Attorney Docket No; 09945r091400l f BESS US

lN THE UNTTED STATES PATENT AND TRADEMARK OFFIECE

Applicant : Jones, et al. Art Unit ; 2837

Patent No‘ ; 6,809,490 Examiner 3 Rita Leykin
Issue Date ; October '26, 2004 Conf. No. : 7777

Serial No. : l0/lé7,85l

Filed, :' June 12, 2992

Title : METHGD AND SYSTEM FOR MULT‘I-h/EODE COVERAGE FOR AN

AUTONOMOUS ROBOT "

Commissioner for Patents

PO. Box l450

Alexandria, VA 223134450

WilglfiéfllllfiiliEBZEQEMWEX

Under 37 CPR §3.73{b), TROBOT CGRPORATTON; a corporation, certifies that it is the

assignee of the entire right, title, and. interest in the patent application/patent identified above, by

virtue of an assignment from the inventors of the patent application identified show-3:> which

assignment was recorded in the Patent and Trademark Office at Reel 0l424—9 , FtaniemQ;Z_1__l___ on

December in 2003;

The undersigned has reviewed all the documents in the chain of title of the patent

application identified above and? to the best of undetsigned’s knowledge and helief, title is in the

assignee identified above.

The undersigned, Whose title is supplied below, is empowered to act on behalf of the

assignee.

The undersigned? acting on behalf of the assignee, hereby revokes all powers of attorney

previously granted in the application and appoints the sttomefls) and or agent(s) associated with

the Customer Number provided. below to prosecute this application and to transact all business in

the Patent and Trademark {)ffioe connected therewith, said appointment to be to the exclusion of

the inventott's) and his/their altorneyfs) and or agentts) in accordance with the provisions of 37

CPR §3.7l..7 et seq. of the Patent Office Rules o‘fllraetiee.

PTO Customer Number: 2616;}

The undersigned also directs all eonespondence be addressed to that Customer Number‘

PTQ Customer Number: 261.51
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Agngfi-isitmii I -§‘:’¥TES,C‘E as. ‘ ,emamay‘s Game: 1830.: (59E2¢$5»{5{5‘E<1(3fi-§{DP-4,5525%
'i’a s‘azNaa $355931?!)
Emma :

Smiat’ifia :

Fiiafi

Page

 

 
Regpectfiifiy submittsd,

   

 
m5: “3::5 V 5,

_. wIN

Arr-91} (3011113231

Fish & Richardson RC.

0116 Marina, Park Drive

Bog-tun, Massachusetts SEEM—1878

Teisphcne: (617) 5426(379

Facsimiie: (617) 54358906,

22561620

10
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Applicant :
Pate:1tN0.;

: OctoberiZé, 2004
SerialNo. :

: June 12, ”2062
: 3 of}

Issued

Fi‘ied

Page

Jones, at ai,
6,899,490

[CS/E 67.851

11

Atiomey’s Docket N0; 099454T=Gl4001 [0305 US
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Electronic Acknowledgement Receipt 

EFS ID: 9280339
 

Application Number: 10167851

METHOD AND SYSTEM FOR MULTI-MODE COVERAGE FOR AN AUTONOMOUS

TItle of Invention: ROBOT

“—

Attorney Docket Number: DP-S US 

Receipt Date: 21—JAN—2011

Application Type: Utility under 35 USC111(a)

Payment information:

 
 

Submitted with Payment

File Listing:

Document . . File Size(Bytes)/ Multi Pages

-—m message DigeSt Part IOZiP (ifapPL)

Power of Attorney 014001.pdf 316bdb4f5d188a03781791dd0775856570
ZCOH

Information:

12
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Total Files Size (in bytes) 89075

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

 

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

 

13
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
 

Applicant: Joseph L. Jones et al.
Application Number: 10/167,851
Filing Date: June 12, 2002
Title: Method andSystern for Multi-Mode Coverage for an

Autonomous Robot

GroupArt Unit: .2837
Examiner: Rita Leykin
Attorney Docket: DP-S US (ISR-O l7-'US)

TRANSMI'I'I‘AL OF SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
AND PTO FORM 1449

Commissioner for Patents
PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir,

Pursuant to the duty ofdisclosure (37 C.F.R 1.97 and 1.98), please find attached hereto
for filing in-the referenced application:

1. AnInformation Disclosure Statement by Applicant (PTO 1449) listing one
document (DE 198 49 978 C2) for placement in the referenced file by the Office;

2. A copy of the cited document; and
3. _A copy of an English translation of the claims (2 pages).

The attached document was recently brought to the Applicant's attention. We note that
the issue fee was paid-On March 26, 2004. An English translation ofthe claims is attached; the
Applicant does not yet have anEnglish translation ofthe specification.

Pament ofFees by Deposit Account: Applicant does not'believe there 'is a fee due.
However, if the USPTO determines there is a fee due, the USPTO is hereby authorized to charge
any required fee, .to the Gesmer & Updegrove PTO Deposit Account No. 122315.

If additional information .is required, you are invited to immediately contact the
undersigned via telephone or facsimile at the numbers listed below. Thank you for your attention
to this matter.

Date: September 24, 2004  
Gesmer Updegrove LLP
Boston, MA 02109
Tel: (617) 350 6800
Fax: (617) 350 6878

14

.9o
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‘ FTO/SB/OBA (04-03)
Approved for use through 4/30/2003. 0MB\0651-0031

USEPamnt and Trademark Oiflce: U.S. DEAKTMENT OF COMMERE
-_. ired to ~—~ - nd to a collemon of Information units It contains a valid OMB control number 

 

 
Subsiimte for form 1449/PTO

INFORMATION DISCLOSURE '

STATEMENT BY APPLICANT

(use as manysheets as necessary)

Complete ifKnawn  
   
  

 

'iiaanon Number ' 10 167 851 ‘ . . ' ‘
‘ Filin- Date IJEHEE_

first Named Inventor Jones Jose-hiL . . _

[film—EE—
—_

‘ Attorney DodseLNumber 'or-s us (Isa-0174,15) V 7

 

 
  

Pages, Columns, Lines, Where
.Relewnt Pamges or Relevant

:FOREIGN PATENT DOCUMENTS
. _ Foreign Patent Document ' Publication Date Name ofPabentee '
mmW _ Number" _ W we; ofm) [@10qu or Applicant of Cited Domment
omwmcz . , os/nzzooo 

'EXAMINER: Initial if reference considered, whether or not dtation is in conformance with MPHa 609. Draw line through citation If not in conformance and not considered.
Include copy of this {can with next communication to applicant ‘Appilcant‘s unique dtation designation number (optional). zSee,l_(im:is Codes of TUSPTO Patent Dacrmenis at

or MPEP 901.04. ’Enter 0m mat Sued the document. by the two-ietter code (WIPO‘Standard-Si'.3). ‘ForJapanese patent documents, the indication of the
year of thereign of the Emperor must precede the serial number dine patent document. sKinder document by the appropriate symbols as Indicated on the document under
WIPO Standard ST. 16 if possible. ‘Appiicant is to place a check mark here if English language Trarsiauon is weaned.
This colledion of information is required ,by,37 CFR 1.97 and 1.98. The information Is required to obtain or retain a benefit by the public which [511) file (and by the usm to
prom) an application. Confidentiality is governed by 35 iJ.S.C. 122 and 37-CFR 1.14. This collection Is estimated to take 2 hours to complete, Including gathering, preparing,
and submitting the completed application form to the USFi'O. ‘nme will vary depending .upon the individual .wse. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden should :_be sent to the Chief Information omcer, 0.5. Patent and, Trademark Office, Us. Department of Commerce,
Washington, DC 20231. Do NOT,SEND FEES 0R COMPIEIED FORMS TO THIS ADDRESS. SEND TO: Comndeciqner tor Patents, Washington, DC 20231.

Ifyou needesslstance in mmpletfng. Me than, a”1'8004’70-9199 (1-800-785-9199) and selectapflm 2.

15
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lllll'fllflflIlHllllllllllllllflllllllllMllfllflfllllllllllllll‘fllfllll

BUNDESREPUBLIK ® Patent-schrift @ 1:11.317:
“memo DE 198 49 973 (:2 A4” 1"“

@ Aktenzeichen: 198 49 978.7-15

V ® Annieldetag: 29.10. 1998
DEUTSCHES Offenlegungstag: 11. 5. 2000

.‘ Veiréffentlichungstag _
PATENT UND der Patenterteilung: 8. 2.2001
MARKENAMT DE19849978‘C2.

Innerhalb von 3 Monamn nach Veréfientlichung der Erteilung kann Einsprucherhoben‘werden

® Patent‘inharber: ® Erfinder:
PraBler. Erwin, Dr" 80335 Mfinchen, DE: Strobel, PtaBler, Erwin. Dr.,,80335 Mfinchen, DE; Strobel,
Matthias, Dip|.-|ng. (PH), 89079 Ulm, DE .Matthias,'DipI.-lng.,‘89079 Ulm, DE

   
 

 

 

 

  

.® Ffirdie Beurteilung der Patentfiihigkeit in Batracht
-gezqgena Druckschriften:

DE 19544999 A1
ZDE _ 43 40 771 A1
DE—OS 20 04746
DE-GM 71 35.880
EP 06 15 719 A1
wo 91 11 134

® Va rtrater.
Graf Lambsdorff, M., ~Dipl.-Phys.Dnrer.nat.,
Pat.-Anw,, 81673 ‘Mfinch‘en

:® Selbstfa'hrendea Reinigungsgetét

DE1984997802

(5D Salbstfa'hrendes Reini'gungsgerit (20). mil- einem Antriebsmotor (31, 32) mm Antrleb van minde-
stens zwei an dam Reinigungsgerat montiamm Ridem
(21. 22), v
— einem Steuenachner (3D) zur Steuetung der Bewegung
dos Reinigungsgerits (20).
— Sansor'an (239—11134) ZUI' Detehion van Hindernissen,
-und gagabenanfalla mit
— elnar Reinigungsainheit (10) zur automatischen ‘odror
manuallen Reinigung nIcht-textilar Bodenbelfige, welcheenthiilt:
— eln fialnigungstuch (1),‘w,elchas urn elne Mahrzahl Rol-
Ien (3—9) 901991 is: und auf einer Saita dar Rainigungsein—
ha‘it (101.91n'e nach auBen waisando ebene Reinigungsflé—
che .(18) blldet,
— einen Reinigungsbehélter (13), walcher alna Reini-
gungsflflsslgkéit enthilt und durch welchen das Reini-
gungsmch (1) durch Transporl- und Antriabarollan (3— 8)ffirderbar I81,
dadurch gekennzeichnet. daB
— in dam Smuerrechner (30) dine Anzahl von Grundmu—
stern von ijoktorien fiir ‘die Eonbewegung dos Raini-
gungsgerfits speicherbar vund banutzarseitig auswfihlbarist, und
- in dem Stauorrochnar (3D) eino Fortbewagungsstme-
gle gespalchen Ist. nach der das Reinigungsgorfil .(20)
nach Durehlauten dos Grundmustanz ainar ausgewiihhon
Trdlaktprle In sine 1nach dam Zufallsprinzlp 'ausgewfihlta
Rlchtung fihrt und nach elner vorbastimmten zurflckge-
legten Emfernung in dieser Rlchtung ameut mit dem
Durchlaufen des ,Grundmusters der ausgewéhltan Tralek-
jorie beginnt.

 

BUNDESDRUCKEREI 12.00 .002 166/270/9 10

16
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'DE 198 '49 978 C 2
1

Besehneibnng

Die Erfindung ‘ben-ifliein selbslfahrendes Reini’gungsge
rat nachxdem Oberbegtifi des Palenlanspruchs l. .

Anf glimen ode: leichl suuklurierlen Fuflbfiden wie H012-
, Parken- ode: Fliesenbaden bilden sich sch: schnell deut-
lich sichlhare rSchmutz- und Slaubablngenm‘gen, die, ob-
wohl sie keine slnrke Verschmulzung darslellen, doch zu ei-
ner verhlillnisxnfiBig slarken’Beeinlriichligungdes optisch'en
Erscheinnngsbildsdes ,Unlrxgrunds filhren. Dies gill fiir die
Bodenbelfige sowphl in privalen Hanshallen als auch in 6f-
fenllichen Gebfiuden. Inshesondere hei gmflflfichigen Bo-
denbelfigen in den Eingangshallen von stark frequenlierlen
dffenllichen Gebliuden wie Kaufhzusern, Museenoder Ban-
ken lrill'beinassem Oder winterlichen Weller und bei sun'- '
kem Publilmmsverkeh: in solehen 'Umgebungen sehnell
eine stark: Verschmulzung des Bodens ein. Die’Reinigung
deraniger nichl-lextile: Bodenbellig'e wird naehdemiligem
Stand (1e: Technik mil mechanischen ode: eleklrisch ange-
triebenen fahrbaren Reinigungsgerfilen dureh'gefiihn. Sol—
che fahrbaren Reinigungsgerfile arheilen zwa: mil zuErie-
denslellender Reinigungsleislnng. sind jedoch zumeist nu:
manueli zu bedienen.

Nach demin‘gem Sland ,der Ibehnik weisen die meislen
be‘kannlen antnmalischen .‘oder selbslfahrenden Reinigungs-
gar-file eleklrisch angelriebene Rotationsbllrslen 'auf. Bei-
spielhafl sci hie: auf die deutSche Offenlegungsschrifi
DE 195 44-999 In verwiesen, .die eine selbslfahrende Rei-
nigungsvorrichmng filr FuBbfiden belril’fi. Diese Von-ich—
lung ennfiglichleine aulomafische Reinigung Von FuBbéden .
insbesondere enllnng eines Wandbereiehes: ‘Sie weisl ein‘e
eleklrisch nngelriebene B‘llrslenscheibe auf, dutch die im
Belrieb Slanb— und Schmulzpanilcel in einen Slaubaufneh-
.me: hcfdrderl und in diesem gesammcll werden. Diese Art
der Reinigung isl ixn Unlerschied zu einer Feuchueinigung
naturgemiB unvollslfindig, da .der Schmulz nut unzurei-
chend gebunden wird. Der weilergehende Vomhlag, die
Borslen mil Alkohol zu lrfinken. stem keine wesenlliche
Verbesserung hinsichllich der-Schmulzbindungdar.

.Es warden nuch bereils Reinigungsgerfile miLfort- ode:
umlaufenden Reinigungsbandem vorgeschlagen. In der
W0 91/] 11134 isl ein {ahrbares Reinigungsgerfil — beschrie-
ben, welches eine ersle Rolle aufweist. die mil cinem ge‘wik-
kellen Vomleinfi Reinigungsbnndu umgeben wird. nund
e‘ine. 'zweile eleklriseh angelriebene Rolle, auf die im'Belrieb
das "verbranchle Reinigun‘gsband aufgewickell wird. Auf
sein- Weg von der erslen zur zweilen Rolle lfiufi das Rei-
n'igungsband iiber einen Umfangsabschniu eines Endlos-
bandes, so daB es an dessen'Unlexseile mil de:.0be:flfiche
,des zu :einigenden Bodens in ,Beriihrung gebrnchl wird.
Dumb Zufllhrung von Wasser aus cinem Tank kann auch
cine NnBreinigung des Bodens erfolgen.'Der Nachleil disses
Gerfils isl jedoch, .daB das Reinigungsband nach Gebrauch
dutch eine zweile Rolle aufgewickell wird. Dieses Funkli-
onsprinzip erlaublkeinenusreichende und efiizienle Feuchl-
reinigung grfiBererFlfichen. Ein schnelles Ab- bzw. Aufivik-
keln des Reinigungsluchs wllrde zwar zu einer Verbesserung
der Reinigungsqunlitiil fiihren, wiire abet v6llig un6kono-
Vmisch, da das'Reinigungsband forlwahrend erneuerl wcrdenmilBle.

In der EPO 615 719 Al isl eine Maschine zum Waschen
von geflieslen Oberflfichen Beschrieben, in welcher ein Rei-
nigungsband nuf dem AuBennmfang cine: auf der zu reini-
genden Oberllliche .abrollenden Walne angeordnel isl und
mil einem umlaufenden Flflssigkeilstransporlband in Berllb-
rung stem, welehes in einen eine Reinignngsflflssigkeil enl-
hallenden Behfiller einlauchl und an cine: Berfihrungssnefle
mil dem 'Reinigungsband Flilssigkeit auf diesee ubemfigt.
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Da dais Reinigungsband nu: msgewrungen wild, darfiber
hinaus abet .keine grundliche Reinigung erfihmisl diese
Vorrichmng ebenfalls nichl filr die Reinigung yfiBeter Bo-
denflflchenangelegl. Im flbrigen isl die VerWendung zweie:
umlnnfender Binder ebenfalls plamanbend. umslfindlich
undunfikonomisch. '

In de: deumchen Ofienlegung‘ssehrifl DE 43 40 771 Al
wird cine automalische Reinigunngmtichmng besehrieben.
bq’ welcher .die ReinigungsbeWegungsstmlegie darin be—
.slehl, .dnB zunflehsl die Begrenzungswanddes zu :einigen-
den Raumes dumb dax Reinigungsgeril abgefahrcn win!
.und anschlieBenddurch einen Mikroprmgsso: .das aufgmnd
de: Dalen des Raumzuschnills' ralionellsle Reinigungspro-
yam der gespeicherlcn Reinigungspmgramme ausge-
wfihll wird. AuschlieBend wird mil dem ausgewiihllen Rei-
uigungspmgmmm der benefi‘ende Raum gereinigt. wobei
_das Reinigungspmgramm ,eine den gesamlen ‘Rnum liber-
deckende .Reinignngslrajekmrie enlhiill. Diese Verfahlen is!
relaliv aufwendig, da in jedem Fall v0: einemVReinigungs-
vorgang dureh Umfahren der-Seilenwfinde des Ranmes die-
.se: mm warden muB und aufgrund des Raumzu-
sclmills dann ein Reinigungspmgramm ausgewfihll warden
muB.

