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COMBINED DECLARATION AND ASSIGNMENT FOR PATENT APPLICATIONS

Title of Invention: SYSTEMS AND METHOBS FOR ROBOTIC MAPPING

As abelow naraed inventor (hereinafter designated as the undersizgned), | hereby declare that:

This declaration is directed to the application attached hereto, If the application is not attached
bereto, the application is as identified By the attomey docket namber as set forth above andior the
following:

tLS, Applisation Serial No.; 15/340,807or
PCT {nternational Application No.:
Filed on: November 1, 2018

The above-identified application was made or authorized o he made by me. T belisve that [ am
the original inventor or an original joint inventor of a claimed invention in the application. [ have
reviewed and understand the contents of the above-identified application, including the clairas. 3
ackoowledge the duty to disclose informuation which is material to patentability as defined in Title 37,
Code of Federal Regulations § 1.56.

WHEREAS, BRAIN CORPORATION, with lis principal place of business at 9401 Waples
Street, Suite 100, San Diegp, CA 92121, its heits, successors, legal representatives and assigng
(hereinafter designated as the Assignee) is desirous of acquiring the entire right, title and interest inand to
said inventiort and incand to any Letters Pateni(s) that may be granted thersfor in the United States of
Armerica and by any foreign countries,

NOW, THEREFORE, for good and valuable consideration, the receipt and sufficiency of which
is hereby acknowledged. the undersigned has sold, assigned and transferred, and by these presents does
{do) sell, assign and transfer unto said Assignee the full and exciusive right to the said invention in the
United States of America, its territories, dependencies and possessions and the entire right, title and
intetest in and fo any and all Letters Pateni(s) which may be granted ‘therefor in the Umted States of
America, U8 territories, dependencies and possessions, and if the box: above is designated, i any and all
foreign countries; and to any and all divisions, reissues, re-examinations, contitgations, cofiversions and
extensions thereof, and provisional applicitions 1o 'which priority is claimad therefrom, Tor the Tufl term or
terms for which thesame may be granted.

The undersigned agrees to execute ail papers necessary in connection with this applicativh and
any continuing, divisional, convergion, re-exam, provisional, or reissue applications thereof and also to
execute separate assignments in connection with sush applications as the Assignee may deem necessary
or expedient,

The undersigned agrees to exceute all papers necessary in connection with any interference which
may be declared concerning this application or costinuation, division, conversion, re-exam, provisional,
or reissue thereol or Letters Patent(s) or reissue paterd issued thereon and o cooperate with the Asgignee
in every way possible in obtaining and producing evidence and proceeding with such interference.

The undersigned agrees to executg all papers and documents and to perform any act which may

be necessary in connection with claims or provisions of the International Convention for the Protection of

Industrial Property or-similar agreements.
¥ g

GAZDZINSKI & ASSOCIATES, PC
16644 West Besnardo Drive, Suite 201, San Diego, CA $2127
Telephone: {858 475-1670 - Facsimile: (838) 675-1674 - Emuil: docket@yazpat.com
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Page 2 Attorney's Docket No. BRAIN.133A/BC201608A

COMBINED DECLARATION AND ASSIGNMENT FOR PATENT APPLICATIONS

The undersigned agrees to perform all affirmative acts which may be necessary to obtain a grant
of (a) valid United States of America patent(s) or a grant of (a) valid United States of America and any
foreign patent(s) to the Assignee and to vest all rights therein hereby conveyed to said Assignee as fully
and entirely as the same would have been held by the undersigned if this Assignment and sale had not
been made.

The undersigned hereby authorizes and requests the Patent and Trademark Office Officials in the
United States of America and in any foreign countries to issue any and all Letters Patent(s) resulting from
said application or any continuing, divisional conversion or reissue applications thereof to the said
Assignee, as Assignee of the entire interest, and hereby covenants that he has the full right to convey the
entire interest herein assigned, and that he has not executed, and will not execute, any agreement in
conflict herewith.

The undersigned hereby grants the law firm of GAZDZINSKI & ASSOCIATES, PC, Customer
No. 132059, the power to insert any further identification which may be necessary or desirable in order to
comply with the rules of the U.S. Patent and Trademark Office.

The undersigned hereby covenants that no assignment, sale, agreement or encumbrance has been
or will be made or entered into which would conflict with this assignment.

The undersigned hereby acknowledges that any willful false statement made in this declaration is
punishable under 18 U.S.C. § 1001 by fine or imprisonment of not more than five (5) years, or both.

Executed by the undersigned on the date opposite the undersigned name.

LEGAL NAME OF INVENTOR
Inventor’s Name: JALDERT ROMBOUTS Date: April 13th, 2017

Signature: év

An application data sheet (PTOYAIA/14 or equivalent), including naming the entire inventive entity, must
accompany this form. Use a separate form for each inventor; or check the box below and complete the
attached page(s) to list additional inventors.

.Additional inventors are being named on the 1 supplemental sheet(s) attached hereto.

GAZDZINSKI & ASSOCIATES, PC
16644 West Bernardo Drive, Suite 201, San Diego, CA 92127
Telephone: (858) 675-1670 - Facsimile: (858) 675-1674 - Email: docket@gazpat.com
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Page 3 Attorney's Docket No. BRAIN 133A/BC201608A

SUPPLEMENTAL SHEET FOR COMBINED DECLARATION AND ASSIGNMENT

LEGAL NAME QR JOINT INVENTOR, IF ANY
inventor’s Name: BORJA IBARZ GABARDOS Date:
Signature:

LEGAL NAME OF JOINT INVENTOR, IF ANY

Inventot’s Name: JEAN-BAPTISTE PASSOT Date: S 4fi-d o i
Signature: T

(’} ey TR

¥ H
Datc: ‘z\% i h (:,‘/_}\,'?&

GAZDZINSKI & ASSOCIATES, PC
16644 West Bevnardp Drive, Suite 201, San Diego, CA 92127
Telophosne: 1858) 675-1670 - Facsimiler (8583 675-167¢ ~ Email; dockefi@gazput.com
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SUEPLEMENTAL SHEST FQR COMBINEDR DECEARATION AND ASSIGNMENT

Attomey's Docket No, BRAINDIABIII0 10054

LEGAL NAME OF JOINT INVENTOR, IF ANY
Ivendor’s Nuame: BORJIA IBARE GABARDOR

Srginatug

Shpuaiure

LEGAL NAME OF JORNT NS

INTOH, TP ANY
fnventes's MName: ANDREBEW SMITH

Higasture:

Dater

CATDIINSEE & ASEQRUISTER, 8O
s, Sisdte 28, Sun I

senarde £3

Tefephone; (S8 $78- 1878 » Fuvxipviie:

{583 7RI 87 - Eesadls dovks

R
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CTHODS FOR ROBOTIC MAPPING

i

Abstrdct ofthe Daclosues

and omethods for mbotic wmapping are disclosed. I mplary

unplomsniations, a robot can travel in an envircsunent. From ravelling in the eovivopment,

the robot o orgate @ graph comprising a phirality of nodes, wherein esch node comresponds
10 a scan taken by a sensor of the vobot at o location in the envivonment. In sovos exenyplary
imgafanmmm’\ the robot can genemate @ map of the environment frony the graph. T some
eases, o Golitate map gensration, the robot can congdrain the \*..ra;}ii}. toostart and end af 2
substartially gaular focation. The rabot can alse perfirm soan mucling on extongdded soan

groups, detenmmed from wdertifving ove chween seans, 1o further deterniine the odation

of features i 3 map,

Avidbots Ex1002
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LAIMEDR IS,

i A method of generating a wap by 8 rebot, compising:

traveling, by the robog In o envirdnment;

PO ds o

creating & graph sonwising @ pluratity of nodes, whersin sach node wors

woan taker by gosersor of the rohot ata Iocetion 1g the snvuoanent;

constraining the graph w start sud end at 2 substantially similar Tocatieny
perfornung scan matehing on extonded soan groups defermined gt feast in part fron
greng of the pluradity of sodes;

gxstsialing a rengs of possible losations with sseh of the plovality of nodes based at

T part oo ihe sean matching

determining confidencey associated with sach i e fosations:

st to Tnd g HE os hased at leastin

optimizing ¢ location of the plumlity of nods

part an the gexociated confidegces, and

gonerating the map from the optimized graph.

2 The method of Clain 1, wherein the gessration of the map comprises vay
tracing with the scaus taken by the sensor, the scans associsted with the plurality of nodes.

3 The rosthed of Cham 1, wherstn opiimizing the graph compuises:

ponergiing a cost fmetion based at Teast i part one {1 velasive locations of each ot

;2‘23
wf 5
Fpes,

& phavality of nodes, and (23 the coufidences associated with each of the plurality of nodes;

solving the cost Smeton fors sunbbun,

4. The method of Cladm | whersin constraining the graph to sian and sud ot the

wiihstantially simlar bocmion Borther comprises ponstaining the graph to stant and end in

~

visse of 8 home ocalos

5 The method of Clabm 1, whereln the waveling, by the robat, inthe

envvivonment further comprisey navigating under wser sonteol,

& The methad of Clatm 1, wherey theassociated confidens

using a probability distibution indicative at feast i past of a probabilisy that a given node is

(N

R

T The method of Claim 1, whereln the extended scan groups determined af least

@
B

a1 part from groups of the plarality of nodes, furthar comprises:

Avidbots Ex1002
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setocting a rootnods as s oreforsnes lovation;

s

7..5

finding possible overlapy in roeaswrements ol distingt featurds in schns wlken g other
nodes; and

prouping the ather nodes inte extended soaw groups based at least in paston
overlapping distinet featores of the seans ol those respeotive other nodey

3, Acrpbiot, compistag:

& sensor configured to fake scars of an onvirobment a8 phurality of nodes, wherein

carh node iy sssociated with o losation and

# mapping and looalization Wt configured o
oreate ¢ graph of the nodes based at feast in part on the taken scany;

detornvne extended scan groups based &8 lesst in parton groups of the

plrality of nodes; and

porform scasomatching ob the exiended scan groups.

i, The sobotol Clam 8, whevein the frationanutis further

configursd to comsinam the graph o dart and sod of & sebstantially similar focation,
14, The robot of Chatm 8 wheretn the mapping and locslization ualt ts further

configurad 1w deternnine confidenves assnciated with the location of sach node.

11 Therobotof Clabm 10, wherely the mapping and log v unit is further
centigured to gengrate 3 codt fungtion based at feast 1o part on the confidences and locationy
of gach nouds, whereln e w &pgiﬂg and lovalization unit dotersained the lodation of dach nale
i the graph based on sobviog the cost funciion fora minimum.

12 The robey of Claim &, further comprising a processor that i further confipured

tos render a map from the geaph, the map rendered based af leay) 10 pavt ob ray fracings of the

GBS,

P
(50
s

“

13, The robot of Chaim 8 Rurther comprising an actuator con!

i

robot betwesn focations.
14 The robot of Claim 8, further compnising 2 user interface vonfigneed for user
ceastrod of the robot.

150 The mobotef Clatm S, further comprising a na ton unit contigured i

navigate the robot attesomously
16 A nonstransitory somputerreadable storage apparatus having a plutality of

Avidbots Ex1002
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tons stoved thereon, the instructons being evsentabls

deey

by & processiiy apparaing o

operate g robot, the nstruciions configured 0, when sxocuted by the procossing appas

carese the processing apparaies fo

create & graph of the plus

determing extended scan grow

greaips of the plurality of nedes

aed

perfonm sean mnatohing onthe oxtended scan groups.

-

spparatus of Clam 16, further

‘,__;

17 The son-transitony computerteadable stotag

SOMISING (ug or wom Instructions, when executed by the processing sppavatus, that fasther

oatige the procesy

pparatis o constrain e graph o start and end 8t a substannally

strmiiar Incstion.
18, The non-trassitory computer-readable stosage spparatus of Claim 16, w

sach extended sean gronp comprises theee of mogs

1S, The 3”:;;3{}~§‘r§insii§3_r§f somputerreadabls stovage spparatua of Clate 16, Barther

comprising one or more instrustions, when executed by the processing apparatuy, that furthey

canse the procg apparaius to deterniine @ cost function ba

Uit deast in part on
centidences assoctated with the locution of sech node.

280 The ndn-trensdiony compitersreadable stovage spparatus of Clatm 19, tusther
Gi)’f%‘i.§}'§‘§t€5§.ﬂg mme oy more Instuctions, when executed by the processing apparatue, that further
cause the Procossing APPArATYL G gonemte 4 wap hased at least in part eorminimizing the cost

function.
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BRAI II3ABOI0I008A PATE

SYSTEMS AND METHODR FOR ROBOTH MAPPING

faoony A portion of the disclosure of this patent docsment contatng materisl that is

subtect to copvright profection. The copyright owoer hag no objestion 1o the $

simnile
reproduction by anyouss of the patent dosumsnt or the paisat disclosure, as i appears in the

Patent gred Trademark OF

¥ %

parort Bles orvecords, But otherwise reserves glbge

rightaswhatoever

Techuslogival Field

gl mgre spenifically w

fo003 The present application relates generally to robott

syatems and methods for vobobie mapping.

Backgrowud

UV R Iy some cages, roboty map an swvironment. These maps onably the wbaet
n;-.wigzﬁ.@ autonomeonsty. As the robot maps 118 suvitonment, 1relies on i3 senses {e.g, using
seataorst to deteot foaturey of the environment and remembsy thoss featirss for later

reforonce. Howover, mapping can be & slow and ditfiondt pro
spvivoamestal noise, xensar noixe and inacowsey, awbigsities in the snvirowmsnt {8,
substargiatly similar featuresy, sensor &l and other issues.

LR Ingeopracies 1 mapmoyg oan cause a roabot fo get jost during pavigation o

fogn sivivomnent gt all o somesases, ©

becowe unalle sy ag AAPPINY INULS LaN CRUSE A

o

o

robot to colhide sath objects ov people In an spvitament, or fad

yuphish the objedtive

the rebat was sked o do. As g resull, these s need W the art o develop systems and
methods that can correct for inarcouracies In mupping aud generate 8 wap tha represents the
envivonpmend and/or the route avelsd by the rebot

sn desivable for robots to be affordable,

{O00S] A a further ohallonge, s ¢

Bightweight, and as small as poasible. Accordingdy, iy desivable fow sydder

be computaticnstly efficiont and capable of runming o low gost {o.g, possilily loss acw

X

hardoears, nchiding sensers and processors,

g
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Sumaany

REEE Phe foregoing nseds are satisfisd by the prosent disclosurs, whigh prasides

for, dmfer alia, apparitoy and wothods for pwmpping in BROnOmMOUs nevi Example

tmplemertationy desoribed herein have innovative featwes, oo single one of which &
mdispensable or solely responsible for thelr desirable gitributes, Without Gnuting the seope
of the claims, some of the advantageous features will now be suwnmarized.

foanm o g first aspect, o mothad of sonerating a wap by a robet is discloged. I pue

sovemplary buplementation, the method inchades: taveling, by the robol s swvivomsat;

sreating 2 graph comprising 2 plurality of nodes, whergm gach node cotrgsponds ©0 8 scan

faken by a sensor of the robat &t 2 location in the enviromment; constraining the graph o start

scan matching on sxtinded acan

and end at ¢ substantially sumilar locationy pacfrming

groups deternvoed 8t least in pant from grougs of the plorahity of nodes; associating 8 sange

of possible Jocstions with sach of the plurality of nodes based at Jeast In past on the s

determining  confidences assovtated with each mnge of

<5

mgtching

opiimizing the graph fo find the hkely location oftthe > pluvality of nodes based at Jeast in part
oy the confidences; and rendering the nuap fom the optingdzed graph.

{O0081 I one variant, the generation of the wmap comprises 1oy fracing with the acam
taken by the sensor, the seans associated with the plurality of nodes. In another variang,

optimizing the goaph comprises generating 8 cost function based st least i pwt owe {1y

o

,,/,.

relative locanons of sach of the plurality of nodes and {2) the confidences associated with

sach of the plurality of nodes, and solving the cost Bmetion for @ nmnimum,
oo I gnosher variant, constinining the graph o dart and sud at the substantiadly

3

es constraining the graph o start aud end v view of ¢ bome

by

innin,

similar Iocation further compeis
locator: In another varant, traveling 1 an environment comprises navigating vades user
controd,

gi}i)@@ in another ‘%’?&E‘i’&iﬁ_}t the ﬁi&‘ﬁ?{fl&i\i’ii O T— fii{‘fhar Q{_}I‘{lpv{.ﬁa‘ n\z‘:}g )
probability distribution tudicative st Teast in past of & probability that & given node s in
ghven tocation,

o In another varany the extended svan groups determined at least in pas from
groups of the phurafay of nodes forther compriser selecting 2 root node as & reference

focation, finding posatble overlaps o measwesments of distingt featurss 1 soans aken at

fou)
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othey nodes, and grouping the other nodes into extended soan groups based af least in parton

gverlapping divtinet femtures of the scans gt those respective other podex,

JO0I2Y fva second aspect, a robot is disclossd, In one exemplary implevmentation, 1

whergin eash

sabor iclndess & sensor Confizured to take xouns of st stdnment at nodey

e

Hon wiit conhi

node 1s associated with 2 location, and 2 wiapping and loeadis

graph of the nodes based a boast fnopart on the taken soaps, determine oxien

hased w1 loast in part ont groups of the plurality of podes, and perfors stan mateliog on the
extended soan groups,

{00131 In one vartan, the mapping and localization unit 18 fuether oo

comstoatn the graph © dart and end &t 8 subsianually simlar fecation, 1o another variany, the
wapping and focalization unit is fusther configurad to detonive contidences sssaciated with

bac

the location of sach node

{0014 {n another varigmy, the mapping snd locglization wal is further o 0
generate & cost function based at least in part o the confidences and lovations of each vods,

whereln the mapping and oealization vt determines the Tocanion of each node dn the graph

hased onsolving the oost Runetion for andsmun,

Piscd

PR in another vartant, the provsssor i further configursd 1o rended 8 map from

the graph, the map rendered based at least i part onray tracings of the svans.

o0 iy ancther variand, the robet forther inwlades an sctuator confizurad to maove
theorobot between logations, In another varidnt, the robet further includes a user interaee
configared forwer cortrod of the vobot

{0 In ancther variant, the rebot fucther includes 2 navigation unit configured o

navigate the robot antohomousiy.

o g thard axpect, 3 nom-transitory compuisrreadable stovags apparatus 8 dis

one embodiment, the non-transitory contpuierreadable storage apparatus has & pharah

\

mstructions stored thereon, the imfrmctionns bsing exeautable v a processing apparatus o

operate & vobot. The instructions are configured o, when executed by the processing

APPRATAING, CAURE A VIOV {0 geosraie seans of an svirinment aba plurahity of nodey, whersip

sach node of the pluratiny 15 assooiated with a locatiow; sreate & graph of the plurality of

nodes based on the generated seans; determine antensted scan groups based atleastin pant

froaty soans 88

sated with groups of the plurality of nedes! and perform soan matching on

Lk

Avidbots Ex1002
Page 27 of 260



the externded soan groups.

FOEY frn one vaddant, the tostructions further cause the processing appamatuy 1o
constain the graph to starb and end ab a substantally similar Jocation

{0197 In ancther vardant, each extended 50an group comprises three (r MoTe s0any
fa02m Iy another vanant the imdrections Rother catee the processing appavatia o

o

unotion Besed at teast i part on contidences of the lecation of each node.
grinther varta, the nsttuetions further Cause he processing appasaiug 1o

e af least in part on mintmizing the soat fancion.

{00221 These and other ohisets, features, mnd characteristios of the present disclosure,

g well ay the methods of operation and functions of the relaied elements of structure s the

sombaration of parts and econgmies of manndaoturg, will becoms nwre apparent upon

2

D

considerativn of the follosding desoription and the appended clahmy with reference

acoompanving drawings, all of which feem g pant of this spetification, whersin like

snate correspondin

foret

maverals dest m o the vartous flgares B as

understood, however, that the drawings are for the purpose of tlustration and desinption
only and are not htended sy g definition of the Hwits of the disclosare. As nsed inthe

sprcification and fo the claimy, the singudar formy of a7 “an”™, and “the” inclade phasal

a giberwise,

referents unless the contest dlearty dicta

Hitef Drosgrintion o the Draswises
foaen The disclosed aspects will herelnatter be desesthed in conjunction wath the

appended drawings, provided fo tHostrate and sot to i the disclosed aspeets, whersin Bke

iattons denote Bke dlements

_
ges

aa of exemplary be

fo0243 FIG 1 ilhusteaies various side elevation i

robot fn gocordanes with pringiplis of the prasen

JO0Esy FHG 2 i3 2 disgram of an overhexd wiew of a robol sy an operaty

demonstrated a path s socordance with some implememations of this disclosare,

st
./

o02a1 FIG. 3 iHustrates ¢ Rewtiona! Bock disgram of gn example robol in some

tnpenmmniations.

i iag FIG, 44 18 atop view map and 1outd géndmted by g robot s i fravels tnan

enviropment in secordance with some implementations of this disclosure,
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M/
post
(%2
ot
o
o
Z
z,
i3
ey

foOREd FIGL 48 fo9 map that does not accurately reflent the sarrounding
route of morabo in decordance with sovngimplempntations of s discloswre,
FOa2 PG 3158 provess Hlow diagram of an omplary method for oveating a magp

in accordance with some naplempniations of the presant disclosure.

{00381 FIG S& iy atop view

Hagram comprizing discretized messurenmsnts of g

robot along & wute w3 gwmph W geoordance o some implemwniatinas ol the presen
stischosure,
EEERE FHR: OB ts o top view of 2 disgran of @ graph, which dncludss a continuation

of the route iosteated fn FHG 648 B accordance with sovoe Dplomentations of this

diachosure,

ooy FIG. o0 illustrates a consiratnt for the graph from FIG 68 fn aceondance with
sorne Binpdementations of the present disclosars, wheretn the stacting and ending loeations ave

uior substantislhy the same location

Y iy proosas Howe diagram of an exemplay method for creating an
rdanee with some implementations of thix dixclozure

EIRRY FIG, TR s p conceptil dingeam of 2 scan madcheng tranformation

accordanve with some nplementations of the present disslosurs,

00531 FIG. 8 tHusirates an example resnlt of & sean matching of gn extended sean

fey

wroup oa the graph Hustrsted i FIG. o0 fo acoordause ywith some implementations of the

¥ifinstratey springs toffron & node from the geaph flustrated fn FIG

in steordance with some tmplenentations of the prosent tisclosure.
{00371 FIG 10 is 2 disgeam of the pixels of s map being constructed from soans in

weoordanees o somen ‘i“l;‘g srgniaticny of this disclosurs.

FO0EY 11 is g process Bow diggram of an exeraplary method for genersting a
map by a robot i accordance with sowe tmplementations of the pressnt diaciosure,
{00391 FIG 12 18 n process fow diagram of an exemplery method for opemting =

rabot in gecordance with some implomentations of the presunt disclosnre

fo040 Al Figuves disclosed herein arg © Copyright 2018 Bratn Corpevation. All

riphis reserved.
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Detatied Desotiption

joaa 1} Varions aspeots of the novsd ey, apparatuses, and methinds disslossd

bergin are destribed maore fully hereinaftor with reference 1o the accompanying drawings

e

This dizciosure can, however, be smbodied i many different forms and should it be
construed as Hmited to aoy specific strustwre ov funchion presomted throaghout thig
disclosurs. Bather, these aspects are provided o that this disclosurs will be thovough and

complete, and will fully sonvey the soope of the disclosnre o thess skilled in the art. Basad

on the feachings hersin, one akifled v the ast should appreciate that the scope of the

disclosure s tnpvnded © cover amy gspect of the novel stives, apparatisgs, sud motheds

af heretn, whethor mnplomerded Independently of, or combined saith, any other sspect

he diselosure. For example, an apparainy can be tmplemented or & msthad can be

ed paing any number of the aspects set forth herein, In addivion, the scope of the

e is intended tooopver such an apparatus or method that 18 pr sing other

struciure, funetionality, or structure and functionality in sdiition o or other thaw the varous
aspecisy of the dsclosure seb forth herain. B shoadd be understood that any eok disvlossd

herein can be tplementad by one or wove slemenis of o clatnn
{042 Although particudar aspeciy ave desoribed hereln, many vaniations and

§within the scope of the disslosure. Although soms benefiis

Fnds

prrasutations of these sspects 1y
g advantages of the preferred aspedis sre mentioned, the scope of the disclosure 38 no
ivtended to be lunited to particular beasfits, uses, andior objectives. The detailed deseription

and drawings are wmersly Hlustrative of the disclosure nather than Bmiting, the scope of the

o

diachoanre ang defined by the appended clainy snd squvalents thereof

fo043} The prasent disclosure provides for improved systems and sethads for robetic
piapping. As wed hovein, g robot can mclude mechanieal o wivtual sntifiss configored o

carry ont complex sorigs of actions automatically, In seme vages, robots can e mackings that

ave guided by compulsy programs ov slectiomie cisesiivy, I some cases, robuts can inclade

slectroensschanicst componenty that ars config vigatan, where the robot Cant move

sr. Such pavigsting robots can include sutonomons cavs, Boor
cleanars, rovers, drones, cary) wid the liks

FO044] Aw refer

rad o heretn, floor clogners can fnoluds Hoor cleaners that ave

manually controlied (s g, daven & remote control) andfor actonomeus {e.g, uung lutle 1o
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’i?

a0 user control}. For example, Hoor olesssrs can wclude Hoor serubtbers that 8 janitor,

custodian, or piher person operatos andfor rebote Sood sorabbers that autonomousty maviy

andfor clean an envivonment. Stmilaly, Hoor cleaners can also nclnde vaconms, steamers,
bufters, mop, pelishers, swoppers, burshersy, et
{045 A person baviog ordinary skl o the ant would appreciate that a ‘.n:si';zs‘_\.ji, 43

referred to hereln, can have a nomber of ditforent sppesvancesitorms, FIG

warions side’ elevation views of exemplary body forms for 8 robay in aecordance with

3
3

principlea of the present disvlosurs. These are nondimiting sxanples msant o further

Hustrate the wanety of body forms, but wot o restrist

voboty desonbed herstn o any
partiondar bady formy, For example, bady form 100 i’ii;s&fimsi-:s an s‘sx&mgﬁe where the robot is e
stand-up shop vaouune. Body foem T Hlustenies an example where themwobot 1.8 humanad

robost having s appearance substantially wmilas o a human body . Body form 108 dluatrates

an exsdmple whorg the robot s a drong having prepeiiors, Body Form 100 ilnstraes an

sovample whers the robot hea a vehicle shape having wheels and 2 passengsr cabin. Body

form FOR Hhustrates an svample where the rodot 18 8 tover,

U Body form 110 gan be an example where the robot 48 8 motorized Hoor

oand &

N

sevutber. Body form 2 cag be s motorized oo scrabler having 3 seat, pedala

steering wheel, where g user can drive body forn 112 hke g vebicle as hody form 112 sleang,
howsver, body form 12 can also operate autcoomously, Other bady forms are further
somtemplated, weloding indusirial machines that can be rebotized, sush as forklifls, tugs,

bosty, planes, sio,

o047 Detailted desoriptions of the varous implementations gad varlanty of the
avstem and methods of the disclosure are now provided. While wany exanples diseussed

o

horsin are wy the context of wbotie floor cleaners, 3 will by apprsciated that the deseribed

ang sl roethody contained herein can be used in gther robots. Myriad other yc,mj:zpis;‘:

mplamentations ov uses for the webnedogy desonibed herstn would be readily

those having pedingry skl by the art, given the conterds of the presens disclos

{00481 Advantageously, the systemy and methods of this disclosure at feast ()

provide for accurate route andiee emviromment mapping by a roboty ) provide

Q()’ﬁ‘i}'}%}'ia‘iﬁQH&§. stiicignsy which can redues consumnption of processing pirwer, shergy.

cther rosources in nAgvigsting robots, snd (G0 sllow use of lower-codt hardware
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constrnction of retots, (ihey advantagey are readily discernabde by one having crdinary skill

given the comtents of the prosent digg

JOany For examply, many owrrentd 1ocan autonomoushy navigate are
pragranmmed 1 navigate routes andfor paths 1 goals. T order 1o navigate these rowtes grlar

ferred 10 4 x global scdation

g}at‘w‘ these robots can oreate maps, which can sometions be

B ane or more portions of the environment bevond what a robot an

1 that the maps tdeny

shirectly observe with 18 senstrs g6 & point v tme Thege robots generate maps, and their

relationship to the environment along routes, using localized detection in 3 ymall ares around

the robot {e.g ., In the erdar of a fow meters), where the robot can determivg chstacles amtior

Ny

3

othey features defented by ity sensors, When navigating sutonomoushy, sobots gan then
utitize both the globs! solution sad locslized detection of objects to avold collisions andior
reach 13 goal,

G361 By way of tHudratieny, & tobat {vg., & floor cleaner, sutonnmmus velicle, oy

- robot) cun be programmed by demenstation. Inthe example of & Hoor clsaner, an
i

the robot can gonerste 8 mwap, dotmerting Hs Iocation {2 g., place on the global may andior

e

operator can contrgd the robot along a desired route in a desired environment. Agvording

pose relative fo features of the enviromment) while the operator controls 18 The robwt can

by a Light Dolecting and

generaie the map asing odometty aad s sensors {o.g., 5083

Ranging CLIBARDY sensor andfor any other sensor that i deseribad in this disclosurs),
Subseguemly, the bt aaviga:b;izs the route atonomousty, e.g., with Bl to to aperator

conred.