Der vorliegenden Erlindung liegl dagegen die Aufgabe
zugrunde, ein sellpsct‘ahrendes Reinigungsgeifil anzugeben,
mil welchezn cine Fliiche schnell and efiizienl gueinigl wer-
den kann. Insbesondere isles Aufgabe de: vorli‘egcnden Er~
findung, das selbstfahxende Reinigungsgedll mil .einer ger
spe'icherlen Reini‘gungssmlegie 2n versehen,-du:ch die eine
effizienle Bodetueinigung .crmdglichl wird.

Dieie Anfgabe'wird mil den kennzeiehnenden Merkma-
len des Palenlanspruchs l gelésl. Die Erfindung betrifi‘l so-
mil ein selhslfithndm ,Reinigungsgeriil, mil cinem .An-
uiebsmoto: zum Anlrieb von mindeslens zwei an dem Rei-
nigungxgeriil mpnlierlen Rfidem. ‘mm,8wuemmr znr
Steuerung de: Bewegung des Reinigungsgerfils, Sensoxen
zur Deleklion vun'Hindemissen, wobei in dem Sleuenech—
ner eine Anzahl von .Gmndmuslem van 'Il-ajeklorien flir‘die
Forlbewegung dec Reinigungsgerfils speicherbar und benut-
zemeilig answflhlbar isl. und in dem .Sleuen’echne: eine
Fonbewe'gungsslralegiegespeichen is!' much (is: das Reini-
gungsgerfilnach Durchlnnfen des Grundmuslers einer aus-
gewlihllen ’Jl'ajektorie in=eine nach dem Zufallsprinn'p aus-
gewllhlle Richmngflhnnnd nnch einer vorbeslimmlen zu-
:iickgeleglen Enlfemung in diese: Richlung erneut'mil dem
Durchlaufen des Grundmuslus der ausgewfihllen ’Ihjekln—
rie beginnl.

Gegebenenfalls weisldas selbslfahrende Reiniglmgs‘gerfit
cine Reiniglmgseinheil zuraulomalischen ode: .manuellen
Reinig'ung nichl-lexliler Bodenbelflge auf. welche ein um
eine Melirmhl Roller! gelegws und nuf einer-Scile derReini-
gungseinbeil eine mach -auBen weisende ebene‘Reinigungs—
llfich’e bildendfi Reinigungs'tuch und einen Reinigungsbe.
halter enlhfill, welche: eine Reinigungsfllissigk’eil enlhfill
und dutch Welchen das Reinigungstuch dutch 'D‘ansporl-
und Anlriebsrollen flirderbnr'isl.

In dem Sleuerrechner kann femer eine Endemisvennei-
dungsslralegie gespeichen sein, naeh de: im Fall: einer-ein-
gelrelenen ode: drohenden Kollision mil cinem Hindemis
das’Reinigungsgerfil kmzfz‘islig.absloppl. eine nach dem Zu-
fallsprlnzip ausgewiihlle, dem Hindemis abgewandle, neue
Richmng auswihll und das Reinigungsgefiil nach einer vor-
besl'immlen mflckgeleglen Enlfemungin dieser Richlung
erneul mil dem Dmhlanfen den Grundmuslers einer mjek-
lorie beginnl.

Weitere yoneilhafie Ausgeslallungen sind in den Unler—
anspxuehen beschrieben.

Im folgenden werden ,Ausfilhrungsbeispiele der gagebe-
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nenfalls verwendeten Reinigungseinheil und des erfin-
dungsgemaflen 'selbslfahxenden Reinigungsgerats anhand
der-beigefiiglen Zeichnungen nfihe: «minted.

Es zeigen:
Fig. lA'his D vemdfiedene Darstellungu-einzelner Bau-

_gruppen eines Ansfllhrungsbeispiels einer‘Reinignngsein-
heit (A—C) und deren Gesamtheit o'hne Reinigungstuch (D);

Fig. 2 Reinigungs‘einheit de: Fig. 1D mil eingespanntem
'Reinigungsmeh;

Fig. 3A, 3B perspektivische Ansicht und Unteransicht ei-
nes fah:baren.'insbesondere selbstfnhrendenReinignngsge-
r515;

Fig. 4 Schalmngsanoxdnung fur ein Steuerungs- undNaa
vigationssystem einu selbslfahrenden Reinigungsgeiils:

Fig. 5A bis C Beispiele fiirmdgliche 'Ii'giektorien cine:
selbstfahrenden erflndungsgemfiflen Reinignngsgerfits.

In _den Fig. _lA-D und 2 istei'n Ausfilhmngsbeiepiel einet
Rein'igungsein'heit 10 dargeslelll. Sie besteht inl Wesenlli-
ehen ans einem Reinignngsbehiilte: 13. weicher mil. einer
Reinignngsflussigkeit, im einfaehsten Fall Wessex; gefilllt
ist. und eine: Mehrzahl Von Rullen 3-bis 9, .Die Rollen um-
fassen eine Anhiebsroile 3, die von einem Anniebsmolo: 2
angetrieben und in Drehbewegung vexselzl wird (Fig. 1C).
Die Anlriebsrolle 3 weist eine Oberfliiche mi! e'ine: be-
stimmten Rauhigleeil ode: mit geeigneten Mimehmem aut‘,
wodurch die Mima'hme-eines um die Anniebsmlle gelegten
nmlaufenden Endlosreinignngstuches 1 ermoglicht wind.
Erste Fuhrungsnollen 4 bis 6 dienen dazu. das Reinigungs-
me): 1 anBen um den'Reinigunngehfike: 13 herum zu fib-
ren. Die untemn-Fuhmngsrollen 5 und 6 spannen das im Be-
trieb fenchte Reinigungxtnch 1 .im .unteren Bereich der'Rei-
nigungseinheit m eine: ebenen Reinigungsflfiche 1a nuf, die
im Betrieb mit einem zu reinigenden Fanoden in Kontakt
steht und diesen infolge de: urnlaufenden Bewegung :einigt.
'Die Unilaufrichtung des Reinigungstuches 'ist in Fig. 2
durch einen Pfeil angedeutet. Die 'Fiihrungsrolien 4 bis 6
sind vorzn'gsweisean _dem Reinigungsbehiilter 13 gehallerL

Ferner sind zwei Spann- und Fiihrungsrollen 7 und 8 v0:—
gesehen. welche de: Férderung des Reinignngstuchea in das
Innere dos Reinignngsbehfiltcrs 13 dienen. Die Rollen 7 und
8 sindvan einer geeigneten Halterung 12 befestigt. welchean
.einem 'Behfilxerdeckel 11 fest ode: lasbar montiertiist (Fig.
1A, B). Wie in Fig. .2 zu sehen ist. verifinfi das Reinigungs—
tnch inneneeifigder'Rollen 7 und 8 und ,wird-solchermnfien
von den Rollcn ‘7 und 8 'zwnngsweise in das Inneredas Rei-
nigungsbehfiltem 13 getaucht. Somit kann das 'Reinigungs-
tuch dnrch die in dem Reinigungsbehfille: 13 befindliebe
Flflssigkeit ausgespfllt werden.

AuschlieBend ~bewegt sich das Reinigungstuch wieder
nach oben. Ixn .oberen‘Bereich isl dicht nebende: Antriebs-
rolls 3 eine AuspreBmlle 9 angeordnet. Das Reinignngstuch
lfiufi zwischen del' AuspreBrolle 9 und der Anniebsrolle 3
men, wobei Von der AnspreBroile 9 gegen die An-
triebsrolle gepreflt und dabeinnsgewnmgen wird. Die Aus-
preBrolle 9 is: an dem;Behfilterdeckei 11 gehailen (Fig. 1A,
B). Der Ansprefldruck, der dutch das Zusnmmenspiel zwi-
schen Anspreflrolle '9 und benachbane: Antxiebsrolle 3 er-
reicht wird. is: einstellba: durch Wahl des Abstands zwi-
schen den Rollen bzw. dutch Variation ihrc: relative Lnge.
Dumb unterschiedlichen AuspreBdmck kann-der Fenchtig-
keils- 'bzw. Nissegehnll des Reinigungsmchs eingestelll
'w‘erden.

Das Reinigungsmch besteht vomugsweise am einem
spannbarenyaustanschbaren MateriaL'beispielsweise 'aus ei-
nem gewidnen ode: ungewirkten Faservlies. .Zusfitzlich
kdnnen an geeigneter Stelle Sensoren nngeordnet sein, die
den Verschmntznng‘sgmd des Reinigungstuches ode: der
Reinignngsflflssigkeit .delekfieren und gegebenenfalls ein
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Anzeigesignal liefern. um die Nomendigkeit .eines Aus-
tanschs des Reinignngsmches ode: der Reinigungsflflssig-
knit annuigen. Die Reinignngseinheil kann feme: ein auf
eine:._:otieienden Rolle hefecligtes, wechserares 'iiocken-
mch zn: Nachreinignng nnd 'Ibcknung des Unter'grunds
aufweisen, welches am hinteren Ende der Re'inigungseinheit
sagebrush! ist. Ffl: das Anffangen gn’SBere: Schmnlzpartikel
kann ferner ein-Schmuukamm urn vorderen Ende de: Reini-
_gun_gse_inheit _angeordnet sein.

Die Reinigungseinheit hat den groBen Voneil, daB sie
leicht handhabba: is! .und mit wenigen Handgrifl’fen von ei-
nem nachfolgend beschriebenen fahrbaren Reinigungsger'a'i
geldst und ausgetauscht werden k'ann. Anch das Reini-
gungsiliefl'knnn mil wenigen Hendy'ifi'engewechseh wer-
den und die Reinigungsflflsxigkeit kann leicht ausgelanscht
werden.

in denFig. 3A, B isl eine Ausfiihrungsform eines-fahrba-
:en Reinigungsgerfils in einw‘perspektivischen Ansieht nnd
eine: Unwransicht darguiem. Des Reinignngsgerfit enthfilt
ein mehniidiigei. vormgsweise wie dar’gestellt zweixfidri-
ges, Grundfahl'zeug, in welehes die erfindungsgemfilie Rei-
nigungseinheit eingebaut ist, Das Reinigungsgerfit weist
vor‘zugsweise in etwa die GrfiBe eines Slaubsaugers anf und
fiiiu‘l eine selhslfliti‘ge Bewegung vermiueis eines elektri—
-schen Anniebs aus.

Im eingebauien Zustand der'Reinignngseinheii 10 liegt
die Reinigungsflflche 1a des Reinignn'gstuches auf der 'zu
:einigenden Bodenflfiche anf. Dan .Reinignngsmc'h 1 wird
vorwgsweise im Beieich dz: Rehfignngsflfiche 1a liberdie
Rollen 5 und 6 gegen die zu reinigende Oberflache ange-

. drnckl. De: AnpreBdruck auf den Zn :einigenden Unm-
grund .wird fiber die Schmub— nnd Spannyorriehtung er-
mugt. mil de: die Reinignngseinheit im Mgerfahneug fi-
xiert wird. Durch diese Von'ichtnng knnn die H6he der Rei-
nigungseinheil relativ an den Rfidern des Fahneugs und
mm Umergrund variim .und dc: Anprefldruck eingestellt
worden. Wfihmd der Bewegnng dec Reinigungsgerfits isl
de: Antriehsmoto: der Reinigungseinheil eingeschallet, :so
daB das Reinigungstuch, wie beschrieben, eine umlaufende
Bewegung ausfnhrt-und semi: automafiech und selbsmi‘g
die Reinigung de: Bodenflfiche durchfilhrt. Die Umlnufge-
(schwindigkeit den Reinigungstuehes knnn entweder fest e'in-
gestelll ode: :egelbar sein. Die Umlaufiichmng is: vormgs-
weise entgegen .der Umlanfrichmng der Ride: und somit
entgegen der Fahrtrichtung des Fahneugs.

Die in Fig. 3A, B gezeigle Ausfiihrungsform zeigt ein
Reinigungsgeriil mil zwei Rfldern 21 um! 22. Vcrzugsweise
weisl. das Reinigungsgerfil-fiir jedes Rad einen eigenen An-
triebsmotor anf. um' fiber dns Verhfiltnis der den R'n‘dern zu-
geffihnen Amriebskrfifle eine Lenkung des Reinigungsge—
rfits zn ennéglichen. Aufde: Hake der groliten Ausdehnnng
des Fahmeugs sind-eine Anzahi von Abstandssensmen an—
gebracht, die die Enlfemung des Fahrzeugs zu umliegenden
Hindunissen messen. Bei Annfiherung an ein Hindemisiie—
fern dieseemsprechende Signale an eine nun-ale Steuereim
heit, — Im einfachsten Fall sind am Umfang der unterenPar-
tie des Gehiiuses vie: vienelkreisflsrmige Beriihrungfienso—
[BE 23H angenrdnet. Dureh die neutral: Steuereinheit wird
abhfingig davon, weleher der 4 Beriihrungssensoren ein Si-
gnal abgegeben hat, eine'Bewegung _eingeleileLmit Welohe:
das Hindemis nmfahren waden kann. Als Altemaiive zu
Berflhnmgssensoren kénnen abstan'dsgebende Sensnxen wie
’Uln-aschall- ode: Infiuolsensoren eingesetzl warden.

In Fig. 4 ist ein Ausfiihrungsbeispiel fur cine Schaitungs-
anordnung eines Stenernngs- nnd NavigafionSsystems fiir
_ein selbstfahrendesReinigungsgerit dargestem. Die Schul-
tungennordnung weisl als zenn'ale Einheit einen Steuerrech-
her 30 anf. Diese: liefert einerseils Sign'aie an eine Lei-
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_ ,stungselelcnonik 33, um die .Anniebsmoloren 31, 32 detRa—
.de:21, 22 und den Antricbsmoto: 2 de: Reinigungscinheit
10 anzusteuem. Andemeits empfnngtduSlenenechnerlw
Signale von Drehgebern 31a. 31b dc: Anniebsmotoxen '31,
32, die es demSteuenechne: ennéglichen, die von dem Rei-
nigungsgerlit tatslichlich ansgefilhne Bewcgung in berech-nen. -

Die Faint curbing cine: Geraden ode: endang cine: ande
geaneien 'Dajelmlie wird dumb die Vargahe entsprechen-
dc: Geschwindigkeiten und Geschwindigkeitxvefiiilmisse
an die Antriebsmomren ermicht. Die physilcalische Unmet-
'zu‘ng von Gwchvdndigkeiten-und Geschwindigkeitsverhfilt-
nissen erfolgt fiber die Leismngseleknonik dutch die Emu-
_gung .entsprechende: Spannun'gswene und .Spannungsver-
hfilmi‘sse, die an den Anniebsmotoren nngelegt waden. Die
Suom— und Spannungsvctsoixung crfolgt beispielsweise
dnrcb einen sen von aufladbaren 12 V-Banerien

Dutch Variation de: Gmhwindigkcils— und de: enlspte—
chenden Spannungsverhlilmisse fil: die Anniebsmotoren
lass‘en sich beliebige 'I‘I‘ajektorien eneichen. 'Die Kontrolle .
dc: Geschwindigkeitsverhiiltnisse und de: talsfichlichen
Fonbewegung ,ei'folgmber die Drebgebc: ,de: Anti-icbsmo-
toren dutch Messung de: in cinem bestimmten Zeilinlervall
mflckgelegten Wegstrecke. Weichen 8011- and Istgv
schwindigkeiten bzw'. -positio_n voneinande: ab, errechnet
der Steuenechne: Iltsprechende Konekmrwcne.

Die Speichereinheit des Steuenechners crlnubt es insbe-
sondere, die Geschwindigkeitsmuste: fii: besfimmte Thick-
.ioricnmusle: vomb zu buechnen und abmspeichm'ntln Fig.
5A bis .C sind cine Anzahl denkbaze: 'Il‘ajekmfien (large!
stellt. Dementsprcchend kann das Reinigungsgetflt wahl-
weise eine spirnlfbrmige (5A). ,eine miianderflinnige (SB)
ode: cine schlangenfiirmige (5C) Reinigungsuajektoric be-
fnhren. Die Auswahl erfolgt dumb den Benutzer dutch Ein-
stellen eines Schalters. Die .Paramelxierung solche: pro-
grannnierte: Trajekmrienlypen beispielsweise ih: Dutch-
messerkann wahlweise dumb den Benutzex fiber Schalle:
eingestcllt ode: fest kodiert wexden. Spiznltbrmige (5A) nnd
meandett‘drmige Trajektmien warden typiseherweise Von
innen nach auBcn befahren.

Fin- .eine flfichendcckende Rein'igung dutch das Reini-
gungsgcrfit gibt-es mehrere Fortbewegungssn'ategiemdie al-
leine ode: anch in Konibination zum Einsatz kmnmen kfin-
nen. Die Fortbewegung kan'n beispielsweis‘e nach dem Zu-
fallsprinzip exfolgen. Dabei wird die Bewegungsrichmn'g
und gegebenenfalls die 'Entfernung vom Steuenechne: zu-
fzfllig gemfiB cine: Gleichveneilung ausgewiihll. Die Falm
endang cine: solchzut‘éllig ausgewiihllen Richtunggewfihr-
leistel minelfn'stig veinenahczu vollsuindige Befahrung de:
‘zu :einigcnden Fliiche.

Altemnriv w eine: ,zufallsbestixnmlen Bewegung kann
die Forthewegung entlang cine: vorp 'enen Thjek-
torie (beispiclsweiseSA. SB. ode: 5C) erfoigen. Die Fahr-
strecke, die dabei municlaulegen isl. variiert je nael: au'sge-
wlihllem 'Ikajekionenmuster. Nach dem Durchlnufen einer
enlsprechcnden ijcktnrie und .de: dabei crfolgten Reini-
gung eines entspneehend groBen Gebiem, fiihndas Gcrfit in
eine nach den] Zufallsprinzip‘ausgewfihlte Richtung und be-
ginnt naeh cine: feetgelegten zufllekgeleglen Emfernung e:-
neut mit den DutchLaufcn cine: ’Ikajektorie.

Droht das Reinigungsgeriitwfihrend einc: Gemdeausfahxt
ode: walnend de: Faint endang cine: vorprogmmmienen
'n'ajeklorie mil eincm Hindemis zu kollidieren, damn wird
dies dnmh .die Abstandesensofik 34 an den Steuerrechne:
gemeldet. Der'Steuen'echne: swppt das Fahrzeug kimfi'istig
ab. wiihh cine zumllige dem Hindemis abgcwnndle neue
Fahm'ichtung ans und setztdasFahmeug dann wiede: in Be-
wegung. Das Fahmeug ftlhn einen vorgegcbenen Absmnd in
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diese neue Richmng and be I don winder mildew Be-
falnen de: ,ausgewfihlten ’lkajektorie.

_ Dumb die Kombinalion von Geradeansfahrlen, Befanren
faster Reinigungstmjekmrlen und dc: dargestelllen Hinder—
nisvemieidungsstmegie wird minelfrisfig cine nahezu voll-
sifindige Befnhnmg dc: zu reinigenden Flfiehe sichergcstclh. -

Allemafiv zu den beidcn 'dargestellten ‘Fonbewegunge—
stmtegien, die cine .Kombination zwischen Zufnllsbewez
gung und genielle: Fortbewegung umbglichcn. vbesnehtdie
.Mfiglichlmit, die Reinigungsn'ajektofie m: das zu zeinigende
Gebiet vollxulndi'g oderin ‘gchn 'Ibilen vomb zu berechnen
und zu befahmn. Dazu muB die Sleuerung des Fain-Lang's
fiber cinen nach Méglichkeit vollstflndigen Plan (Gmndrifl)
der Reinigungsflfiche verfligen. Mithilfe dieses‘Plans kann
dann cine flichendeckende fiajelnnrie en’eclmet wcrden.
Um cine exakte Befahrung deriReinigungstrajekmric zu ge-
-w§hrleisten. muB dns Fahrzeug weitexhin in de: Luge sein,
seine Position index zn'reinigenden Umgcbung sch: genau
zu besfimrnen 11nd gleiehzeitig den Plan zu erginun, fall’s
dumh die Abstandssensozen nicht belnmnte Objelme wahr—
guommen warden. Wexdw .im GrundriB nichthekannie
'I-lindemisse wahrgenommen, dann um]! die vqmbberech-
nele Reinigungxnrajeklorie so modifizien welden, daB das
Hindu-nix geoignel umfahxen warden kann. Dies 155: sioh
bewel'kstelligen, indem beispielsweise de: Knnturdes Hin—
demisses gefolgt wird bis dieurspriingliche 'Iirajekwrie wie-
de: ancient wird.

Patenmnspruche

l. Selbstfahrendcs Reinigungsgerlit (20),.mit
— einem Anu'iebsmotn: (31. 32) mm Anlrleb von
mindestens zwei an dem \Reinigungsgerfil mon-
lierten Rfidcm (21, 22), '
- cincm Steuen'echne: (30) zu: Steuerung de: Be-
wegungvdes Reinigungsgerats (20),
-— Sensor‘en (Zia—d; 34) zur Deleklion von Hin-
demissen, ,und gegebenenfalls mi:
— einer.Reinigungscinheit (10) zu: automatischen
ode: manuellen Reinigung client-textile: Baden-
belfi'ge. .welche enthfilt: ‘
— ein Reinigungsmch (1). welches um cine Mehr-
zahl Rollen (3—9) gekgt ist and aufcine: Seile de:
Reinigungscinheit.(10)eine naeh auBen weisende
ebene Reinigungsflflehe (la) bildet.
- einen Reinigungsbehilm (13), welcbe: .eine
Reinigungsflflxsigkeil cumin and durch welchen
das Reinig‘ungstuch (l) dumb ’lhnsport— and Air
niebsmllen _(3— ,8) 5mm: isL,

dadurch gekennzeiehnet. ‘daB
_. in dem Steuenechncr (30) eine ,Anzahl von
Gmndmustem ,von 'lhjektorien fil: die anhewe-
gang .des Reinigungsgefits speicherbar und he—
nutzaseitig 'auswahlba: isl, und _
— in deln Steueuechne: (30) eine Fonbewegungs—
snalegic gespeichcn ist, nnch de: dnsReinigungs-
geril (20) nach Dumlilaufen des Gnmdmumcm ei-
nc: ausgewiihlten ’h'ajelcwrie in cine naeh dem
Zufallsprinn'p' ausgewihlte Richmng fiilm und
nnch cine: vorbestimmten 'zuxfickgclegten Entfer-
hung in diese: Richmng emeul mil dem Dutch‘lau-
,fen des Grundmustexs dc: ausgcwahlxen Khjekm-
:ie'bcg'innl.

2. Reinigungsgerflt nach Anspruch 1,dadn:ch gekenn—
zeichnet, dafi

- in dem Sieuenechne: (30) fame: cine Hinder-
nisvernxeidungmmtegie gespeichett ist. nach dc:
im Falle .cincrleingeuetenen ode: dmhenden Kol-
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lislgn mit einem I-findemis das Reiniguugsgexfit
(20) kurzfirisfig abstoppt, cine nach dem Zufalls-
prinzip wgewfihlte,.dem Hindemis ahgcwandxe,
neue Richmng wswahlt und das Reinigungsgerm
mach cincr Vorbastimmten Mckgclegten Enlfeb
m'mg in dimRichmng emeutmildeinDuxchlau-
fen des Grundmuslgrs einer Thje‘ktnrie beginnfi.

3. Reinigungsgefi; nach Anspruch 1 ode: 2, dadumh
quennzeichnct, dafi ‘

- in dem Steueuechncr (30) ein spimlfimniges
(5A), ein mfiandzxfiirmiges (SB) und ein -schlan-
gentfirmiges 'Ikajekmriengmndmusler (5C) abge—
'speichut fist.

4. Reinigungsguit nach einem dal- vorhnrgchcnflen
Ansprflche, dadumh gekennzeichnet, daB '

- die Sensoren (233-6; 34) Bemhmngssenmn
sind.

5. Reinigungsgedi! nach .einem der Ansprflche 1 his 3,
dadurchgekennuichne’t, daB

‘- die Sensomn (Ba-d; .34) Ultraschall- oder.In-
framtsensoren sind.

Hiexzu _5 Seile(n) Zeichnungen
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Claims

1. AutOmatically moving cleaning device (20), comprising

at least one drive motor (31., 32) for driving at least two wheels ._(21, 22)

mounted on the cleaning device,

a control computer (30) for controlling the movement of the cleaning

device (20),

sensors (23a - d; 34) tordetecting obstacles. and possibly comprising

a cleaning unit (10) for automatically or manually cleaning non-textile floors,
which includes

a cleaning cloth (1) laid around a plurality of rollers (3 - .9) and fonningan

outwardlypointing planar cleaning surface (18) on one side of'the cleaning

unit (110),

a cleaning container (13) containing a cleaning liquid and through which the

cleaning cloth (1) can be conveyed through transport and drive rollers (3 - 8),

characterized in that

a number of basic patterns of trajectories for the movement of the cleaning

device can be stored in the control computer (30) and can be selected by

the User, and _

a movement strategy is stored in the control computer (30) according to

which the cleaning device (20) drives to a randome selected direction after

passing through the .basic‘pattem of a selected trajectory, and after a

predetermined distance is in this direction covered it starts again by

passing through the basic pattern of the selected trajectory.

2. A cleaning device as claimed in claim 1. characterized in that

an obstacle avoiding strategy is furthermore stored in the control computer

(30) according to which in the case of an occurring or imminent collision

with an obstacle the cleaning device (20) temporarily stops, a new

randomly selected direction opposing the obstacle is selected .and the

cleaning device starts again passing through the basic pattern of a

trajectory after a predetermined distance in this direction is covered.

28
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.3. .A cleaning device as claimed 'in claim 1 or 2, characterized in that

- a spiral (5A). a meander-shaped (SB) and .a snakelike trajectory basic

pattem (SC) is stored in the control computer (30).

4. A cleaning device as claimed .in one of the preceding claims, characterized in that
- the sensors (23a - d; 34) are touch sensors.

5. A cleaning device as claimed in one of claims 1 to 3, characterized in that

~ the sensors (23a - d: 34) are ultrasonic or infrared sensors.

29
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KARCHBR RC 3000 Cleaning Robot -' user manual. Manufdcturer: Alfied Kathe: GmbH & Co., Cleaning
Sysmms, Alfred-Karehcr-Str. 28-40; PO. Box 160, D-7l349 Winnenden, Germany, 12/2002
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PTO/SBI21 (02-04)
Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
. 'llfi -. .- ‘Illl' I'Ill- .- Cu: II» I II-er.

—-0/167851- ' I'M
Filing Date June 12. 2002

First Named Inventor Joseph L. Jones et a|_

——2337
Examiner Name Rita Leykin

Attorney Docket Number DP-5-US (ISR-017-US)

D After Allowance communicationto Technology Center (TO)

[:I Appeal Communication to Boardof Appeals and Interferences

[:l Appeal Communication to TC(Appeal Notice. Brief. Reply Brief)

  
 

  

 
 
  

TRANSMITTAL

FORM

(10 be used for all correspondence after initial filing)

 

  
 

 
 
 

 

 

    
Total Number of Pages in This Submission

   

   

 

    '3 Fee Transmittal Form V Drawing(s) (Formal)

[1 Fee Attached

[3 Amendment/Reply
|:l AfterFinal

E] Affidavits/declaration(s)

  
 

  

 
 

 Licensing-related Papers

  
 

 
  

Petition
Petition to Convert to a
Provisional Application
Power of Attorney, Revocation
Change of Correspondence Address

 Proprietary Information

 
     

Status Letter

Other Enclosure(s) (please
Identify below):

Return Receipt Postcard
Certificate of Express Mailiing

 Extension of Time Request Te'mina' Disclaimer

  
 

 

 
 

 Express Abandonment Request REQUESt for Refund

  Information Disclosure Statement CD, Number 0‘ C015)

 

 
 
 
 

Certified Copy of Priority
Documentts)  

 Transmittal of Formal Drawings with Certificate of Express Mail (EV 064 498
420 US)
Formal Drawings (16 sheets) (26 figures — 1 through 14)
Return Receipt Postcard

 

 
 

 
 

Response to Missing Parts/
Incomplete Application

DDUDE)
 
  
 

  
 

 Response to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Paul Speidei, Reg. No. 52,239
, . Gesmer Updegrove LLP

“‘d'V'dua' name 40 Broad Street. Boston. MA 02109

-mm_
“April 27. 2004

CERTIFICATE OF TRANSMISSION/MAILING

i hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, PO Box 1450, Alexandria. VA 22313-1450 on

“‘9 “3‘8 WW“ be'°w- Express Mail Ev 064 498 420 us on April 27, 2004 (see attached Express Mail Certificate)
Typed or printed name . . .
—_

Q r ’ ' c .
a W a W April 27.2004

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing. and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions (or reducing this burden. should be sent to the Chief Information Officer. U.S. Patent and
Trademark Office. U.S. Department of Commerce. PO. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND To: Commissioner for Patents. P.O. Box 1450. Alexandria. VA 22313—1450.

 

  
 

 

 

  
 

 

   

Ifyou need assistance in completing the form, call 1-800—PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Applicants: Joseph L. Jones, et a].

Serial No. 10/167,851

Title: Method and System for Multi-Mode Coverage for
an Autonomous Robot

Notice of Allowability Mailed: March 22, 2004

Attorney Docket No.: DP-S-US (ISR—017-US)

***************************************************************#********

CERTIFICATE OF EXPRESS MAILING

I hereby certify that the attached correspondence is being deposited under 37 CFR 1.10 with the United
States Postal Service “Express Mail Post Office to Addressee” Service, Label No. EV 064 498 420 US on
this day, April 27, 2004 , in an envelope addressed to MAIL STOP ISSUE FEE, Commissioner for

Patents, P.O. Box 1450, Alexandria, VA 22313-1450. ‘

Signature of person mailing:MM
Sunshine Limanni

***************************i****it**************************************

TRANSMITTAL OF FORMAL DRAWINGS

MAIL STOP ISSUE FEE

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir or Madam:

Enclosed for filing in the above-referenced patent application, in which a Notice

of Allowability and Notice ofAllowance were mailed on March 22, 2004, and in which

the issue fee was separately on March 26, 2004, by facsimile transmission, are sixteen

(16) sheets of formal drawings.

Please contact the undersigned if you have any questions.

Respectfully submitted,

April 27,2004 W .
Paul Speidel

Reg. No. 52,239
GESMER UPDEGROVE LLP

Boston, MA 02109

Tel.: (617) 350-6800

Fax: (617) 350-6878

  

3903l9.l. Page I ofl
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This Page Is Inserted by IFW Operations
and is not a part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of

the original documents submitted by the applicant.

Defects in the images may include (but are not limited to):

0 BLACK BORDERS

o TEXT CUT OFF AT TOP, BOTTOM OR SIDES

o FADED TEXT

o ILLEGIBLE TEXT

0 SKEWED/SLANTED IMAGES

0 COLORED PHOTOS

0 BLACK OR VERY BLACK AND WHITE DARK PHOTOS

0 GRAY SCALE DOCUMENTS

IMAGES ARE BEST AVAILABLE COPY.

As rescanning documents will not correct images,

please do not report the images to the

Image Problem Mailbox.
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GESMER UPDEGRDUE LLP Faxt617-350-6878 Mar“ 26 2004 14:30 P.01

PART B - FEEXS) TRANSMITTAL

and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissroner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or £53 (703) 746-4000

lNS'lRUG'lONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required; Bloeks I through 4 should be completed whereap ropriate. All firrther correspondenee including the Potent. advance orders andnotlfimuon of maintenance fem wall e mailed 19 the current cot-re ndmce nddre§s asinrgicated unless corrected below or directed otherwrse in Block 1, by (a) specifylng a new correspondence address; and/or 0)) Indicating a separate ‘ -E ADDRESS formaintenance fee notifications.

”WC‘DM’WDME”m("M WHY """"“’ "k” ‘V m“°“""“"°'°“ " Note: A certificate oilmnilin can only be used for domestic mailing; of theFeds) Tmsmitth. This cert: mate cannot be psed for any other ocmmpnnying
figpers. Each additional paper, such a: an mlgmnenl or formal dxnwuig, must

V .

 
 

 

 
 

 

24390 7590 011210.00: . 2 its own certificate of mailing or nanmrission.

LUCASH, GESMER & UPDEGROVE, LLP MC?I'lFente oil-Milling fi'l‘rlurnlsdeslon 0 th the U edl h ' ' ‘ttn ‘ ' ' '

40 BROAD ST Stag: 0°53? erviee viisth su sieimlgy amt elfiar‘rcmilviii an mvé‘lgpeSUITE 300 nddreseed to the Mail Stop ISSUE FE. address above, or being facsimile
BOSTON, MA 02109 transrnitted lo the USPTO, on the date indicated below.

hine ' _ I. ~ Wtoflwm)‘ ‘ s .
hm.- .41.“ ..0_
March 26, 2004

FILING DATE EIRST NAMED MENTOR ATTORNEY DOCKETNO. CONFIRMATION N0.

lO/l67,851 06/12/2002 Joseph 1. Jones DP-S us ' 1777
“mu: OF INVENTION: METHOD AND SYSTEM FOR MULTl-MODE COVERAGE FOR AN AUTONOMOUS ROBOT

 
   

moms _m mom oomomm
nonpmwslonal m NO m $1330.00 3300 m 51630-00 06/22/2004

LEYKIN, RITA 2837 3 ] 8-568120

   
 
 
  
  

i. Chan e ofcorrespondence address or indication of 'Fee Adm" (37 2. For printing on the patent front page. list (I) the
CPR 1. 53) um: of up to insistmd Pam! Emmi 0r IMMQQLESCL

D Change nfmrr ndence addres: (or Change of Correspondence agent: 013' alternatively, (2) the_ name or a magic
Address form Préfi‘iamnmm firm (hams =5 . mm“ a wmd mm” °‘ 2Wagent) and the names of up to 2 registered patent

attorneys or agents. [1" no name is listed, no name 3will be printed. —"fi"""‘“‘
D 'F: Addrus" indication (0r "Fee Address” Indication formPTO/88147; Rev 03-02 or more reeent) attached Use 01 I Customer
Numberix required.   