{0511 A challenge for the robar fn this Hlus ©HI BUEHR

ate map

that the robot an wtilize o adonomonsly .rmvigai‘s the route afler demonsiraticn. The

demonstration provess oan inclade compdex sefs of mpvems

s, furning on dnd off Mlinkers and other

pacnd

stopping, parkin

parning oft smd on water Hosw, temdag off and on vacpums, el assoiated with partioular

posex andfor trajectories; sy well ag identification of of

jects During the demonsiranon, the

robol’s mapning may not be parfeatly accwrate {eug,, subjeot 1o dndl, notse, andior -tﬁl.i'{}(:}’, angd

the robat may aeed fo detzvming how the map should have appeared 1o accustely reflect the

e state o the envirohmend;
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foosl Fith 2 in 8 disgram of an overhead view of wobot 202 as an opswator

demonstinted 1 path 1t accordance with seoe Moaplomenations of fes disclosure. To s way,
FEG 2 can tustrade the path robot 202 actually traveds in an soviromment 200 while 1 is

mapping. Robat 202 can be sny rebot deseribed {n this disclosure, By way of iHlustration,
robol 202 can be g robotie Hloor clsansy, such as a robotic Sloor agvubber, vacuams, seamers,

buttors, mop, polishers, sweepers, burnishers, and the ke Haviremment 200 can be the spave

st which robot 203 navigiies, o the example of 2 robotio Hoor cleaned, enviromment 200 can
bew space having Hoors desived 1o be leansd. For sxample, environment 200 can be a stare,
wehouse, office building, honse, stornue facility, ete. Ove or e of abiects 208, 210, 212,
ZER gan be shelves, displayy ofyecty, tems, people, aninuads, of any other entity o thing that
-

gy beoon the floor or atherwise imp%de- the ability of robot 30X o navigate dwough

envivonment 206, Av such, route 206 can be the cleaning path fraveled by robot 202 Roule

2oand 21E ag Woshated

cars follew g path that weaves

svample route 208 For example, wherg objects and 218 are shebves i g stovg,
robot 202 can po slong the awsles of the stors sud clean the Hoors of the aisles. Howsver,

other routes ave slso comtemplated, such as, without Hmitgtion, wesving back and forth along

open Toor aress sudior any clesving path & wer vould wae woddean the floor (8.8

s mannally opemiing » foor closnery . Accordingly, route 206 18 woant merely ax Mlustrative

sxamples and can appesy differently as Hlustrated, Also, as Hlustrated, ong example of
suvironment 200 Is shown, howewver, it should be appreciated that savivonmssd 200 can ke
orvany manber of forms and arrangements fo.g, of any stze, configuration, andfor §aym;i‘ of &

\

reont andior utlding) and 18 ot lanted by the exanmpls Hustrations of this disclosure

{00831 In youte 208, robot 202 cay begis ot the initial location 222, which can be the

starting pointdocation of robot 202, fu sovas cases, home foeator 220 can be postioned near,

substardially near, snddor at the hatls Fovexample, boan be

positioned adiacsat o fnmtial location 222, or be within the rangs of & least one ssasor of

vehothat g sensor of robot 262 can detegt home locator 330 fom mitial location

robot 202 g
232 The operstor cay then demonstrate roade 206 1o robot 202 uniil robot 202 reachey an

and location, wherg the oporater can stop eperating robot 202, The ond lovation van be

ot

fed by auser andfor determsined by robiot 202, 1o some cases, the end location o3

o I e 206 after which x esived area of g foor, As
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previousty deseribed, route 206 can by clossd Toop or an opes loop. By way of Hlustrasive

exarople, an ond focstion can bo g fodation fob sto

such % @ femporary

parking spol; storage roean/closed, and the ke In some cases, the end location can be the
pornt where @ user training and/or programming tasks for robot 20T In some cases, the and

focation can be the same andfor substantiadly sinniar as ininal tocanion 222 For example,

¥y

2 ocancdetont @ rotum B 3 postiion that v the same andior sabstantiglly sindlar o

robot 3

mitial locgtion 222 by detéoting home locaiay

R o the context 3 e, Boor scrubbers, vacuum clsaners, o)

robot T0Tmay or way notele vy point slong route 208 By

robot 202 ts ¢ robotie fhoor sorubber, the cleaning svstem {ag , water flow, sleaning bandes,

pro. b of robot 202 may only be operating v seme portions of route 208 and not othews. For

example, whot 2082 may assmaiaﬁa certaln aclions {eg, Huning taraing owoll water,

spraving water, wuming oDl vastuns, moeving vacuum hoss positio cilating an

R

By

ave, saisingdowering & B moving 2 sensor, fuming o a sensor, efe b with parficudar

positiony andior rgjecioniss {eg

4 {’)‘

. owhile movisg in o certain divectioy o 1 R partinulag
sequence alony ronte 2063 slong the demonstrated route. In the context of fi.:;}s}r cloaners,
such aseoctation may be destrable when only some areay of the Hloor are to be deassd butnot

5. In such cases, robot 202 can i on g sloaning sysiem in

cthiets andion b song U

o

sveay where aoussy demonstatsd for vobot 202 o oleam, and twrn off the clsaning system

othetwise
JO0SSY FHG 3 iostrates o fanchivnad block disgram of exampls robet

implomentations: As Hostrated, vebot 200 includes contraller menwiry 233, power

supply 386, and  operative wnits 250

Es

each of winch can be opematively andior

communteatively s;tmsg.vissfi to each other and sach other’s components andfor subcomponssts,

Controller 254 confrols the vartons operationy performed By roboet 302, Althoughs etific

puplomentation is dhastrated o FIG 3, the archilecture way be vanied i oeciain
inplormentations as wonld be readily appasent 1o one of ordimary skill given the contents of

the present disclosure

U Controlier 284 can include one ormoe procossors {o.g., micropracesson} and

other periphisrale. Az used hereln, the torms p

can inglude any vpe of digiial processing devices such gs, without Hmiation, & izitai signal
1
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L reduesd mstrustion set sonpuatsrs RIS

1, gensealpurpoae 0

S, DHOTGETOCSSGS, gale amays

BEOCESE

field progeanuviable gate arays OFRGAS™ Y

programmable logie devies (PLDNY, reconfigurable compuier fabsios (ROF™), wray
pracessors, secure microprocessors, and application-specilic intsgrated sivculis (ARSI

Nuch digitad processors miay be conained on a siogle i ated . civawt dig, or

distributed across multiple componans,

o andior comgnum conpled 1o memory
INZ Memory 252 can inchude any tvpe of integrated clrouit or other storage dovize adapisd

for stuning digial data émiucimg. withow Hmitation, resdeo mby mgmory ROMTY random
gooess memory {TRAMTY, non-volatile vamdom suceys memory CNVRAM ™Y, programmatde
regdbonly memory CPROMTL electrically emasable programmable readeonly memory
CHEERRIREY
DRAM {
RAM

dvnamic nndom-access memory BRAMTY Mobile DRA synchronons
SRRAMT), double data site SDRAM CDDRZ SDBAM™M, oxtonded dats onipwy
SEROTY faat page mode CFPMTY RAM, reduced lateney DRAM (RLDRAM
static RAM CSRAM

AMUPSRAMTY vio Momory 2

-y

Y, flash memory feg, NANIVNOR), memvistor msmony, pesudostatic
e wstractions and date to conolier 234 For

exatple, wemary 252 can be ¢ ponctranstony, computer-readabls storage medinn having a

plurality of instructions stored thereon, the instrogtions bang

sppavatus fe.g, contralier 254y oo operate rolr 202, 1o some cases, the jnstructiony o

sonfigored o when exeouted by the processing apparatos, cause the processing sy

s

e =
e
b
Lo
s
foed
w
s
g

perform the vartous methods, features, anddor Rauctionality deseribed in this disclosase.

Avcordingly, controller can perform logical sud arithnigtic aperstions based an progoa

watrietions stoved within memony 2332

{0058

Samnnd

Cipsrative units 230 can be voupled to controlier 234 or amy other contratisr,

to perform the various operations deseribed o thig dis

3

dey 1 operative umis |

maodi tnctnded (8 osome nplemeniatens. Theoughout this

disclosure, soference may be made o vartows controllers andfor processors. In some

wnplemsataiions, & sngle controller (g, controller 284 van s s controlleny

r}

swbior pranessors desonbed. Incther tmplementativns, different controters andior processors

Cas part of, one

cat b used o aoch as controllers andé

processors pesd particularhy for, and

ks - R

_

L Oontrother 234 cancsend andior reneive signals, such as power

op e of GuerRive unt

o
wmiins
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gnals,

i aix glat

’)'4 .

danals, contred stgnals, sensor siguals, interrogatory signals, satus sig

o
2e3

elecivival signalspndion soy other desisable signals, weloding disersie and anglog w

operative aniy 2308 Controller 254 cap coordinate andfor manage opesative goils 230 andfsr

set tindngs (og., synchranously or asyachronousivy turs ool contrel power badgess,

recetveisend network instrugtions andior updates, update Bomware, send interrogaiory

farm @y op sorgttons Tor runsing foaturgs of

sipnaly, resebve andfor send stuses, andfor g

robot 202,
FEUSS Operative untis 250 can fnciuds varous units that pecforn fuetions for robot
2. Por example, units of operative units 2530 car include mapping and localization units

o
1

Z62, sevsor units 264, avtuator units 268, commnurication units 266, navigation wnity 276, and

user tnterface waits 272 Operative ynits 230 can alse comprise other units that provide the

various fonctionaldy of robet 202 In some cases, the pnidy of opsrative noiy 350 cai be

wiantiated tu software or hardware andéor both seftware and hardware, For example, i

s, units of operative units 250 can comprise computer-mplementad nstmotions

3 $

voanpriss hardeodag

PR

cuted by o controlier. I some cases, unity of operative unis |

fogio. In some cases, sty of operative units 238 can compiise both computer-implemented

i 284 are

mstructions exesuted by & controller and hardonded logie. Where opers

tplernentod at least in part 1o software, operative unity 250 can inchule wtg‘modudes of

cods configured 1o provide one o more functionalities.
fo0s01 i somg implomentations, sensey Wty 304 can oonpnise

-

P Nensor uniss 264 can notnde sunsors

deteot chavacterizstios svithin andior argamd robot 2

that are internal to robot 202 or external, and/or have compovents that are partially wieral

andéor partially extersal. Nensory vt 314 can inclade exieroceptive sersors sueh as sonar,

LHAR, radar; fasers, video camsras, infrared catvsras, 31 sensors, 3D camsras, andior any

other sensor i«mm i the art Sensarunits 38 can also inslude propric

as acoslevometars, nertal memumerment unity, odonMSiars, gyroseop

gan collect raw messurgminiy 8@,

currents, vollages, resistanesy gate logie. oo} shdior fransformed  messsuremants {eg.

ad potas o chstasles,

.

fy IRF pan inchide

Y @

iy

LU I gome implementations, mapping and e

ethods that can compitationstly coustonol el update maps {er., waps 300,

s
Sl
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sd 400 as will be desoribed with refsrence o FIGE 44 and 48, sadior any other map

greated by robot 302} of an onvirooment andfor routes as robob 202 aavigates e

e

envivonment. By way of Shairative sxample, mappiog and localization unity 262 can map

etvironment 200 and localize vobor 202 (e, find the positon sudfor poss) v map 300 at

one o move pointsin tme At the same fime, mapping and focalzation wnits 262 can record

e
13(

& demastrated route I map 300 (e 2., mapped route

3

ey Mapping and focglization wnits 262 an also receive sen

piity 204 fo locabize vobot 202 in 2 map. I some implamentations, mapping and focalization

s 267 can mehede ocalization systems and mothods thet allow robot 202 1o localize yself

%

t the coordingtey of & map. As will be desoribed further in this disclosure, mappuig and

fovalization units 262 can alse process megsuremends tuken by robot 207

genevating g graph andfor map.

can include one or wore

in some Inplomentalions, CONURUHERNER unils

recelvery, fransmitters, andfor mansesrverss Commumication wiits 268 an be configured o
ZEGBE

an

sendirenedve u transmisyion protocod, sugh as BLUETOOTE L WG, ndhution

wivelgss  datg  ransmmission,  radic frequenet

radio  tansmission,  vadio-frequency

jdentification CREIDT, neandisld communication &NFCTY, infrarsd, setwork interfaces,

collular techuplogies such ag 3G QGRPOGPRY, hghespeed downhok packet socesy

=y

{THSDPAYS bigh-speed aplink packst acesss (9

fime division muliple acoess

CUTDMATY code division altiple gecess (0DM

woe, 18034 wideband code divist

multiple aceess (PWEDIMATY, sty freguency bopping spread speotnum CFHENTY dwest

for mobile sommunication (FG8

sequsnve Spread spectrom TDREY

Persomal Aren Network (FRPANT}

3

G215 worldwide tateropess

hiltty for
microwave agress CWIMAKT), 802,20, long tam evolution CLTE™) e, LIEAUTEAY
ston LTE TIREAE

3oglobal svstern for mobile compumicstion (GSMY

me di

rarrowband/frequency-division multiple access {"FIMATYL orthogonal frequesey-division

mudtipledng (COFDMTY, analog cellular, cellnler digal packet data (°0 33‘5’?}’?}, saiedlite

infrared daty

svstoms, millimet wave o migvowave constic, jufrared {fe g,

gesoctation CRDA Landor any other form of wiveless data travamission,

FEEES As used hesvesn, network

i~

fnfertacey can include any aignal, da

iterfsoe with g somponent, nebwork, of process cluding, withput Hmitation, these of the

m.,
s
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200, sto) nndversal serial bug

L PWA00, PRGN, FWSE0OT, PWST600, PWE:
g, USR LX, USB 20, USE 3.0

B Typedl, eig ) Bihemet {85

AN

{Ongabit Brhernet), 1GGigel| ete ) ondtimedia over coax altiance fechocdogy

o

${eg, TVNETHY sdio froguenty

modem, ete ), WHFL 02 11, WiMAX {e

or {ey, inband or QUB, cable

. DA tamilie

setivlar (o

herenn, WhEFhoan inclnde one o mioreof ¥ovarigniy ol IE J02. 01,
Nid BOZ TY {mg, 80211 a'bivfaiaciadiatiahia

otherwireless standards
HEE O Comnunication umis 266 cag altn b configursd

trapsniission protent over wirgd connestions, such as any cable ¢

grovnd. For example, such gables ean inclade Brhemet cables, coadal oab

Sevial Bus UBE™, FiroWite, and/er any connustion Xuows in the s, Such protooniz can be

AL 3(§ E\\ Li?"&!i\liiﬂcmhjli units 286 o oomnrenicate o exler AS - Compgers,

smart phoves, tablety, data capture svstemy, mobile telocommunications natwaorks, clpuds,

servers; orthe ke Communication nnlis 266-can he configured toesend and recetve signals

comprising of sumbers, fetters, alphavumerte characters, sndior symbols. In some cases

M

iz can be onorvplied, using algorithms soch as 128-bi or 236-bat Revs andior other

stiony alporithis complving with standards such as the Advaseed Encryption Standard

BSA, Do E;ncy}sptim Standied U Triple BES, and the Hke

Communication units 266 can be configuwred 1o send and v

Slve staluses, commands, and
otherda/intormadn. For &ample, Gontmunisalion units 206 L coramnicatt with g sy
cosstrolie o allovw the oser 10 control robat 202, Compmunication unily 66 can coniiadicate
with a serverfnetwork in crder 1o allow robot 202 to send data, statuses, commands, and other
compnuications © the server. The server can alse be commamicatively coupled W

compsiers) andéor devics(s} that can be used to monttor anddor sontral robot 2028 ¢

Comramtosiion wits 266 can also recetve updates (o, Srovwars or daty upsdates), o

sfatuses, commandy, and other commupications from & server vobot 202 andfe

Dperitive units 280

{Qt’}{\.{fﬁ I osonte implemsntativny, one or more of operative oty 230
stan 200 For example, mapping and localizatien uniy

o
i
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he located By s oibnd andfor connected o soba through communication uniiy 206

Connechions cgn by divest andfor throngh o server andlor petwask. Avcordingly

im;’simmfrimims of the fimetiemality of this disclosure shoudd alse by woderstond &

pemote mvrgetiony wherd date can by trandferred t8ing commnnisation units 266

mors portions of processes ean b contplated vemotely.

fonedy i some implomentations, actustor unliy 288 can include actumiors such ag
elating motons, HERS TROtors, o drivien magnel sysiems, Sei

systems (e, invlworm motors), magnetosuictive sloments, gostt

drivipg an sctuator koowiy in the act By way of illusiration, such sotuators oan actuate

wheels or other dixplacement suabling diivers {eg., mechanmoal legs, 180 enginey, propeilers,

hydrantics, gioy For example actuateor units 268 gan allow roabot 202 1 move andior

navigate through envivonment 200 andfor any other sovivonment. I soye cages, achuater

can mclude actiators Sonflpnred for aolions angdfor actiti-specific task

be

IS 3, suth as

whilizing brushes Ry floor cleaning, moving {eg, wovin iR, < Jesw R, jeft g sahy, forward,

back) squeegesy, turaing ondoff water, S§3i‘i§}-“iﬁg water, humog on/oll vacuumy, moving

vasuun hose posttions, gestioulating @ anm,

any sensor of seosor units 204, andfor any movement desired for robed 202 to perform an

I some implomentations, user fnterface units 272 can be configursd to snable

{€.& user S04 o any other aeer) o wteract with robot 202, For exanple, user interiyce

anty 272 cap inchads toueh papsls buttons, ds, ports {eg, USE, Dxgiial

Visual verface DV Digplay Po, Serial, video graphics aroay

CVGATYE Smell Compuder Systemy Interfice OSUSEY, audioport,  High-Dxefluiion

Multimadia nterface CHDMEP' L Personal Computsy Mamory Card Intemational Association
CPEME

N

b oporty, memory card ponts {eg, ST and mina S, andfor ports Ry computes

readabdes madia), mice, rollerbally, consoles, vibrators, audic transducers, andior any interface

for a vser w0 inpet andior recoive data andioy compuands, whgther coupled wirelessly or

o

through wivey (ncluding wathout Emdtation, any of the wsless of wired conbection

deacribed in this disclosurg s with reference 1 conmumioation aniiy

such as, withowt hung

y, Laguad On

{(CLODTY Light-emiting Piode CLEDTY displave, LED LOD digplays, Pl

interface unita 272 can §m‘;§.;.:d e a display

-
wH
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S A Sy

3 cathode way tsx’i’ssa plasm i;\p}n s, Fhgh Defiattion OHDTY pandd

X pas}

X

Dy displays, wouchsszens, surfy CRIFVASES, ant

wany displays,

'i'_ﬁf%a's-*isiima, monitors, pangls, soresus, andfor devices kumanin e st fosviseal PEERY wadon.

AT

I genne uviplomentaiGus, s oterfate woty 272 can be positionsd g the body of sobot
N ¥ &

f

I gan be }»U"i“i(‘i} ad away from the bo

202 In some implemsutaiions, wey interface unily

of rabot 202, but can be conmnunioatively conpled o robot 2 communication

units 266} divectdy or indireotly (e, theoueh a netwerk or g :‘:}.au'd},_.

{{.%*:'Lﬁ-’fs?}E fnsoms baplementstions, navigation uaits 376 zan ncluds conmponenty a
softevane configured 1o provide diret tionad instuctons for robot 202 10 navigate. Navigagion
unity 276 can procsas maps and localizativn iformation penerated by mapping and

Ry

sensar daty from sensor wits 264, angd/nr cther operative unis

toralizatinn walk &

-

For sxample, navigation units 276 can reogve map 300 from mapping and localization wnits

¥ £

YIS can alse mcotve Iogslization wfgnmation figwm mapping gad

Navigstion ynits 2

e

fovahization onits 262, which oan be indioattve at least fuopard of the Jocative of whet 202

within map 300, inchuding route 306, Navigation unita 276 can alse recerve sensor data trom

sengor pnits 264 which can be indicstive »f least in pact of objocts arond robot 202, Using

one o mars of the map, location, and sensor daty, ;tavlg MECHE s 270 can instruct robot 202

where to navigate fe.g, go forwaed, Tefd, righs, hagt any other direciion)

HIOTH Navigation units 270 can abso mploment aotions andfor action-spectfic tasks

such gs mobilizing brushes for ooy cleaning, moving {82, moving up, dows, Teft, dehy

Rying water, turmng ondof vaciaa,

o b

forward, back) soussgees, hurning on/oft wates

moving vacuun bose positions, gesticalating anary, raisingfowering g B, turning a camerna

andéor any sensor of sensoy undts 284, andfor aty action laken by robot 2020 In sowe ases,

such actions sudfor activasspeciiie tasks zan be Indicated in & map and be exscuted by

sefuator uots

JOUTH In some implomentations, power supply gan inchude one of mote

.

batteries, mwluding, withow Hatation, Hihinm, Hthiim don, sickebcadimiam, nickel-metal

bvdride, nickelbydrogen, cubonssing, sibverogde, _;’.iz‘ﬁ’i’.*c&lﬁ}{fs{}, Zine-an, werney oxide,

sikaling, ovany other tvpe of battery krown in the art Certain batteries can be ol

such as wirelsasly s by 8 Pescnant oivelit andior @ rosornt bk o

iy andfor by

plugeite 1o a0 exiornal power sourte, Powsr supply 358 gav alde b any supplisr of

e
s
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gy, docluding wall sockets and elsetronio devices that convert solar, wind, water, nuclenr,

e

i e

hydrogen, gasoling, natural gus, fossid fueds, mechanicgl ene

St a " ORRY power

sonares Anto &fés.»fiui\,

FODTY In some tmplementations, operating systena 270 can be configurad 1o manage

v 288, modudes 1o operative unit 230, andéor any

For example, and without Hostatios,

sestera 270 can inchi s for robot 202

2 PRSI

As previoushy mentivasd, any of the aforementioned ctnponents of robot 202
can be instantiatesd o software sndfor hardware. For example, & unithmodule can be a piecs of
hardware andfor a piees of eode run R & Compter,

[00741 FIG 44 s g top view map 300 and route 308

-3

nergted ’Cs}s‘ Tobat 02 av i
ravels i envivonment 200 10 accordance with some implemsatations of this disgloswre. in
can be perfiemed by mapping and

song inplomentaiiony, the ganeration of map

focahzation aolis 262 Map 300 can comprise pirely wherstn sach pixsl ¢

mappred ares of enviropiment 240 The nunsber of pixels in map 300 can b detsrmimed based

on the resolution of map 300 Map 300 can be substantially sinnlar i layout s environment

204, where sach pixel in map 300 can approvimate 8 locaton in sovironnsent 200, Robor 202

v an areg, which canbe

can appeat onsmap 300 ay robot indicator 302 Hach pixel canrepras
unitorm or sosamiform. For sxample, s poeel could represent one arss util, 3 DM oF 9y
sreq unit, of 8 non-uniform anit of area.

FOGTS

P

The mapping can be performed by imposing duta obiptued at lewst in part by
seusor uuits 264 dato g two-dimenstonal (207, dhree-diveensionsl (U307, andior four-
diensaonal (4D map represenjative at feast in part of epvircament 230 For example,
avap 300 can inchde {iam s repessentative af least g part of ohstacies andfor olgecs

5 vobop

detecied by robot cort demonstrated toutes, such a3 vo

NN

202 leamed while under ussr contred For sxample, mapped rowte 332 can inchude
coordinates fo.g, vand yina 2 map ard x, v, and w8 3D map) based st least v paston
the relative position, orientation, andfor pose of robot 202 (e g ncluding one of wmowe of

For

fovation, displacement, and oviemtation) o a reference, such av indtialization location 222,

¢

example, pose can have ()

Ton hag s

theta) coordinates. &y wed herein, the fom pos

ardinary and custormgey heaning. For oxample, 1o some seses, position can inchule a location
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t terms of dhaplacersent, coordinatey, ste. of an objent, robot 202, et In some cases,

can also indlnde ao onentaiion of do phiert, robog 202 ete. Accordingly, I some

cazey, the fevms position and pose may be used nterchangeadly toinclade one or more of

focation, displacement, and orientation. Map 300, ereated theongh the dempnstration provess,

e

can record part of anddor subatantially the whole of the environment that vobot 202 sensed in

one ar morg demnnstraticnyirsinings. For this reason, some may call wap clabal map.
In somé cases, map 300 can be statie b that after g demongiratis andfraining, map 308 may not

be subatantially updated. to some implemsntations, map 300 aud mapped route 306 can alse

.,.._.

be generated separately (¢, by @ nser using 8 compute }é‘:\ta{‘u vloaded onto vabiof 20L

fOa7e] i some implementations, pixels {andfor voxels in 30 of map 300 can have
e armoeg states, whers the pinglstate s indivative atisast in part of & charagtesisiio of the
positiondocation in envitonment 200 represenied By that phal. For srample, phisls of map

B

300 can be binary, w xel state {en., pixel valye} s ndicative af least in part ot a

clear {a G, BV o 15 wdicative at least i past of &

Blovked {o.p., oot navigable} locatton, By way of Hustration, o pixel value of zeve (0) can be
mhicative at leastin pant of & clegr location apd 2 pixel value of one (1) cgn be indicative gt

Feastin patt of & blocked location.