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: 1.1an an nssi ee is identified below no assignee data will a at on the item. lncluaion of assi 5: data is on] app-r0 riate when an assignment hasbeen previously submitted to thefiSPTO or is being subriiittnd under separate eovpe":CotnpkfioPn ofthin form is NOT agilubstimtc for ii in; nu Essigmnem.
(A) NAME or AS SlGNEE (n) RESIDENCE: (cm and STATE on coumwr)

iRobot Corporation Burlington , MA

Please check the appropriate mignee mtegory or categories (will not be printed on the parent); 0 individual CI corporation or othcr‘privnle group enliry D government
411 The following fee(s) are enclosed: db. Payment of Fee(s):

titlme Fee > D A check in the nmqunt ofdie fee(s) i: enelvwd.
2? Publication Fee 0 Payment by credit card. Fonn PTO-2038 is attached.

Cl Advance Order - #ofcopies__________ E'I‘hq'Dircctor is hereby aflfiifij g! chars: the I: uired fe s , or credit an ove 2 en tnDeposn Account Number (93mins: magi-ire copy nfthi; {0:13. ym L
Direemr for Patents is mqumted to . -ply the Issue Fee and I’ublimtion Fee(i1‘any) or to re‘wpply any previously paid issue fee to the application identified above.
I.-. 'n - 019* aka: \n I -_-, h _- "4

(Authorized Signature) ’ \ rm ‘ . .
03/29/2004 RHONDQFE 00000044 122315 1

:lmo‘rfiémthe'gssue fee 1nd Publi = 'on Fee (if required} willflnot be_ accepted an oneer en Icu,nre_.on1torneor 11:0! eMIt eoro
interest as shownP the records ofthe United gmfiwut and Tatiana; Office. m 01 FCHSOI 1330- 00 D9
'l‘hiteolleotion of information is nixed by 37 cm 1.311. m lnfonmtion is required to 02 FC:1504 300-00 00
obtain or retain a benefit by the p he winch rs to file (and l? the USPTO to process) an
upgicnhon. Confidentiality is governed by.” U.S.C. 122 and 3 CFR 1.14. This collection is
C!

ed to take l2 minutes to magic tnel‘udm'g gatheri repar‘ and snbmidin thecompleted application funn to the Sl't‘cl‘b. Time Will vnrsgc’lgpendi?upon the individuala
cue. Any comment:~ on the mount of time you require to com te this form and/or

suggestions for reducing 111i: burden, should he sent to the Chief In urination ()fliuer, U.S.Pa t and Trademark Office, U.S. Department of Commute. Alexandnn. V] nia
22313-1450. DO_N_OT SEND FEES 0R COMPnE'mD FORMS TO nus ADD ss.
SEND TO: Commtssroner for Patents, Alexandria, Virginia 223 l3-l450.
Under the Paperwork Reduction .Act of 1995. no ns are required to respond in a
collection of information unless it displays a valid 0 control number.

TRANSMIT THIS FORM WITH FEHS)

"CL-85 (Rev. ll/US) Approved for use through 04/30/2004. 0MB 065l-0033 U.S. Patent and Trademark omcc; U.S. DEPARTMENT OF COMMERCE

PACE 1’2 ' RCVD AT (”260004 2:34:26 PM [EaSth Standard Tlme] ' SVRZUSPTO-EFXRF-ZIO' nmsmuoon ' CSID:61T 350 6878 " DURATION (mm-ss):01-32
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UNITED STATES PATENT AND TRADEMARK OFFICE W
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box IASD
Alexandria. Virginia 22313-1450www.usptn.gov

  
NOTICE OF ALLOWANCE AND FEE(S) DUE

LUCASH, GESMER & UPDEGROVE, LLP LEYKIN, RITA
40 BROAD ST
smaoo

BOSTON, MA 02109 2837
DATE MAILED: 03/22/2004

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION N0.

10/167,851 06/12/2002 Joseph L. Jones DP»5 US 7777
TITLE OF INVENTION: METHOD AND SYSTEM FOR MULTI-MODE COVERAGE FOR AN AUTONOMOUS ROBOT

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE
YESnonprovisional $665 $300 $965 06/22/2004

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MEETS IS QLQSEQ. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN IHREE NEWS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
SIAILIIDRX EERIQQ CANNOT BE EXIEND_E_I_)_. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE

REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-8SB (0R
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, orabove.

B. If the status is changed, pay the PUBLICATION FEE (if B. If applicant claimed SMALL ENTITY status before, or is now
required) and twice the amount of the ISSUE FEE shown above claiming SMALL ENTITY status, check the box below and enclose
and notify the United States Patent and Trademark Office of the the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

°hang° ‘" “3‘“ °' :1 Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B — Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

111. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3

PTOL—SS (Rev. 11/03) Approved for use through 04/30/2004.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissioner for Patents
PO. Box 1450

Alexandria, Virginia 22313-1450
or Ea); (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required . Blocks I through 4 should be completed where
ap ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees Will e mailed to the current corres ondence address as
in icated unlgss contracted below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate " EE ADDRESS" formaintenance ee noti ications.

CURRENT CORRESPONDENCE ADDRESS (Note: Ugibly markvup with any corrections or use Block I)

 

 

Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This ceiti icate cannot be used for any other accompanying
apers. Each additional paper, such as an assignment or formal drawing, must

24390 7590 03/22/2004 have its own certificate of mailing or transmisswn.

LUCASH, GESMER & UPDEGROVE, LLP Certificate of Mailing or Transmission
I hereb certi that this Fee 5 Transmittal is being deposited with the United

40 BROAD ST States ostal ervice with sui'licient postage for first class mail in an envelope
SUITE 300 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
BOSTON MA 02109 ' transmitted to the USPTO, on the date indicated below.

APPLICATION NO. FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION No.

l0/ 167,851 06/12/2002 Joseph L. Jones DP-S US 7777
TITLE OF INVENTION: METHOD AND SYSTEM FOR MULTI-MODE COVERAGE FOR AN AUTONOMOUS ROBOT

 

 

  

 

 

APPLN. TYPE SMALL ENTITY ISSUEFEE PUBLICATION FEE TOTAL FEE(S) DUE

nonprovisional YES $665 $300 $965 06/22/2004

EXAMINER ART UNIT CLASS-SUBCLASS

LEYKIN, RITA 2837 318—568 I 20

     

 
 

  

1. Chan e of correspondence address or indication of "Fee Address" (37 2. For rintin on the atent front a e, list 1 the
CFRI. 63) p g p pg ()names of up to 3 registered patent attorneys or 1

agents OR, alternatively, (2) the name of a single
firm (having as a member a registered attorney or 2
agent) and the names of up to 2 registered patent
attorneys or agents. If no name is listed, no name 3will be printed.

Cl Change of cones ondence address (or Change of Correspondence
Address form PTO B/ 122) attached.
Cl "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.  

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless arr assi%ee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment hasbeen previously submitted to the SPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for fi ing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE 0R COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent); Cl individual CI corporation or other private group entity CI government
43. The following fee(s) are enclosed: 4b. Payment of Fee(s):

Cl Issue Fee Cl A check in the amount of the fee(s) is enclosed.
Cl Publication Fee D Payment by credit card. Form PTO-2038 is attached.

Cl Advance Order - # of Copies CI The Director is hereby authorized by charge the required fee(s), or credit any ove ayment, toDeposit Account Number (enclose an extra copy of this form .———_—————_—__—_—————

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to reapply any previously paid issue fee to the application identified above.

(Authorized Signature)  
 

  NOTE; The Issue Fee and Publication Fee (if required) will not be_ accepted from anyone
other than the apglieant; a registered attomeg' or qgent; or the assrgnee or other party ininterest as shown y the records of the United tates atent and Trademark Office.

This collection of information is re uired by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the pu lie which is to file (and b the USPTO to process) an
application. Confidentiality is governed by S5 U.S.C. 122 and 3 CFR_I.I4. This collection is
estimated to take 12 minutes to com lete, including gathering, preparing, and submitting the

completed application form to the SPTO. Time Will vary depending upon the indiVIdualcase. Any comments. on the amount of time you require to‘ corn etc this form and/or
suggestions for reducmg this burden, should be sent to the Chief In orrnation Officer, US.
Patent and Trademark Office, U.S. Department of Commerce, Alexandria, Vir inia
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADD SS.
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450.

 
 

 
 
 
 
 

  Undervthe Paperwork Reduction Act of 1995, nmersons are required to respond to acollection of information unless it displays a valid 0 control number.   

TRANSMIT THIS FORM WITH FEE(S)

' PTOL-85 (Rev. 1 l/03) Approved for use through 04/30/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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BOSTON, MA 02109 2837

DATE MAILED: 03/22/2004

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 22 day(s). If the issue fee is paid on the date that is three months afier the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 22 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)

, _ , 10/167,851 JONES ET AL.
Notice ofAllowablhty Examine, An Unit

Rita Leykin 2837

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

 

1. IE This communication is responsive to amendment after final office action dated 3/12/04.
 

2. [X The allowed claim(s) is/are 1-42.

3. X The drawings filed on 12 June 2002 are accepted by the Examiner.

4. [:1 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a) D All b) C] Some" c) E] None of the:

1. [1 Certified copies of the priority documents have been received.

2. [1 Certified copies of the priority documents have been received in Application No._

3. E] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received: ____

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

 
5. E] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF

INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [:l CORRECTED DRAWINGS ( as “replacement sheets“) must be submitted.

(a) [:1 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached

1) C] hereto or 2) I] to Paper No./Mai| Date .

(b) |:| including changes required by the attached Examiner’s Amendment/ Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.1 21 (d).

7. [j DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 Attachment(s)
1. El Notice of References Cited (PTO-892) 5. E] Notice of Informal Patent Application (PTO-152)

2. I] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. IX Interview Summary (PTO-413),
Paper No./Mai| Date 3/11/04 .

3. [2| Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [:l Examiner's Amendment/Comment
Paper No./Mai| Date 1/23/04

4. El Examiner's Comment Regarding Requirement for Deposit 8. El Examiner‘s Statement of Reasons for Allowance

of Biological Material 9. C] Other .

US. Patent and Trademark Office

PTOL-37 (Rev. 1-04) Notice of Allowability
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Application/Control Number: 10/167,851 Page 2

Art Unit: 2837 »

REASONS FOR ALLOWANCE

1. The following is an examiner’s statement of reasons for allowance. The

application is allowed based on provided amendment after final office action and further

search.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably

accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance."

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Rita Leykin whose telephone number is (571)272-2066.

The examiner can normally be reached on Monday-Friday 8:30-6:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Robert Nappi can be reached on (571)272—2071. The fax phone number for

the organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

I eykin
_ [A

/ ¢ 4/

Business Center (EBC) at 866-217-9197 (toll-free).
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Applicant(s)

JONES ET AL.

Application No.

10/167,851

Examiner Art Unit

Rita Leykin 2837

All participants (applicant. applicant’s representative, PTO personnel):

Interview Summary

 

 
 

 
 

(1 ) Rita Leykin. (3)Mr.A Weinstein.

(2) Mr. Jacobs. (4).._-  
Date of interview: 3/11/04.

 
Type: a)E] Telephonic b)l:] Video Conference

0). Personal [copy given to: 1)I:l applicant 8% applicant’s representative]
 

  
 
 

 

Exhibit shown or demonstration conducted: d)|Z Yes e)|:] No.
If Yes, brief description: robot in claimed modes of ogeration,

 

 

 
 

CIaim(s) discussed: 1,37 and 42.

Identification of prior art discussed:

Agreement with respect to the claims DIX] was reached. g)l:l was not reached. h)D N/A.

  
 
 

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Aggiicant suggested to amend the above claimes in order to include the clarification
of robot movement "in obstacle following modeI the robot travels adiacent to an obstcle for a distance at least twice
the work width of the robot". Additional search will be grovided..

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.) 

  

 
 
 
  
 

 THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE

INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN ONE MONTH FROM THIS INTERVIEW DATE. OR THE MAILING DATE OF THIS INTERVIEW SUMMARY

FORM, WHICHEVER IS LATER, TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See

Summary of Record of Interview requirements on reverse side or on attached sheet.

 Examiner Note: You must sign this form unless it is an
Attachment to a signed Office action.

U.S. Patent and Traderrark Ofl'lce

PTOL-413 (Rev. 04-03)
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP). Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any Iace-to-face. video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 lntervlews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 USC. 132)

37 CFR 512 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for Miich interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like. are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
"Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate. the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
— Application Number (Series Code and Serial Number)
— Name of applicant
— Name of examiner
— Date of interview

— Type of interview (telephonic, video-conference, or personal)
— Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any Interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK" on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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lndude copy of this form with next communication to applicant. ‘Appilcant's unique citation designation number (optional). zSee lands Codes of USFTO Patent Documents at
Wor MPEP 901.04. ’Enter Office that Issued the document. by the two-letter code (wwo Standard 5113). ‘For Japanese patent documents, the Indication of the
year of the reign of the Emperor must precede the serial number of the patent document. ’iflnd of document by the appropriate symbols as indicated on the document under
wrPo Standard St. 16 if possible. “Applicant Is to place a check mark here If English language Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information Is required to obtain or retain a benefit by the DUWC Whldi IS ‘0 file (am1 by the USVTO to
process) an application. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, indudlng gathering, preparing,
and submitting the completed application form to the USPTO. ‘iirne will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden should be sent to the Chief information otficer, US. Patent and Trademark Office, 0.5- Department Of Commerce,
Washington, DC 20231. DO NOT SEND FEES 0R COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commlssloner for Patents, Washlngt'nn, DC 20231.
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GESMER UPDEGRUUE LLP Fax261?-350-68?8 Mar 12 2004 10:4? P.01

- ,1"

RECEIVED
CENTRAL FAX omen

'IN THE UNITED STATES PATENT AND TRADEMARK OFFICE MA“ 1' 2 70114

Applicants: Joseph L. Jones et al. , . . Examiner: Rita Leykin OFSerial No.: 10/167,851 ' Art Unit: 2837 ”CM:
Filed: June 12, 2002

Title: Method and System for Multi-Mode

Coverage for an Autonomous Robot

Atty. Dkt: DP-S US

#*******##t*##u*******tot**w***t**#*t******kt*t:t****t***$$*********t******

Certificate of Facsimile Transmission

I hereby certify that this correspondence is being transmitted via facsimile, on this date,
March 12,‘ 2004, to: Commissioner for Patents, Mail Stop Amendment After Final,
Alexandria, VA 22313. Hutu-m7 12. m. “-103- 8?-;z—qzoe 69m)

”Paul i» 4‘23ng Q2 éfifdé
Name of Pers n Sending Fax Signa e ~
**********t***#t****t*******t*******#***#***1tx¥tttt$$ttt¥*ttt****mwto***#4

Commissioner for Patents
PO. Box 1450

Alexandria, VA 22313-2450

AMENDMENT AFTER FINAL OFFICE ACTION ‘37 CFR 1.11611)”

Sir:

In. response to the Final Office Action mailed December 29, 2003 and an in-person

interview between and among the undersigned, Mr. Glen Weinstein, Esq. and Examiner

Leykin on March 1 1., 2004, please amend the above-identified application as follows to place

this application in condition for allowance.

1
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GESMER UPDEGRDUE LLP Fax:61?-350-68?8 Mar 12 20011 10:4? P. 02

Amendments to the Claims

Please amend the claims, without prejudice, as follows, wherein underlining identifies

added material and strikethroughs identify deleted material:

Listing of Claims:

1. (Currently Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor; i

(c) and a control system operatively connected to said obstacle detection sensor and

said means for moving;

(d) said control system configured to operate the robot in a plurality of operational

modes and to select from among the plurality of modes in real time in response to signals

generated by the obstacle detection sensorI said plurality ofoperational modes comprising: a

spot-coverage mode whereby the robot operates in an isolated area, an obstacle following

mode whereby said robot travels adjacent to an obstacle, and a bounce mode whereby the

robot travels substantially in a direction away from an obstacle after encountering the

obstacle, and wherein, when in the obstacle following mode, the robot travels adiacent to an

obstacle for a distance at least twice the work width of the robot.

2. (Original) A mobile robot according to claim 1 in which said control system is

configured to operate first in said spot—coverage mode, then alternate operation between said

obstacle following mode and said bounce mode.

3. (Original) A. mobile robot according to claim 2 in which said spot-coverage mode ,

comprises substantially spiral movement.

4. (Previously Amended) A mobile robot according to claim 2 in which the control

system is configured to return to said spot-coverage mode after a predetermined traveling

distance. I ‘ _

5. (Previously Amended) A mobile robot according to claim 2 in which the control

system is configured to return to said spot-coverage mode after a predetermined elapsed time.

6. (Previously Amended) A mobile robot according to claim 2 in which the control

system is configured to return to said spot-coverage mode if the average distance between

obstacle interactions is above a predetermined threshold.

2
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7. (Original) A mobile robot according to claim 1, whereby said obstacle detection

sensor comprises a tactile sensor.

8. (Original) A mobile robot according to claim 7, whereby said obstacle detection

sensor further comprises an IR sensor.

9. (Previously Amended) The mobile robot according to claim 1, whereby said.

obstacle following mode comprises alternating between decreasing the turning radius of the

robot as a function of distance traveled such that the robot turns towards the obstacle until the

obstacle detection sensor detects the obstacle, and decreasing the turning radius of the robot as

a function of distance traveled such that the robot turns away from the obstacle until the

obstacle detection system no longer detects the obstacle. I

10. (Previously Amended) The mobile robot according to claim 1, whereby the robot

operates in said obstacle following mode for a'distance greater than twice the work width of

the robot and less than approximately ten times the work width of the robot.

. 11. (Previously Arnended) The mobile robot according to claim 10, whereby the

robot operates in said obstacle following mode for a distance greater than twice the work

width of the robot and less than five times the work width of the robot.

12. (Original) The mobile robot according to claim 1, fimher comprising a means for

manually selecting an operational mode.

13. (Currently Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

1 . (c) and a control system operatively connected to said obstacle detection sensor and
said means for moving;

(d) said control system configured to operate the robot in a plurality of operational

modes and to select from among the pluralig of modes in real time in response to signals

generated by the obstacle detection sensor, said plurality of operational modes comprising: an

obstacle following mode whereby said robot travels adjacent to an obstacle for a distance at

least twice the work width of the robot, and a bounce mode wherebythe robot travels

substantially in a direction away from an obstacle alter encountering the obstacle;

(e) whereby said control system is configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions.

3
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14. (Original) A mobile robot according to claim 13, wherein said predetermined

number of sensor interactions is randomly determined.

15. (Original) A mobile robot according to claim 13, wherein said predetermined

number of sensor interactions is between approximately 5 and approximately 15.

16. (Original) A mobile robot according to claim 13, wherein said control system is

configured to alternate into said bounce mode after the robot travels a predetermined distance

in said obstacle following mode. .

17. (Original) A mobile robot according to claim 13, wherein said control system is
configured to alternate into said bounce mode upon either the robot has traveled a maximum

distance or the robot has traveled a minimum distance and an obstacle has been encountered.

18. (Original) A mobile robot according to claim 17, wherein said minimum distance
is at least 115 cm.

19. (Original) A mobile robot according to claim 18, wherein said maximum distance

is less than 520 cm. .

20. (Original) A mobile robot according to claim 13, wherein the control system

alternates operational modes based on the distance traveled by said robot.

21. (Previously Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

(c) a control system operatively connected to said obstacle detection sensor and

said robot moving means; and wherein V

(d) said control system is configured to operate the robot in a plurality of

operational modes, said plurality of operational modes including an obstacle following mode

wherein the robot travels adjacent to an obstacle, and a bounce mode wherein the robot travels

substantially in a direction away from an obstacle after encountering the obstacle;

(c) said control system being further configured to alternate into said obstacle

following mode afler a predetermined number of sensor interactions; and

(t) a means for determining a level of clutter associated with the surface over

which the robot moves.

4
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22. (Original) A mobile robot according to claim 2], wherein said means for

determining the level of clutter comprises tracking the number of interactions with obstacles

over time. i i

23. (Original) A mobile robot according to claim 22, fitrther comprising a means for

imputing the approximate area of the surface, wherein said means for determining the level of

clutter further relates to the approximate area of the surface.

24. (Original) A mobile robot according to claim 22, wherein the level of clutter is .

correlated to the frequency at which the controller alternates operational modes.

25. (Previously Amended) A mobile robot according to claim 21, wherein the level of

clutter is positively correlated to a minimum obstacle following distance.

26. (Previously Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) > an obstacle detection sensor; and

(c) a control system operatively connected to said obstacle detection sensor and

said robot moving means; and wherein

((1) said control system is configured to operate the robot in a plurality of

operational modes, said plurality of operational modes including an obstacle following mode

wherein the robot travels adjacent to an obstacle, and a bounce mode wherein the robot traVels

substantially in a direction away from an obstacle after encountering the obstacle;

(c) said control system being further configured to alternate into said obstacle

following mode after a predetermined number ofsensor interactions; and further

(f) wherein the control system alternates between said operational modes based

upon a lack of sensor input.

27. (Original) A mobile robot according to claim 1, wherein said control system

further comprises memory wherein an operational system program is stored, said operational

system program comprising a plurality of behaviors and an arbiter to select which behavior is

given control over the means for moving.

28. (Original) A mobile robot according to claim 27, further comprising an escape ‘

behavior.
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29. (Original) A mobile robot according to claim 28, wherein said obstacle detection

sensor comprises a tactile sensor, and wherein said escape behavior comprises operating in

said obstacle following mode.

30. (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by the rate of a motor stall event.

31. (Original) A mobile robot according to claim 30, wherein said escape behavior is

triggered by an increase in said rate of a motor stall event.

32. (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by the duration of sensor input.

33. (Original) A mobile robot according to claim 28, wherein said escape behavior

comprises shutting off the robot.

34. (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by a lack of sensor input.

35. (Original) A mobile robot according to claim 13, further comprising a cliff

detector, whereby said control system is configured to reduce the robot’s velocity upon

detection of a cliff.

36. (Currently Amended) A mobile robot [according to claim 13, further]

comprising; i ‘

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

(c) and a control system operatively connected to said obstacle detection sensor and

said means for moving; . .

(d) said control system configured to operate the robot in a plurality ofmodes, said

plurality ofmodes comprising: an obstacle following mode whereby said robot travels

adjacent to an obstacle, and a bounce mode whereby the robot travels substantially in a

direction away firom an obstacle after encountering the obstacle;

(e) whereby said control system is configgred to alternate into said obstacle following

mode after a predetermined number of sensor interactions, and further comprising:

(Q a wheel drop sensor, whereby said robot utilizes the rate ofwheel drop sensor

events as input to said control system.

6
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37. (Currently Amended) A method of controlling a mobile-robot equipped with a

sensor for detecting an obstacle, said method comprising the-steps of:

a. moving in a spiral running motion;

b. discontinuing said spiral running motion afier the earlier of sensing an

obstacle or traveling at predetermined distance;

c. running in a substantially forward direction until an obstacle is

detected;

d. turning and running along the detected obstacle for a distance at least

twice the work width of the robot;

e. turning away from the detected obstacle and running in a substantially

forward direction; and

f. thereafter repeating said step of nmning along a detected obstacle and

said step of turning away from the detected obstacle,

wherein changes in movement are selected in real time in response to any

of calculated distance or sigals generated by the sensor.

38'. (Original) The mobile-robot steering method according to claim 37,
further comprising the step of repeating the spiral running motion after a

predetermined number of sensor events.

39. (Original) The mobile-robot steering method according to claim 37,

whereby the robot runs along said obstacle for at least a minimum distance but less

than a maximum distance.

40. (Original) The mobile-robot steering method according to claim 39,

whereby said obstacle sensor comprises an IR sensor able to detect said boundary.

41. (Original) The mobile-robot steering method according to claim 40,

whereby said obstacle sensor further comprises a tactile sensor.

42. (New) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

(c) a cliff sensor; and

7
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(d) a control system Operatively connected to said obstacle detection

sensor, said cliff sensor, and said means for moving;

(6) said control system configured to operate the robot in a plurality of

operational modes, said plurality ofoperational modes comprising: a spot-

coverage mode whereby the robot operates in an isolated area, an obstacle

following mode whereby said robot travels adjacent to an obstacle for a-

distance at least twice the work width of the robot, and a bounce mode

whereby the robot travels substantially in a direction away from an obstacle

after encountering the obstacle.

8 ‘
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REMARKS

The present Amendment, responsive to the Final Office Action mailed December 29, .

2003 and an in-person interview between and among the undersigned, Mr. Glen Weinstein,

Esq. and Examiner Leykin on March 11, 2004, is believed to place all claims in this

application in condition for allowance. Previously rejected claims 1, 13 and 37 are amended

to add a recitation of a distance the robot travels adjacent to an obstacle, a recitation also

included in new independent claim 42. Claim 36, which the December 29 Action indicated to

be allowable, has been amended to be in independent form.

. The Applicants respectfully submit that the claims, as amended herein, are patentably

distinguishable over the cited references and in condition for allowance.- The Examiner is

therefore respectfully requested to allow the claims and pass the application through to , V

issuance. Should any questions arise, the Examiner is respectfully invited to contact the

undersigned.

Respectfully submitted,

//a
David A. Jacobs

Reg. No. 31,770

Gesmer Updegrove, LLP
40 Broad Street

Boston, MA 02109

Tel: (617) 350-6800
Fax: (617) 350—6878
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esp@cenet document View Page 1 of 1

SELF-PRQPELLEI CLEANER

Patent number: JP2002204768

Publication date: 2002-07-23

Inventor! HAJI MASAYO; OKUBO HIDEO; YKMAGUCHI SEIJl;
YABUUCHI HIDETAKA; TAKAGI YOSHIFUMI; YASUNO
MiKI

Applicant: MATSUSHITA ELECTRIC IND CO LTD
Classification:

- international: A47L9/28
- european:

APPllcatlon "Willie": JP20010004657 200101 12

Priority number(s):

Abstract of JP2002204768

PROBLEM TO BE SOLVED: To solve the El
problem of difficulty in previously determining a
movement route as if to cover an entire

cleaning area.

SOLUTION: When moving a body 1 all over a
square cleaning area surrounded by vertical
lines and horizontal lines, the body 1 is made
to wind its way between opposing vertical
lines. For this winding, a clearance between a

forward winding route and a backward winding
route is set so as to leave some parts
uncleaned and the cleaner may move all over
a wide area in a short time. The body 1
changes the course and travels windingly on
opposing horizontal lines, moves from the left

to the right in a cleaning area. With the
progress of winding travel, finally the body 1
hits against the right vertical line and hindered
from progressing. In this case, the direction of

departing from the right vertical line, namely, it
makes a turnabout leftwards. The body
windingly travels between the opposing right
and left vertical lines and moves horizontally in
the cleaning area. Thus. the body is moved in
the cleaning area as if to cover the entire area.
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Japanese Kokai No. 2002-204768
Title of the Invention: Autonomous Cleaner

Publication Date: July 23, 2002

Application No. 2001—4657

Filing Date: January 12, 2001

Applicant: Matsushita Electric Industrial Co., Ltd.

Claims 1, 3, 7, and 8 of JPP ‘768 read as follows.

<Claim 1> An autonomous cleaner comprising a cleaning means provided in a

main body, for removing dust on a floor surface traveling means for moving the main
body, a travel direction changing means for changing the direction ofmovement of the

main body, and a movement control means for controlling the movement of the main

body by controlling the traveling means and the travel direction changing means, wherein

said movement control means performs a wide area movement control in which the main

body moves in a zigzag fashion between opposed area lines defining an area to be

cleaned, and if the movement of the main body in the zigzag fashion is obstructed, the

direction of the movement of the main body is changed to a direction away from the area

line which obstructs the zigzag movement of the main body.

<Claim 3> An autonomous cleaner according to any one of claims 2, further

comprising a dust detecting means for detecting the amount of dust to be cleaned by the

cleaning means, said movement control means being provided with a pattern movement

control in which if the dust detecting means detects a larger amount of dust than a

predetermined value during the wide area movement control, the main body is moved in

accordance with a predetermined pattern.

<Claim 7> An autonomous cleaner according to any one of claims 3 through 5,

wherein in the pattern movement control of the movement control means, the main body

is moved spirally from the inside to the outside.

<Claim 8> An autonomous cleaner according to any one of claims 2 through 7,

wherein the obstacle detection movement control includes a plurality of movement

patterns.
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JP7295636A2: CONTROLLER FOR TRAVELING OF CLEANING ROBOT

AND CONTROL METHOD THEREFOR

t Movement controller of robot cleaner - has movement

erception unit to detect separation distance and transit
phase angle based on which robot cleaner moves in normal

rbit |Derwent Record]
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CONSTITUTION. This controllerIS provided with an

obstacle sensing means 3 that senses the presence of an
obstacle and the distance up to the obstacle with a navigation
sensor when the cleaning robot runs on a wall face. a drive

state sensing means that uses a navigation sensor and an
ultrasonic wave sensor to sense a distance of the cleaning
robot from the wall face and the drive angle when the

obstacle sensing means 3 indicates the absence of the
obstacle, and a drive control means that adjusts a force of left

right side power wheels by the parting distance and the drive
angle sensed by the drive state sensing means so that the
cleaning robot is driven on a normal track along the wall face.
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Japanese Patent No. 3,375,843

Title of the Invention: Autonomous Traveling Method for Robot and Control Apparatus
for Autonomous Robot

Publication Date: November 29, 2002

Application No. 9-29768

Filing Date: January 29, 1997
Kokai No. 10-214114

Kokai (First Publication) Date: August 11, 1998

Assignee: Honda Motor Co., Ltd.

<Claim 1> An autonomous traveling method for a robot, in which the movement

of a mobile robot, equipped with a sensor for detecting a boundary of an given area is

controlled in said area, wherein

a spiral running motion which starts from any desired location in said area is conducted

with radius of the turning motion being gradually increased;

when a distance of the robot to said boundary, detected by said sensor, is smaller than a

predetermined distance, said spiral running is stopped and a turning motion from a

forward direction through a predetermined angle in a direction away from the boundary is

conducted and then a linear running motion is conducted;

thereafter, a similar turning and a similar linear running motion are repeated whenever

said boundary is detected; and

said spiral running motion is resumed at a location spaced by a predetermined distance of

the linear running motion when the turning motion has been repeated a predetermined
number of times.
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SYSTEM AND DEVICE FOR A SELF ORIENTING DEVICE
Technical field

The present invention refers to a self orientating device,

particular a vacuum-cleaning device, and more exactly to a system

and a device for the orientation in the immediate surroundings

by means of an ultrasonic sonar system offering an advantageous

sensing of obstacles in the course of the moving autonomous
device.

Background of the invention

For many years there has been a desire to provide, for instance,

an autonomous apparatus for floor treatment, particularly a

vacuum—cleaner, which is controlled by a sensing system sweeping

around the horizon in analogy, for example, with a ship radar.

Then the desire is, that the apparatus should be able to

orientate itself in a room, such that it, for instance, will be

able to perform a cleaning function according to a predetermined

pattern or a predetermined strategy and at the same time avoid

colliding with different obstacles, which may be arranged in the
room, besides avoiding collisions with the walls of the room.

Such a system is disclosed in the International Patent Applica—
tion wo 95/26512 by the same applicant and which is expressly
incorporated here by reference.

Still the system according to we 95/26512 is rather complicated

and it additionally utilizes a number of transponder devices for

the initial orientation. These transponders are localized at a

number of points in the room to be cleaned and the transponders
are used as reference points. Another characteristic of the

system according to WO 95/26512 is the utilization of an
ultrasound transmitter placed on top of the device. This

transmitter is used both for localization of the transponders

scattered around the room and is simultaneously used as a

proximity sensing system for detecting possible obstacles near

to the moving apparatus. One disadvantage of the disclosed

apparatus is due to limited bandwidth and therefore there will
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sometimes be present "dead" sectors.

Therefore there is a desire to find an improved apparatus for

automatic polishing or vacuum—cleaning presenting an even better

ability to find a clear way when performing its operation. The

improved apparatus should also be simple and cheap to produce and

thereby be able to present an appealing price to customers.

Summary of the invention

According to the present invention a proximity sensing system and

device are provided for a self orientating device, particularly

a vacuum—cleaner, which comprises a transmitter system cheap in

production, which presents a large bandwidth, a high directivity

resulting in high sensitivity at the receiver and at the same

time constituting a very robust apparatus.

The present invention discloses a proximity sensing system and

a device for an autonomous device being provided with a pair of

motor driven wheels, the device comprising members for the

proximity orientation and guiding of the device in the form of

a microprocessor system and a proximity ultrasonic sensing system

comprising at least one transmitting member and one receiving

member and a mechanical sensing member in form of a forward

directed bumper, wherein the mechanical sensing member is

actuating at least one touch sensor if the device makes contact

to an obstacle in the course of the moving device, the transmit-

ting member is a stripe—shaped ultrasound transducer positioned
at the front of the device and transmitting ultrasonic waves with

a narrow vertical distribution within a wide sector in front of

the device, and the receiving member comprises a number of

microphone units provided with hollow pipes for the sound and

forming a input portion of a receiving system for receiving
echoes of the transmitted ultrasonic waves reflected from objects

in the forward course of the moving device.

Further objects and advantages of the present invention are set

forth by the dependent claims.
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Description of the drawings

The invention will be described in form of a preferred embodiment

by making reference to the accompanying drawings, in which:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

demonstrates a top view of an autonomous device in an

embodiment of a vacuum-cleaning robot incorporating the

present invention;

demonstrates a side view of the device of Fig. 1;

demonstrates a side view of the device of Fig. 1;

demonstrates a hardware block diagram of the device

acxmarding to Fig. 1 illustrating an embodiment in—

corporating the present invention;

shows a graph illustrating directivity of. a sonar

transducer utilized in the present system:

shows a graph illustrating directivity of a naked

microphone for a sonar system;

shows a graph illustrating the directivity of a mi-

crophone provided with hollow pipes utilized in the

present sonar system:

is a vertical cut of a microphone provided with hollow

pipes for the received sound;

illustrates build-up of a stripe—shaped transducer;

shows a simplified sonar transmitter block diagram

utilized in an embodiment of the present system;

shows a sonar receiver block diagram utilized in an

embodiment of the present system;
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Fig. 12 shows an example of received signal when no obstacle is

present; and

Fig. 13 shows an example of received signal when obstacles are

present at distances of 5 cm and 45 cm.