{00771 In sowe impleracntations, bmstead of or v addition to the aforementioned
Binary atutes, pixels of nrag 300 can have other pixels states such as oo or move of a pixsd

stite tnulivative at least in part of an unknown loecation {88 anewlocyiion with ne

informationy, 8 pisel alate indicative at lsast 1o past of 8 posill ation that should not be
traveled to) g pivel state indicative at least tn part of being part of & aavigalle route; & pixel
afate fndicative ot leaxd o part of an area tn which sobot 202 has waveled: a poel siate

‘\§ )""l‘

tve ab least in pant of an wes © winch robot 207 hes sot taveled; & pixed sate

tee ab beast in part of an oljedt a pivel stafe mdicative gt least in part of standing

water; amidfor any other categorizanon of a postiondocation on map 300, In soms

implomentations, a pixel state, andfor data sssociated with g pixel, par be indicative st loast

-

tr part of actiony andfor acton-specific tasky, such ay mobihzing broshes for Boor cleamng,

s, turning ool water,

pee

moving {e.g, moving up, dewe, left, rght forward, ba

A

Spra water, ms‘s'i.ing onfoll vacuums, MoviRg vacunin hoss positions, gesticudating an
arm, rssingtowerning g B, twrning g comera and/or any sonsar of sgnsor wals 264, andier
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v
C’S:
"
ged
Tanna
e
‘ot
oy
o
e
o
s

oF sy 300 can also stove wove than a's

d¢ yRlge or mky sigte, Bor

fof map 300 can alore 8 plualiny of valees sueh ay valnes stored 1o a

%
&
o

i
e
b
£:5]
AN
=

-
s
=,
7
.
o

veotor andfor matrke, These values csn twlude values indiostive ar leas

posifionpose {eg., including loeation andfor srientation) of robot 202

msasured at a potnt {eg, pivel} slong route 306, These values can glen wnclude whether robat

Py

202 should clea or not clognt 8 positioadocstion, sndfor othér autivusfactionsspecific fasks

that should be raken by wobot 2402

{00791 Robot 202 van travel slong a route feg), 200 piotured 1 FIG 1), wikeh can be

%
o
3
£
s
2%
T
foonts
b
o
precs
poes
pord
s
3,

30 a8 ropte 306 AL each location robot 202 wavels along the route, robot
202 can deterndune By posiron sudor orlentstion, in scime cases relative to an nitialization

fogation {eg., tnitislization locatton 2323 home locsior {sg, howme locaty

Skt Eb
another relerenne point, These wapping and lecalizafion fuschous can be performed by

&f

Ton unis 262, The indsiali

mapping and local afion location caw be represented on map

ot 332 van bedeternsined el

300 g mapped postiion 322 In some casey, mapped post
tora home locaior fehich inosome implementations can also be g plapotat on map 300 anddor
otherwise represented therain}

O80T For example, robot 203 an mgasure or gpprosimae oy distance from
tnttialization location 204 {or asoothsr reference point) using odometry, whers 8 wses
propiioctpiive seusors of sensor unigg 364 {og, wheel encoders (ng, otary encodersh,

¥

iy {ncluding acosterometses,

visual odomstry, Inertial Measuremsnt  Units ¢'IM

magnetomeaters, angular rate sensors), and the BRel o track the movements of robot

snce artng al initalization location 2 By way of ilhastrative example, o o wore of

o,

s

Faies

1%

i

proprioveptive sensory can be wheel sueo

ad o the revolution of the wheels of robot 302, Qs another lostative example, visugl
odoanaters san be used o midasurs or sstimats the distancs fravelied andfor orlentstion of

robod 202 sheoush g

sitial Pmages taker by g camera. The wisagd odoneters can construet

an optival flow fleid ie 2., waing Locaa-Kenads wethods or other methods) andfor estimate

samern moticny, such as by using Kalman filters or pragection. As another nonslimiting

s andfor offen

example, MU can be used fo measore andior estimate the g

- ‘s( o
rabaot 203

o
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(081 300, as robot indisator

(’/
1’:

i, as

seen in FIG. 68 and elsewhere) progrosses glong miap 300 i asubstantially statlar vy as

pmnis

7

robut 202 navigates through sovironment 200, Advantageously, @ some implomentations

iy

map 300 and route 306 can be created pether, whersin robot 2

arps the envirgneaent 2030

S

aud records route 306 a1 sebetantially similar fimes. Accordingly, 1o some implementations,

muap 300 snd route 308 can be paired together wherein sach recorded route iv stored only
withia particudar map,

FOG82Y Each focstion that s part of poate 200 oan covreapond 16 8 pixel on routs 306

o map 300, where the phyelstate of vouie 306 Indicates the pixel is part ol & navigable voute.

As pobot 202 fravels, vobot 202 can alao fusasure rodest’s 202 ;‘>s:3;\fjit o and/er optentation

These measures gan be aken @

relative 0 obigcls USIng (8 OF MIDIC SENSeHs unils |

disorets tumes anddor locations, repressated a3 sodes. Robot 202 can alzo take scans gsng

¢

grie of e of sunsor weis enviraninent, In this way, mbot 202 ¢an detecy

andfer measwrs the position andior extentation of robot

shebvier o walls

e

{0083 fre the oase whore robot 202 detests objects, robot 202 can use sonsovs wmis

20 vo detet andfor measurs the posttion sndior orisntation of those obisats in g pluraliny of

divactions relative to robot 300 -Ad the same fime, robof 302 can usesensors units 364 o

sotimats robot’s 202 posttion andioe oriemtation. As robot 202 moves in the envivonment,

A

ditforent objects can ¢eme within the range of sensars of sonser uniis 2064 For exampla,

seusors-can b positioned on frond side of robot 202 and can have a predetsrmined vange. Por

o~

example, robor 207 g deteet olijects at & front side np 1o the prodetermined range.

-

z

Sioslarly, ofber sevsors can sach have nnges and detect obdeots wathin those ranges. These

Secs

Fa
N
3

sensory can s positionsd o the front, bagk, left side, niglhy, mig bottom, top, sadfor any
combination of the foregoing.

P84 Insome cases, sensors unis 204 may not sense cortain weas, For example, an
object can impede the availability of robot 20T 10 sense an aven, or the area may supear v

Bind spot{e.g., placenot covered by the msasuring vavgs of the sehsorgd,

bR bl

R

fo08 s The eovivonment mapped v map 300 s a larger set dhan that Hlusrated in

G Toas envdronmett 2000 Rowte 308 anctades rsabs of the aisles and other movemensy,

inchiting horfzeatally Hlustrated traversdls theough paths between gigles. As Hlustrated
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arap 300, robot 202 can olsan & Hoor wiale deiving over exch asie 8

('/

phuradity of fintes.

inaceordancs

FOO86] i some cases, FHG 44 can be a completed top view map 340

i gl end stomapped

with sone implemestations of this disclosurs. Robap 202

pasition. 322 The completsd Husiratss & complsted, acowrste wap

i o oreate aomap subsisutially sinalar 1o the ground wwuth
sisiply by ploning data collectad By sensor vinits 264 ob & mag Sensors oF sensor poils 264
have nolse, msasursmam Qi.zf%ﬁ, 0 As e resudt, sensors of sensor unity 204 may oot always

urnbigucasly idenify fostures in the eavirornent. Sensors of sensor wats 264 may slsa

aot alwavs unambignousty identify the poyititn andior pose of mbot 202,
N Because idemtification by senser unlis 264 may not be wamblguous, robat

202 can wrobabilistoally determing Hy posttion andéor the position of featates of the

envivonaent 2000 As robe L meves throagh covizonment 200 wivle mapping, 1t can

revord seosar dita Hrovoceasor uniy 284 sy weell ge intennd m%m; comsnands {eiw, move

r:;;
Mg,

forward, left, night back

s

corotate eteh The

>.'{7

soaor data from sensor unily 264
gompared foitsell or other data, sueh as through sean matching 1o determine the el

£

poaitions. Ax a reanls, vobat 202 {eg., using mapping and kocal

Lo nais 282 yean bulld s

postenior probability ¢

sirtbution functdon of s map g

o

i af Tonsd sonsor daty, soan msiching,
s the internal robet commands. Other factors may also be considersd,

fhat

jO0RE} Because of the ambiguity in measurements, robot 2

«
OHR Bens vate HE

P

do not reflect its surrovmding and raveled voutes 1T not comected. FIG 48 tv a1 map 400 that

oy

does et glotmielyvellect the survcundhng and treveled mouts of mobot 202w steordancs

with some hplomentations of this disclosure. Became of noise, sensov it and other

factors, map 400 appears distorted. Ax 2 result, route 406 appssrs 0 go all over the place

The mapped snvironment around route 406 appears 1o spread out aid overlap upon iself]

3

¢y b covracing

with featurss that doowot reflect the ground truth. By comparison, map
tato oiap 308, where map 400 18 setally @ omap of the ssoe envivomment and soute as map

00 however, map 40 s distorisd and map 3W v veflecis reality, As can be

,,,,
s
]
]
Lo
%
£
sy
ks
ted
ool
"..;
o
pocd
S

phserved, envirenment sctually comprises g series of ais

REt FIG. § 1s o process flow dis

map in sceordances with sontg implem

’J
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18

S ncludes constraining the graph to

e

582 wwludes orenting a graph contaiming vodes. Block

start and end &t substantigly the same focation Block 856 includes per

matehing o extended sean groups determined from the scans at the podes. Bloghk 338

by 1

includes deterniuing contidency 1w the location of each node. Block 360 melndes greating

=

and solving ¥ cost Raetion 3o determine the Tocation of each node. Block 562 includes

rendering 8 map fom the scany from the leeased nodes. This

provided for Hustratve porposes only, hisome 5, otie o more blocks can be omitted tn

the provess. Muorsover, as described i this ¢ Hocks may be addsd

andfor orused by the alismalive.

fooss The reating a gragh containigg nodes of blogk 322 of FEGE § can be

sudior controlier 334 as

performed, in some cases, by mapping and localization umt

robest 202 fravels i an eavironment. By way of Rother dlusiration, FIG 88 s a top vew of

E

a diagram comprising disgretized measurgmnents of fobot

-~

2 in graph SO0 m accordance o some impleweniatons

sty W
Route 6272 15 uaed for tlusiiative purposes, In some cases, rote

g

s route anddor trajectony comeciing nodex determined by robot 2

3

the graph space of graph 680 as robot indicatar 303, from the diserete nodes BUZA - 6020

i, POUes are drawen &

ggaeaf te

Acvordingly, ssillasuated tn Bandes ha

systems and methods deseribad. bersin may be applisd prior 1o andior after youtes are

dotermingd.

foas 1y As robot 22 nevigates along the route sepresented by ropte 622 lastrated i

graph 600, it can take measurements at nodes HO2A ¢

apace of graph 00, snch & by wing sensoy waiis 284, A person having ordinare siall the a

\

would apprsciate that theve can be 8 plurslity of nodes, the nuwmber of which can be

o

determined based at least by part on the resolution of sevsors of sersor unis 264, the speec

robat 202 fo.g, repressnted by wobot tndicator 3 the noise andfor ervor of the ssnsors of

\

BENsSr Wty 26

64, prodeterroined tuning of (e, sefting node distance of Hime

betocrey cctablishing nodeg), ste, FIG o4& ondy iflustraley obe exauple configuration of

E

example e 83 Fov example, the distance bebween podes can b oseb ag i pradetined

nisters, inehes, fees slo) &

parameter i staodaed wndts {eg, sullimeters, contimetery,

1

relative ondts (oticky, piveds, lengths, 80 The disvucs can b delermangd based onithe

ath

oy
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resolution desived, which can be dependent on consideratinns of desirsd accuracy, stor

size, noise, et For example) fower podes cantake op lows st space, but provide less

information thay mere sedes: The gathering of nftwvmation from podee S0248 ~ 8021, and

systems and methodguged for mapping, can be perforsed by mapping and

s 202 anddor contraller 284

pdes G03A ~ OOZLY can represe

~

seansy by robot 202, Each of sodes 6024 ~ 00200 ¢an Do sy

mchuhing measurements such & (x, v, 83 of robot 2023, The pese of robot 202 can beorelative

to & locstion amtlor orentation (e g, infialization location 222 and/or home locater 120}

sahfor features of environment 280, The pose can be determined from dats obtained by laser

seany, LIDAR, odometry, andfor any other sensor of sensor units 384 Morenver, i some

cuney, nudes can be positioned on substantially similar spots, sech ag, for sxample, when

o g plurality offtines.

25 by the same o

{0093 Hach of

3

sdges betwesn nodes #

can have an sssociated

s

probabilistie fadtion andéor probatalistis distribution, Blagtrated e eanly of nodes 60248 -

”"c

SOREE as ranges 6044 - 804D, respoctively. o sorne cases, ranges S4A ~ 6041y can be
compuied using 3 postesior probability diswibution. In some cases, ranges A -~ 0841 can
be denved from the moean computed postion plos the covanance. In some cases, e

3

probabilily  distnbation can be vomputed wsing & Bavesian faamswork, owhere the

arcertaintiey of e sodeg can bestorsd T one o more dats structured, such gy ntons ¢

covarfanee matncesh A porson having ordimary skl in the art would ;:a;g;g;;‘a;:i ate that mng

S48~ B04EY can also be conputed using other statistical mied

vananes, vanahes, ehit-square dintribution, andior any other st

fid

sxample, Stmultansous Localization and Mapping

detenmining pose Knpwn in the st In some cases,

represepative, at least in part, of areas avound each node $0Z4 - G0

tocation of robor 202 relaties to geaph 600 (o, Hustrated as robot mnd

within the aress. For exampde, tostead of node S02B being located sy illustrated, node 6028

san actually by locsted snvwhere within rangs S04H, snd with ditfere

positions andfor orfentations, within range S04R. Tn some casey, epch pos

$0 pan have associated probsbilifies, whereln goms positis
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Likely than other. In some cavey, due lo compounding noise, sensor dift and other Sictors,

subseguent ones of tanges 6044 6041 can becomelarger s an front the position of robat

indicator 302 ay Wagtrated, reprexenting mure engerfainty of the positioning of nodes G024 ~

SOZDY, However, some faotors, such e the identifioasion of distinet Tostures, scan matching,
ton, externad wWentification, ete, can aciually redies the size of one o viore vangey

04 A -~ 6041 as compared to preceding ones of manges S04 ~ 6041,

{0054 ¥

1B o top wvibw of 3

gy of graph 630, which includes a
contipnation of waie 822 of FEY 84X {o svoordance with some dmplementations of this
disclosure, Agillustraied, sobet 202 can begin, as represented on map& 550, ab node SUZA

Mode 6024 can be posttioned redative o fndivator 620, which can be the mappedigraphed

fo

postion of g home locator. As described with referenss to FiG & robat

{ oan map nodes

SOZA - GO2EE. However, one challengs that can aeour 18 thal ervory can accumulate as robot

For exgmple, sanpes dan cariinue 1o oxpand throughout as viewsd

continues gu route 6

frame the location of node 8234 (whose position may be delermined selative 1o 2 home

focator, sucl as indigater 620). By way of illustration, 18y

a0y, and range 634, mssocinted with node 8228, oa

s, thene can be more ambiguty i the locations of those nodes. As 1 resul

b

optintiziog  grap sing covventional SLAM andfor any other algonithen can be
commitationally sxpeasive andfor wecourate. The computating, fime, and processing woss
san be Wgh in wying o find the gptimization

[O09S

P

In some wmplementation, the constraintug of the goaph to stavt and end &t
subsiantially the seme location of block 354 of FHAL & can be perfurmed by mapping amd
foonhzation umt 262 ander controller 234 FIG 6C dustiaies & congiraint for graph 690

from FHG. OB in accordance with some tmplomsntaiions of the present disclosurs, whersin

the starting angd onding locations are at the same aodion substantially the same looation,

Graph 690 HHustrstey the nodey from graph 630, where nodes 8224 and 6228 are now
constratned to be in substantially the same ocstion. lo some puplementstions nodes 6224
aud G228 can be in the same aadfyr aobstantially the same location in ordey o constrain
graph €90 and the noedes therein fo graphs that start sud end &8 the same andfor substantially

sumilar focation. Tu somre cases, graphs that end a1 the same anddor sebstantially the sume can

be determined by detestion of & home Tocatar as (Husteated by indivator 630, In those cgses,
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where robot 207 deteots the sanw hesne Tocas

padl
o

{2, represented by indicator 628 oo araph
&O0Y at the beginning sndior end of route 22, such detection can be hedicative at least in part

FAand b

that nodes § wae lncation

n/

Foareanthe same andior subgiantaibv the sy

{0661 Iy some mpleinentgtions, substantigly simtlar can be prodetermined, such &

bned on one o awore threshobds relating 1o x-didianess, y-distances, wdinstances, angles, e,

For example, there can be distance andfor angle thresholds, sunhvas those hased on standard
units {e.g., inches, meters, degroes, andfor other standand vniigy or relative units (e, clicks,

pixely, lengihs, ste b The threshold con be determined based at least in part on the reaohwtion

L onotse from sensors of 8

of sexisors of Sensor anits Sty Wi RSd sensor et from

-

senstry of sevdor s 264, soceptatie srrons i graphng/mapping, empinical evidener of

perfbomance, view of a reference featire {o.g, howme locator sudfor other obisets) andéor
otherfactors.
FOeT

i g gmbicuty, Working front e
ky

ar {andior asst whieh are the start and end

posiiony resperiively, errer propagation can then by token i both divestions. Acsordingly,

by way of Hlostration, range 526 &

68, and the larges raogs 1y elsewhere, such ay range 638, Noticeably, thix reduction of

% 0

ambignity of node locations can futher reduce computation, fme, and processing O

Pag)

opttizivg craph 858 as comparsd to graph 650, Rangss 8044, 8B, and 304C will be

disonssed o further détal withireforside D RPIGL &

UGS In seane cases, condidencs @ locstion san be defermined through ather

nomgiching By way of dlustvation, robot 202 can use sean matching,
v iy

ng 8 plurality of seans (e, hmer seanst from seny of sodes to

determine their relative posttions. In some vases, sean matching can b usad to detsymine the

hody ﬁasxstornmg‘mw ranshationg anddor rotatons had aligns best a i and

a graph/map, 8 scan and a sean, andfor & graphimap and 8 aoaphimap

{00691 By way of illustration, a robot sensing an environment from two nodes, e and

w1, can obtain LIDAKR scans ze and o These LIDAR scans gan a‘:a;}fma_;-} sean of the

eavirnment. For example, provided some parts of the envivonment are visible from both .

Sy

3

and )y, soan natohing cant be wied 1o find g vigd wansform that sl project the gmin'f.zs

R
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that they slign with e, Scan matching, w soms forom, bas besy used in mapping slgorithms
suieh a8 SLAR and uthers
i

Py

HEHE Y 1 osome cases, the performing of sean matching on evended soan groups

deterndued from the scans at the nodes of block 336 can be performed by mappiag and

foonhention nng 262 anddor controller 254 FIGL 748 iy a process flow diagram of an

exexaplary wethod 700 for oresting cxtonded scan growp in ascecdsvce with same

ruplomentations of das disclosure, Blogk 720 include

cing woroot node. The oot node

can ingtude 3 node from which other nodes are viewed {o.g, the positing, distances, E’{x =

angles, oo andfor cortannty velaiies to the voot node). Block

overias i oleasursments from podes. Overlaps of misestrements from podes san fnvlude

overfaps where soans have fostures In common gudfor sre  close woxtmity. Fov example,

N P T TN AT SR P CRT (T Y s epea e % 3 1‘\.:.\ ey Ty svevet (i‘ e G Preniviee Ty wprves i
overlap can wmolude scans from nodes that Bave oaplyved the sane Bealure, By way o

Hiustration, as robot 207 navigates, it can use o take messuroments 1

4]

splaroenment I some casew, w measuremenis can be done wsing & soan

Accordingly, the scan LIDAR can take measursmenty of an objoct within its vange & robut

202 navignies. Based on the {fifﬁxisvziiiy of the nodes where robot 202 takes seans, individug

soans o capture the same oljecy bue at different polots v tove andfor space (8.8 & it

w

scan can nchute an object sy robot 202 approaches 1, ¢ second scan can nclnde the obieot g

=

robot 202 iy near it & thivd scan csn tnvlude the obisot as solt 202 passea iy, & fourth scan
Happing

mexsuremsnts oay capiure differsnt aspeois of & same feature In an environment. Moreover,

sarcivchihy e obilsit as robgt 207 moves Mthil away, i) W s way, thilse ¢

these megsurenients can alsn be subtantially proximate i toe andior space. For exanple,

prociomty can include nodes that ate sequentially next io each other, ov within a

predeterpined munber of nodes. Proximity cap also includs tmes that ave withis a

/

ed-based at lewst In past on

progetenmined thresha

o

sensor reschiticn, :\mm ,t.im oy, the apesd of vob t;?.( 3, s

[00101]

]

¥

4 inclndes oresting groups of nodes based at least in past on overlaps

to form extended soan growps. Hach extended acan gronp can indlude a predeisvmined
23,4 5, or more nodes, The number of vodes can b chosen

o 3

aumber of nodes, sch as

a1 part on the desice o mateling, the daia

»of each soan,

coOMputationsl rosourves, o can be ysed o balanse the aropat
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i

of nformatice previded by having more scans and the complexity of perfornuag 1he sean

natching,

HEHY In some cases, not every vode may be in g wroup. Finding growps can Rathe

3

ichude only grouping avdes that ulnde andicy we provimsl o distingt Yomures, Distingt

3

feaburss can inchude Peabires that can be dighootive an

-,

identiftable. Fov sxample,

halbways with neaely entical walls theoughout may vot include distinet features, By way of

tustration, distinet featpres van inglude obiepts, obstavles, Batnres, andior any aspegt that

™

cant make & logation distinguishabis fi

oAt least some other locations,  Advantagsousty,

vobos 202 can further reduce comsumption

groups with distine fegtnres sre ug

=

where ouly

of svstery resourves by focusing On scan matches that will provide useftd andior tes

smbiguous wformagtion, Advantageousty, reliance cu the distinot fogtures can reduce false

positives,

BETREREY I some cases, the same nodes may be used i oultiple extended scan groups.

In some cazes, different extended soan gronps san welode the same nodes. However, o some

cases, sach node cxy be resinigted o only being it onsg sxtended seayg group Acrurdingly,
determining whether & node belonge i & partieular grouy depends on one o mors faotors,

schaded in various buplementations. The selative weighty of cach of these factor as

xm
w‘«‘
..J

implgrnented can be sdiusted bebween tmplomontstions based gt least in ped on the

srviroament, distinet features {zmg%;‘«:)::‘ ek there \i} smpivical performance measur
first factor can include the amown of 3 distingt foature capiurad 10 8 scan from 1 node

)

\.

example, i more messuremsnts of pdistine fextare ave captured fu 2 sean fom a node, that
soan from that node would be more ikely o be tvcluded s extended sean growp with
sinvilavhy more megsurements of 5 distinet feature fnstead of othey scans from other vodes
that bad fewsy maswres of the distinet feature. A second factor cun inchude provimity to
Hiely 1o be hnpluded

other nodes. Nodes that are in proximity 1o each other would be miore

,,c

iogether i an extended scun group: Proximidy can be based at least tn pat on distance sndi

angle thresholds, deternuned based at least i part on sensor vesolution, density of nodes

{e.2, how many hodeg are i 3 space, whers proximity may be defioed ag closer in the

situgtion where thore are wore nodes o & ghvon space 88 compared o when there are fower

nodes I & given space) empivieal results) eto A thied factor can dnclude the presence of

othed hstinel Rostetwithin § scan, Foy exaple, & seannat a npde © susuremunts of

]
o
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s plusality of distiacy foatures. Inoorder to optunize matches, having more sxtsnded sean

groups can bo favorable. Accordingly, where more stans are destred W dtvaplote axg
can groupsy, having seans with mubiple diafingt featurey assigned 1o sets of scans that wodd
otheriviss e foo fow 1o oreate an edonded scan gioup would be ;31‘&3&;‘3.&@. I such &

situation, robot 202 can be galibrated go 1118 more like

produced. O the other hand, in ather o ooxtended sean groups could be

advinrageous for the speed of computstion or can dnclude the size of the

extended soan groups. As aforementicnsd, each extended scan group can b a pradeterninsd

- deternssng whether & partiondar sean from @ node belongs with other

sivad. Avcording

scany from sodhey ta depondent on the vz of the extemdad sean groups.
fo0 1) i some Cgsey, recursive andior Herative greuptng sleorithms can beoased to

mateh sciny o exterded sean groups. In some cages, bassd on one ovomare perfosmancs

crhtgnia, each setof extended sean groups eanbe evaluated, The poerformanss oniferia can be

Hi

tased o ope ov wove of the shove faotes. In some cases, alzosithms, sue hoas the minimal

1w slgorithme can be implementad to divide the nodes

b

ot @ aph theory, andfor cther grespis

2

and sasoginted sonos; bt extended span groups

sreups have besw identified, A soa woatcher {eg, s pat of wmapping

e %

and localization pobly 262 can be nsed 1 determine locations andfor ordentations of soang,

FHY 7B s a conveptoal dingram of & scan matching tfransformation v aceordanos with some
inplomentations of the prosent disclosure. In some cases, 3 urality of nodes can be used
a soan matcher, fooming an exteaded sean group. The extended sean group can be compared
to cther extended svan groups o determine relative translations {aud 85 2 resuly, focations)

andéor rotations. Advantageowsly, theexisuded soan groups can provide more context {8g

toformation, data, efe) anddor impreve one o more ofl the apeed of graph/map optivsization,

wh
A

tattonal and othey

the secwracy of graphshoaps relative o the wrooad 1rutly, and the oo

resenirne costy of optimization, IF # larger soan group Bas besn maiched 1o a locativn, whot

T can have rel aii‘c fy high confidence in the location of the nodes involved o the scan

maiching, Iy some cases, sl as the matching of an exisuded scan gro

the confidence can at least mateh that of e prex&i@u& soan, L

202 heving substantiglly similyr locations andier ovients
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knows inforaration can be inchuded, wherstn the location of featurss 19 8 graph ave known 8

prion, Actordingly, such infonmation can further incrdgse confides

HEHE ) Nean matehing can wdentify locativns bhased at least o part on oveslap of an
extendded scan group o snother extended scan grovp. Overdap can be detormined by

algotithmy boown i the av, such as gorrelation, Jterative comparisany, area of intersectivy,

easion

gsseciattons {eg, polntto-point, powmtde-feature, faat

algorithme, closest point algorithns (e g, Bergtive Closest Point IR 1, nearest neighbor
searching slgosithms, and others,

{00107 By way of dlustration, freme 7028 Hustrates nodes TORA, T10A, and 7124,
a8 well ax detscted foatures TO4A and 7064 based on séans at nodes TOSA, TI0A and T12A,
Trapstorm Tunction T14 tlustiater s ngd bady raveforn, whith pan porforsasean muiching

of frame TOZA. Tramsboey fanctics TR cay perforyy wandationad andfer totational

o,

CAS a result, frame 7

movements of scans/tod

L7124 as nodes TORR,

o

s versiony of eteorad foaltiss A and 7 Ay detected o

sd TOOH. In some implementtions, fravstorm fonction TH may not be g fgd body

ransform, wherety the relative positions of one of wore of aodes TOBA, 7104, and T12A
anddor detected fomures TO4A and TR can change relative 16 one another,
HIOI0E] v somie oases, detsvmining the confidenee o the location of sach node under

558 of FIG. § can b performed by mapping and localization taty 382 andfor controller

234, FHG, R illustrates an example reselt of 8 soan matching of an extended sean group oo the

graph Hhustrated In FIG &0 v gocordance with some implementations of the present
disclosore. Extended soan grouy 00 incledes nodes 8028, 8U2B, and 802C, Becmse the
scan matcher 1dentified the positioning of podes 8024, SO2B, and 8020, their positions are

detenmined with incregsed confidenge. o and 8040 may

parresy, reflecting wreater confidence. Acvordingly, robot 202 ean a‘.-u\:ts_rmji-m confidence
based at least s part on sean matching, the propagat tiowr ol ervors (e, sy rellected by vanges

SO2A, GO2B, 8020, 8021, 026, andfor 828, andior other ranges computed by robot 202y
sudior pthenfectors.

FE R Wiih the confidences detsrmined, ¢ »oand sobving w coxt fmonon o

deternune the locgtion of sachinode nnder hlook 360 of Fie S tan be portormed by migpping

R
&3
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ansar morenedes of & “fd‘{“;

&

srd localizaticer unit 282 andfor controtler 2540 Insome ¢

S

gare have conceptual springs (g, conmections) thaet chamoiedze the spaial refationship

between the nodes and the vonfideoge In that relationship {e.g., I s covartanee andior ather

statistival categorization) The confidence can be based at lesst in past on the ranges
tHustratsd in FIGN. 8800 and 8.

O from FIG 64

fooiig) FIG. © illustrates springs toffrem node 6024& from graph &0

e prosent dsalosure, A dlustrated node 602A I

rdance with some implementaions of ¢

o

conpectsd toa plurality of nodes, inciuding nodes SOIB, 8020, and 602D by springs $50AR,
S50AL, and 680410 Node S0E5A can also b conpectad 1o any snilior all of the othernodegin
the respeotive graph O Howvever, in some vases, ned #ll nodes of a miap may be conuectil

A9

Optionally, some nedes may be discomnnected o prevent sudior mitigate the genersiion of

anvealiatie waps. Por example, i some implementaiivny, sodes can b selectively

discemmseted based st legsd By part ou orrors, excewpling & predemormined theeshold

uncsvtainty, being less thaw a predetermined shald envertnty, andior any other

predetermingd constraints andfor restrictions.