An illustrative preferred embodiment

General featureSv

Figure 1 illustrates in a top view an illustrative embodiment of

an autonomous vacuum—cleaning device, which by itself will move

on a floor and vacuum—clean a room. In the front portion there

is arranged an ultrasonic transmitter. The transmitter consists

of a stripe—shaped transducer 10 about 25 mm wide and a length

covering of the order 150“ of the front perimeter of the device

as illustrated in Fig. 2. As seen in Fig. 2, the stripashaped

transducer 10 is mounted above a number of microphone units 12,

which together with the transducer 10 form an ultrasonic sonar

system for the orientation of the device. The transducer is

countersinked in a forward directed, movable bumper unit 16. The

bumper 16 controls a left and a right bumper touch sensor, either

one being actuated if the bumper makes contact with an obstacle.

From Figs. 2 and 3 it will be seen that the device has two

diametrically positioned wheels 17, 18 and a third wheel 19 at

the back. The wheels 17, 18 are each independently driven by a

separate motor equipped with a gearbox. The wheels 17, 18 are

connected directly on the outgoing axis from the gearbox. The

driven wheels 17 and 18 enables the device to also rotate around

its own symmetry center. On each axis from the gearboxes

connected to the wheels 17 and 18 respectively a slotted disc and

a HP slotted disc encoder is mounted. The quadrature signals from

the slotted disc encoders are connected to a microprocessor

controlling the device. The third wheel 19 supports the back of

the device. The direction of the wheel 19 will be dependent on

the driving of the two wheels 17 and 18 as it may rotate around
a vertical shaft. The device is balanced with a slightly larger

weight on the rear half of the device, carrying for instance the

batteries, such that it will always move with all three wheels
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in contact with the floor. Due to this balancing the device may

easily climb the edges of floor carpets and the like. The balance

is also sensed by a tilt switch in the device.

In another embodiment the stripe-shaped transducer is divided

into two stripe-shaped transducers, on upper portion and one

lower portion. The number of microphone units then will be
positioned between the two portions of the sonar transmitter.

In figure 4 is illustrated a hardware block diagram of the device

according to Figures 1, 2 and 3. The hardware is essentially

built around a data processor type MC68332 from Motorola Inc. The

signals from the slotted disc encoders are connected to Timer

Processor Unit (TPU) inputs of the MC68332. The processor

(running in QDEC mode) giving position information with an

accuracy of 2000 slots per revolution controls, via respective

drivers, left and right wheel motors. The wheel motors are

separately controlled by pulse—width modulated signals of 5 kHz

generated by to more channels from the Timer Processor Unit in

the main processor. The processor also controls two additional

motors, one for the rotating brush and another for the fan

generating the necessary vacuum for the general function of the

vacuum-cleaner. Air from the fan motor is additionally in a known

manner utilized for cooling purposes and the air is exhausted at

a gilled outlet at the top of the device.

The processor is controlled by software stored in a number of

different types of digital memories for example of type FPROM,

RAM or EEPROM, which are all well known to a person familiar to

computer techniques. Communication with the control system may

be obtained through a standard RS—232 interface. Additionally the
processor has its own clocking system also known from prior art.

The system as illustrated in Fig. 4 further comprises three touch

switches, L-Bumper, R—Bumper and tilt switch, and a transmitter

and a receiver for a sonar localization sensing system, which

portions constitutes the part of the system involving the present

invention and which will be described more in detail below.
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The sonar localization system

In the illustrative embodiment the obstacle detection subsystem

consists of an ultrasonic sonar and a bumper. The sonar is used

for detection of obstacles in the path of the moving device,

pinpointing the exact location of the nearest obstacle and

sensing the presence of a floor. There is a semicircular

capacitance film—transducer mounted on the perimeter of the

device, together with three microphones, for detecticnxof objects

having an essentially vertical_profile. For sensing floors and

staircases there are additionally two piezoelectric beepers

mounted in front of the two driven wheels, facing downwards,

together with two additional microphones- The bumper has two

touch switches, one for each side, and which are used for

emergency stopping when an obstacle, still undetected by the

sonar, has been hit.

The physical stripe—shape of the transducer gives it a beam

pattern with a wide horizontal distribution, while the vertical

distribution is rather narrow. A typical beam pattern for a 45

degree transducer is shown in Fig. 4 and demonstrates a pro-

nounced narrowed pattern between —10° to +10° in the forward

elevation angle. The use of a distributed sound source will

minimize eventual dead zones and at the same time facilitate an

easier detection in a near zone where an obstacle exists.

Utilizing an omni-directional source implies that a part of the

localization must be performed by triangulation which in turn

implies that all microphone channels must have the same response

and that the object to be located must preferably reflect equally
in all directions.

An available transducer type is a single sided electrostatic

transducer of Sell type, which works by electrostatic attraction.

Fig. 9 shows a build up of a Sell transducer which comprises an

electrically conducting corrugated back-plane 30 which is

generally acoustically transparent, for instance in form of a
wire mesh. The corrugation sets the air gap 32 and thereby both

the transmitter sensitivity and its maximum emitted intensity.
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The other electrode 34 consists of a3 movable film which is

metallized on the side not in contact with the corrugated back—

plane 30. In the preferred embodiment the stripe-shaped transduc—

er 10 is formed by first attaching a corrugated copper film to

the perimeter of the inner basic curved structure and on top of

the corrugated copper film a plane insulated conductive film

forming the moving part of the stripe-shaped electrostatic

transducer. Thus the insulation of the conductive film is facing

the corrugated copper film. The corrugated copper film has an

adequate waffle pattern. Note that this preferred device is

intended to transmit in the opposite direction compared to the

general Sell type demonstrated in Fig. 9. In front of the

transducer is additionally placed a protective wire mesh at a

rectangular opening along the perimeter of the bumper 16,

covering a forward angle of the order 150°. Thus the corrugated

film constitutes one electrode and the insulated conductive film

the other electrode of the transducer. The transmitter will be

non-linear which implies that it rectifies an applied AC signal

if a biasing voltage is not applied together with the AC signal.

Documentation on Sell transducers is for instance found in IEE

Transactions on Ultrasonics, Ferroelectrics and Frequency

Control, #1 Vol 42, Jan 1995, which is expressly incorporated

here by reference. The utilized transducer will be further

described below.

The other important parts of the sonar system are the micropho-

nes. The microphones are mounted behind an arrangement of two

vertically aligned hollow pipes for the sound in order to give

them a desired directivity. In Fig. 6 is demonstrated the

horizonal and vertical directivity of a microphone suitable for

a sonar system. The diagram plots the generated relative voltage

in a vertical plane -100° to +100° and similarly in a horizontal

plane —100° to +100“. The directivity of a naked microphone is

almost omni—directional, as indicated by the diagram of Fig. 6.

Introducing the vertically aligned horizontal hollow pipes or

tubes together with the already obtained narrow vertical
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distribution of the transmitter, echoes from the floor as well

as from sharp edged carpets etc., will be heavily suppressed.

Fig. 7 demonstrates the directivity for a microphone provided
with two vertically aligned horizontal hollow tubes, or pipes,

in a diagram similar to the diagram shown in Fig. 6. with the

scund pipes the directivity in the vertical plane is greatly

improved as can be seen in the 'diagram. This gives a much

simplified detection of objects in the near zone, where echoes

from the floor and the device itself are strongest.

Fig. 8 demonstrates a cross section of a microphone unit 12 with
two hollow sound pipes. In the present embodiment the two pipes,

12a and 12b have a diameter of 2.5 mm and a center distance of

4.25 mm. The total diameter of the microphone unit is of the

order 8 mm and the depth about 12 mm which means that the

microphone element 120 is countersinked about 6mm into the
microphone unit.

Detailed description

The Motorola central processor unit MC68332 directly generates

the necessary pulse train to drive the transmitter. Since the

transducer element is rectifying, the frequency of the generated

sound is twice the frequency of the input signal. Fig. 9

illustrates a simplified block diagram of the sonar transmitter

utilized in an preferred embodiment of the present system. In the

presently preferred embodiment of the present invention the
signal consists of three periods of 20 kHz with a duty cycle of
40% generated from channel 0 of the Timer Processor Unit (TPU),
which is running in a Position-Synchronized Pulse Generator (PSP)

mode. The time reference is determined by channel 1 running in

Period Measurement with Additional Transition Detection (PMA)

mode. (Further information on PSP and PMA is found in Application

Notes TPUPN14/D and TPUPNlSA/D). PMA requires a clock connected

to EZCLK input and an input signal with evenly spaced pulses,

plus an additional pulse at a specified point. This signal is
generated by the PCSO signal from the Queued Serial Module (QSM),
also an integrated device in the MC68332 CPU. Frequency and duty
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cycle of the transmitted burst can be varied by changing the

programming of the PSP function. Burst length (number of pulses)

is controlled by changing the programming of the PCSO signal from

QSM. All this is done in a software module (not shown) which will

be obvious to a person skilled in the art.

In Fig. 10 is illustrated that the signal from the MC68332 CPU

is output to a field effect switch, FET, having its source

electrode connected to ground and via a transformer is driving

the stripe-shaped ultrasound transducer. A primary 12 volts

supply to the drain electrode of the field effect transistor,

which keyed on its gate by the CPU MC68382, generates pulses of

about 600 Vpp in the secondary winding of the transformer. The

capacitance of the transducer and the inductance of the secondary

winding form a parallel resonance circuit tuned to the operation

frequency of the ultrasonic transmitter.

The receiver demonstrated in a simplified receiver block diagram

in Fig. 11 uses an analog multiplexer to select one of the three

main microphones 12 or an extra side microphone (not shown in the

diagram) for a wall tracking, (or one of the two floor sensing

microphones in front of the driven wheels 17, 18), as input to

a bandpass—filter followed by an envelope detector. The micro-

phones in the present embodiment are connected to individual

amplifiers of about 40 dB gain. The bandpass—filter of the

present embodiment is a 6 pole filter having a bandwidth of 15

kHz centered at 40 kHz and a filter gain of about 40 dB. The

envelope detector like the preamplifiers and the bandpass—filter

constitute a standard configuration well known to a person

skilled in the art. The signal from the envelope detector is then

fed to a 12 bit serial A/D~converter, under control of the QSM.

Samples are stored at a rate of 40 kilosamples per second,

starting one millisecond before and ending twentyfour millisec—

onds after the transmitted ultrasonic burst. Clocked by A/D

transfers the QSM outputs the peripheral chip selects PC80 and

PCSl. PCSl is issued at positions number‘ eight and sixteen.

triggers an interrupt to the main CPU, indicating that there are
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eight samples ready in the QSM receive registers. The QSM can

hold sixteen received samples, corresponding to sixteen command

words that control the transfer. After sixteen command words the

QSM wraps back and restarts the command sequence. In this way the

QSM synchronizes A/D conversions autonomously, interrupting the

CPU (through TPU channel 2, in Discrete Input Output (DID) mode),

only when necessary. When the CPU has received all expected

samples, the QSM is disabled. PCSO is issued at samples number

one and nine, giving the base clock for the PMA function. An

additional pulse is the programmed at a desired position

somewhere in between, (in this case at sample number six), to

identify' the "additional" transition. This triggers 'the PSP

function in channel 0 to start the burst that generates the

sound. The burst is only generated once per reception cycle and

perfectly synchronized to the receiver A/D sampling clock, making

it easy to correlate a sample number to an exact time relative
to the transmitted burst.

Analyzing received data

The received raw data is divided in three parts used for

different purposes. First the background noise level is cal-

culated by using the data sampled before the burst is trans—

mitted. Then the near zone is analyzed. The near zone in the

present embodiment is the range from the perimeter of the device

and up to about thirteen centimeters away, corresponding to about

750 microseconds. In this time window the received signal is

heavily contaminated by echoes from the floor and from the device

itself. In order to distinguish any obstacle in this region, a

typical decay pattern for each microphone is maintained and

subtracted from the received signal- In Fig. 12 is illustrated

the relative echo amplitude for a microphone of the present

embodiment with no obstacle present. In Fig. 13 is illustrated

the relative echo amplitude of the same microphone with obstacles

at distances 5 and 45 cm. After substraction of the typical decay

pattern the remaining peaks are compared to a fixed threshold

and, if above this preset threshold, considered to be represent—

ing an obstacle. Last, the zone beyond the near zone is scanned
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for peaks above a fixed threshold and offset by the calculated

background noise level.

The exact location of an obstacle is not known by only using the

information from each microphone since the detected object could

be located anywhere on en ellipsis. To pinpoint the exact

location of the nearest obstacle trigonometry is used in a

standard geometrical way apparent to a person skilled in the art.

Only the distance and angle to the nearest obstacle is calculated

due to the complex mathematics that must be performed in real

time. Also this is only done when travelling at low speed or

stopped.

When traveling at high speed, the information from the different

microphones is uses as is, to get an approximation of the

distance to obstacles, and then switch to low device speed when

obstacles are close enough.

Navigation

Normally the device moves in a straight line until an obstacle

is encountered. If no obstacle is detected within 40 cm from the

front, or 10 cm from the sides, high speed is used. High speed

for the present embodiment corresponds to about 40 cm/s. If any

obstacle is seen within this section, low speed is used. Low

speed is then set to about 14 cm/s. Detection of an obstacle

within a distance of a few centimeters causes the device to stop.

After stopping, the closest obstacle is checked and the angle to

the object is used as argument for calculating a new direction

for travel. If the obstacle is found far out on either side, a

small base angle is used. On the other hand, if the hit is

straight ahead, a base angle of 60 degrees is used. To the base

angle, a random angle of up to 60 degrees is added. In this way

the autonomous device can find its way through a narrow passage

with small turns and still bounce efficiently between bare walls.

The distance between stops and the number of turns is monitored

so that the "free run mode" switches into "stuck, breakout mode"

if the travelled distance does not exceed a set minimum after a
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number of turns. Actually hitting anything "unseen" by the sonar

and detected only by the bumper touch sensors causes the device

to first backoff a few centimeters, and then continue as if the

object is sensed on the corresponding side.

When the device has detected that it does not travel far enough

between stops, it changes strategy into constantly turning and

sensing the environment until a free passage is found or a full

circle is covered. If after traveling a short distance another

obstacle is detected the same procedure is repeated, continuing

turning in the same direction. When a minimum distance is

traveled without hitting a new obstacle, "free run mode" is

reentered. On the other hand, if the device continues to find

obstacles, it is turned off after a number of turns.

Normally when in the "stuck, breakout mode" the device switches

off all other activities like for instance the rotating.brush and

the fan producing the vacuum, unless the airstream from this fan

is needed for the cooling of the device circuitry as controlled

by temperature sensors.

When performing a cleaning task the device starts by tracking the

walls defining the room. In the preferred embodiment there are

four sonar microphone units in the bumper below the ultrasonic

transmitter. Three microphone units are used for the forward

navigation while a fourth microphone unit placed at the right

side of the bumper takes care of the wall tracking. After the

general investigation of the room by doing a wall tracking round

the room the device starts the cleaning operation in a random

manner and will go on until it estimates that it has covered all

the accessible surface.

For a random number generation a standard pseudo—random number

generator of the congruental type is used. As seed an 11 bit

random number is used in order to use different sequences each

separate run. This random number is generated by using-the least

significant bit of the A/D converted value from each of the 11
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analog inputs.

It will be understood by those skilled in the art that various

modifications and changes may be made to the present invention

without departure from the spirit and scope thereof defined by

the appended claims.
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CLAIMS

1. A proximity sensing system for an autonomous device

being provided with motor driven wheels (17, 18) for carrying out

a specific cleaning function, said device comprising members for

the orientation and guiding of the device by means of a micropro-

cessor system forming a proximity sensing system which comprises

at least one transmitting member and one receiving member and a

mechanical sensing member (16) in form of a forward directed

bumper, characterized in that

said transmitting member is a stripe-shaped ultrasound

transducer (10) positioned at the front perimeter of the device

and transmitting ultrasonic waves with a narrow vertical

distribution within a wide sector in front of the device,

2. The system according to claim 1, characterized in that said

transmitting member is a semicircular capacitance film-transducer

(10) mounted on the perimeter of the device together with said

receiving member having at least three ultrasonic microphone
units.

3. The system according to claim 2, characterized in that said

transmitting member is divided into two portions presenting an

upper stripe—shaped ultrasound transducer and a lower stripe-

shaped ultrasound transducer having between them the receiving

member.

4. The system according to claim 2 or 3, characterized in that

said transmitting member is countersinked in the front portion

of the device to further limit the vertical distribution of

transmitted and received signals.

5. The system according to claim 1 or 3, characterized in that

said receiving member comprises a number of microphone units (12)

provided with hollow pipes (12a, 12b) for the sound to further

improve the directivity pattern for each microphone unit.

6- The system according to claim 5. characterized in that
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said hollow pipes (12a, 12b) of the receiving microphone units

are aligned vertically in respect to each other to produce an

improved directivity in the vertical plane.