HULERY Each of springs 35J4AR, sud S04 ean compriseong ormore of (1)

a velatve focation between pode 8024 and the corvesponding nods at the other and {o.g.,

2

pode SO for spring 950AD sode 8020 for sprng 9S0AL, and node SO2B fur spring

SSOARY andior 2} a confidencs of the relstive positivming.
foog] By way of tHustration, the selative location can comprise a plurality of relasive

such an those nken by a 2D scan), the relative focation

deseriptions. In tosdimensions {e.g, 8

can comprise A horzontal divection, vietesl divectign, andioy s angle, suchoas ot form

one of more of Ay, Ay, and AG Other we

s representing relative location are alse

oS 3

comtemplated, such as thoss with diffsrsnt eoordinate syatems andior dimssnsinns. For

PN

exarpphle, fro three dimentions, refative looation tan be dosenbed h one of more of

persent baving ooy skill in the artwould appreciate that there

ihe relative position apddor orlentation in two, three, fowr, andfor any

dimension. The confidence can be represented a3 & covarianes matiix. By wa

s of the location of

the covarianes Waliix san comprise the covanisnees between the oleme

the vodes (o, between node S02A aud node 8020 o a1 tede S0

Bix

and npode G020 fov gpring S80AL, and between node $024 B for spring

A
Foind
b
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SEE o some implementations, confidence can alsorbs

knowir in the art, such ag vartanges e, The

ATTR 8, GRS
confidence can be dependent in part on ranges, sueh as ranges cadonlated with respect to

FIGAR 640 and §

{20113] I somre cases, the springs cap define 8 cost Bunetion, wheretny oplimizing 8
graph fncludes nummizing the potential ensrgy of the system o By the springs. In this

way, Hnding the optimal map can alsd be iy the cost Rimtion anddor
finding substantially the maxunum libsdihood position of cach node (g, bassd on the
probsbility distibutions). Solving the oost function can wiilive leasi-squares rogpession
methods, nondinesr lsast squares optimization, perwbation theary, weighted-east squares
metheds, Kabman Fillors, andfor any other methods Kkenown m the ant &y sobving the cost

¢ whers

the net force on each node 18 egual to substaniy §i§= sero-gndfor & sl nuiwmune. The springs

can be repressoted w8 welghts andfor ontentation

FO01 14} Chaes the position of the nodes in the graph {eg, waph 600, 650, andfor 881y

fes

sidior any graph generated by robot 202} robot 202 can consiiuet @ man {88, map ?if}i'},

SG{A, andior SOOB, andfov any miap generated by robot 202}, sl as by processing the gray

oy

with meppmg and ocghization units 362

f011%) The rendering of & map Hom scany from the located nodes of bloek 562 of

FIG. § can be performed by mapping and localizg fnddor govtralter 384

example, FEE 10 1 2 diagram of the pixels of 2 map being constructed from seans in
acodrdantg o somw implomeitatons of this disclosure By way of lustration, wigtix 106G
commprises celly that correspond to locations oo a map. Ib some vases, each eell can

vorrsspond to a pixed, Nodes 10044 and 10048 {o cells In mauby 1000, indicative at lsast in

oy

Cand 1004R. The locstions cah By bag

Lt

parpoof the relative ation of Nodes

e a relersnce poind andicy coordinale sydem feg, ©

A5

standard unisy 8

andfor any other standrd measurene) and/or relative mils g,

other relative measwement) Nodes HO04A and 10048 are provided Tor ilustrative purposes.

The posttioning, number, audfor spactag of nodes van by dependent on the scans taken by

robst 200 v iraversed snvsaviranvent

jo0iie] Bach scan can provide intoroation indicative at least i part of e relative

Ly
i
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focation of clycots around robot 202 &t the nodes, In soms ass 53, 3Cans \{Z‘ B, SRANS from a

bey

Sean LR AR} Cary provide moasursnenis o objoets, For exanple, 1n sonie cases, Wy tgoing

can be usad, wherein the location of objects along rays exdending from robot 202 acrass
space can be used ® identify the loontions and/or orlematiney of ohijects. T manix 1008,
dotted hoes soch ay hne 1008 ave indicative ab least in part of vavs. When an objest 18
detected along a rav, the cell, suck as coll 1002, can by wmarked. For visus! Hlustration, wmark

& oAb the Iocatton

e gt deast B opart that an object hes been detg

{00117 In contrast, where @ty passes through s Incation with no olject, the
corresponding cell can T marked with ag "0, such ay iHustrated with mark 11 The gella
sorresponding o locations thae ravs have ol passed through can bave no nark. Other

destgnations are contemplaied. A person hasvang ordinary skallin the art would appreciate that

an be marked i any way desired. Additionally, more infortmanien can be assoviated

with sach oell, sech ax by associating each coll tv aputher data stracnes andior wsing a da

structurs with move dimensions, For sxample, additional mformation such as the logation of

the route by robot 202,

‘EQ!f(\ﬁh\i“i ¢ of ;‘u.tl@ﬂ‘a angd! 6! «\f!(?“*\p\\ﬁ‘f x\iaixs Edi(}‘&&’i!ﬁ‘{i Y \ﬁ

water, carpet, reflective, andior any othe desoripfion), -pre&ib.‘é‘is{i.ar;‘szis,_

e gesocistad with one o move wells. Such addifionad nformation can

b derived from scans {rzs\ froan sensors of sensor wnity 264 andior dertved separatsly and
taserted o the mup. Such sdditfonal fnformation can be ailded tnoat this stage andior Tater
after map conatmction

{00118} Accordingly, throuph the piu&‘&i%iy of ray traciugs thar can be observed from

seany, the location of objects seen by rodut 202 a1 vanas i}(}i‘ifﬁﬁ_sﬁ-&i} e mapped Together,

&

the avcumuiation of seans from nodes can oreate the map. In some cases, there an be cvalap

Fetween scans at nodes, In some cases, snch overdapping seans ean agres on the positioning

bt

of ehyjecty, Flosvever, in some cases, overlapping scans o disagres and provids contlicting

taforoation. I some cases, these can be due In ervord in mossurements andior moving

obyects Avcordingly, probabiliies cah be assigned to an wWeotified cell. In sowe cases, the

probability car be computed 8 thy number of 508 at detected an obisct {or i sewme casss

ihe seans that did sot detett an objecl) dvvided by the wital nwmbey of scans. Tiv this way

s

5 xtatstionl testy, varianoey,

sahied gvirsg

A

Ehlge slanstion can booused gy well, sush

u(;

IR WY

o

sy
]
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smedior any other statistioal method that reflects the unceriainty of conflinting infomation. In

some gases, based on @ predetormined sthaustical throghiold, the presence sodior ahsenge of

S

obiects can be determingd in the map. For example, i the predetermined staistioal threshald

ts et {orther exegeded or nof excesded deponding on how I tv set), the lecaticn of the objeet

will be fiflled 1n the gf:;s‘s-m'a'iﬁ{i My (e, mapy 300, 5004, or 5008, an

‘or any other map

gensrated by robot 2823 gl threshold

of Hlustration, where the predetenmingd staty

o, the per Civ o focation exceeds @

B peres s oof soans thay Wentify an obis

pradeterauned peresutage {g.g, 60, 74, 80, 90, anlfor any other porvontage bassd on the
cortsinty desired), then the location will b idertified as sorresponding o an objedt in the
mage As another dlostation, In dhe case of wdentifving the absence of an objery, if the

perseniaze of scans that wentily no object in 8 losation exeeeds § predetornuned perconiage

¥
4

S, and/or any other perosnta theay the Tocation wall be Wentified sy oo

A emoty spase) in the map Aosimd cal saly

can be waed i tdentifving auy of the otheraddinonal information desoribed in this disclosus.
A person having ordinary skill In the art would appreciate that the predeternuingd satisticdd

thresholds can be defined e npmber o ways, cither fn the positive (e, the presence of an

obiect andior characteriztivy andior the pegative {eg., the absence of an objest andicr

s
SRR

stistio), Advantageonsly, taking » statistical approach can Rlier ot moving objects,
which may only appear in sone scans but not others,

RN i somme Buplementationy, sdditionally w Cgan be perforned ow 8 owap

andfor graph. For example, 10 some cazes, pivel states can be indicative af feast in past of

whether robot 202 can navigate through an grea. In some cases, certain losations way aot

Bave been adeguately observed dunng demonsiration, objects inthe sovivomment may hase

B L
LIS EESOEA BT ]

avoved, andior there can be uncsrtainty 18 MOISUreRIELS.

Fon

user can edit g omap smdfor gorph in order to add additionad information. For exanple, a user

erse andfor areas v owhich wbot

can sdit a map to wdenttfy areas in which roboy 20
T cannot raverse.

TRV

fao12e] Robut 207 can learn from the users jnpul. Fov axamplse, robot 202 can store in

PEEERCRY i Hbravy comprising one or mewe of (1) origingl maps andfor graphs, G4 5

avudit

*graphe with user inpot, (1) other maps andior grapha, Tn some cases, the Hbrary can

be pan contatn apprexumately 108, 10, 100, 1000, 13,000, 100,000, 1.000,000, W 000,000, ¢
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sy mavher of mavs andfor graphs. o some jmplamentations, the hlwary cap be storsd dn s

network o oloud, server, et ) and may not by seved within momory 2320 The Hbrary can

TR

beused (8@, based on machine leaming algortithms) to train obot 202 to deternuine oug o

I3

more sssactations betweer origingl mapsigraphs and maps/graphs with user fnput. In this

way, robot 202 ean fearn what changes bave been made due to user inpot in the Bbrare and

make substantially similar changes when 1 oomes across substantially simidlar spengnos.

S

fOiEH {i some implamentations, robot 208 can also made sha

TeRisting msf\

andfor maps during subseguent navigations i an environment. For example, robot 202 can

bt

colleet addinional dats andior soans i a vew graph andfor map and use that additional data

s

sudfor seans (o suppdement an existing eraph aulfor map,

By way of Hlustration, robot 244

can, i a fivst pected of e, gonerate o fest

araph audior map beginning at a fivst home lodator and waveding along a fiest routs. At

fater, senond peried of time, rabot U2 can travel along a substantially similar p

\.-

vouls beginning af the first homs focator aud generating 8 sec ongd graph andior map thersie,
sxcepl colleoting data {eg. scanyy that was not collsoted in the Oy petiod of time
Advamtageousty, wheve robot 202 started at the first home focstor w the first peded snd the

("}“6

seeond ?mwd of e, vobot 207 can wae 18 locelization o fis scans oaether from the firs

foan add additionsd

graph andfor map sad 1 ond graph avlior wmap. e S way, robot 24

v the first graph andfor map that was measursd i the second graph andior wmap,
2 VETES.
In soms dmplementations, whese &ffsrent bome locators are wsed as
bépinning poinis for the Brst graph andior mad dad the sogom anddor map, roboy

can fransfoem them inlo 2 commuon coordinate systam in ovder 1o more eanily combine scam
from each,

fO0 T34

g g procewy fow dawrsm of an exemplary method 1100 Ry

generating & Way b}‘; a okt ln accovdause with some implomentations of the present
disclosure. Block 110 includes toaveling, bu the sobot, i an envivomment, Block 104
welndey creating 8 graph comprising a phoeadity of nodey, wherain sach node cofresponds to
& sost taken by o sensor of the rebot at & lovation in the savivonment. Blogk 1106 nchades

constraining the graph oo stant and end ot @ sbsttially stidbae focation. Bloek 1108

inchudes porforming scan matching on extended svan groups determined gt least tn part from

Ly
i
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N o>

wroups of the plurality of andesx. Blogk 1O inclndes associating & yange of possible

fovations with each of the pluraliiy of podes based at lesst ih vart on the

an matching

Bioek 1112 includes determining confidences associated with earh range of possible

tocations. Block 1114 tncludes optindsing the graph 1o find the Hhely location of the plurslity

of nodes tesed at least in pant on the confidences. Block 1118 inchudey generating the map

from the optimized graph.

x

fO0 s FIG 12 o process flow dlagram of an exemplary metd

wl 1200 for operating

robol g sccordanes with some implemsatations of the present discloswre. Block 1262

foecy

inchudes causing a sensor 1o gengrate seans of an environment at a plurality of nodes, wherst

sach node of the g\inm y iy omasciated with a location, Blook 1204 includes cresting & araph

of the plurality of nodes based on the generated seans. Blogk 1206 inchudes <i.ei€a*1‘zzé:szi:t¥§;

extended scan grovgs based at Jeast in part from soans associated with groups off the plurality

J0R inchutes porforning sosn matching on the exended scan groups.

<

{01261 Ax waed berein, computer andfor computing device can include, bud are not

fimited to, personal computers (POS™) and mumcomputers,
otherwise, mainfame computers, worksistions, servers, porsonal ¢

handhald  conipusrs,  embedded  computers, ‘g}i‘@ﬁi‘&iﬂi‘:‘l&iﬁit‘f

commnicators, tablet computers, mobiie devig

ey
Ly
e
44
e
o)
b3
,d
s
e
e
P
PN
-
%
s
,’w
vv-M

devices, cellular weleph st phones, 80 i &uzm

dew olfular  welophones wt phones, persopal  intsyrated

sxtertainment devices, andfor any other devige a,pabk‘ of executing g set of structions and
provessing anincoming data signal.

¥

P02 As-used hereln, computer program andfor software van include any sequence

or human of macking cogmeable sie

s owhich perform a Roction. Such computer program

oy sofbware way be rendered i sy programming language o envivopment insluding,
CORBOGL, MATE . BARCA

for example Pottean,

Pethon, assembly

"

B

3

fagnags, markup langus AL, and the ke, aswell as
abject-orioted gnvirmronents such as the Common Objest Reguest Reoker Aschitectare
CLORBATY, JAVAT Gnohding I2ME] Tava Beans, ete), Bibary Rustime Enviroument
{2, BREW), and ahe ke

fOREERT As used herelw, counsction, Hok, bansn

wiveless can inclpde a caussl Bok botwern any w0 ov muws cwiitiss {whether plwy

)
by
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fogrealivirtall, which soshles information exchange between the entifies,

fnson

jonies] e will be recognized that while vertn aspects of the disclosure

3 i

steps of & method,

in terms of & speefio ssquence of these deseriptions are ouly iHustrative of

the brogder methads of the disclosure, snd wmay be modified as raguived by the pantieadar

application. Certain steps may be reudersd

noes, Addisionsily, ceortsin steps or f

puplomentationy, ofthe order of peg‘.ﬁ‘bs‘mm}ﬁe of fwooar more sleps ‘{3{’.3‘?‘(1‘{}?.&@.. All such

varjations are considered ¢ be engompassed within the s disclossd and olaimsd
hersin
FO0130) While the above detmiied desoription hay shown, desdrbed, and pointed out

s implementations, i will by unilerstood

&

ovel features of the disclosure as spplied  vard

hat various omissions, ambstiutions, and chang sheodevics o

s i the foewy v

process Hlustrated may be made by those slalled Inthe art withaw departing fon the

y

disclosnre. The foregoing deseripiion 1a of the

astmode pres s of carreing

ot the disclosure. Ths description i i 5o way meand 1 be Hmifing, bt rather should be
faken as Hlustrative of the general principles of the disclosuwre. The scope of the discloswre

showtdd be determined with reforencs 1o the slaia

{00131} While the disclosure has been fMlustrated snd descnibed in detail dn the
drawings and torsgoing description, such tHustration and deseripnon ave fo b conuiderad
Hustrative o exemplary and not restrictive. The disclosure s not Hmited o the disclosed
embodiments. Varations to the diaclosed embodiments can be understood and effected by

those skilled b the art in proctivtivg the clainsed disclosure, from g study of the drawings, the

dinclosre and the appended elpims.

it sheadd b noted that the use of particular terinology when descrtbing

fae

atures or gspects of the disclosure should pot be tlen to fply that the ferminology
is betng re-defined berein {0 be restricted to wnclude any speaific chasateristics of the

fertures or aspects of the disclosure with which dhat terstnclogy s assocated. Teoms and

phrases wsed o this application, and vatiafions theveof, especially 1 the appended claims,

untess othes expressiy stated, should be construed as open ended gs opposed to Hunbiing,

Ax examples of the foregoing, the terms “inchuding” showdd be vead o mean “wohuding,

witha lmitation,” “inchuling bt pet hied e,

Y
.
#
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hersin s syaonymouns with Minchuling” “eontaining,” or “characterizad by aud is wmalusive

onts or method steps: the e

or open-onded and dogs nob exclide additiond], voreciied e

Thaving” should be interpreted e “having o least” the termy “such as” should be interpreted

%

s “such ag, without imitation,” the term “tnchudes™ should be tnterpretad as “acludes botis
not hmited 3007 the teom Cexample” 1 weed 10 provide exeniplary tostaness of the dtem in
disonsston: ot an exhaustive or Hmitdng Hse thereofl and shoudd be fnterpreted gs “example,

N N

bt wetthont Tmiration)” adjectives suple 48 Sknown)” Sormal” “spandand,”™ and weoms of

fot

stvilar msanivg should oot be construed aa loniting the Hem desoribed tooa given me pericd

o to e item avatlable as of & given tme, but instead should be read 1o encompass known,
aormal, or standard technologiey that may b availaide or knows gow or ab any fime i the
fiture; and use of terms Bhe “preferably,” “wmefereed,” Vdestred” or Pdestrable)” and wonds

of sinnlar meaning shonld not be enderstood as buplving that cevain fhatures are oailical,

essential, or oven imyportant o the strustire or tunction of the praseny disclosure, but instend
as merely intended to highlight alternative or additional featoces that may v may wot be
utthized in a partiondar smbodiment. Likewise, a1 woup of itoms linked wath the conjunstion
Fand” shoald not be read g3 reguiving that each and every one of those Hems be present i the

o

grouptng, but rather shoulad be read ay ™

" aniess sxpreadly statad ctherwiae, Similarty,
& gronp of ters lnked with the confonetian Vor™ shoudd wet be read as requising wuiual

sxvclustvily among that grouy, but rather should be read as “andéor™ und v stuted

S 53

otherwise, The terms “about” of "gpproximate” and the Bhe are synonvmous aud are usyl 1o

X
x

indicate that the value modified by the term bas an anderstood range associated with 1

%o "3"; éi S EON

coralts The term “substgnually” v useid

whare the range calt be ¥

fes snchioate thal a vesalt {m: measwrsment value) i olose 1o a targeted valpe, where olose can

msan, for svample. the resalt fs within 80% of the valus, within 90% of the valus, within

of the valug, & aspsed herein Vdefined” or determined”

a-of the value, oy within !

3

ar ctherwise determined valugs, conditions,

54

can inelnde “predefined” o “predetsrmined” an

Ly
o
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City | ISan Diego | State/Province ‘ )CA
Postal Code | [p2126 | Countryi ‘ |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 6418

Email Address ptoipinbox@reedsmith.com [ AddEmail | |Remove Email
Application Information:

Title of the Invention SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Attorney Docket Number| [P23291US01 Small Entity Status Claimed [X]

Application Type Nonprovisional v

Subject Matter Utility -

Total Number of Drawing Sheets (if any) 16 Suggested Figure for Publication (if any)

EFS Web 2213

Avidbots Ex1002
Page 66 of 260



PTO/AIA/M4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P23291US01

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e,, “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this

reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )

Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country 7
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ® Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number D6418

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Continuation of 15340807 2016-11-01

4

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add
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U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | P23291US01
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{g){(1).

Remove

Application Number Cc>untryi Filing Date (YYYY-MM-DD) Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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L Attorney Docket Number | P23291US01
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
autharization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2} any foreign or domestic application to which pricrity or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign |IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTC may provide access to the
application in accordance with 37 CFR 1.14.
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Attorney Docket Number | P23291US01

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the hame and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name ERAIN CORPORATION

Mailing Address Information For Applicant:

Address 1 D401 Waples Street

Address 2 Suite 100

City Ban Diego State/Province CA
Country | s Postal Code 92121
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Attorney Docket Number | P23291US01

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix

i | N

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number ‘ Fax Number
Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity {e.g., corporation or association). If the applicant is twe or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Sidharth Kapoor/ Date (YYYY-MM-DD)| 2019-03-18
First Name ISidhanh Last Name | }(apoor Registration Number 8159
Additional Signature may be generated within this form by selecting the Add button. Add
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L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

P23231U801

Application Number

Title of Invention | SYSTEMS AND METHODS FOR ROBOTIC MAPPING

This collection of information is required by 37 CFR 1.76. 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 take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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 for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. 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.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. $3-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b)(2); (2) fumishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Informaticn Act (5 U.S.C. 552) and the Privacy
Act (5U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settdement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecordrelated to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecordin this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2504 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an applicaticn open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a viclation or potential violation of law or regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Jaldert Rombouts et al. Attorney Docket No. P23291US01
Serial No.:  Not Yet Assigned

Filed: Herewith

For:  SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

FIRST PRELIMINARY AMENDMENT

Prior to examination of the above application, please enter this Preliminary Amendment.

Amendments to the Specification are on page 2;

Remarks are on page 3.
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AMENDMENTS TO THE SPECIFICATION

Please add the following paragraph immediately after the title of the invention in the

specification:

Cross-reference and Related Applications

This application is a continuation of U.S. Patent Application Serial No. 15/340,807,

filed November 1, 2016, and is incorporated herein by reference in its entirety.
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REMARKS

With entry of the foregoing amendment, the specification has been amended to add the

priority information. No new matter is added by this amendment.

Date: March 18, 2019 Respectfully submitted,

REED SMITH LLP

/Sidharth Kapoor/
Sidharth Kapoor

Reg. No. 68,159
skapoor@reedsmith.com
Customer Number 26418
Reed Smith LLP
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/356,160
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (5), o (@) N/A N/A N/A 75 N/A
SEARCH FEE
A i N N/A N/A N/A 330 N/A
EXAMINATION FEE
O T EE N/A N/A N/A 380 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i) 20 minus 20 = 50 = 0.00 OR
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h) 3 minus 3 = 230 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE($)
E AMENDMENT PAID FOR
LUl Total *r -
= (37 CF: ?.150)) Mins = OR -
= Independent * Minus | ** =
E (37 orR 1.16() = OR -
2 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Golumn 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
o AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus A = =
= (37 CF: ?.TG(i)) OR =
% Independent * Minus | *** = ~ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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 found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/356,160 03/18/2019 0.00 P23291US01 20
CONFIRMATION NO. 4530
26418 FILING RECEIPT

5.0, BOX 488 (NVC) O

PITTSBURGH, PA 15230-0488
Date Mailed: 04/04/2019

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts™ for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jaldert Rombouts, San Diego, CA;
Borja Ibarz Gabardos, London, UNITED KINGDOM,;
Jean-Baptiste Passot, Solana Beach, CA;
Andrew Smith, San Diego, CA;
Applicant(s)
BRAIN CORPORATION, San Diego, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 15/340,807 11/01/2016

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 04/03/2019
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/356,160

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/356,160 03/18/2019 Jaldert Rombouts P232910US01
CONFIRMATION NO. 4530
26418 FORMALITIES LETTER

REED SMITH LLP

0. BOX 468 (C) O

PITTSBURGH, PA 15230-0488 63
Date Mailed: 04/04/2019

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
ltems Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
* The application search fee must be submitted.
* The application examination fee must be submitted.
« Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
« late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SB/15A and 15B.)

+$ 75 basic filing fee.

+ $ 80 surcharge.

+ $ 330 search fee.

+ $ 380 examination fee.

« $( 0) previous unapplied payment amount.
+$ 865 TOTAL FEE BALANCE DUE.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/thadera/
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Doc Code: PA..

Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 01/31/2018. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 16/356,160

Filing Date

3-18-2019

First Named Inventor

Jaldert Rombouts

Title

SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Art Unit

Examiner Name

Attorney Docket Number | P23291US01

SIGNATURE of Applicant or Patent Practitioner

Signature

/Sidharth Kapoor/

Date (Optional)

05/03/2019

Name

Sidharth Kapoor

Registration
Number

68159

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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
1.11 and 1.14. This collection is estimated to take 3 minutes 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 for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. 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.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Uog Code: PAL

- " AT - . PTOIAIAIGEB
Dotument Deseription: Power of Attormey Appozved for use fhrough QUAT2018. OMB 0‘3’)1-0

U8 Patentand Trademark Office: U,5. DERARTMENT OF GG MME—RU~
Underthe Papsiwark Reduction Act of 1908, nws persons dre reqlired i fespond o8 collettion of information unless & displays a vafid DME conirol number

POWER OF ATTORNEY BY APPLICANT

{ hereby revoke all previous powers of aliorney given in the application identified in gither the attached transmitiat lettar or
the hoxes below,

Application Nuraber Filing Date

{Mote: The boxes above may be left blank i information 1s provided on form PTO/AIAIS2A.)

! y" l I heraby appoint the Patent Prachitioner(s) assoctated with the following Custormer Number as my/our atiormay(s) or agent(s), and
""" to transact all business in the United Stales Patent and Trademark Office connectad therawnh for he application referenced in
the attached transmittal lefter (form PTO/AIA/B2A) or identified above: [

OR t2‘8418

D | hereby appaint Practifionsr(s) named in the attached list (forrm PTG/AIABZCY as myfour attorney(s) or agent{s), and to transact
all business in the United Siates Patent angd Traderazrk Office connected therawith for the patert application referenced in'the
attached transmifial lefter (form PTO/AIAIB2A) or identified above. (Note: Complete form PTOIAIAER2C)

Please recognize or change the correspondence address for the application identified in the atteﬁéheﬁ transmittal
letter or the boxes above to:

The address assogiated with the above-mentioned Cusiomer Number
OR

D The addrees associated with Customer Number: | 1

D Firm:or
Individual Name

Address

City | State { Zip |
Gountry

Telephone l Email ]

tam the Apphicant (if the Apphicant is & juristic entity, list the Applicant name in the box):

Brain Corp

D tnventor or Jaint inventor (title not required below)

D Legs! Representative of g Daceased or Legally Incapacitated Inventor {litle not requirad belaw)

Assignes or Person to Whom the Inventor is Linder an Obligation to Assign (provide signer’s title if applicant is a juristic entity)
D Parson Who Gtherwise Shows Sufficlent Propristary Interest (e.q., a patition under 37 CFR 1.46(b}(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent
The undmstgr*ed {whose tille is sppp lgd beiow s aythorzed to act on behalf of the applicant {8.g.. where the applicant is a jurisiic entity).

Signature LT, i f’gfﬁi g Date (Optional) |
Name Andy Ng j’

\‘
R

Title General Counsei

NOTE; Signature - This form must be signed by the appiicant in accordance with 37 GFR 1.33, See 37 CFR 1.4 for sighature requirements
and certifications. If mare than one applicant, use multiple forms.