7. The system according to claim 5, characterized in that a

further microphone unit (12) is pointed to one side of the device

to be used in a wall tracking operation.

8. The system according to claim 2 or 3, characterized in that

said transmitting member during each repeated transmission

transmits a sequence of closely spaced pulses, the echoes of

which will be integrated into one sampled reflection at a

specific reflection distance by said receiving system.

9. The system according to any of the previous claims, charac—

terized in that said mechanical sensing member (16) is actuating

at least one touch sensor if the device makes contact to an

obstacle in the course of the moving device,

10. A device for navigation of an autonomous device being

provided with motor driven wheels (17, 18) for carrying out some

specific cleaning function, said device comprising members for

the proximity orientation and guiding of the deVice by means of

a microprocessor system and a proximity sensing system which

comprises at least one transmitting member and one receiving

member and a mechanical sensing member in form of a forward

directed bumper (16), characterized in that said transmitting

member is a stripe-shaped ultrasound transducer (10) positioned

at the front of the device and transmitting ultrasonic waves with

a narrow vertical distribution within a wide sector in front of
the device.

11. The device according to claim 10, characterized in that

said transmitting member is a semicircular capacitance film—

transducer mounted on the perimeter of the device together with

said receiving member having at least three microphone-units.
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12. The device according to claim 11, characterized in that

said transmitting member is divided into two portions presenting

an upper stripe—shaped ultrasound transducer and a lower stripe—

shaped ultrasound transducer having between them the receiving
member.

13. The device according to claim 11 or 12, characterized in

that said transmitting member is countersinked in the front

portion of the device to further limit the vertical distribution

of transmitted and received signals.

14. The system according to claim 10 or 12, characterized in

that said receiving member comprises a number of microphone units

(12) provided with hollow pipes (12a, 12b) for the sound to

further improve the directivity pattern for each microphone unit.

15. The device according to claim 14, characterized in that

said hollow pipes (12a, 12b) of the receiving microphone units

(12) are aligned vertically in respect to each other to produce

an improved directivity in the vertical plane.

16. The device according to claim 14, characterized in that a

further microphone unit (12) is pointed to one side of the device

to be used in a wall tracking operation.

17. The device according to claim 11 or 12, characterized in

that said transmitting member during each repeated transmission

transmits a sequence of closely spaced pulses, the echoes of

which will be integrated into one sampled reflection at a

specific reflection distance by said receiving system.

18. The device according to any of the previous claims 10 to

16, characterized in that said mechanical sensing member (16) is

actuating at least one touch sensor if the device makes contact

to an obstacle in the course of the moving device.
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{Application Or Docket Nunil)OrPATENT APPLICATION FEE DETERMINATION RECORD
Effective October I 2003  

CLAIMS AS FILED ' PAR“ SMALL ENTITY OTHER THAN
Column 1 > Column 2 ’ TYPE I 0R SMALL ENTITY

TOTAL CLAIMS 

FOR NUMBER FILED NUMBER EXTRA

TOTAL CHARGEABLE CLAIMS 4/ minus 20:
 

 
 

INDEPENDENT CLAIMS 3 minus 3 _
MULTIPLE DEPENDENT CLAIM PRESENT ‘

 
   

* II the diIterence in column I is less than zero enter ‘0” In column 2
on TOTAL —

CLAIMS AS AMENDED ~ PART ll OTHER THAN

Column l (Column (3) ‘COIIIII‘III 3; = SMALL ENTITY 0” SMALL ENTITY

 
 

  

 r'i,ai.I.I~= I -
HEMAINING NUMUEH

, AFTER F’I'IL‘I/IOLISL'I‘
AMENDMENT ' PAID For:

3 E2FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

2mm _

"I' I ONAL ‘

FEE AMENDMENTA
TOTAL

OR ADDIT FEE

= Column ‘I‘ COIUIIIII 2i Column 3 _ 

 

 
 

 
  

    
 

 
 

CUXIMS , HIGHEST = ADDL ,
CD REMAINING NUMBER rvqggm ' ,= A }
I2 AFI En IvIzrgvthjiisi, ;=.._=”_;._ T IONAL ‘l IONAL 7
w AMENDMENT I'AIDI'I‘III FEEW FEE
E - '7 7 5 T" T‘ I
Q Total 2 = i'v‘tiiius ‘ ' ‘- A_z L-H

“SJ Independent Minus / ‘
<1 OR

.OH ' ’ ‘ ‘

TOTAL—g. ‘OR ADDII FEE :

CVIUITI‘I I Column 2) (Column 3)

“ I I, Ii. ‘ HIGHEST --'--—r—'—.~—-I ' ‘ . NE.
" I RE“AI“'N‘C I I NUMBEU I T I I I AUUI‘ I I I HUD" I

  
PREVIOUISILY’ U RATE . TIONAL
‘ PAID FOR W , , FEE ,  

AMENDMENT( Independent

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
 

, II the entry in column I Is less than the entry in column 2 Write”0 in column 3. TOTAL TOT'AL
' “ It the '.'Highest Number Previously Paid For IN THIS SPACE is less than 20 enter”20" ADDIT FEE ADDITV FEE

*“II the ”Highest Number Previously Paid For IN THIS SPACE is less than 3 enter'."3

The "Highest Number Previously Paid For (Total or Independent) is the highest number foundIn the appropriate box in column I.
 

FORM PTO»875 (Rev 10/03) , Patent and Trademark Ofiice._U.S DEPARTMENT OF COMMERCE 2
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v 1/
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box I450

UNITED STATES PATENT AND TRADEMARK OFFICE  
Alexandria, Virginia 22313-1450
www.usplo.gov

APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

10/167,851 06/12/2002 Joseph L. Joncs - DP-S US 7777

27639 7590 12/29/2003 ‘ EXAMINER

iROBOT CORPORATION LEYKIN, RITA
63 SOUTH AVENUE

BURLINGTON, MA 01803 PAPERNUMBER
2837

DATE MAILED: 12/29/2003

Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. ‘ Applicant(s)

10/167,851 JONES ET AL.

‘Office Action Summary Exam". r ~ Rita Leykin

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
P riod for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however. may a reply be timely filed
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- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).
Status

I1)IZI Responsive to communication(s) filed on 03 December 2003'

2a)Xl This action is FINAL. 2b)|:] This action is non-final.

. 3)lj Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 0.0. 11,453 0.6. 213.

Disposition of Claims

4)IZI Claim(s) M is/are pending in the application. _

4a) Of the above Claim(s) is/are withdrawn from consideration.

.5)IZ Claim(s) M is/are allowed.

SHE Claim(s) 1-20 27-35 and 37-41 is/are rejected.

DE Claim(s) 16is/are objected to.

8)l:l Claim(s) are subject to restriction and/or election requirement.
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9)l:] The specification is objected to by the Examiner.
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13):] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
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Application/Control Number: 10/167,851 ' , Page 2

Art Unit: 2837

DETAILED ACTION

Response to Amendment I

This office action is in response to amendment. filed on 12/03/03. Applicant’s

arguments have been considered. However, it should be noted that examiners

responsibility is to interpret claim language as broad as possible. Unfortunately

submitted amendment'does not place the rejected claims in the allowable condition due

to the fact that operation of robot in the isolated area can be interpreted very broad. The

prior documents by Noonan et al. US # 5,204,814 and Ueno US # 6,076,025, both read

on the broad limitations of independent claims in the submitted amendment, because

both of the documents are having elements of robotic design that are claimed by the

applicant. For instance:

. Means for moving robot over a surface — in Noonan et al. presented as

drive wheels 41 in Fig. 6. And in Ueno as two motor operating caterpillar

treads 3 and 4;

. 1 An obstacle detection sensor '— in Noonan et al. presented in Fig. 2a as

sensor data detector element 8. And in Ueno as a supersonic sensors 6;

. .A control system connected to sensor and moving means also shown in

both references;

. The amendment in the independent claim calls for operation of robot in

plurality of modes, and wherein in the spot-coverage mode the robot

operates in an “isolated area”. The examiner response that “isolated area
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Art Unit: 2837

of robot operation” isa broad definition of any area having or not having

predetermined paths or boundary.

The presence all detecting elements and control device suggests the possibility of

conduction of claimed modes of operation. Wherein the exact number of modes is not

patentable subject matter.

That is why examiner maintains the rejection as follows.

1 Claim Rejections - 35 USC § 103

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
' forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made. .

2. Claims 1-7, 9, 13-15, 27-29 and 37-41 are rejected under 35 U.S.C. 103(a) as

being unpatentable over Noonan et al. US # 5,204,814 and Ueno et al. US # 6,076,025.

With respect to claims 1-3, 13, 37 and 38,‘ Noonan et'al. in Fig. 1A-1C provide

layouts of guide paths for autonomous lawn mower to cover completely bounded area.

Wherein, the guide path 1A represents a pattern for spot coverage mode. Fig. 1C

represents a pattern that is required for obstacle following mode.

With respect to claim 30—35, Noonan et al. teach that rotational indicator 17 is

monitored by the microcontroller to sense if the mover has bogged down or stalled. A tilt

sensor 21 updates the microcontroller with the angle of vehicle and senses if the vehicle

is in danger of tipping over, (see abstract and column 7, lines 16—31).

Noonan et al. do not teach a bouncing mode.
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Art Unit: 2837 '

However, Ueno et al. teach a control system for mobile robot capable of

detecting the boundary of the area to be covered, with its sensors and performs a spiral

pattern running motion, which presents the spot-coverage pattern, that is required for

controlled spot-coverage mode. Wherein, controller operates the system in such a way

that, when the distance of the robot from the boundary detected by various sensing

devices, is smaller than a preset value, the spiral running motion is canceled and

random pattern running motion is started. The random pattern running motion includes

turning from forward direction and run away from the detected boundary, (see column 2,

lines 10-53). This represents the claimed bounce mode.

In Fig. 6c, Ueno et al. also show the movement of robot in the adjacent to the

wall area. When the robot 1 comes close to the wall B, the detection signal that the

robot is at about the predetermined distance from'the wall B is outputted. This will stop

the robot in its fontvard running and turn the robot from the detected obstacle, (see

column 6, lines 45-67).

With respect to claim 13-15, 27 and 38 in Fig. 13 Ueno et al. show stored a

motion scheme based on various sensors detecting signals, (see column 9, line 67 and

column 10, lines‘ 1-5, column 11, lines 1-5). ,

With respect to claims 4, 5, 6, 10, 11, 16-20 and 39 Ueno et al. teach generating

running motion parameters, in accordance with the predetermined distances to

obstacles or length of running time, (see abstract and column 2, lines 44, 45 and

column 10, lines 36-40). Fig. 7A,B show the relationship between time and progress of

work using various parameters of running pattern motion, (see column 7, lines 23-47).
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Art.Unit: 2837 '

Also examiner would like to mention that claimed approximate distances are rather a

design choice.

With respect to claims 7, 29 and 41, Ueno et al. teach in column 3, lines 50-55

and column 4, lines 30-32, and column 10, lines14-16 the presence to the contact

senson

With respect to claims 8 and 40, according to the specification the IR sensors are

well known.

With respect to claim 9, see column 1, lines 20-27.

‘ , With respect to claim 12, examiner takes an official notice that means for

manually selecting an operational mode are well known in the art and are used in many '

different technologies.

With respect to claim730—35, Ueno et al. teach in column 11, lines 15-25 an

escape behavior control when the robot moves into a corner of the working area, by

referencing the Japanese prior document # HEI 9-42879. V I

Hence, it has been obvious to one of ordinary skills in the art, at the time

invention was made to combine teachings of. Ueno et al. and Noonan et al. provide for

robotic device capable of moving Within the sensed boundaries of an area and also

capable of escaping any collision with the detected obstacles.

The reason is to design an apparatus that will improve robot work efficiency.
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Allowable Subject Matter

3. Claims 21-26 and 36 are objected to as being dependent upon a rejected base

claim, but would be allowable if rewritten in independentform including all of the

limitations of the base claim and any intervening claims. I

4. The following is a statement of reasons for the indication of allowable subject

matter. The prior art made of record in the attached form PTO—892 considered to be

pertinent to the submitted application. However, none of the prior art teaches or suggest

in combination:

. Means for detecting the level of clutter comprising tracking the number of

interactions with obstacles over time;

. A control system that alternates between operational modes based upon a lack

of sensor input;

. A mobile robot, that further comprising a wheel drop sensor, and is utilizing the

rate of wheel drop sensor events, as an input to the control system.

Conclusion

5. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. in the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action‘ is not
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mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.i36(a) will be calculated from the mailing date of

the advisory action. In no event, however, will'the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Rita Leykin whose telephone number is (703)308-5828.

The examiner can normally be reached on Monday-Friday 8:30-6:00.

lf attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Robert Nappi can be‘reached on (703)308—3370. The-fax phone number

for the organization where this appliCation or proceeding is assigned is (703)308-5841.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is (703)308-

0956.

Rita Leykin

Primary Examiner
Art Unit 2837

Mb . . . fl}? 7/05
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22737:

THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Joseph L. Jones et a1. Examiner: Rita Leykin

Serial No.2 10/167,851 Art Unit: 2837

Filed: June 12, 2002

‘ Title: Method and System for Multi-Mode

Coverage for an Autonomous Robot

Atty. Dkt: DP-5 US

******¥******#*****************#*************************************¥**************#**

Certificate of Express Mailing

I hereby certify that this correspondence is being deposited, under 37 CFR 1.10, with the United States Postal

Service "Express Mail Post Office to Addressee", Label No. EV 118 871 270 US, addressed to: Mail Stop Non-

Fee Amendment, Commissioner for Patents, PO. Box 1450, Alexandria, VA 22313—1450, on this date,

December 3, 2003.

Sunshine Limanni gMAg/(A/MM%WVLMl/Lg 
Name of Person Mailing Signature***********************************************#**************¥*¥***************¥******

i g a
Mail Stop Non-Fee Amendment if .-. g
Commrssmner for Patents i § C, :0
P.O.Box1450 g Q {1;
Alexandria, VA 22313-2450 < — m

g 6') _ ....,- rn

e. g F?
AMENDMENT i ‘2; 53 C3

Sir: E38" 8.?t' O

In response to the Office Action mailed September 3, 2003, please arnenaithe abale-
identified application as follows.
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Amendments to the Specification

Please amend the specification, without prejudice, as follows, wherein underlining

indicates added material and strikethroughs indicate deleted material:

Add new garagzagh to gage I [after the second [ull garagzagh (alter lines 72:

FIG. 8C is a schematic illustration of the termination of the obstacle following mode

when an obstacle is encountered after the mobile robot has traveled a minimum distance.

FIG. 8D is a schematic illustration of the termination of the obstacle following mode after the

mobile robot has traveled a maximum distance.

Amendment to seventh full garagzagh 0n gage I I (Zines 20-242:

FIG. 13A is a schematic representation of the coverage pattern of a mobile robot with

only a single operational mode; FIG. 13B is a schematic representation of the coverage

pattern for a preferred embodiment of the instant invention using obstacle following and room

coverage modes; and

Amendment to last [all Qaragzagh 0n gage 21 (lines [8-2522

Spot coverage or, for example, spot cleaning allows the user to clean an isolated dirty

area. The user places the robot 10 on the floor near the center of the area gsee reference

numeral 40 in FIGS. 6A, 6B[ that requires cleaning and selects the spot-cleaning operational

mode. The robot then moves in such a way that the immediate area within, for example, a

defined radius, is brought into contact with the cleaning head 30 or side brush 32 of the robot.

Amendment to tzrst tull paragragh on page 23 (lines 7-2522

In other embodiments, the robot tracks its total distance traveled in spiral mode. T_he

Because-the spiral will deteriorate after some distance, E the centerpoint of the spiral motion

will tend to drift over time due to surface dependant wheel slippage and/or inaccuracies in the

spiral approximation algorithm and calculation precision. In certain embodiments, therefore
 

the robot may exit spiral mode after the robot has traveled a specific distance (“maximum

spiral distance”), such as 6.3 or 18.5 meters (step 240). In a preferred embodiment, the robot

uses multiple maximum spiral distances depending on whether the robot is performing an
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initial spiral or a later spiral. If the maximum spiral distance is reached without a bump, the

robot gives control to a different behavior, and the robot, for example, then continues to move

in a predominately straight line. (In a preferred embodiment, a STRAIGHT LINE behavior is

a low priority, default behavior that propels the robot in an approximate straight line at a

preset velocity of approximately 0.306 m/s when no other behaviors are active.

Amendment to tzrst paragraph on page 25 (Zines 1-8):

The movement of the robot 10 in a room 110 is shown in FIGS. 8A 8BFIG.—8. In

FIG. 8A, the robot 10 is placed along with wall 100, with the robot’s dominant side next to

 

the wall. The robot then runs along the wall indefinitely following movement path 46.

Similarly, in FIG. 8B, the robot 10 is placed in the proximity of an obstacle 101. The robot

then follows the edge of the obstacle 101 indefinitely following movement path 47.

Amendment to third @ll paragraph on page 25 (Zines 16-22):

The method used in a preferred embodiment for following the wall is detailed in FIG.

9A and provides a smooth wall following operation even with a one-bit sensor. (Here the

one-bit sensor detects only the presence ofor absence of the wall within a particular volume

rather than the distance between wall and sensor.) Other methods of detecting a wall or object

can be used such as bump sensing or sonar sensors.