Tetai of 1 forms are submitted,

This cotiectionof information s requived by 37 GFR 1131, 1,32, and 1.33. The information is required ta alitgin orretain 3 benefit by the public which is to file {and by the
USPT{ ta pracess) an application. Confidentialityis governed by 38:31.8.0; 122 and 37 OFR 1,11 and 4,14, This cullectinn is estimated to'take 3 minutes to com,,iaw
incitding gathering. preparing, and submiltting the completed application fsrm o the USPTOL Time will vary depending upen the indivithial case. Any somments on the amount
of fifme you require 10 r:nmpleze this farm and/ar suggestions for reducing this Hurden, shouid e sent to the Chief Information Officer, LS. Patent and Trademark Office. U.3.
‘Department of Commerce, F.0 Box 1453, Alexandria, VA ZZIT13-1450. DO NOT SERD FEES OR COMPLETED FORMS TO THIS ADDRESS, SERD TO; Commissionar
for Patents, P, Box 1450, Alexangdria, VA 223131450,

i vou need assistanice in completing the form, call 1-800-PTO-9149 and select aption 2.
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Electronic Patent Application Fee Transmittal

Application Number:

16356160

Filing Date:

18-Mar-2019

Title of Invention:

SYSTEMS AND METHODS FOR ROBOTIC MAPPING

First Named Inventor/Applicant Name:

Jaldert Rombouts

Filer: Sidharth Kapoor/Cody Nye
Attorney Docket Number: P23291US01
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Su:aj-s'l'g(t:)l in
Basic Filing:
UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75
UTILITY SEARCH FEE 2111 1 330 330
UTILITY EXAMINATION FEE 2311 1 380 380
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80
Petition:
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Description Fee Code Quantity Amount Suﬂ;l’;(tsa)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 865
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Electronic Acknowledgement Receipt

EFS ID: 35913074
Application Number: 16356160
International Application Number:
Confirmation Number: 4530

Title of Invention:

SYSTEMS AND METHODS FOR ROBOTIC MAPPING

First Named Inventor/Applicant Name:

Jaldert Rombouts

Customer Number:

26418

Filer:

Sidharth Kapoor/Cody Nye

Filer Authorized By:

Sidharth Kapoor

Attorney Docket Number: P23291US01
Receipt Date: 03-MAY-2019
Filing Date: 18-MAR-2019
Time Stamp: 14:32:03

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $865

RAM confirmation Number

050619INTEFSW14322501

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (if appl.)
459615
. P23291US01_-_2019-05-03_-
Applicant Response to Pre-Exam Lo
1 " . _Response_to_Missing_Parts. no 1
Formalities Notice
PDF abb22ef2a6258a21266a7afe477704c19874
efoc
Warnings:
Information:
499764
2 Preliminary Amendment P23?91. US01_-_2019-05-03_- no 5
_Preliminary_Amendment.PDF
2bf1ced1e5b07a20eb36a3c17b83e2dc540)|
Warnings:
Information:
1041111
P23291US01_-_2019-05-03_-
= - 2
3 Power of Attorney _POA.PDF no
aabcc395997e30ffbf3c7bdedaadf607e5edd
d41
Warnings:
Information:
37259
4 Fee Worksheet (SB06) fee-info.pdf no 2
a11277370ea2b1e9d53120024fde0e74a92)]
Warnings:
Information:
Total Files Size (in bytes):l 2037749
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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

If a 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

If a timely submission to enter the national stage of an 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

If a 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 of the 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.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Jaldert Rombouts et al. Attorney Docket No. P23291US01
Serial No.:  16/356,160

Filed: March 18, 2019

For:  SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

SECOND PRELIMINARY AMENDMENT

Prior to examination of the above application, please enter this Preliminary Amendment.

Amendments to the Claims are on page 2; and

Remarks are on page 5.
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AMENDMENTS TO THE CLAIMS

Claims 1-20  Cancelled
21.  (New) A system for traveling a robot along a route, comprising:
a memory having computer readable instructions stored thereon; and
at least one processor configured to execute the computer readable instructions to,
collect data by at least one sensor coupled to the robot as the robot travels
along the route in an environment,
generate a map of the environment and a virtual route on the map in real-
time and concurrently with the collection of the data as the robot travels along the
route in the environment, the map corresponding to a virtual representation of the
environment, the map including information directed to location and position of
the robot along the route in the environment, and
associate actions undertaken by the robot during traveling along the route

with the location and position of the robot on virtual route on the map.

22. (New) The system of claim 21, wherein the map is either a two-dimensional or
three-dimensional representation of the environment, the map includes information directed to
location and position of the robot along the route in the environment and obstacles detected by

the at least one sensor in the environment.

23.  (New) The system of claim 21, wherein the at least one processor is further

configured to execute the computer readable instructions to,
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estimate distance traveled by the robot along the route based on revolution of

wheels on the robot.

24.  (New) The system of claim 21, wherein the at least one processor is further
configured to execute the computer readable instructions to,
estimate distance traveled by the robot along the route based on sequential images

captured by the at least one sensor.

25.  (New) The system of claim 21, wherein the least one processor is further
configured to execute the computer readable instructions to,
determine the robot has returned to a start position based on detecting a home

locator in the environment.

26.  (New) The system of claim 21, wherein the least one processor is further
configured to execute the computer readable instructions to,
limit uncertainty of positioning of a plurality of nodes along the route traveled by

the robot based on constraining start and end positions of the robot at a same point.

27. (New) The system of claim 26, wherein each node of the plurality of nodes

include an associated probabilistic distribution which correspond to surrounding region around

each node of the plurality of nodes.

28. (New) A method for traveling a robot along a route, comprising:

Avidbots Ex1002
Page 92 of 260



collecting data by at least one sensor coupled to the robot as the robot travels along the
route in an environment;

generating a map of the environment and a virtual route on the map in real-time and
concurrently with the collection of the data as the robot travels along the route in the
environment, the map corresponding to a virtual representation of the environment, the map
including information directed to location and position of the robot along the route in the
environment; and

associating actions undertaken by the robot during traveling along the route with the

location and position of the robot on virtual route on the map.

29. (New) A non-transitory computer readable medium having computer readable
instructions stored thereon that when executed by at least one processor configure the at least one
processor to,

collect data by at least one sensor coupled to the robot as the robot travels along the route
in an environment;

generate a map of the environment and a virtual route on the map in real-time and
concurrently with the collection of the data as the robot travels along the route in the
environment, the map corresponding to a virtual representation of the environment, the map
including information directed to location and position of the robot along the route in the
environment; and

associate actions undertaken by the robot during traveling along the route with the

location and position of the robot on virtual route on the map.
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REMARKS

With entry of the foregoing amendment, Claims 1-20 are cancelled and claims 21-

29 are added. No new matter is added by this amendment.

Date: May 3, 2019 Respectfully submitted,

REED SMITH LLP

/Sidharth Kapoor/
Sidharth Kapoor

Reg. No. 68,159
skapoor@reedsmith.com
Customer Number 26418
Reed Smith LLP
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jaldert Rombouts et al.
Serial No. 16/356,160
Filing Date: March 18, 2019

Attorney Docket No.: P23291US01

Confirmation No. 4530

SYSTEMS AND METHODS FOR
ROBOTIC MAPPING

RESPONSE TO NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL

APPLICATION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

This is in response to the Notice To File Missing Parts Of Non-Provisional Application mailed
by the U.S. Patent Office on April 4, 2019. This paper is being timely filed by June 4, 2019.

Applicant submits herewith the fees totaling $865.00.

Date: May 3. 2019

Respectfully submitted,

/Sidarth Kapoor /
Sidarth Kapoor
Registration No. 68,159
REED SMITH LLP
136 Main Street

Suite 250

Princeton, NJ 08540

T — 609-524-2077
Attorney for Applicant
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/356,160
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (5), o (@) N/A N/A N/A 75 N/A
SEARCH FEE
A i N N/A N/A N/A 330 N/A
EXAMINATION FEE
O T EE N/A N/A N/A 380 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i) 20 minus 20 = 50 = 0.00 OR
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h) 3 minus 3 = 230 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE($)
E AMENDMENT PAID FOR
LUl Total *r -
= (37 CF: ?.150)) Mins = OR -
= Independent * Minus | ** =
E (37 orR 1.16() = OR -
2 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Golumn 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
o AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus A = =
= (37 CF: ?.TG(i)) OR =
% Independent * Minus | *** = ~ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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 found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY . DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/356,160 03/18/2019 865 P23291US01 20
CONFIRMATION NO. 4530
26418 UPDATED FILING RECEIPT

B0, BOX 488 (NYC) OO L R

PITTSBURGH, PA 15230-0488
Date Mailed: 05/08/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Jaldert Rombouts, San Diego, CA;
Borja Ibarz Gabardos, London, UNITED KINGDOM,;
Jean-Baptiste Passot, Solana Beach, CA;
Andrew Smith, San Diego, CA;
Applicant(s)
BRAIN CORPORATION, San Diego, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 15/340,807 11/01/2016 PAT 10274325

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 04/03/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/356,160

Projected Publication Date: 08/15/2019
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Application No. Applicant(s)

16/356,160 Rombouts et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
DALE MOYER 3664 Yes

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS 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 after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
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
1) Responsive to communication(s) filed on 03 May 2019.
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)[]]) This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(J 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 £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s}) 21-29 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6) [J Claim(s) ___is/are allowed.
7) Claim(s) 21-29 is/are rejected.
8) [ Claim(s) _____is/are objected to.
9) [OJ Claim(s) _____ are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11) The drawing(s) filed on 18 March 2019 is/are: a)¥} accepted or b)(7] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
Certified copies:

a)lJ All b)(J Some**  ¢)[J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 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)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)

Paper No(s)/Mail Date

2) [J Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:

Paper No(s)/Mail Date
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190922
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Application/Control Number: 16/356,160 Page 2
Art Unit: 3664

DETAILED ACTION

Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first inventor to
file provisions of the AIA.

Status of the Application

This non-final office action is in response to Applicant’s preliminary amendment received by the Office
on 03 May 2019. Claims 1-29 have been presented in the application, of which, claims 1-20 are cancelled
and claims 21-29 are new. Accordingly, pending claims 21-29 are addressed herein.

Claim Rejections - 35 USC § 101
35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the
conditions and requirements of this title.

Claims 21-27 are rejected under 35 U.S.C. 101 because the claimed invention is directed to non-
statutory subject matter. The claim(s) does/do not fall within at least one of the four categories of
patent eligible subject matter because the claims are directed to software per se. Note that Applicant’s
specification discloses that “any of the aforementioned components of robot 202 can be instantiated in
software and/or hardware” (paragraph 0073). Accordingly, the broadest reasonable interpretation of
the “at least one processor” recited in claim 21 includes the at least one processor being instantiated in
software. As such, the scope of claim 21 includes software per se.

Claim Rejections - 35 USC § 112
The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to
make and use the same, and shall set forth the best mode contemplated by the inventor or joint
inventor of carrying out the invention.
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The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.

Claims 21-29 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AlA), first paragraph, as failing to
comply with the written description requirement. The claim(s) contains subject matter which was not
described in the specification in such a way as to reasonably convey to one skilled in the relevant art
that the inventor or a joint inventor, or for pre-AlA the inventor(s), at the time the application was filed,
had possession of the claimed invention.

Claims 21-27 recite at least one processor configured to “generate a map of the environment
and a virtual route on the map in real-time and concurrently with the collection of data as the robot
travels along the route in the environment, the map corresponding to a virtual representation of the
environment, the map including information directed to location and position of the robot along the
route in the environment, and associate actions undertaken by the robot during traveling along the
route with the location and position of the robot on virtual route on the map” on lines 6-12 of claim 21.
Applicant has not pointed out where the new claims are supported, nor does there appear to be a

written description of the claim limitation requiring ‘generating... a virtual route on the map in real-

time..." and ‘the map corresponding to a virtual representation of the environment’ and ‘associate

actions undertaken by the robot during traveling along the route with the location and position of the
robot on virtual route on the map’ in the application as filed. See MPEP 2163.04.

Claim 28 recites “generating a map of the environment and a virtual route on the map in real-
time and concurrently with the collection of the data as the robot travels along the route in the
environment, the map corresponding to a virtual representation of the environment, the map including
information directed to location and position of the robot along the route in the environment; and

associating actions undertaken by the robot during traveling along the route with the location and
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position of the robot on virtual route on the map” on lines 4-10 of claim 28. Applicant has not pointed
out where the new claims are supported, nor does there appear to be a written description of the claim

limitation requiring ‘generating ... a virtual route on the map in real-time..." and ‘the map corresponding

to a virtual representation of the environment’ and ‘associating actions undertaken by the robot during

traveling along the route with the location and position of the robot on virtual route on the map’ in the
application as filed. See MPEP 2163.04.

Claim 29 recites at least one processor configured to “generate a map of the environment and a
virtual route on the map in real-time and concurrently with the collection of the data as the robot
travels along the route in the environment, the map corresponding to a virtual representation of the
environment, the map including information directed to location and position of the robot along the
route in the environment; and associate actions undertaken by the robot during traveling along the
route with the location and position of the robot on virtual route on the map” in lines 6-12 of claim 29.
Applicant has not pointed out where the new claims are supported, nor does there appear to be a

written description of the claim limitation requiring ‘generate ... a virtual route on the map in real-time’

and ‘the map corresponding to a virtual representation of the environment’ and ‘associate actions

undertaken by the robot during traveling along the route with the location and position of the robot on
virtual route on the map’ in the application as filed. See MPEP 2163.04.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for the
rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale
or otherwise available to the public before the effective filing date of the claimed invention.

Claim(s) 21, 23 and 25-29 is/are rejected under 35 U.S.C. 102(a)(1) as being anticipated by Kwak et al.

(US 2017/0102709 Al).
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Regarding claims 21 and 28-29, Kwak et al. disclose a system for traveling a robot along a route,
comprising: a memory (Fig. 6, element 115, 180) having computer readable instructions stored thereon
(paragraph 0131-0132, 0145, 0148-0149); and at least one processor (Fig. 6, element 110, 111)
configured to execute the computer readable instructions (paragraph 0144-0145, ) to, collect data (Fig.
9, step S610) by at least one sensor (Fig. 6, element 130-131, 140-145, 150-153, 190-193) coupled to the
robot as the robot travels (via Fig. 6, element 160) along the route (driving path / driving trajectory) in
an environment (cleaning zone/region; paragraph 0060, 0068-0071, 0089-0094, 0111, 0153, 0159-0160,
0214), generate (Fig. 9, element S620) a map of the environment (Fig. 10) and a virtual route (Fig. 10,
loop Iy, I3, 13, 14, Is, lg, 13, s, lg, 1) on the map in real-time and concurrently with the collection of the data
(Fig. 9, steps S610-5630) as the robot travels along the route in the environment, the map corresponding
to a virtual representation of the environment (i.e., map is a virtual representation of the environment
and is stored on storage 180), the map including information directed to location (initial position
information [0, 0, 0°]) and position (first position information [x, y, ©°]) of the robot along the route in
the environment (paragraph 0006, 0057, 0060, 0091-0092, 0131, 0154-0155, 0208, 0212-0219), and
associate actions (drive forward, drive backward, rotate clockwise, rotate counter clockwise; via sensor
information from Fig. 6, element 150-153) undertaken by the robot during traveling along the route with
the location and position of the robot on [the] virtual route on the map (paragraph 0060, 0089-0095,
0118-0119, 0131, 0153).

Regarding claim 23, Kwak et al. disclose the system as applied to claim 21 above, wherein the at
least on processor is further configured to execute the computer readable instructions to, estimate
distance traveled (displacement) by the robot (Fig. 6, element 100) along the route based on revolution
(via Fig. 6, element 150, 153) of wheels (Fig. 6, element 163) on the robot (paragraph 0060, 0095, 0108-

0111, 0121).
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Regarding claim 25, Kwak et al. disclose the system as applied to claim 21 above, wherein the at
least one processor is further configured to execute the computer readable instructions to, determine
the robot has returned (Fig. 11, step S1030 is YES, step S1040) to a start position (Fig. 10, element |, ( O,
0, 0)) based on detecting a home locator (via Fig. 6, element 190, 191, 193) in the environment (loop
closure; paragraph 0230-0234, 0240-0242, 0286, 0315-0316).

Regarding claim 26, Kwak et al. disclose the system as applied to claim 21 above, wherein the at
least one processor is further configured to execute the computer readable instructions to, limit
uncertainty (minimize) of position of a plurality of nodes (Fig. 10B, elements 12, 13, 14, 15, 16, 17, 18, 19)
along the route traveled by the robot based on constraining start and end positions (Fig. 10, element I, {
0, 0, 0')) of the robot at the same point (loop closure; paragraphs 0219-0262, 0286 and 0315-0316).

Regarding claim 27, Kwak et al. disclose the system as applied to claim 26 above, wherein each
node of the plurality of nodes include an associated probabilistic distribution which correspond to
surrounding region around each node of the plurality of nodes (paragraph 0295-0300).

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections set
forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is

not identically disclosed as set forth in section 102, if the differences between the claimed invention

and the prior art are such that the claimed invention as a whole would have been obvious before the

effective filing date of the claimed invention to a person having ordinary skill in the art to which the

claimed invention pertains. Patentability shall not be negated by the manner in which the invention

was made.
Claims 22 and 24 is/are rejected under 35 U.S.C. 103 as being unpatentable over Kwak et al. (US
2017/0102709 A1) as applied to claim 21 above, and further in view of Shin et al. (US 2012/0219207 A1).

Regarding claim 22, Kwak et al. teach the system as applied to claim 21 above, wherein the map

is either a two-dimensional or three-dimensional representation of the environment (Fig. 10 is shown as

a 2D map), the map includes information directed to location (initial position information [0, 0, 0°]) and
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position (first position information [x, y, ©°]) of the robot along the route in the environment (paragraph
0212-0213). While Kwak et al. teach detecting obstacles in the environment using obstacle detector 140
(paragraph 0060), Kwak et al. are silent regarding the map including the obstacles that are detected by
obstacle detector 140.

Shin et al. teach a technique for mapping obstacles detected by an obstacle sensor (Fig. 1,
element 110; paragraph 0046). It would have been obvious to a person having ordinary skill in the art
prior to Applicant’s effective filing date to apply the well-known technique taught by Shin et al. to the
prior art system taught by Kwak et al. That is, it would have been obvious to configure the prior art
system taught by Kwak et al. to map obstacles in the environment using obstacle detector 140 according
to the technique taught by Shin et al. Application of the well-known technique taught by Shin et al. to
the prior art system taught by Kwak et al. would have been obvious because such application would
have been well within the level of skill of the person having ordinary skill in the art and because such
application would have yielded predictable results. The predictable results including the map having
information directed to obstacles detected by the at least one sensor in the environment.

Regarding claim 24, Kwak et al. teach the system as applied to claim 21 above, wherein the at
least one processor is further configured to execute the computer readable instructions to, estimate
distance traveled by the robot (Fig. 6, element 100) along the route [...] by the at least one sensor (Fig. 6,
element 130, 131, paragraph 0060, 0068-0071, 0153, 0157, 0214). Kwak et al. are silent regarding the
estimated distance traveled by the robot along the route being based on “sequential images” captured
by at least one sensor 140.

Shin et al. teach technique for estimating distance traveled by a robot along a route based on
sequential images captured by an image sensor (Fig. 2, element 110) and an image variation calculating
unit (Fig. 2, element 250; paragraphs 0041-0057). It would have been obvious to a person having

ordinary skill in the art, prior to Applicant’s effective filing date to apply the well-known technique
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taught by Shin et al. to the prior art system taught by Kwak et al. That is, it would have been obvious to
configure the prior art system taught by Shin et al. to estimate the traveling distance by applying the
well-known technique taught by Shin et al. Application of the well-known technique taught by Shin et al.
to the prior art system taught by Kwak et al. would have been obvious because such application would
have been well within the level of skill of the person having ordinary skill in the art and because such
application would have yielded predictable results. The predictable results including estimating distance
traveled by the robot along the route based on sequential images captured by the at least one sensor.
Conclusion
Any inquiry concerning this communication or earlier communications from the examiner should be
directed to DALE MOYER whose telephone number is (571)270-7821. The examiner can normally be
reached on Monday-Friday 8am-5pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Khoi H Tran can be reached on 571-272-6919. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

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

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
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Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR

CANADA) or 571-272-1000.

/Dale Moyer/
Primary Examiner, Art Unit 3664
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S74 {305 S59 AND uncertainty US-PGPUB; {OR ON 2019/09/21
USPAT; 16:32
USOCR
S75 344 S59 AND uncertain$4 US-PGPUB; {OR ON 2019/09/21
USPAT; 16:32
USOCR
S76 {30 S59 AND (uncertain$4 WITH (correct OR {{US-PGPUB; {OR ON 2019/09/21
limit$4)) USPAT; 16:32
S77 4 EP-0635773-$ EP-635773-$ US-PGPUB; §jOR ON 2019/09/21
USPAT; 16:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
ES78 §2321 §;(GOSD1/0272).CPC. AND uncertaing4  {US-PGPUB; JOR g}ON §]2019/09/21§
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USPAT; 16:39
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S79 {232 (G05D1/0272).CPC. AND (uncertain$4 US-PGPUB; {{OR ON 2019/09/21
WITH (position$4 OR point OR node OR {{USPAT; 16:40
location OR pose)) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S80 {236 (G05D1/0272).CPC. AND (uncertain$4 US-PGPUB; {{OR ON 2019/09/21
WITH (position$4 OR point OR node OR {{USPAT; 16:40
location OR pose OR route OR path)) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S81 {79 (G05D1/0272).CPC. AND ((uncertain$4 {US-PGPUB;}{{OR ON 2019/09/21
WITH (position$4 OR point OR node OR {{USPAT; 16:41
location OR pose OR route OR path)) USOCR;
WITH (origin OR start$4 OR destination {{FPRS;
OR finish$4 OR end OR ending OR EPO; JPO;
termination OR point)) DERWENT;
............. |BM_TDB
S82 {54 (G05D1/0272).CPC. AND ((uncertain$4 {{US-PGPUB;}{OR ON 2019/09/21
WITH (position$4 OR node OR location {JUSPAT; 16:41
OR pose OR route OR path)) WITH USOCR;
(origin OR start$4 OR destination OR FPRS;
finish$4 OR end OR ending OR EPO; JPO;
termination OR point)) DERWENT;
IBM_TDB
S83 {56 (G05D1/0272).CPC. AND (((uncertain$4 {US-PGPUB;}{{OR ON 2019/09/21
OR covariance) WITH (position$4 OR USPAT; 16:42
node OR location OR pose OR route OR {jUSOCR,;
path)) WITH (origin OR start$4 OR FPRS;
destination OR finish$4 OR end OR EPO; JPO;
ending OR termination OR point)) DERWENT;
IBM_TDB
S84 {56 (G05D1/0272).CPC. AND (((uncertain$4 {{US-PGPUB;}{{OR ON 2019/09/21
OR covariance) WITH (position$4 OR USPAT; 16:42
location OR pose OR route OR path)) USOCR;
WITH (origin OR start$4 OR destination {JFPRS;
OR finish$4 OR end OR ending OR EPO; JPO;
termination OR point)) DERWENT;
IBM_TDB
S85 1373 (G05D1/0272).CPC. AND (uncertain$4 US-PGPUB; {{OR ON 2019/09/21
OR covariance) USPAT; 16:45
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S86 1323 (G05D1/0272).CPC. AND (uncertain$4 US-PGPUB; {jOR ON 2019/09/21
OR covariance).bi. USPAT; 16:45
USOCR;
FPRS;
EPO; JPO;
DERWENT;
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S87

IBM_TDB

303

S59 AND (uncertain$4 OR
covariance).bi.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

2

ON

2019/09/21
16:45

S88

492

S86 S87

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
16:46

S89

108

S88 AND (origin)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
16:46

S90

S88 AND (origin WITH (dock$4 OR
station OR base)) AND (uncertain$4 OR
covariance)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
16:51

S91

S92

S88 AND (origin WITH (dock$4 OR
station OR base)) AND (uncertain$4 OR
covariance) and ((dock$4 OR station OR
base) WITH landmark)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|BM_TDB

OR

494

S59 AND (uncertain$4 OR covariance OR
variance).bi.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

ON

2019/09/21
16:54

2019/09/21
16:57

S93

1289

S59 AND (uncertain$4 OR covariance OR
variance OR probability OR
likelihood).bi.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
16:57

S94

294

S59 AND ((position$4 OR pose OR
location) NEAR3 (uncertain$4 OR
covariance OR variance OR probability
OR likelihood)).bi.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
16:57

S95

142

S59 AND (((position$4 OR pose OR
location) NEAR3 (uncertain$4 OR
covariance OR variance OR probability
OR likelihood)).bi. SAME (map$4 OR

US-PGPUB;
USPAT;
USOCR;

FPRS;

OR

ON

2019/09/21
16:58
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localization OR SLAM! OR landmark OR
origin))

EPO; JPO;
DERWENT;
IBM_TDB

S96

85

S59 AND (((position$4 OR pose OR
location) NEAR3 (uncertain$4 OR
covariance OR variance OR probability
OR likelihood)).bi. SAME (correct$4 OR
updat$4 OR kalman))

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
17:00

S97

2165

(A4712201/028).cpc.

US-PGPUB,;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
17:02

S98

S99

1688

(A4719/2873).cpc.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|BM_TDB

OR

3634

(G05D1/0225).CPC.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

ON

2019/09/21
17:02

2019/09/21
17:02

S100

5896

S97 S98 S99

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
17:03

S101

136

S100 AND SLAM!I

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;

OR

S101 AND (kalman)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
17:03

2019/09/21
17:03

S103

884

dock$4 AND (SLAM! OR locali$4) AND
Kalman

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21
17:06

S104

502

S103 AND robot$4

US-PGPUB;

USPAT;

OR

ON

2019/09/21

17:06
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USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S105

439

S103 AND robot$4 AND (@ad @rlad
@prad)<"20161101"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21

17:06

S106

529

(docking OR dock) AND (SLAM! OR
locali$4) AND Kalman

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21

17:08

S107

400

S106 AND robot$4

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21

17:08

S108

350

S106 AND robot$4 AND (@ad @rlad
@prad)<"20161101"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

350

S106 AND robot$4 AND (@ad @rlad
@prad)<"20161101" AND Kalman

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21

17:08

2019/09/21

17:09

S111

3854

901/1.ccls.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21

17:17

S112

25567

(mobile NEAR2 robot).ti,ab,bsum.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21

17:18

S113

7146

(Y10S901/01).CPC.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/21

17:18
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S114 {1373 §(G05D2201/0207).cpc. US-PGPUB; {{OR ON 2019/09/21
USPAT; 17:18
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S115 {45474 §S54 S53 S51 S50 S48 S47 46 S111 US-PGPUB; {{OR ON 2019/09/21
S112 S113 S114 USPAT; 17:19
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S116 §1248 {iS115 AND (SLAM! OR US-PGPUB; {{OR ON 2019/09/21
locali$4).ti,ab,bsum. USPAT; 17:19
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S$117 {865 S115 AND (SLAM! OR US-PGPUB; §jOR ON 2019/09/21
locali$4).ti,ab,bsum. USPAT 17:19
5118 {268 S115 AND (SLAM! OR US-PGPUB; {jOR ON 2019/09/21
locali$4).ti,ab,bsum. AND Kalman USPAT 17:20
S119 {i63 S118 AND (((base OR docking) ADJ US-PGPUB; {{OR ON 2019/09/21
station) ((charg$4 OR recharg$4) NEAR {{USPAT 17:21
(base OR station)) OR dock OR docking)
S$120 {214 S118 AND (((base OR docking) ADJ US-PGPUB; {{OR ON 2019/09/21
station) ((charg$4 OR recharg$4) NEAR {{USPAT 17:21
(base OR station)) OR dock OR docking
OR base OR station)
S121 {151 S120 NOT S119 US-PGPUB; {{OR ON 2019/09/21
USPAT 17:21
S122 {2 (US-20090292394-$).did. or (US- US-PGPUB; {{OR ON 2019/09/21
8315737-%).did. USPAT 17:30
S$123 {i51 $119 and (@ad @rlad @prad) US-PGPUB; {{OR ON 2019/09/21
<"20161101" USPAT; 17:33
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S124 {63 S118 AND (((base OR docking) ADJ US-PGPUB; {{OR ON 2019/09/21
station) ((charg$4 OR recharg$4) NEAR {USPAT 17:34
(base OR station)) OR dock OR docking
or (home NEAR (base OR station)))
S125 {2 (US-20170102709-$).did. or (US- US-PGPUB; {{OR ON 2019/09/21
10019013-$).did. USPAT 17:40
5126 {138 ( (G05D1/0225 AND G05D1/0242 AND US-PGPUB; §{OR ON 2019/09/21
G05D1/0274).CPC. ) USPAT 17:41
S$127 {136 $126 and (@ad @rlad @prad) US-PGPUB; {{OR ON 2019/09/21
<"20161101" USPAT; 17:41
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S128 {i7 ("20090177320" | "20120020533" | US-PGPUB; {jOR ON 2019/09/21
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US-20180098200-$ or US-20170277196-
$ or US-20160135655-$% or US-
20190255991-$ or US-20180074508-$ or
US-20190235490-$ or US-20190208979-
$ or US-20190174987-$ or US-
20190094869-$ or US-20190049979-$ or
US-20190025838-$ or US-20190015985-
$ or US-20190015984-$ or US-
20180373242-$ or US-20180360285-$ or
US-20180344116-$ or US-20180210445-
$ or US-20180074509-$ or US-
20180061137-$ or US-20180050634-$ or
US-20170303089-$ or US-20170273527-
$ or US-20170265703-$).did. or (US-
20170261979-$% or US-20170235312-$ or
US-20170205822-$ or US-20150182088-
$ or US-20150032260-% or US-
20170131721-$ or US-20140116469-$ or
US-20140207280-$ or US-20160148417-
$ or US-20160052133-% or US-
20160027207-$% or US-20150212520-$ or
US-20150212500-$ or US-20140343783-
$ or US-20140316636-$% or US-
20140303775-$% or US-20130060379-$ or
US-20130056032-$ or US-20130024025-
$ or US-20120259481-$ or US-
20150261223-$ or US-20180364052-$ or
US-20170095926-$ or US-20140207282-
$ or US-20190216011-$ or US-
20180246518-$ or US-20180038697-
$).did. or (US-20140100693-$ or US-
20120323365-$ or US-20160302639-$ or
US-20140190514-$ or US-20100070078-
$ or US-20160271795-$% or US-
20040167667-$ or US-20190155296-$ or
US-20070118248-$ or US-20190235083-
$ or US-20190217478-$ or US-
20040158354-$ or US-20170285648-$ or
US-20170153646-$ or US-20140129027-
$ or US-20130216098-$ or US-
20120230550-$% or US-20120219207-$ or
US-20120213443-$ or US-20090292394-
$ or US-20070293985-% or US-
20070106423-$ or US-20050234679-$ or
US-20050182518-$ or US-20190272462-
$ or US-20170102709-$ or US-
20130138246-$).did. or (US-
20100152945-$ or US-20070244610-$ or
US-20070250212-$ or US-20120116588-
$ or US-20040111184-$ or US-
20050221840-$ or US-20170135541-$ or
US-20090177320-$).did. or (US-

"20140295878" | "20170135541" | USPAT; 17:44
"20170273527" | "8380350").PN. OR USOCR
("10019013" | "2017/0102709").URPN.
S$129 {9 S125 S128 US-PGPUB; {{OR ON 2019/09/21
USPAT; 17:44
USOCR
S$130 45 S$129 AND (uncertain$4 OR covariance US-PGPUB; {OR ON 2019/09/21
OR kalman) USPAT; 17:44
USOCR
S131 {95 (US-20190045992-$ or US- US-PGPUB; {{OR ON 2019/09/21
20190212730-$ or US-20180263451-$ or {jUSPAT 17:46
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10303179-$ or US-10291765-$ or US-
9529363-$ or US-7706917-$ or US-
9764468-$ or US-8315734-$ or US-
8380350-%).did.
S132 {42 S$131 AND (uncertain$4 OR covariance US-PGPUB; {OR ON 2019/09/21
OR kalman) USPAT; 17:46
S133 {31 S131 AND (uncertain$4 OR covariance) {US-PGPUB;{OR ON 2019/09/21
USPAT; 17:46
S134 {28 $133 and (@ad @rlad @prad) US-PGPUB; {OR ON 2019/09/21
<"20161101" USPAT; 17:46
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S$135 {741 (mobile NEAR2 robot) AND (kalman OR {{US-PGPUB; {{OR ON 2019/09/21
EKF!) AND (uncertain$4) USPAT; 17:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S136 {580 S$135 AND (((base OR docking) ADJ US-PGPUB; {{OR ON 2019/09/21
station) ((charg$4 OR recharg$4) NEAR {USPAT 17:51
(base OR station)) OR dock OR docking
OR base OR station)
S$137 222 S$135 AND (((base OR docking) ADJ US-PGPUB; §OR ON 2019/09/21
station) ((charg$4 OR recharg$4) NEAR {{USPAT 17:51
(base OR station)))
5138 {{69 S135 AND ((((base OR docking) ADJ US-PGPUB; §{OR ON 2019/09/21
station) ((charg$4 OR recharg$4) NEAR {{USPAT 17:52
(base OR station))) WITH (relative OR
position OR location OR pose OR
distance OR uncertain$4 OR
covariance))
S$139 {63 $138 and (@ad @rlad @prad) US-PGPUB; §OR ON 2019/09/21
<"20161101" USPAT; 17:52
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S$140 {10 S135 AND ((((base OR docking) ADJ US-PGPUB; {iOR ON 2019/09/21
station) ((charg$4 OR recharg$4) NEAR {{USPAT 17:53
(base OR station))) WITH (relative OR
position OR location OR pose OR
distance) WITH (correct$4 OR updat$4
OR uncertain$4 OR covariance))
S141 {898 (mobile NEAR2 robot) AND (kalman OR {§US-PGPUB;{{OR ON 2019/09/21
EKF!) AND (uncertain$4 OR covariance) {$USPAT; 17:53
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S142 {854 S141 and (@ad @rlad @prad) US-PGPUB; §{OR ON 2019/09/21
<"20161101" USPAT; 17:54
USOCR;
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US-20180098200-$ or US-20170277196-
$ or US-20160135655-$ or US-
20190255991-$ or US-20180074508-$ or
US-20190235490-$ or US-20190208979-
$ or US-20190174987-$ or US-
20190094869-$ or US-20190049979-$ or
US-20190025838-$ or US-20190015985-
$ or US-20190015984-$ or US-
20180373242-$ or US-20180360285-$ or
US-20180344116-$ or US-20180210445-
$ or US-20180074509-% or US-
20180061137-$ or US-20180050634-$ or
US-20170303089-$ or US-20170273527-
$ or US-20170265703-$).did. or (US-
20170261979-$% or US-20170235312-$ or
US-20170205822-$ or US-20150182088-
$ or US-20150032260-% or US-
20170131721-$% or US-20140116469-$ or
US-20140207280-$ or US-20160148417-
$ or US-20160052133-% or US-
20160027207-$ or US-20150212520-$ or
US-20150212500-$ or US-20140343783-
$ or US-20140316636-$ or US-
20140303775-$ or US-20130060379-$ or
US-20130056032-$ or US-20130024025-
$ or US-20120259481-$ or US-
20150261223-$ or US-20180364052-$ or
US-20170095926-$ or US-20140207282-
$ or US-20190216011-$ or US-
20180246518-3% or US-20180038697-
$).did. or (US-20140100693-$ or US-
20120323365-$ or US-20160302639-$ or
US-20140190514-$ or US-20100070078-
$ or US-20160271795-$% or US-
20040167667-$ or US-20190155296-$ or
US-20070118248-$ or US-20190235083-
$ or US-20190217478-$% or US-
20040158354-$% or US-20170285648-$ or
US-20170153646-$ or US-20140129027-
$ or US-20130216098-% or US-
20120230550-$ or US-20120219207-$ or
US-20120213443-$ or US-20090292394-
$ or US-20070293985-$ or US-
20070106423-$ or US-20050234679-$ or
US-20050182518-$ or US-20190272462-
$ or US-20170102709-$ or US-
20130138246-$).did. or (US-
20100152945-$ or US-20070244610-$ or

FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S143 {12 S142 AND ((((base OR docking) ADJ US-PGPUB; {{OR ON 2019/09/21
station) OR ((charg$4 OR recharg$4) USPAT 17:55
NEAR (base OR station))) WITH (relative
OR position OR location OR pose OR
distance) WITH (correct$4 OR updat$4
OR uncertain$4 OR covariance) ).bi.
S144 {228  {{S142 AND ((((base OR docking) ADJ US-PGPUB; {{OR ON 2019/09/21
station) OR ((charg$4 OR recharg$4) USPAT 17:56
NEAR (base OR station))) ).bi.
S145 {197 (US-20190045992-$ or US- US-PGPUB; §{OR ON 2019/09/21
20190212730-$ or US-20180263451-$ or {USPAT 18:06
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US-20070250212-$ or US-20120116588-
$ or US-20040111184-$ or US-
20050221840-$ or US-20170135541-$ or
US-20090177320-$ or US-20140244094-
$ or US-20120086598-$).did. or (US-
10303179-$ or US-10291765-$% or US-
9529363-$ or US-7706917-$ or US-
9764468-$ or US-8315734-$ or US-
8380350-%).did.
S$146 {j64 S145 AND correct$4 US-PGPUB; §OR ON 2019/09/21
USPAT 18:06
S147 {16 (11/581489 | 11/633883 | 11/654015 | {{US-PGPUB;{{OR ON 2019/09/21
12/379433 | 15/093974 | 15/204219 | USPAT; 18:09
15/314506 | 15/322103 | USOCR
15/719659).APP.
S$148 {652 ( (G05D1/0274 AND G05D1/0272).CPC. {US-PGPUB;{{OR ON 2019/09/21
) USPAT; 18:10
USOCR
S149 {622 5148 and (@ad @rlad @prad) US-PGPUB; {{OR ON 2019/09/21
<"20161101" USPAT; 18:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S150 {161 S149 AND (EKF! OR kalman) US-PGPUB; {{OR ON 2019/09/21
USPAT; 18:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S151 {26 S149 AND (EKF! OR kalman) AND US-PGPUB; {jOR ON 2019/09/21
(correct$4 NEAR2 (path OR route OR USPAT; 18:11
map)) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S152 {4 S149 AND (return$4 NEARS origin) US-PGPUB; {{OR ON 2019/09/21
USPAT; 18:13
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S153 {169 S$149 AND (start$4 WITH (end OR US-PGPUB; {{OR ON 2019/09/21
ending)) USPAT; 18:14
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S154 {3424 §( (G05D1/0274 OR G05D1/0272).CPC. ) {jUS-PGPUB;{OR ON 2019/09/21
and (@ad @rlad @prad)<"20161101" USPAT; 18:28
USOCR
S155 {680 S154 AND ((map$4 OR locali$4) WITH US-PGPUB; {{OR ON 2019/09/21
(updat$4 OR correct$4)) AND ((start$4 {USPAT,; 18:30
OR end$3) NEAR2 (position OR point OR jUSOCR
location OR dock$4 OR charg$4 OR base

file:///C/Users/dmoyer/Documents/e-Red%20Folder/16356160/EASTSearchHistory.16356160_AccessibleVersion.htm[9/23/2019 4:53:32 PM]

Avidbots Ex1002
Page 132 of 260



EAST Search History

| OR station))
S156 {619 S154 AND ((map$4 OR locali$4) WITH US-PGPUB; {OR ON 2019/09/21
(updat$4 OR correct$4)) AND ((start$4 {USPAT; 18:30
OR end$3) NEAR2 (position OR point OR {jUSOCR
location OR dock$4 OR charg$4 OR base
OR station)) AND G05D1/0274.cpc.
S157 {132 S154 AND ((map$4 OR locali$4) WITH  {§US-PGPUB; {OR ON 2019/09/21
(updat$4 OR correct$4)) AND ((start$4 {USPAT; 18:31
WITH end$3) NEAR2 (position OR point {JUSOCR
OR location OR dock$4 OR charg$4 OR
base OR station))
S158 {693 G05D1/0274.cpc. AND loop$4 US-PGPUB; §iOR ON 2019/09/21
USPAT; 18:37
USOCR
S$159 {247 G05D1/0274.cpc. AND loop$4 AND US-PGPUB; {OR ON 2019/09/21
Kalman USPAT; 18:37
USOCR
S$160 {234 S$159 and (@ad @rlad @prad) US-PGPUB; {OR ON 2019/09/21
<"20161101" USPAT; 18:37
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S161 §0 G05D1/0274.cpc. AND ((loop NEAR2 US-PGPUB; §OR ON 2019/09/21
closure) WITH (uncertainty)) USPAT; 18:44
USOCR
S162 {51 G05D1/0274.cpc. AND ((loop NEAR2 US-PGPUB; iOR ON 2019/09/21
closure)) USPAT; 18:44
USOCR
S$163 {21 S59 and (loop ADJ closure) US-PGPUB; {§iOR ON 2019/09/21
USPAT; 18:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S164 {{251 S59 and (loop NEAR2 clos$4) US-PGPUB; §{OR ON 2019/09/21
USPAT; 18:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
S$165 {59 (S162 S163 S164) AND uncertainty US-PGPUB; {OR ON 2019/09/21
USPAT; 18:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S166 {|54 $165 and (@ad @rlad @prad) US-PGPUB; iOR ON 2019/09/21
<"20161101" USPAT; 18:51
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S$167 {122 (US-20190045992-$ or US- US-PGPUB; §{OR ON 2019/09/22
20190212730-$ or US-20180263451-$ or jUSPAT 12:31
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US-20180098200-$ or US-20170277196-
$ or US-20160135655-$ or US-
20190255991-% or US-20180074508-$ or
US-20190235490-$ or US-20190208979-
$ or US-20190174987-$ or US-
20190094869-% or US-20190049979-$ or
US-20190025838-$ or US-20190015985-
$ or US-20190015984-$ or US-
20180373242-$% or US-20180360285-$ or
US-20180344116-$ or US-20180210445-
$ or US-20180074509-% or US-
20180061137-$ or US-20180050634-$ or
US-20170303089-$ or US-20170273527-
$ or US-20170265703-%).did. or (US-
20170261979-$% or US-20170235312-$ or
US-20170205822-$ or US-20150182088-
$ or US-20150032260-$% or US-
20170131721-$ or US-20140116469-$ or
US-20140207280-$ or US-20160148417-
$ or US-20160052133-$ or US-
20160027207-$ or US-20150212520-$ or
US-20150212500-$ or US-20140343783-
$ or US-20140316636-$ or US-
20140303775-$ or US-20130060379-$ or
US-20130056032-$ or US-20130024025-
$ or US-20120259481-$ or US-
20150261223-$% or US-20180364052-$ or
US-20170095926-$ or US-20140207282-
$ or US-20190216011-$ or US-
20180246518-3% or US-20180038697-
$).did. or (US-20140100693-$ or US-
20120323365-$ or US-20160302639-$ or
US-20140190514-$ or US-20100070078-
$ or US-20160271795-% or US-
20040167667-$ or US-20190155296-$ or
US-20070118248-$ or US-20190235083-
$ or US-20190217478-$ or US-
20040158354-$% or US-20170285648-$ or
US-20170153646-$ or US-20140129027-
$ or US-20130216098-$ or US-
20120230550-$ or US-20120219207-$ or
US-20120213443-$ or US-20090292394-
$ or US-20070293985-$ or US-
20070106423-$ or US-20050234679-$ or
US-20050182518-$ or US-20190272462-
$ or US-20170102709-$ or US-
20130138246-$).did. or (US-
20100152945-$% or US-20070244610-$ or
US-20070250212-$ or US-20120116588-
$ or US-20040111184-% or US-
20050221840-$% or US-20170135541-$ or
US-20090177320-$ or US-20140244094-
$ or US-20120086598-% or US-
20100121488-$ or US-20080027591-$ or
US-20160282870-$ or US-20110178669-
$ or US-20100324731-$% or US-
20060217837-$ or US-20050251457-$ or
US-20040249504-$ or US-20190246600-
$ or US-20170124781-$ or US-
20170351261-$ or US-20170248963-$ or
US-20190094876-$ or US-20190094027-
$ or US-20180370728-$ or US-
20180364045-$ or US-20180361583-
$).did. or (US-20180361581-$ or US-
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20180284806-$ or US-20180122136-$ or
US-20170153647-$ or US-20170123428-
$ or US-20170108867-$ or US-
20160209846-$).did. or (US-10303179-$
or US-10291765-$ or US-9529363-$ or
US-7706917-$ or US-9764468-$ or US-
8315734-$ or US-8380350-$ or US-
5696675-%).did.
5168 {45 S$167 AND actions US-PGPUB; §OR ON 2019/09/22
USPAT; 12:31
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S$169 {7 S$167 AND actions AND closure US-PGPUB; §iOR ON 2019/09/22
USPAT; 12:32
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S170 {104 $167 AND ((route OR path$4 OR map US-PGPUB; {iOR ON 2019/09/22
OR virtual OR course) WITH (actions! OR{JUSPAT; 12:35
task OR behavior OR movement OR USOCR;
direction OR up OR down OR left OR FPRS;
right OR on OR off OR turn$4 OR EPO; JPO;
spray$4 OR camera OR pose)) DERWENT;
IBM_TDB
S171 {2148 {{S167 AND ((route OR path$4 OR map US-PGPUB; {OR ON 2019/09/22
OR virtual OR course) WITH (actions! OR{jUSPAT; 12:36
task OR behavior OR movement OR USOCR;
direction OR up OR down OR left OR FPRS;
right OR on OR off OR turn$4 OR EPO; JPO;
spray$4 OR camera OR pose)) OR DERWENT;
closure AND kalman IBM_TDB
S172 {13 S$167 AND ((route OR path$4 OR map US-PGPUB; {OR ON 2019/09/22
OR virtual OR course) WITH (actions! OR{jUSPAT; 12:37
task OR behavior OR movement OR USOCR;
direction OR up OR down OR left OR FPRS;
right OR on OR off OR turn$4 OR EPO; JPO;
spray$4 OR camera OR pose)) AND DERWENT;
closure AND kalman IBM_TDB
S173 {218 robot AND locali$ AND Kalman AND US-PGPUB; §OR ON 2019/09/22
uncertainty AND closure USPAT; 12:40
USOCR;
FPRS;
EPO; JPO;
DERWENT,;
IBM_TDB
S174 {192 S$173 and (@ad @rlad @prad) US-PGPUB; {OR ON 2019/09/22
<"20161101" USPAT; 12:41
USOCR;
FPRS;
EPO; JPO;
DERWENT,;
IBM_TDB
S175 {218 S$173 and (@ad @rlad @prad) US-PGPUB; {OR ON 2019/09/22
<"20190318" USPAT; 12:41
USOCR;
FPRS;
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EPO; JPO;
DERWENT;
IBM_TDB

S176

3316

(G05D2201/0215).CPC.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

2019/09/22
12:47

S177

925

B25J11/0005.cpc.

US-PGPUB,;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

S178

S179

1474

B25J9/0003.cpc.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|BM_TDB

OR

4572

(A4712201/00).cpc.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

ON

2019/09/22
12:47

2019/09/22
12:47

S180

10922

(A47L2201/$).cpc.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

S181

5173

(G05D2201/0203).cpc.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

3316

(G05D2201/0215).cpe.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

2019/09/22
12:47

5183

3854

901/1.ccls.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

S184

25567

(mobile NEAR2 robot).ti,ab,bsum.

US-PGPUB;

USPAT;

OR

ON

2019/09/22

12:47
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USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

5185

7146

(Y10S901/01).CPC.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

5186

1373

(G05D2201/0207).cpc.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

5187

45474

S182 5181 §180 S179 S178 S177 S176
5183 5184 5185 5186

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

5188

896

S$187 AND ((loop$1closure) OR (loop
NEAR clos$3))

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

226

S$187 AND ((loop$1closure) OR (loop
NEAR clos$3)).bi. AND (SLAM! OR
kalman).bi.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:47

2019/09/22
12:48

S190

S$187 AND ((loop$1closure) OR (loop
NEAR clos$3)).bi. AND ((locali$ OR
SLAM!) AND kalman AND map).bi.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:48

S191

S187 AND ((loop$1closure) OR (loop
NEAR clos$3)).bi. AND ((locali$ OR
SLAM!) AND kalman AND map).bi. AND
(uncertainty OR variance OR covariance)
AND (virtual NEAR2 (route OR map OR

path))

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
12:50

S192

36

S190 AND (smartphone OR telephone)
AND (display$4 WITH map WITH
(position OR location))

US-PGPUB;
USPAT;
USOCR

OR

ON

2019/09/22
12:51

S193

1913

((("ROMBOUTS") near3 ("Jaldert")) OR
(("GABARDQS") near3 ("Borja")) OR
(("PASSOT") near3 ("Jean-Baptiste")) OR
(("SMITH") near3 ("Andrew"))).INV.

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;

OR

ON

2019/09/22
14:00
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S194

DERWENT

123

(("BRAIN") near3
"CORPORATION"))).AS,AANM.

USPAT

OR

ON 2019/09/22

14:01

S195

S196

253

(("BRAIN") near3
"CORPORATION"))).AS,AANM.

e T

US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;

DERWENT;

1BV IDB

OR

6571

((("BRAIN"))).AS,AANM.

US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;

DERWENT;

IBM_TDB

OR

ON

ON

2019/09/22

2019/09/22
14:01

14:01

S197

83

S193 AND S196

US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;

DERWENT;

IBM_TDB

OR

ON

2019/09/22
14:02

5198

S197 AND (virtual NEAR route)

US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;

DERWENT;

IBM_TDB

OR

ON

2019/09/22
14:02

S199

83

S197 AND (virtual$4)

US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;

DERWENT;

IBM_TDB

OR

ON

2019/09/22
14:02

S200

S$197 AND (virtual$4 WITH (map OR
path OR route OR segment))

US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;

DERWENT;

IBM_TDB

OR

ON

2019/09/22
14:03

S201

2083

((("PASSOT") near3 ("Jean-Baptiste"))
OR (("SMITH") near3 ("Andrew")) OR
(("SZATMARY") near3 ("Botond")) OR
(("IBARZ") near3 ("GABARDOS") near3
("Borja")) OR (("GRIFFIN") near3
("Cody")) OR (("RAMBOUTS") near3
("Jaldert")) OR (("SINYAVSKIY") near3
("Oleg")) OR (("IZHIKEVICH") near3
("Eugene"))).INV.

US-PGPUB;

USPAT;
USOCR;
EPO; JPO;
DERWENT

OR

ON

2019/09/22
14:08

S202

189

S196 AND S201

US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;

DERWENT;

IBM_TDB

OR

ON

2019/09/22
14:09
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S203

218

S202 S194

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
14:09

S204

S205

S203 AND (virtual$4 route map (realtime
OR real$1time) travel$4 actions).bi.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

AND

—

("20170102709").PN.

US-PGPUB;
USPAT;
USOCR

OR

ON

OFF

2019/09/22
14:10

2019/09/22
15:05

S207

ju—y

("20170102709").PN.

US-PGPUB;
USPAT;
USOCR

OR

OFF

2019/09/22
18:17

S208

—

S207 AND (obstacle SAME map)

US-PGPUB;
USPAT,;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
18:17

S209

S207 AND ((3D OR (three OR "3") ADJ
(D OR dimension$2)) OR "3"$1D)

US-PGPUB;
USPAT,;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/09/22
18:22

EAST Search History (I nterference)

Ref
#

S206

Hits

1

Search Query

DBs

Default

Operator i

((collect NEAR2 data) (virtual NEAR route)
(virtual NEAR representation) (robot)
(actions)).clm.

us-
PGPUB;
USPAT

AND

Plurals

ON

Time
Stamp

2019/09/22
14:07

9/23/2019 4:53:28 PM
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jaldert Rombouts, et al. Examiner: MOYER, DALE

Serial No.: 16/356,160 Art Unit: 3664

Attorney Docket No.: P23291US01 For: SYSTEMS AND METHODS FOR
ROBOTIC MAPPING

AMENDMENT AND RESPONSE

In response to the non-final Office Action dated September 27, 2019, Applicants
respectfully requests entry of this Amendment and Response. This Response is being timely
filed by the statutory time period set forth in the Office Action. The Commissioner is hereby
authorized to charge any additional fees, which may be required by this paper, to Deposit

Account No. 18-0582.

Amendments to the Claims begin on page 2; and

Remarks begin on page 12.
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AMENDMENTS TO THE CLAIMS

1-120. (Previously Cancelled).
21.  (Currently Amended) A system for traveling a robot along a route,
comprising:

a memory having computer readable instructions stored thereon; and

at least one [[processor]] processing device [[configured]] configurable to execute

the computer readable instructions to,
collect data by at least one sensor coupled to the robot as the robot travels
along the route in an environment,
generate a map of the environment and a wirtaal route on the map in real-

time, [[and]]the map being generated concurrently with the collection of the data

as the robot travels along the route in the environment, the map corresponding to a
virtaal representation of the environment, the map including information directed
to location and position of the robot along the route in the environment, the map

being generated based on measurements taken by the at least one sensor at each one

of a plurality of nodes along the route traveled by the robot. each one of the plurality

of nodes comprising a range. the range of each one of the plurality of nodes being

based on confidence measure at a respective node, and

associate actions undertaken by the robot during traveling along the route

with the location and position of the robot on wirteal the route on the map.
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22.  The system of claim 21, wherein the map is either a two-dimensional or three-
dimensional representation of the environment, the map includes information directed to location
and position of the robot along the route in the environment and obstacles detected by the at least

one sensor in the environment.

23, (Currently Amended) The system of claim 21, wherein the at least one

processeris-furtherconfisured processing device is further configurable to execute the computer

readable instructions to,
estimate distance traveled by the robot along the route based on revolution of

wheels on the robot.

24.  (Currently Amended) The system of claim 21, wherein the at least one

proeesseris-further configured processing device is further configurable to execute the computer

readable instructions to,
estimate distance traveled by the robot along the route based on sequential images

captured by the at least one sensor.

25.  (Currently Amended) The system of claim 21, wherein the least one

processeris-furtherconfigured processing device is further configurable to execute the computer

readable instructions to,
determine the robot has returned to a start position based on detecting a home

locator in the environment.
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26.  (Currently Amended) The system of claim 21, wherein the least one

processoeris-furtherconfigtred processing device is further configurable to execute the computer

readable instructions to,
limit uncertainty of positioning of [[a]] the plurality of nodes along the route
traveled by the robot based on constraining start and end positions of the robot at a same

point.

27.  (Currently Amended) The system of claim 26, wherein each node of the
plurality of nodes inelude comprises an associated probabilistic distribution which corresponds

to surrounding region around each node of the plurality of nodes.

28.  (Currently Amended) A method for traveling a robot along a route,
comprising;

collecting data by at least one sensor coupled to the robot as the robot travels along the
route in an environment;

generating a map of the environment and a wirtaal route on the map in real-time-and, the

map being generated concurrently with the collection of the data as the robot travels along the

route in the environment, the map corresponding to a virtual representation of the environment,
the map including information directed to location and position of the robot along the route in the

environment, the map being generated based on measurements taken by the at least one sensor at

each one of a plurality of nodes along the route traveled by the robot, each one of the plurality of

nodes comprising a range. the range of each one of the plurality of nodes being based on

confidence measure at a respective node; and
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associating actions undertaken by the robot during traveling along the route with the

location and position of the robot on sirtual the route on the map.

29.  (Currently Amended) A non-transitory computer readable medium having
comprising computer readable instructions stored thereon that when executed by at least one

preeesser processing device configure the at least one preeesser processing device to,

collect data by at least one sensor coupled to the robot as the robot travels along the route
in an environment;
generate a map of the environment and a wirtaal route on the map in real-time, [[and]] the

map being generated concurrently with the collection of the data as the robot travels along the

route in the environment, the map corresponding to a virtuat representation of the environment,
the map including information directed to location and position of the robot along the route in the

environment, the map being generated based on measurements taken by the at least one sensor at

each one of a plurality of nodes along the route traveled by the robot, each one of the plurality of

nodes comprising a range. the range of each one of the plurality of nodes being based on

confidence measure at a respective node; and

associate actions undertaken by the robot during traveling along the route with the

location and position of the robot on sirtual the route on the map.

30.  (New) The system of claim 21, wherein each one of the plurality of nodes
along the route traveled by the robot corresponds to a probabilistic function or probabilistic

distribution.
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31.  (New) The system pf claim 21, wherein each one of the plurality of nodes
along the route traveled by the robot corresponds to position of the robot, the position of the

robot is relative to either an initial location or one or more features in the environment.

32.  (New) The system of claim 21, wherein the range of each one of the
plurality of nodes corresponds to a region around each one of the plurality of nodes such that

each one of the plurality of nodes is located within the range.

33.  (New) The system of claim 21, wherein size of the range of each one of
the plurality of nodes is variable based on confidence in location of each node of the plurality of

nodes.

34, (New) The system of claim 21, wherein the at least one processing device
is further configurable to execute the computer readable instructions to,
selectively actuate one or more systems as the robot travels along the route, the
one or more systems comprises a cleaning system, the cleaning system comprises one or

more of water flow, brush, and vacuum cleaner.

35, (New) The method of claim 28, wherein the map is either a two-
dimensional or three-dimensional representation of the environment, the map includes information
directed to location and position of the robot along the route in the environment and obstacles

detected by the at least one sensor in the environment.