Amendment to erst garagagh on page 27 (Zines [-1922

The wall follower mode can be continued for a predetermined or random time, a

predetermined or random distance or until some additional criteria are met (gg bump sensor

is activated, etc.). In one embodiment, the robot continues to follow the wall indefinitely. In

a preferred embodiment, as shown in FIGS. 8C & 8D wherein reference numeral 46 identifies

the movement of the robot, minimum and maximum travel distances are determined, whereby

the robot will remain in WALL-FOLLOWING behavior until the robot has either traveled the

maximum distance (FIG. 8D) or traveled at least the minimum distance and encountered an

obstacle fl (FIG. 8C). This implementation of WALL—FOLLOWING behavior ensures the

robot spends an appropriate amount of time in WALL-FOLLOWING behavior as compared

to its other operational modes, thereby decreasing systemic neglect and distributing coverage

329



330

to all areas. By increasing wall following, the robot is able to move in more spaces, but the

robot is less efficient at cleaning any one space. In addition, by tending to exit WALL-

FOLLOWING behavior after obstacle detection, the robot increases its perceived

effectiveness.

Amendment to last garagzagh 0n gage 27 (lines 20—262l lines [-5 on gage 28:

FIG. 9B is a flow-chart illustration showing this embodiment of determining when to

exit WALL-FOLLOWING ME) behavior. The robot first determines the minimum distance

to follow the wall (dmin) and the maximum distance to follow the wall (dmax). While in wall

(or obstacle) following mode, the control system tracks the distance the robot has traveled in

that mode (dwp). If dwp is greater than dmax(step 350), then the robot exits wall-following

mode (step 380). If, however, dwp is less than dmax(step 350) and dwp is less than elm.

gmlfistep 360), the robot remains in wall-following mode (step 385). If dw]: is greater than

dmin(step 360) and an obstacle is encountered (step 370), the robot exits wall-following mode

(step 380).

Amendment to last garaggagh on gage 30 (lines 19-26), lines [-5 on gage 31:

In a preferred embodiment, the method ofperforming the room cleaning behavior is a

BOUNCE behavior in combination with the STRAIGHT LINE behavior. As shown in FIG.

10, the robot 10 travels until a bump sensor 12 and/or 13 is activated by contact with an

obstacle 101 or a wall 100 (see FIG. 11 t. The robot 10 then turns and continues to travel. A

sample movement path is shown in FIG. 11 as line 48.

Amendment to "(iiz Situation 2" garagzagh 0n gage 35 (Zines 3-262I lines 1-2 on

gage 36:

(ii) Situation 2. (a) When the brush stall rate rises above a high threshold

and the slope is positive, the robot turns off the brush for 13 seconds and performs

large panic turn behaviors at l, 3 fl, and 7 seconds. At the end of the 13 seconds, the

brush is turned back on. (b) When the drive stall rate rises above a medium threshold

and the slope is positive, the robot performs large panic turn behaviors continuously.

(c) When the drive stall rate rises above a high threshold, the robot turns off all of the
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motors for 15 seconds. At the end of the 15 seconds, the motors are turned back on.

(d) When the bumper of the robot is held in constantly for 5 seconds (as in a side

wedging situation), the robot performs a large panic turn behavior. It repeats the panic

turn behavior every 5 seconds until the bumper is released. (e) When the robot has

gotten no bumps for a distance of 20 feet, it assumes that it might be stuck with its

wheels spinning. To free itself, it performs a spiral. If has still not gotten a bump for

10 feet after the end of the spiral, performs a large panic turn behavior. It continues

this every 10 feet until it gets a bump.

Amendment to last paragraph on page 37 (lines 19-26), lines 1-9 on page 38:

If, however, the rate is above 2400 (step 410) and the slope is positive (step 412), the

robot will run a special set of escape behaviors, shown in FIG. 12B. In a preferred

embodiment, the brush motor will shut off (step 430), the “level” is incremented by a

predetermined amount (50 to 90) (step 430), the stall time is set (step 430), and a panic

behavior (step 452) is preformed performed at 1 second (step 445), 4 seconds (step 450) and 7

seconds (step 455) since the brush shut off. The control system then restarts the brush at 13

seconds (steps 440 & 442). Level is decremented by 1 every second (steps 444). If level

reaches a maximum threshold (step 435), the robot ceases all operation (step 437). In

addition, the robot may take additional actions when certain stalls are detected, such as

limiting the voltage to the motor to prevent damage to the motor.
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FIG. 1A:
 

FIG. 3:
 

Amendments to the Drawings

Added reference numeral "2" and lead line.

Added reference numerals "12", "13", "14", "16", "21", "22", "23", and "33"

and corresponding lead lines.

FIG. 6C:
 

FIG. 9B:
 

FIG. 12B:

Added reference numeral "10" and lead line.

Deleted reference character "pr" and substituted therefor reference character

"dwp" in blocks 350 and 360.

Deleted "yes" decision emanating from blocks 435, 440, 445, 450, and 455 and

substituted "no" decision therefor.
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Amendments to the Claims

Please amend the claims, without prejudice, as follows, wherein underlining identifies

added material and strikethroughs identify deleted material:

Listing of Claims: .

1. (Currently Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;

(c) and a control system operatively connected to said obstacle detection sensor and

said means for moving;

(d) said control system configured to operate the robot in a plurality of operational

modes, said plurality of operational modes comprising: a spot-coverage mode whereby the

robot operates in an isolated area, an obstacle following mode whereby said robot travels

adjacent to an obstacle, and a bounce mode whereby the robot travels substantially in a

direction away from an obstacle after encountering an the obstacle.

2. (Original) A mobile robot according to claim 1 in which said control system is

configured to operate first in said spot-coverage mode, then alternate operation between said

obstacle following mode and said bounce mode.

3. (Original) A mobile robot according to claim 2 in which said spot-coverage mode

comprises substantially spiral movement.

4. (Currently Amended) A mobile robot according to claim 2 in which the control

system is configured to return to m spot-coverage mode after a predetermined traveling

distance.

5. (Currently Amended) A mobile robot according to claim 2 in which the control

system is configured to return to said spot-coverage mode after a predetermined elapsed time.
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6. (Currently Amended) A mobile robot according to claim 2 in which the control

system is configured to return to @ spot-coverage mode if the average distance between

obstacle interactions is above a predetermined threshold.

7. (Original) A mobile robot according to claim 1, whereby said obstacle detection

sensor comprises a tactile sensor.

8. (Original) A mobile robot according to claim 7, whereby said obstacle detection

sensor further comprises an IR sensor.

9. (Currently Amended) The mobile robot according to claim 1, whereby said obstacle

following mode comprises alternating between decreasing the turning radius of the robot as a

function of distance traveled such that the robot turns toward—said towards the obstacle until

the obstacle detection sensor detects an th_e obstacle, and decreasing the turning radius of the

robot as a function of distance traveled such that the robot turns away from said th_e obstacle

until the obstacle detection system no longer detects an th_e obstacle.

10. (Currently Amended) The mobile robot according to claim 1, whereby the robot

operates in @ obstacle following mode for a distance greater than twice the work width of

the robot and less than approximately ten times the work width of the robot.

11. (Currently Amended) The mobile robot according to claim 10, whereby the robot

operates in @ obstacle following mode for a distance greater than twice the work width of

the robot and less than five times the work width of the robot.

12. (Original) The mobile robot according to claim 1, further comprising a means for

manually selecting an operational mode.

13. (Currently Amended) A mobile robot comprising:

(a) means for moving the robot over a surface;

(b) an obstacle detection sensor;
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(c) and a control system operatively connected to said obstacle detection sensor and

said means for moving;

((1) said control system configured to operate the robot in a plurality of operational

modes, said plurality of operational modes comprising: an obstacle following mode whereby

said robot travels adjacent to an obstacle, and a bounce mode whereby the robot travels

substantially in a direction away from an obstacle after encountering an E obstacle;

(e) whereby said control system is configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions.

14. (Original) A mobile robot according to claim 13, wherein said predetermined

number of sensor interactions is randomly determined.

15. (Original) A mobile robot according to claim 13, wherein said predetermined

number of sensor interactions is between approximately 5 and approximately 15.

16. (Original) A mobile robot according to claim 13, wherein said control system is

configured to alternate into said bounce mode after the robot travels a predetermined distance

in said obstacle following mode.

17. (Original) A mobile robot according to claim 13, wherein said control system is

configured to alternate into said bounce mode upon either the robot has traveled a maximum

distance or the robot has traveled a minimum distance and an obstacle has been encountered.

18. (Original) A mobile robot according to claim 17, wherein said minimum distance

is at least 115 cm.

19. (Original) A mobile robot according to claim 18, wherein said maximum distance

is less than 520 cm.

20. (Original) A mobile robot according to claim 13, wherein the control system

alternates operational modes based on the distance traveled by said robot.
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21. (Currently Amended) A mobile robot aeserding—te—elai-m—Brfurtiaer comprising;

(apmeans for moving the robot over a surface;

(bzan obstacle detection sensor;

gc)a control system operatively connected to said obstacle detection sensor and said robot

moving means; and wherein

(d)said control system is configured to operate the robot in a plurality of operational

modes, said plurality of operational modes including an obstacle following mode wherein the

robot travels adjacent to an obstacle, and a bounce mode wherein the robot travels

substantially in a direction away from an obstacle after encountering the obstacle;

ge)said control system being further configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions; and

(Q a means for determining the a level of clutter associated with the surface over which

 

the robot moves.

22. (Original) A mobile robot according to claim 21, wherein said means for

determining the level of clutter comprises tracking the number of interactions with obstacles

over time.

23. (Original) A mobile robot according to claim 22, further comprising a means for

imputing the approximate area of the surface, wherein said means for determining the level of

clutter further relates to the approximate area of the surface.

24. (Original) A mobile robot according to claim 22, wherein the level of clutter is

correlated to the frequency at which the controller alternates operational modes.

25. (Currently Amended) A mobile robot according to claim 21, wherein the level of

clutter is positively correlated to the a minimum obstacle following distance.

26. (Currently Amended) A mobile robot comprising: aeeerding—toelaim—l—E»;

(a)means for moving the robot over a surface,-

(b)an obstacle detection sensor; and

10
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{cla control system operatively connected to said obstacle detection sensor and said robot

moving means; and wherein

(dzsaid control system is configured to operate the robot in a plurality of operational

modes, said plurality of operational modes including an obstacle following mode wherein the

robot travels adjacent to an obstacle, and a bounce mode wherein the robot travels

substantially in a direction away from an obstacle after encountering the obstacle;

(e)said control system being further configured to alternate into said obstacle following

mode after a predetermined number of sensor interactions; and further

(9 wherein the control system alternates between said operational modes based

upon a lack of sensor input.

27. (Original) A mobile robot according to claim 1, wherein said control system

further comprises memory wherein an operational system program is stored, said operational

system program comprising a plurality of behaviors and an arbiter to select which behavior is

given control over the means for moving.

28. (Original) A mobile robot according to claim 27, further comprising an escape

behavior.

29. (Original) A mobile robot according to claim 28, wherein said obstacle detection

sensor comprises a tactile sensor, and wherein said escape behavior comprises operating in

said obstacle following mode.

30. (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by the rate of a motor stall event.

31. (Original) A mobile robot according to claim 30, wherein said escape behavior is

triggered by an increase in said rate of a motor stall event.

32. (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by the duration of sensor input.
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33. (Original) A mobile robot according to claim 28, wherein said escape behavior

comprises shutting off the robot.

34. (Original) A mobile robot according to claim 28, wherein said escape behavior is

triggered by a lack of sensor input.

35. (Original) A mobile robot according to claim 13, further comprising a cliff

detector, whereby said control system is configured to reduce the robot’s velocity upon

detection of a cliff.

36. (Original) A mobile robot according to claim 13, further comprising a wheel drop

sensor, whereby said robot utilizes the rate of wheel drop sensor events as input to said

control system.

37. (Currently Amended) A method of controlling a mobile-robot equipped with a sensor

for detecting an obstacle, said method comprising the steps of:

a. moving in a spiral running motion;

b. discontinuing said spiral running motion after the earlier of sensing and

Q obstacle or traveling a predetermined distance;

c. running in a substantially forward direction until an obstacle is

detected;

d. turning and running along said th_e detected obstacle;

e. turning away from said the detected obstacle and running in a

substantially forward direction; and

f. thereafter repeating said step of running along said a detected obstacle

and said step of turning away from said the detected obstacle.
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38. (Original) The mobile-robot steering method according to claim 37, fiirther

comprising the step of repeating the spiral running motion after a predetermined

number of sensor events.

39. (Original) The mobile-robot steering method according to claim 37, whereby the

robot runs along said obstacle for at least a minimum distance but less than a maximum

distance.

40. (Original) The mobile—robot steering method according to claim 39,

whereby said obstacle sensor comprises an IR sensor able to detect said boundary.

41. (Original) The mobile-robot steering method according to claim 40,

whereby said obstacle sensor further comprises a tactile sensor.
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REMARKS

The Office Action mailed September 3, 2003 cites US. 5,204,814 (“Noonan”) and

6,076,025 ("Ueno") as bases for rejections of the claims. See Section 5 of the Office Action.

To advance the discussion of the claims, a synopsis ofNoonan and Ueno follows.

Noonan: This patent discloses an automatic, self-propelled lawn mower that employs
 

following an underminingnidepath; and (3) navigating by sensing agmalnndergmnndpath

references (emphasis added). Col. 3, lines 59-63. Noonan's lawn mower thus operates in

accordance with predetermined, deterministic pattern.

In one practice disclosed in Noonan, the stored map is maintained in the autonomous

lawn mower's computer memory as a collection of path segments represented as vectors and

arcs that describe the mower's cutting route. Col. 3, lines 63—66. The mower follows a guide

path (1, 2, 3, or 7) of wire or metal tape buried in a groove in the lawn. The navigation

control system of the mower guides the mower along the desired travel route defined by the

stored map while checking data from metal sensors (8, 10, or 23) to ensure that the vehicle is

centered on the guide path (1, 2, 3, or 7). The stored map provides information on when

guide path (1, 2, 3, or 7) following should be invoked. Col. 4, lines 23-43.

Thus, Noonan teaches a mower that follows predetermined paths, not a control system

configured to operate the robot in a combination of multiple operational modes, as in the

claims of the present invention.

Ueno: This patent discloses a mobile robot that operates using a specified sequence of
 

spiral/"random" running. Col. 6, linesl6-18. The specified sequence consists of: (1) a spiral

pattern running motion initiated from a selected spot; (2) terminating the spiral pattern

running motion and implementing a random pattern running motion, which comprises a

turning motion and then running straight forward, once a boundary is remotely detected; (3)

repeating the random pattern running motion a predetermined number of times N, each

repetition being triggered by remote detection of a boundary; and (4) re-initiating the spiral

pattern running motion once the random pattern running motion has been implemented the

predetermined number of times N. The re-injtiated spiral pattern running motion is

implemented at a location that is established by either: (a) a predetermined distance D from

the last turning motion; or (b) running straight forward for a predetermined time T from the

14
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last turning motion. Col. 2, lines 10-28. See also Abstract. This spiral/random running

pattern is then repeated. Col. 7, line 5.

Ueno specifically teaches that the random pattern running motion is run a

predetermined number of times N before the spiral pattern running motion is re-initiated.

Ueno further specifically teaches that the spiral pattern running motion is re-initiated at either

a predetermined distance D, or after a predetermined time T, from the last turning motion.

The predetermined parameters N and (D or T) must set before the robot (1) begins operations,

and the values of these parameters, N and (D or T) are determined by simulations such as

illustrated in Figs. 8A-8B and 9A-9B. Col. 7, lines 36-67, and Col. 8, lines 1-25.

Thus, Ueno teaches a device having a predetermined sequence of operation, including

predetermined spiral and "random" movement. Ueno does not teach or suggest a control

system configured to operate the robot in a combination of multiple operational modes, as in

the claims of the present invention.

Differences Over Noonan and Ueno: Ueno teaches a devices having only two

movement modes, not three as in the present claims. Moreover, in Noonan, the movement

mode is entirely predetermined by a map or guide path, much like a train running down a

track. This not only renders Noonan entirely distinguishable as a teaching, but it also renders

improper the argument that there is any suggestion of combining Noonan with Ueno. In

contrast to Noonan and Ueno, independent claim 1, for example, is directed to a mobile robot

system that has a combination of thfl operational modes -- spot, follow and bounce/random.

It is the combination of all three modes —— a combination that is not taught or suggested by

either Ueno or Noonan -- that allows the claimed robot to outperform Ueno in real world

environments that cannot be accurately run through a simulation.

Thus, while the Action appears to suggest (pp. 3-4) that Ueno teaches a bounce mode;

that Ueno teaches or suggests the claimed three-mode capability, and that Noonan teaches

multi-mode operation like that of the claimed invention, these assertions will discussed in

detail and refuted below. For example, a review ofNoonan indicates that its device has but

one mode -- that of following a preset map or guide path laid down by previous human

decision -- and in fact, cannot be said to be analogous in any way to the claimed invention,

since Noonan simply travels along its pre-set pathways. And Ueno teaches, at best, only two

of the three specific modes claimed in the present application for patent.
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