Avidbots Ex1002
Page 147 of 260



36.  (New) The method of claim 28, further comprising:
estimating distance traveled by the robot along the route based on revolution of

wheels on the robot.

37.  (New) The method of claim 28, further comprising:
estimating distance traveled by the robot along the route based on sequential images

captured by the at least one sensor.

38. (New) The method of claim 28, further comprising:
determining the robot returned to a start position based on detecting a home locator

in the environment.

39. (New) The method of claim 28, further comprising:
limiting uncertainty of positioning of the plurality of nodes along the route traveled by the

robot based on constraining start and end positions of the robot at a same point.

40.  (New) The method of claim 39, wherein each node of the plurality of nodes
comprises an associated probabilistic distribution which correspond to surrounding region around

each node of the plurality of nodes.

41.  (New) The system of claim 28, wherein each one of the plurality of nodes
along the route traveled by the robot corresponds to a probabilistic function or probabilistic

distribution.
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42. (New) The system pf claim 28, wherein each one of the plurality of nodes
along the route traveled by the robot corresponds to position of the robot, the position of the

robot is relative to either an initial location or one or more features in the environment.

43.  (New) The system of claim 28, wherein the range of each one of the
plurality of nodes corresponds to a region around each one of the plurality of nodes such that

each one of the plurality of nodes is located within the range.

44, (New) The system of claim 28, wherein size of the range of each one of
the plurality of nodes is variable based on confidence in location of each node of the plurality of

nodes.

45. (New) The system of claim 28, further comprising:
actuating one or more systems selectively as the robot travels along the route, the
one or more systems comprises a cleaning system, the cleaning system comprises one or

more of water flow, brush, and vacuum cleaner.

46. (New) The non-transitory computer readable medium of claim 29,
wherein the map is either a two-dimensional or three-dimensional representation of the
environment, the map includes information directed to location and position of the robot along

the route in the environment and obstacles detected by the at least one sensor in the environment.
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47. (New) The non-transitory computer readable medium of claim 29,
wherein the at least one processing device is further configurable to execute the computer
readable instructions to,

estimate distance traveled by the robot along the route based on revolution of

wheels on the robot.

48.  (New) The non-transitory computer readable medium of claim 29,
wherein the at least one processing device is further configurable to execute the computer
readable instructions to,

estimate distance traveled by the robot along the route based on sequential images

captured by the at least one sensor.

49. (New) The non-transitory computer readable medium of claim 29,
wherein the at least one processing device is further configurable to execute the computer
readable instructions to,

determine the robot has returned to a start position based on detecting a home

locator in the environment.

50. (New) The non-transitory computer readable medium of claim 29,
wherein the at least one processing device is further configurable to execute the computer
readable instructions to,

limit uncertainty of positioning of the plurality of nodes along the route traveled

by the robot based on constraining start and end positions of the robot at a same point.
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51. (New) The non-transitory computer readable medium of claim 50,
wherein each node of the plurality of nodes include an associated probabilistic distribution which

correspond to surrounding region around each node of the plurality of nodes.

52. (New) The non-transitory computer readable medium of claim 29,
wherein each one of the plurality of nodes along the route traveled by the robot corresponds to a

probabilistic function or probabilistic distribution.

53. (New) The non-transitory computer readable medium of claim 29,
wherein each one of the plurality of nodes along the route traveled by the robot corresponds to
position of the robot, the position of the robot is relative to either an initial location or one or

more features in the environment.

54. (New) The non-transitory computer readable medium of claim 29,
wherein the range of each one of the plurality of nodes corresponds to a region around each one

of the plurality of nodes such that each one of the plurality of nodes is located within the range.

55. (New) The non-transitory computer readable medium of claim 29,

wherein size of the range of each one of the plurality of nodes is variable based on confidence in

location of each node of the plurality of nodes.

10
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56. (New) The non-transitory computer readable medium of claim 29,
wherein the at least one processing device is further configurable to execute the computer
readable instructions to,

selectively actuate one or more systems as the robot travels the route, the one or
more systems comprises a cleaning system, the cleaning system comprises one or more of

water flow, brush, and vacuum cleaner.

11
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REMARKS
Claims 21-56 are pending in the present application. Claims 1-20 were previously
cancelled without prejudice. New claims 30-34 and 35-56 have been added via present
amendment. Support for claim amendments and new claims filed herein can be found in at least
paragraphs [0054], [0061], [0075] to [0090], and corresponding figures of the present application.

No new matter has been introduced via present amendment.

Claim Rejection Under 35 U.S.C. § 101

On page 2 of the Office Action, the Examiner rejects claims 21-27 as allegedly being
directed to non-statutory subject matter. In particular, claim 21 being directed to software per se.

Applicants respectfully traverse the Examiner’s positions and interpretation of the
aforementioned claims. Claims 21-27 are directed to statutory subject matter of a “system” for
having a “robot” travel “along a route.” As noted by the body of the claim, it requires memory,
processing device, at least one sensor, and robot, in order for the robot to travel along the route.
As such, contrary to the Examiner’s position, claim 21, and dependent claims thereof, are
directed to statutory subject matter.

Furthermore, even if considered being directed to non-statutory subject matter, the
present claims are “integrated into a practical application.” As per the new 2019 Guidelines on
patent eligibility, the claims are integrated into a practical application of having the robot travel
along a route in an environment via use of sensors.

Accordingly, Applicants respectfully traverse the Examiner’s position that the claims are
directed to non-statutory subject matter, and respectfully request the Examiner to reconsider and

withdraw the aforementioned rejection.

12
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Claim Rejection Under 35 U.S.C. § 112(a)

On pages 3-4 of the Office action, the Examiner has rejected claims 21-27 under 35 USC
§ 112(a) as allegedly failing to comply with the written description requirement.

Without conceding to the Examiner’s assertions set forth in the Office Action, the
Applicants have amended the claims to render the aforementioned rejection moot. Accordingly,
Applicants respectfully request the Examiner to reconsider and withdraw the aforementioned
rejection.

Claim Rejections Under 35 U.S.C. §§ 102, 103

On pages 4-6 of the outstanding Office Action, the Examiner has rejected claims 21, 23,
25-29 under 35 USC § 102 as allegedly being anticipated by Kawak et al. (US 2017/0102709).

On pages 6-8 of the outstanding Office Action, the Examiner has rejected claims 22 and
24 under 35 USC § 103 as allegedly being rendered obvious by Kawak in view of Shin et al. (US
2012/0219207).

Without conceding to the Examiner’s assertions, Applicants’ assert that neither of the cited
references, either alone or in combination disclose the amended features cited in claim 21 for
example. Contrary to the claimed invention, neither Kwak nor Shin disclose, inter alia, “the map
being generated based on measurements taken by the at least one sensor at each one of a plurality
of nodes along the route traveled by the robot, each one of the plurality of nodes comprising a
range, the range of each one of the plurality of nodes being based on confidence measure at a
respective node,” as recited in claim 21.

Accordingly, claim 21, and dependent claims thereof, are not anticipated or rendered
obvious by Kwak and/or Shin. Similar arguments apply to independent claims 28 and 29, and

dependent claims thereof.

13
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Conclusion
In view of the foregoing amendments and remarks, Applicants respectfully submit that the
application is in condition for allowance, and such action is respectfully requested at the
Examiner's earliest convenience. If the Examiner believes an Examiner’s Amendment would place
the application in condition for allowance, Examiner is welcome to contact Applicants’
undersigned counsel to discuss the potential Examiner’s Amendment. Please apply any necessary

charges or credits to Deposit Account 18-0582, referencing the above attorney docket number.

Date: December 27, 2019 Respectfully submitted,

/Sidharth Kapoor/
Sidharth Kapoor

Reg. No. 68,159

T: 609-524-2077
skapoor@reedsmith.com
Customer Number 26418
REED SMITH LLP
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Application No. Applicant(s)

16/356,160 Rombouts et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
DALE MOYER 3664 Yes

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.
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1.0 Certified copies of the priority documents have been received.
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3.0 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)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) [J Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) [] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4y [J Other:
Paper No(s)/Mail Date . E—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200331

Avidbots Ex1002
Page 159 of 260



Application/Control Number:16/356,160 Page2
Art Unit:3664

DETAILED ACTION
Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first inventor to
file provisions of the AIA.
Status of the Application
This final office action is in response to Applicant’s amendment received by the Office on 27 December
2019. Claims 1-56 have been presented in the application, of which, claims 1-20 are cancelled, claims 21,
23-29 are currently amended, claims 22 was previously presented, and claims 30-56 are new.
Accordingly, pending claims 21-56 are addressed herein.
Claim Objections
Claim 42 is objected to because of the following informalities: the word “pf” on line 1 of claim 42 should
be changed to the word --of--. Appropriate correction is required.
Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing out
and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 41-45 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter which the inventor
or a joint inventor, or for pre-AlA the applicant regards as the invention.

Regarding claim 41, the claims refer to “the system” on line 1 of claim 41. There is insufficient

antecedent basis for this limitation in the claim.
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Application/Control Number:16/356,160 Page3
Art Unit:3664

Regarding claim 42, the claims refer to “the system” on line 1 of claim 42. There is insufficient
antecedent basis for this limitation in the claim.

Regarding claim 43, the claims refer to “the system” on line 1 of claim 43. There is insufficient
antecedent basis for this limitation in the claim.

Regarding claim 44, the claims refer to “the system” on line 1 of claim 44. There is insufficient
antecedent basis for this limitation in the claim.

Regarding claim 45, the claims refer to “the system” on line 1 of claim 45. There is insufficient
antecedent basis for this limitation in the claim.

Allowable Subject Matter
Claims 21-40 and 46-56 are allowed.
Conclusion
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 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 1.136(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.

Avidbots Ex1002
Page 161 of 260



Application/Control Number:16/356,160 Page4
Art Unit:3664

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to DALE MOYER whose telephone number is (571)270-7821. The examiner can
normally be reached on Monday-Friday 8am-5pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Khoi H Tran can be reached on 571-272-6919. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

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
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR
CANADA) or 571-272-1000.

/Dale Moyer/
Primary Examiner, Art Unit 3664
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EAST Search History (Prior Art)

Ref Hits Search Query DBs Default Plurals Time
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‘or US-20180263451-$ or US-20180098200- {USPAT 13:34
$ or US-20170277196- or US-
©20160135655-$ or US-20190255991-$ or
{US-20180074508-$ or US-20190235490-$
‘lor US-20190208979-$ or US-20190174987-
$ or US-20190094869-$ or US-
©20190049979-$ or US-20190025838-$ or
{US-20190015985-$ or US-20190015984-$
‘lor US-20180373242-$ or US-20180360285-
$ or US-20180344116-$ or US-
120180210445-$ or US-20180074509-$ or
{US-20180061137-$ or US-20180050634-$
‘or US-20170303089-$ or US-20170273527-
$ or US-20170265703-$).did. or (US-
120170261979 or US-20170235312-$ or
{US-20170205822-$ or US-20150182088-$
‘or US-20150032260-$ or US-20170131721-
$ or US-20140116469-$ or US-
120140207280-$ or US-20160148417-$ or
{US-20160052133-$ or US-20160027207-$
‘or US-20150212520-$ or US-20150212500-
$ or US-20140343783-$ or US-
©20140316636-$ or US-20140303775-$ or
1US-20130060379-$ or US-20130056032-%
ior US-20130024025-$ or US-20120259481-
% or US-20150261223-$ or US-
©20180364052-$ or US-20170095926-$ or
1US-20140207282-$ or US-20190216011-$
‘or US-20180246518-$ or US-20180038697-
$).did. or (US-20140100693-$ or US-
120120323365-$ or US-20160302639-$ or
1US-20140190514-$ or US-20100070078-%
‘or US-20160271795-$ or US-20040167667-
% or US-20190155296-$ or US-
©20070118248-$ or US-20190235083-$ or
1US-20190217478-$ or US-20040158354-$
‘or US-20170285648-$ or US-20170153646-
i or US-20140129027-$ or US-
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220130216098-$ or US-20120230550-$ or
1US-20120219207-$ or US-20120213443-$
‘or US-20090292394-$ or US-20070293985-
i$ or US-20070106423-$ or US-
220050234679-$ or US-20050182518-$ or
1US-20190272462-$ or US-20170102709-%
‘or US-20130138246-$).did. or (US-
20100152945-$ or US-20070244610-$ or
{US-20070250212-$ or US-20120116588-$
‘or US-20040111184-$ or US-20050221840-
$ or US-20170135541-$ or US-
20090177320-$ or US-20140244094-$ or
{US-20120086598-$ or US-20100121488-$
ior US-20080027591-$ or US-20160282870-
$ or US-20110178669-$ or US-
220100324731-$ or US-20060217837-$ or
{US-20050251457-$ or US-20040249504-$
‘or US-20190246600-$ or US-20170124781-
$ or US-20170351261-$ or US-
220170248963-$ or US-20190094876-$ or
{US-20190094027-$ or US-20180370728-$
ior US-20180364045-$ or US-20180361583-
$).did. or (US-20180361581-$ or US-
220180284806-$ or US-20180122136-$ or
{US-20170153647-$ or US-20170123428-$
ior US-20170108867-$ or US-20160209846-
4 or US-20190178654-$ or US-
120120121161-$ or US-20080033645-$ or
{US-20030142587-$ or US-20130325244-$
ior US-20120197439-$ or US-20170329347-
$ or US-20160375592-$ or US-
120160378117-$ or US-20180207791-$ or
{US-20090147994-$ or US-20140350839-$
ior US-20190147220-$ or US-20180113469-
$ or US-20170262992-$ or US-
20170178355-$ or US-20160146591-$ or
1US-20060165276-$ or US-20150304634-$
‘ior US-20180267552-$).did. or (US-
220080119961-3).did. or (US-10303179-$
‘or US-10291765-$ or US-9529363-$ or US-
7706917-$ or US-9764468-$ or US-
18315734-$ or US-8380350-$ or US-
15696675-$ or US-10401852-$ or US-
110395117-$ or US-10334050-$ or US-
:10248119-$ or US-9632502-$ or US-
110012504-$ or US-9958864-$ or US-
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19916703-$ or US-9910441-$ or US-
19754490-$ or US-9734455-$ or US-
19720415-$ or US-9612123-$ or US-
19606539-$ or US-9507346-$).did.

5265

158

{(US-20190045992-$ or US-20190212730-$
ior US-20180263451-$ or US-20180098200-
$ or US-20170277196-$ or US-
20160135655-$ or US-20190255991-$ or
{US-20180074508-$ or US-20190235490-$
ior US-20190208979-$ or US-20190174987-
¢ or US-20190094869-$ or US-
20190049979-$ or US-20190025838-$ or
1US-20190015985-$ or US-20190015984-%
ior US-20180373242-$ or US-20180360285-
i$ or US-20180344116-$ or US-
120180210445-$ or US-20180074509-$ or
1US-20180061137-$ or US-20180050634-%
ior US-20170303089-$ or US-20170273527-
i$ or US-20170265703-$).did. or (US-
20170261979-$ or US-20170235312-$ or
1US-20170205822-$ or US-20150182088-%
ior US-20150032260-$ or US-20170131721-
¢ or US-20140116469-$ or US-
20140207280~ or US-20160148417-$ or
1US-20160052133-$ or US-20160027207-$
‘or US-20150212520-$ or US-20150212500-
i$ or US-20140343783-$ or US-
20140316636-$ or US-20140303775-$ or
1US-20130060379-$ or US-20130056032-$
‘or US-20130024025-$ or US-20120259481-
$ or US-20150261223-% or US-
20180364052-$ or US-20170095926-$ or
{US-20140207282-$ or US-20190216011-$
‘or US-20180246518-$ or US-20180038697-
$).did. or (US-20140100693-$ or US-
©20120323365-$ or US-20160302639-$ or
{US-20140190514-$ or US-20100070078-$
ior US-20160271795-$ or US-20040167667-
$ or US-20190155296-$ or US-
©20070118248-$ or US-20190235083-$ or
1US-20190217478-$ or US-20040158354-$
ior US-20170285648-$ or US-20170153646-
$ or US-20140129027-4 or US-
©20130216098-$ or US-20120230550-$ or
{US-20120219207-$ or US-20120213443-$

US-PGPUB;
USPAT

OR

‘ON

12020/04/02
116:29
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‘or US-20090292394-$ or US-20070293985-
i or US-20070106423-$ or US-
120050234679-$ or US-20050182518-$ or
{US-20190272462-$ or US-20170102709-$
ior US-20130138246-$).did. or (US-
120100152945-$ or US-20070244610-$ or
1US-20070250212-$ or US-20120116588-4
or US-20040111184-$ or US-20050221840-
i$ or US-20170135541-$ or US-
120090177320-4 or US-20140244094-$ or
1US-20120086598-$ or US-20100121488-$
‘or US-20080027591-$ or US-20160282870-
i$ or US-20110178669-$ or US-
120100324731-$ or US-20060217837-$ or
1US-20050251457-$ or US-20040249504-$
‘or US-20190246600-$ or US-20170124781-
$ or US-20170351261-$ or US-
120170248963-$ or US-20190094876-$ or
1US-20190094027-$ or US-20180370728-$
‘or US-20180364045-$ or US-20180361583-
$).did. or (US-20180361581-$ or US-
120180284806-$ or US-20180122136-$ or
1US-20170153647-$ or US-20170123428-$
ior US-20170108867-$ or US-20160209846-
$ or US-20190178654-$ or US-
120120121161-$ or US-20080033645-$ or
1US-20030142587-$ or US-20130325244-%
‘or US-20120197439-$ or US-20170329347-
$ or US-20160375592-$ or US-
220160378117-$ or US-20180207791-$ or
1US-20090147994-$ or US-20140350839-%
‘or US-20190147220-$ or US-20180113469-
$ or US-20170262992-$ or US-
220170178355-$ or US-20160146591-$ or
1US-20060165276-$ or US-20150304634-$
‘or US-20180267552-4).did. or (US-
120080119961-$).did. or (US-10303179-4
§or US-10291765-$ or US-9529363-$ or US-
i7706917-$ or US-9764468-$ or US-
$8315734-$ or US-8380350-$ or US-
15696675-$ or US-10401852-$ or US-
110395117-$ or US-10334050-$ or US-
110248119-$ or US-9632502-$ or US-
110012504-$ or US-9958864-$ or US-
19916703-$ or US-9910441-$ or US-
99754490-$ or US-9734455-$ or US-
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19720415-$ or US-9612123-$ or US-
9606539-$ or US-9507346-$).did.

S2665 15265 AND (range WITH node) US-PGPUB;  IOR ON  2020/04/02
USPAT; 116:30
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
: US-PGPUB;  OR
‘or US-20160375592-$ or US-20180038697- USPAT
$ or US-20170135541-$ or US-
220170102709-$ or US-20160271795-$ or
1US-20160146591-$ or US-20140244094-$
‘or US-20140129027-$ or US-20130216098-
i or US-20090292394-$ or US-
220090147994-$ or US-20070293985-$ or
{US-20070250212-$ or US-20070118248-
$).did. or (US-10303179-% or US-
110291765-$).did.
S268 18 5267 AND (range OR distance) US-PGPUB;  IOR ON  2020/04/02
USPAT E 16:31
$269 102 5265 AND SLAM! US-PGPUB;  IOR ON  :2020/04/02
USPAT 16:35
$270 16176 ( (G05D2201/0203 OR GO5D2201/0215 OR US-PGPUB;  OR ON  2020/04/02
1Y105901/01 OR A4712201/04 OR USPAT 16:36
‘A47L.11/4011).CPC. )
S271 6047 i( (GOB6K9/00664 OR US-PGPUB;  IOR ON  2020/04/02
{G06T2207/30244).CPC. ) USPAT 116:37
S272 1208 5270 AND S271 US-PGPUB;  OR ON  2020/04/02
USPAT 16:37
S273 162 5270 AND S271 and (@ad @rlad US-PGPUB;  OR ON  2020/04/02
‘@prad)<"20161101" USPAT 16:37
$27412  {(("20120219207") or US-PGPUB;  OR OFF  12020/04/02
("20170102709")).PN. USPAT; ‘ 18:02
USOCR
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S27511  {("20100094460").PN. US-PGPUB;  (OR OFF  12020/04/03
USPAT; 13:41
USOCR
S276 1  (12/458786).APP. USPAT; OR ON  2020/04/03
USOCR 14:07

S277 2 (12/458786).APP. US-PGPUB;  OR ON  12020/04/03

USPAT; 114:07
USOCR

S278 27  ("2010/0094460" | "8855819").URPN. USPAT OR ON  2020/04/03
14:08

279121  ("20030030398" | "20040168148" | US-PGPUB;  OR ON  2020/04/03
'20040202351" | "20060143020" | USPAT; 14:08
'20070003134" | "20070052698" | USOCR f
'20070090973" | "20070146232" |
'20080247668" | "20080304707" |
'20090161989" | "20090167761" |
'5819016" | "6384859" | "6732826" |
1'7660444" | "7774158" | "7912583" |
'7925049" | "7932913" | "8059889").PN.

S280 26 {(12/718380 | 13/017474 | 13/017518 |  US-PGPUB; OR ON  2020/04/03
113/017587 | 13/017626 | 13/017690 | USOCR 14:08
113/017729 | 13/026300 | 13/281018 |
113/375669 | 13/456061 | 13/749497 |
113/774145 | 13/775165 | 14/241864 |
114/386278 | 14/537802 | 14/661940 |
114/693282 | 14/962257 | 14/978123 |
115/169045 | 15/182750 | 15/404038 |
15/623106 | 15/638518 | 16/041286).APP.

S281 53 (12/718380 | 13/017474 | 13/017518 |  US-PGPUB; IOR ON  2020/04/03
113/017587 | 13/017626 | 13/017690 | USPAT; 14:08
113/017729 | 13/026300 | 13/281018 | USOCR
113/375669 | 13/456061 | 13/749497 |
113/774145 | 13/775165 | 14/241864 |
114/386278 | 14/537802 | 14/661940 |
114/693282 | 14/962257 | 14/978123 |
115/169045 | 15/182750 | 15/404038 |
115/623106 | 15/638518 | 16/041286).APP.
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5282

37 {(08/622047 | 08/665546 | 09/928669 |
110/116187 | 10/526013 | 10/563957 |
:10/597976 | 10/739935 | 10/753403 |
i10/816523 | 11/165047 | 11/480017 |
111/559359 | 11/833498 | 11/944952 |
112/045074 | 12/096830 | 12/123125 |
112/134354 | 12/219444).APP.

37 {(08/622047 | 08/665546 | 09/928669 |
:10/116187 | 10/526013 | 10/563957 |
110/597976 | 10/739935 | 10/753403 |
110/816523 | 11/165047 | 11/480017 |
111/559359 | 11/833498 | 11/944952 |
112/045074 | 12/096830 | 12/123125 |
i12/134354 | 12/219444).APP.

0 5281 AND 5283

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

OR

ON

2020/04/03
14:08

12020/04/03
§14:o9

;2020/04/03
;14:09

5285

1362 ("10107617" | "10222805" |
£'20020024517" | "20020043632" |
20020049530" | "20020069013" |
?20020112024"|”20020168091"|
£'20020181754" | "20020186216" |
'20030007694" | "20030067461" |
£20030080979" | "20030218672" |
?20030221163"|”20040017930”|
£'20040023612" | "20040075738" |
'20040076324" | "20040083133" |
20040104935" | "20040117109" |
20040128031" | "20040131278" |
?20040136583"|”20040145593”|
'20040145722" | "20040167667" |
'20040167669" | "20040168148" |
120040179728" | "20040207597" |
?20040210343"|”20040230340"|
£'20040233287" | "20040239670" |
'20040249565" | "20050000543" |
20050004749" | "20050010445" |
?20050059488"|"20050078178”|
£'20050082480" | "20050137749" |
'20050152603" | "20050187678" |
£20050192707" | "20050216126" |
20050233816" | "20050238198" |
?20050238200"|"20050253871”|

US-PGPUB;
USPAT;
USOCR

OR

ON

2020/04/03
14:12

Avidbots Ex1002
Page 173 of 260



'20050259882" | "20050288079" |
'20060006309" | "20060020369" |
'20060025888" | "20060041333" |
'20060058921" | "20060064017" |
£20060072809" | "20060076039" |
"20060076917" | "20060078215" |
£'20060100742" | "20060110021" |
'20060165276" | "20060187305" |
20060188144" | "20060221250" |
'20060233423" | "20060239553" |
'20060239558" | "20060252474" |
20060252475" | "20060252477" |
'20060252541" | "20060262188" |
'20060268406" | "20070013718" |
'20070016418" | "20070021908" |
£20070027579" | "20070031001" |
£'20070052698" | "20070052807" |
£20070055153" | "20070060336" |
"20070070365" | "20070081712" |
£'20070083325" | "20070098222" |

'20070100498" | "20070116356").PN. OR

{("20070156286" | "20070183661" |
'20070188501" | "20070195173" |
'20070203622" | "20070216894" |
'20070217676" | "20070229498" |
20070234492" | "20070244610" |
20070260984" | "20070269108" |
"20070271003" | "20070276214" |
20070276541" | "20070279485" |
120070282484" | "20070283296" |
£20070293985" | "20070298882" |
"20080001951" | "20080009348" |
£'20080009965" | "20080026838" |
'20080027591" | "20080037850" |
'20080054841" | "20080055308" |
20080060854 | "20080062257" |
£'20080065267" | "20080075361" |
£'20080075367" | "20080100620" |
£'20080126937" | "20080130985" |
'20080134102" | "20080137101" |
£20080137956" | "20080144925" |
£'20080152191" | "20080152218" |
£'20080154565" | "20080187220" |
'20080215972" | "20080215973" |
£'20080240513" | "20080247651" |
£'20080249732" | "20080273791" |
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'20080278487" | "20080292180" |
£'20080294338" | "20080304707" |
£'20080310677" | "20080310757" |
20080316324" | "20080317331" |
£'20090003652" | "20090010507" |
'20090024251" | "20090027337" |
£'20090028387" | "20090033655" |
£20090034622" | "20090048482" |
£'20090055020" | "20090066690" |
"20090066784" | "20090074238" |
£'20090093907" | "20090096807" |
£20090105945" | "20090112287" |
£20090115655" | "20090129631" |
£20090141933" | "20090149990" |
20090149992 | "20090149994" |
£20090154791" | "20090158220" |
£'20090161968" | "20090161989" |
'20090167679" | "20090175538" |
'20090175540" | "20090182464" |
'20090187336" | "20090195538" |
'20090198375" | "20090210092" |
£20090221368").PN. OR ("20090226034" |
'20090231425" | "20090244097" |
'20090244309" | "20090252423" |
'20090279756" | "20090281661" |
£'20090290758" | "20090290811" |
20090304232" | "20090306822" |
"20090315978" | "20090324093" |
'20090326713" | "20100008581" |
£20100034426" | "20100037418" |
£20100045701" | "20100060632" |
"20100070078" | "20100070125" |
£'20100080415" | "20100080434" |
#'20100085352" | "20100085353" |
£'20100093435" | "20100094460" |
'20100098328" | "20100103196" |
1'20100104184" | "20100111370" |
'20100121601" | "20100124377" |
£20100128112" | "20100152945" |
'20100158310" | "20100161225" |
£20100174409" | "20100176987" |
£20100189354" | "20100194863" |
'20100195869" | "20100197390" |
'20100197393" | "20100197400" |
£'20100199232" | "20100201808" |
'20100208035" | "20100208057" |
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20100220173" | "20100223276" |
1'20100228394" | "20100238161" |
'20100259630" | "20100260396" |
'20100262286" | "20100278384" |
£'20100278420" | "20100281432" |
'20100281439" | "20100286905" |
£'20100289817" | "20100295783" |
20100296724" | "20100302247" |
£'20100302395" | "20100303289" |
'20100316282" | "20100329549" |
£'20110010033" | "20110034244" |
'20110038540" | "20110044504" |
'20110044543" | "20110060556" |
20110085705" | "20110170756" |
'20110188715" | "20110202175" |
20110205338" | "20110210915" |
20110227945" | "20110234481" |
20110234791" | "20110243386" |
'20110249865" | "20110252320" |
£'20110254860" | "20110267344" |
'20110293180" | "20110306398" |

£'20120014559" | "20120056982").PN. OR

("20120075343" | "20120089937" |
1'20120093361" | "20120113223" |
'20120114175" | "20120120199" |
£20120128201" | "20120146998" |
'20120147149" | "20120147152" |
'20120148162" | "20120163656" |
£'20120163723" | "20120166462" |
'20120182289" | "20120189211" |
1'20120194516" | "20120194517" |
'20120194644" | "20120194650" |
£'20120195471" | "20120196679" |
'20120201469" | "20120210255" |
£20120212509" | "20120213443" |
'20120223937" | "20120239174" |
20120249741" | "20120256916" |
'20120256961" | "20120268940" |
1'20120269432" | "20120293550" |
'20120297559" | "20120306865" |
£20130002649" | "20130051626" |
'20130077059" | "20130106994" |
'20130116826" | "20130120405" |
£20130120736" | "20130121985" |
'20130138247" | "20130251246" |
£'20130265502" | "20130266182" |
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'20130266292" | "20130282208" |
£'20130300637" | "20130300740" |
#20130307536" | "20130332064" |
20130335554" | "20130342527" |
£'20140003705" | "20140016857" |
'20140028673" | "20140037136" |
£'20140049644" | "20140063005" |
20140079314" | "20140119598" |
20140123507" | "20140139375" |
20140172864" | "20140184749" |
1'20140206443" | "20140207282" |
£20140228118" | "20140241617" |
'20140254922" | "20140267234" |
'20140267700" | "20140300775" |
'20140320593" | "20140323148" |
£'20140328519" | "20140354685" |
'20140369557" | "20150002546" |
120150029222" | "20150154467" |
"20150154806" | "20150161474" |
£'20150186745" | "20150199817" |
'20150221133" | "20150269436" |
120150302655" | "20150304634" |
'20150332489").PN. OR ("20150363938" |
1'20160012588" | "20160026253" |
20160048263" | "20160063734" |
20160071315" | "20160086050" |
20160148433" | "20160189381" |
'20160209217" | "20160239973" |
£'20160240001" | "20160253807" |
20160271795" | "20160321827" |
£20160335475" | "20160335796" |
'20170010109" | "20170031953" |
'20170039764" | "20170053181" |
#'20170084001" | "20170089948" |
£'20170206418" | "20170230633" |
'20170249401" | "20170277197" |
1'20170329503" | "20170357873" |
'20180051986" | "20180061055" |
1'20180144458" | "20180149753" |
'20180184062" | "20180189565" |
£'20180211399" | "20180224286" |
'20180231385" | "4215364" | "4288078" |
'4627620" | "4630910" | "4645458" |
"'4695953" | "4702475" | "4711543" |
'4751642" | "4796997" | "4809065" |
'4817950" | "4843568" | "4893183" |

Avidbots Ex1002
Page 177 of 260



'4901362" | "4925189" | "5093869" |
'5101444" | "5109566" | "5144685" |
'5148154" | "5184295" | "5229754" |
15229756" | "5239463" | "5239464" |
15249128" | "5288078" | "5295491" |
"5320538" | "5347306" | "5385519" |
©'5405152" | "5417210" | "5423554" |
1'5454043" | "5469740" | "5495576" |
'5516105" | "5524637" | "5525883" |
""5534917" | "5563988" | "5577981" |
'5580249" | "5594469" | "5597309" |
"5616078" | "5617312" | "5638300" |
'5641288" | "5644689" | "5646494" |
'5650828" | "5682196" | "5682229" |
"5690582" | "5696591" | "5699444" |
'5703367" | "5704837" | "5715834" |
"5721679" | "5740268" | "5745126" |
"5751831" | "5825922" | "5852672" |
"5875108" | "5877803" | "5913727" |
'5026568" | "5930379" | "5930392").PN.
{OR ("5933125" | "5961571" | "5980256" |
'5989157" | "5995649" | "6005548" |
'6009210" | "6009359" | "6054991" |
'6057847" | "6057909" | "6066075" |
'6072494" | "6073489" | "6077201" |
'6084979" | "6094508" | "6098458" |
'6100517" | "6100896" | "6101289" |
"6111582" | "6128003" | "6128571" |
'6130677" | "6141463" | "6147678" |
'6147764" | "6151424" | "6152838" |
"6152856" | "6159100" | "6173066" |
"6181343" | "6188777" | "6215890" |
'6215898" | "6226396" | "6229913" |
16229918" | "6255793" | "6256033" |
'6256400" | "6283860" | "6289112" |
'6299308" | "6308565" | "6316934" |
1'6327741" | "6363160" | "6384819" |
"6405151" | "6411744" | "6430997" |
'6442476" | "6452596" | "6476834" |
"'6496598" | "6498628" | "6502515" |
'6503195" | "6504569" | "6512838" |
'6516099" | "6539931" | "6545706" |
'6570555" | "6571415" | "6576099" |
'6603880" | "6633294" | "6640202" |
"6647131" | "6661918" | "6671049" |
'6674877" | "6681031" | "6694049" |
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'6711293" | "6714665" | "6731799" |
"'6732826" | "6738066" | "6741756" |
"6748297" | "6765726" | "6771277" |
"6781618" | "6788809" | "6801637" |
'6826472" | "6850635" | "6868181" |
"6873723" | "6876496" | "6879709" |
"6937742" | "6940538" | "6941321" |
"6950534" | "6963338" | "7003134" |
"7006236" | "7034818" | "7035431" |
'7036094" | "7038855" | "7039239" |
'7039676" | "7042440" | "7050177" |
"7050606" | "7058204" | "7060957" |
"7085624" | "7098435" | "7113918" |
'7121946" | "7135992" | "7151530" |
"7158680" | "7162075" | "7162338" |
'7167578" | "7170492").PN. OR

("7177737" | "7184047" | "7184048" |
'7184586" | "7196703" | "7202898" |
1'7212665" | "7222078" | "7224384" |
'7227526" | "7236632" | "7239740" |
'7257237" | "7259747" | "7263509" |
7272474 | "7293356" | "7308112" |
'7310431" | "7317456" | "7317836" |
'7324671" | "7327362" | "7340077" |
'7340089" | "7348963" | "7359121" |
'7366325" | "7367887" | "7376246" |
"7379563" | "7379566" | "7389591" |
1'7412077" | "7421093" | "7430312" |
'7436496" | "7450736" | "7451123" |
'7452275" | "7453472" | "7460690" |
'7480958" | "7489812" | "7507948" |
7519206" | "7525543" | "7536032" |
"7555142" | "7560701" | "7570805" |
1'7574020" | "7576727" | "7583275" |
1'7590262" | "7593552" | "7598942" |
1'7607509" | "7620202" | "7627447" |
'7648460" | "7663333" | "7668340" |
'7680298" | "7683954" | "7684592" |
"7689321" | "7697748" | "7701439" |
'7702130" | "7704135" | "7706917" |
'7707162" | "7710391" | "7728839" |
1'7729530" | "7729531" | "7746345" |
'7760182" | "7761954" | "7765499" |
'7769491" | "7774158" | "7805220" |
1'7809167" | "7831004" | "7834846" |
'7844229" | "7852262" | "7855732" |
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'7860301" | "7865267" | "7873447" |
'7898522" | "7916931" | "7925081" |
'7974443" | "8009880" | "8010229" |
'8023726" | "8023727" | "8031909" |
'8035612" | "8035614" | "8035624" |
'8060254" | "8072470" | "8073200" |
"8103109" | "8144931" | "8147066" |
"8154590" | "8160296" | "8160390" |
"8180486" | "8195386" | "8200423" |
'8260485" | "8270733" | "8289390" |
"8290249" | "8290305" | "8306738" |
"8320616" | "8374390").PN. OR

("8379919" | "8380384" | "8396249" |
'8401225" | "8401242" | "8406535" |
'8407000" | "8442307" | "8448056" |
"8452450" | "8463436" | "8478522" |
'8483881" | "8503720" | "8542252" |
'8548194" | "8571263" | "8611607" |
'8706297" | "8724906" | "8775630" |
"8798372" | "8798840" | "8811753" |
"8825398" | "8839121" | "8855819" |
"8933931" | "8942917" | "8988464" |
'9026941" | "9053571" | "9058563" |
'9104204" | "9165199" | "9183631" |
'9242171" | "9243916" | "9247238" |
"9256982" | "9262673" | "9280576" |
'9304003" | "9329598" | "9390344" |
1'9420265" | "9424649" | "9430847" |
"9519289" | "9751210" | "9836653" |
"9940553" | "RE42256").PN. OR

g("10210382" | "10217231" | "10217234" |
'10309762" | "10353399" | "10444761" |

'10599149" | "2010/0228394" |

'2012/0083923" | "2012/0109376" |
2012/0194516" | "2012/0194517" |
g"2012/0194644" | "2012/0194650" |
2012/0195471" | "2012/0196679" |
'2012/0209514" | "2012/0293635" |
2013/0244782" | "2014/0206443" |
2014/0235267" | "2014/0241617" |
g"2015/0057921" | "2015/0178293" |
'2015/0321346" | "2016/0171295" |
'2016/0300340" | "2017/0123425" |
g"2017/0161901" | "2017/0345167" |
'2018/0211399" | "2018/0364731" |

§"2019/0025851" | "8587583" | "8711206" |
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'8942917" | "8954191" | "9052719" |
1'9242171" | "9242378" | "9247238" |
'9251590" | "9304003" | "9402151" |
"'9582707" | "9619561" | "9689687" |
1'9802310" | "9807365" |
"9940553").URPN.

5286

322

("20020024517" | "20020186216" |
'20030067461" | "20040023612" |
"20040075738" | "20040104935" |
120040167667" | "20040233287" |
120040239670" | "20050238200" |
'20060006309" | "20060221250" |
"20060252474" | "20060252475" |
'20060252477" | "20060252541" |
20060262188" | "20070052807" |
'20070060336" | "20070116356" |
"20070156286" | "20070298882" |
"20080009348" | "20080026838" |
120080055308" | "20080060854" |
20080152191" | "20080304707" |
'20090027337" | "20090066690" |
"20090066784" | "20090158220" |
120090231425" | "20090244097" |
20090315978" | "20100060632" |
'20100085352" | "20100085353" |
"20100094460" | "20100103196" |
1'20100111370" | "20100128112" |
120100208035" | "20100278384" |
20100281432" | "20100289817" |
'20100302247" | "20100302395" |
"20110254860" | "4627620" | "4630910" |
"'4645458" | "4695953" | "4702475" |
1'4711543" | "4751642" | "4796997" |
'4809065" | "4817950" | "4843568" |
"4893183" | "4901362" | "4925189" |
'5101444" | "5148154" | "5184295" |
"5229754" | "5229756" | "5239463" |
'5239464" | "5288078" | "5295491" |
"5320538" | "5347306" | "5385519" |
"5405152" | "5417210" | "5423554" |
"5454043" | "5469740" | "5495576" |
"5516105" | "5524637" | "5534917" |
"'5563988" | "5577981" | "5580249" |
"5504469" | "5597309" | "5616078" |
"5617312" | "5638300" | "5641288" |

{US-PGPUB;

USPAT;
USOCR

OR

‘ON

2020/04/03
14:12
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""5682196" | "5682229" | "5690582" |
'5696591" | "5699444" | "5703367" |
'5704837" | "5715834" | "5745126" |
"5875108" | "5877803" | "5913727" |
5933125" | "5980256" | "5989157").PN.
OR ("5995649" | "6005548" | "6009210" |
'6009359" | "6054991" | "6066075" |
6072494" | "6073489" | "6077201" |
'6084979" | "6098458" | "6100896" |
"'6101289" | "6128003" | "6130677" |
'6141463" | "6147678" | "6152856" |
6159100" | "6173066" | "6181343" |
'6188777" | "6215890" | "6215898" |
6226396" | "6229913" | "6256033" |
""6256400" | "6283860" | "6289112" |
'6299308" | "6308565" | "6316934" |
"6363160" | "6384819" | "6405151" |
'6411744" | "6430997" | "6476834" |
"6496598" | "6503195" | "6504569" |
'6539931" | "6570555" | "6633294" |
'6640202" | "6661918" | "6681031" |
'6714665" | "6731799" | "6738066" |
"'6765726" | "6781618" | "6788809" |
'6801637" | "6873723" | "6876496" |
'6937742" | "6940538" | "6950534" |
7003134" | "7036094" | "7038855" |
"7039676" | "7042440" | "7050606" |
'7058204" | "7060957" | "7098435" |
'7113918" | "7121946" | "7135992" |
'7170492" | "7184048" | "7202898" |
'7222078" | "7227526" | "7257237" |
'7259747" | "7308112" | "7317836" |
1'7348963" | "7359121" | "7366325" |
'7367887" | "7379563" | "7379566" |
'7389591" | "7412077" | "7421093" |
1'7430312" | "7436496" | "7450736" |
1'7452275" | "7460690" | "7489812" |
"7536032" | "7555142" | "7560701" |
"7570805" | "7574020" | "7576727" |
'7590262" | "7593552" | "7598942" |
'7607509" | "7620202" | "7668340" |
'7680298" | "7683954" | "7684592" |
'7697748" | "7701439" | "7702130" |
"7704135" | "7710391" | "7729530" |
"'7746345" | "7760182" | "7809167" |
1'7834846" | "7852262" | "7860301" |
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"7898522" | "8023726").PN. OR
("8035612" | "8035614" | "8035624" |
'8072470" | "RE42256").PN. OR
("8401225" | "8401242" |
'8570320").URPN.

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

5287 {1263 §("20010031073" | "20010037378" | US-PGPUB; OR ON :2020/04/03
£'20020027652" | "20020072848" | USPAT; ‘ 114:12
'20020154116" | "20020175994" | USOCR

£'20020180731" | "20030007682" |
£20030023369" | "20030025472" |
£20030030398" | "20030044048" |
£'20030142068" | "20030218606" |
1'20030218672" | "20040013295" |
£20040016077" | "20040027267" |
120040062439" | "20040167667" |
1'20040167669" | "20040167670" |
1"20040167688" | "20040167716" |
1'20040168148" | "20040179729" |
20040223051" | "20040239763" |
£'20040249504" | "20050041736" |
"20050059879" | "20050062905" |
£20050068317" | "20050069196" |
©'20050088516" | "20050131581" |
20050226331" | "20050234679" |
120050244071" | "20060012493" |
'20060017720" | "20060050383" |
£20070031037" | "20070090973" |
120070276225" | "20080044097" |
20080192152" | "20100074328" |
'4175862" | "4573191" | "4584704" |
1'4628453" | "4674048" | "4736436" |
'4752957" | "4752964" | "4754327" |
'4790402" | "4837616" | "4873572" |
'4875034" | "4895431" | "4900128" |
'4925294" | "4933864" | "4942539" |
1'4947094" | "4954962" | "4965752" |
1'4966436" | "4969036" | "4982438" |
'5006988" | "5040116" | "5051906" |
"5109425" | "5111401" | "5123084" |
'5144685" | "5155684" | "5155775" |
"5170352" | "5173772" | "5175616" |
'5179638" | "5202928" | "5283644" |
'5283837" | "5285438" | "5293452" |
'5293469" | "5309592" | "5321614" |
"5345086" | "5361127" | "5363305" |
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'5432543" | "5440216" | "5461423" |
'5475422" | "5477459" | "5490239" |
'5491670" | "5497430" | "5500671" |
1'5506703" | "5510832" | "5525882" |
"5525883").PN. OR ("5530330" |

"5530774" | "5561475" | "5574836" |
{'5579454" | "5581629" | "5583975" |
"5640171" | "5671343" | "5677836" |
'5689629" | "5694483" | "5706419" |
"5711388" | "5717415" | "5724435" |
1'5724447" | "5724493" | "5739844" |
"5742332" | "5757522" | "5786822" |
5793934" | "5801760" | "5819016" |
"5822450" | "5856829" | "5872834" |
"5896488" | "5901244" | "5911767" |
©'5050629" | "5957984" | "5961571" |
"5974348" | "5976156" | "5977979" |
'5995884" | "5999865" | "6005610" |
"6009359" | "6023277" | "6026189" |
'6028672" | "6064942" | "6079285" |
'6081607" | "6094216" | "6108597" |
"6111517" | "6141435" | "6169516" |
"'6175379" | "6198230" | "6198484" |
'6204857" | "6225979" | "6246931" |
"6256036" | "6266068" | "6266142" |
'6269763" | "6285393" | "6288704" |
6292713" | "6292744" | "6313866" |
'6349249" | "6363169" | "6377700" |
'6381346" | "6418235" | "6427118" |
'6453223" | "6459955" | "6463176" |
"6473083" | "6476803" | "6483521" |
"6496218" | "6496754" | "6516267" |
'6552729" | "6556196" | "6580821" |
'6616244" | "6677939" | "6697147" |
'6711293" | "6721444" | "6728635" |
"'6766245" | "6771231" | "6771932" |
'6807478" | "6809728" | "6834120" |
'6836701" | "6873713" | "6898518" |
'6906686" | "6914601" | "6915008" |
"'6917855" | "6922632" | "6961055" |
'6975756" | "7015831" | "7038584" |
'7047305" | "7082350" | "7088364" |
"7120519" | "7135992" | "7145478" |
"7158656" | "7162338" | "7177737" |
'7317456" | "7403201" | "7557824" |
'7558432" | "7574067" | "7653235" |
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"7656403").PN. OR ("7809659" |
1'7825948" | "7843512" | "7895201" |
'7983477").PN. OR ("2002/0153184" |
£2003/0030398" | "2004/0168148" |
£'2004/0202351" | "2004/0218070" |
'2006/0025888" | "2006/0143020" |
£2007/0003134" | "2007/0052698" |
2007/0090973" | "2007/0146232" |
£2008/0075359" | "2008/0144925" |
'2008/0247668" | "2008/0292180" |
£'2008/0304707" | "2009/0161989" |
2009/0167761" | "5819016" | "6384859" |
'6667592" | "6732826" | "7613544" |
1'7660444" | "7679532" | "7774158" |
"'7809166" | "7912583" | "7925049" |
'7932913" | "8036451" | "8059889" |
'8073200" | "8111906" | "8121399" |
"'8126273" | "8620099").URPN.

US-PGPUB;
USPAT;
USOCR

5289

2419 (06/016092 | 06/096207 | 06/580653 |
06/686467 | 06/723352 | 06/831170 |
06/850770 | 06/890716 | 06/902142 |
06/936156 | 07/008644 | 07/047129 |
07/052841 | 07/229395 | 07/231180 |
07/296705 | 07/331710 | 07/422015 |
07/525966 | 07/544957 | 07/614814 |
07/622821 | 07/633833 | 07/653331 |
07/697584 | 07/766826 | 07/804320 |
07/805273 | 07/885051 | 07/889215 |
07/914640 | 07/950114 | 07/984337 |
08/001389 | 08/002582 | 08/071745 |
08/099944 | 08/126384 | 08/169163 |
08/195486 | 08/218669 | 08/229706 |
08/267671 | 08/272338 | 08/282413 |
08/284038 | 08/319157 | 08/343503 |
08/343962 | 08/349442 | 08/364160 |
08/364897 | 08/391955 | 08/397993 |
08/414651 | 08/422755 | 08/428217 |
08/457242 | 08/465353 | 08/471834 |
08/493845 | 08/513671 | 08/518411 |
08/536253 | 08/554564 | 08/554691 |
08/563195 | 08/569715 | 08/574288 |

{US-PGPUB;

USPAT;
USOCR

OR

ON  12020/04/03

114:14
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§08/583345 | 08/584349 | 08/600893 |
108/667372 | 08/671791 | 08/678937 |
i08/704810 | 08/709918 | 08/714325 |
{08/726858 | 08/759346 | 08/776799 |
108/811674 | 08/822011 | 08/826719 |
§08/839767 | 08/852899 | 08/861411 |
{08/871557 | 08/874594 | 08/876603 |
{08/885330 | 08/893487 | 08/899122 |
i08/910998 | 08/935141 | 08/943681 |
§08/951070 | 08/951087 | 08/981357 |
i08/981358 | 08/984681 | 08/986461 |
i08/996147 | 08/996678 | 08/999487 |
109/030438 | 09/034059 | 09/064889 |
109/065152 | 09/073903 | 09/077242 |
§09/095928 | 09/102101 | 09/127446 |
i09/127676 | 09/129079 | 09/160048 |
i09/173274 | 09/173583 | 09/174491 |
109/175181 | 09/193594 | 09/208196 |
§09/223637 | 09/235139).APP. OR

{(09/283813 | 09/296833 | 09/317932 |
i09/322387 | 09/345189 | 09/346499 |
109/364629 | 09/364859 | 09/371214 |
§09/371460 | 09/371462 | 09/384462 |
:09/406733 | 09/407771 | 09/408745 |
i09/421767 | 09/445304 | 09/453450 |
109/496996 | 09/516326 | 09/519893 |
109/520964 | 09/540314 | 09/540461 |
§09/541189 | 09/578741 | 09/587210 |
{09/604307 | 09/607820 | 09/638132 |
i09/641395 | 09/654848 | 09/684368 |
109/689741 | 09/699540 | 09/703349 |
§09/714745 | 09/727724 | 09/735615 |
i09/743430 | 09/791123 | 09/802829 |
109/809682 | 09/816689 | 09/829287 |
109/835454 | 09/854043 | 09/868405 |
§09/896150 | 09/902644 | 09/909857 |
i09/923884 | 09/942806 | 09/945133 |
i09/962612 | 09/965147 | 09/965414 |
{09/965906 | 09/971555 | 09/971962 |
§10/004058 | 10/045662 | 10/051595 |
:10/070774 | 10/072756 | 10/080449 |
110/116187 | 10/151030 | 10/152444 |
110/154892 | 10/160217 | 10/164005 |
110/164562 | 10/178532 | 10/188856 |
§10/197135 | 10/211792 | 10/216088 |
:10/245925 | 10/246123 | 10/258784 |
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110/274200 | 10/309411 | 10/369999 |
110/371814 | 10/385307 | 10/400651 |
110/406679 | 10/411437 | 10/412169 |
:10/412757 | 10/432376 | 10/435300 |
110/439127 | 10/448614 | 10/456826 |
110/468402 | 10/475694 | 10/494300 |
110/510184 | 10/512815 | 10/516554 |
:10/519818 | 10/537960 | 10/563957 |
i10/576498 | 10/580763 | 10/587172 |
110/613096 | 10/621456 | 10/622812 |
110/628951 | 10/642358 | 10/645765 |
110/647098 | 10/663236 | 10/672450 |
110/676377 | 10/683334 | 10/697282 |
110/698435 | 10/728047 | 10/734102 |
110/737730 | 10/739581).APP. OR

{(10/739902 | 10/739919 | 10/739927 |
:10/739935 | 10/759459 | 10/759782 |
110/759831 | 10/794331 | 10/798732 |
110/805392 | 10/810188 | 10/833760 |
110/837666 | 10/859165 | 10/859199 |
110/868707 | 10/876899 | 10/877263 |
:10/886079 | 10/888043 | 10/925860 |
110/941813 | 10/946263 | 10/946414 |
110/963344 | 10/964299 | 10/974044 |
110/980789 | 11/021672 | 11/029631 |
i11/032423 | 11/055210 | 11/060494 |
111/071851 | 11/073130 | 11/083851 |
111/090356 | 11/094200 | 11/096333 |
111/099252 | 11/106729 | 11/108652 |
i11/126919 | 11/129164 | 11/129324 |
111/130285 | 11/133238 | 11/136860 |
111/165047 | 11/166396 | 11/167684 |
111/171031 | 11/176048 | 11/180100 |
i11/183266 | 11/187382 | 11/191562 |
i11/192486 | 11/197941 | 11/209489 |
111/220730 | 11/222963 | 11/226831 |
111/231593 | 11/234989 | 11/238119 |
111/239821 | 11/242934 | 11/266830 |
i11/279841 | 11/284993 | 11/296846 |
111/296919 | 11/298798 | 11/299504 |
111/301673 | 11/302511 | 11/304000 |
111/325557 | 11/326610 | 11/327651 |
i11/331058 | 11/349311 | 11/349659 |
111/350697 | 11/352399 | 11/363178 |
111/370302 | 11/378573 | 11/382036 |
111/382038 | 11/382040 | 11/382041 |
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111/383918 | 11/392917 | 11/396643 |
111/396653 | 11/405838 | 11/414990 |
i11/421289 | 11/428637 | 11/444947 |
i11/465918 | 11/469147 | 11/485790 |
111/503524 | 11/507794 | 11/507976 |
111/512338 | 11/513675 | 11/515100 |
111/522775 | 11/530001 | 11/533297 |
i11/533993 | 11/534019 | 11/542477 |
i11/545811 | 11/552278 | 11/553043 |
111/553374 | 11/553382 | 11/576641 |
111/577560 | 11/590744).APP. OR

{(11/594163 | 11/618396 | 11/618742 |
i11/620838 | 11/626168 | 11/631260 |
111/633869 | 11/633885 | 11/654015 |
111/659572 | 11/661585 | 11/663909 |
111/666190 | 11/681760 | 11/682292 |
111/682298 | 11/698509 | 11/711635 |
11/712589 | 11/712932 | 11/724571 |
111/744020 | 11/745947 | 11/747695 |
i11/747961 | 11/757180 | 11/764396 |
i11/765264 | 11/766316 | 11/768108 |
i11/771433 | 11/797731 | 11/800843 |
111/801036 | 11/822407 | 11/826541 |
111/833187 | 11/833498 | 11/835363 |
111/835487 | 11/850227 | 11/852970 |
i11/857217 | 11/858997 | 11/869435 |
111/888729 | 11/898207 | 11/905133 |
111/905344 | 11/910843 | 11/924194 |
111/929778 | 11/929947 | 11/932869 |
i11/937834 | 11/948923 | 11/950662 |
111/955270 | 11/963858 | 11/982246 |
111/987785 | 12/000012 | 12/003705 |
112/013717 | 12/043830 | 12/050128 |
112/055116 | 12/055543 | 12/057359 |
112/078852 | 12/080936 | 12/085719 |
112/091994 | 12/106788 | 12/108154 |
112/118014 | 12/123125 | 12/124016 |
i12/124375 | 12/124600 | 12/134354 |
112/135332 | 12/141042 | 12/153600 |
112/153817 | 12/155552 | 12/157595 |
112/159668 | 12/167189 | 12/169101 |
112/180755 | 12/184671 | 12/190912 |
112/192414 | 12/204417 | 12/212765 |
112/215070 | 12/215400 | 12/218058 |
112/219444 | 12/223536 | 12/229876 |
112/238618 | 12/240724 | 12/245707 |
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112/245709 | 12/247244 | 12/250621 |
112/251193 | 12/270541 | 12/285427 |
112/292715 | 12/302928 | 12/309800 |
112/313560 | 12/314088 | 12/317369 |
112/321034 | 12/323789 | 12/326540 |
112/328676 | 12/329101 | 12/335505 |
112/341022 | 12/342643).APP. OR

{(12/349469 | 12/349478 | 12/351762 |
112/356892 | 12/361235 | 12/362745 |
112/364122 | 12/365016 | 12/367665 |
112/371436 | 12/371490 | 12/373582 |
112/376709 | 12/382187 | 12/382681 |
112/383371 | 12/429963 | 12/430095 |
112/431727 | 12/434545 | 12/435985 |
112/436420 | 12/451078 | 12/454628 |
112/455192 | 12/455257 | 12/458786 |
112/460552 | 12/468819 | 12/469073 |
112/469077 | 12/475094 | 12/475245 |
112/475308 | 12/478400 | 12/490676 |
112/509860 | 12/522256 | 12/527478 |
112/540884 | 12/541898 | 12/546266 |
112/551276 | 12/567197 | 12/588956 |
112/588957 | 12/592642 | 12/596604 |
112/603437 | 12/606581 | 12/632587 |
112/632672 | 12/632677 | 12/636515 |
112/646416 | 12/653870 | 12/654037 |
112/654451 | 12/654452 | 12/673063 |
112/680117 | 12/684156 | 12/697785 |
112/699803 | 12/708302 | 12/718380 |
112/724954 | 12/725811 | 12/735073 |
112/748231 | 12/753560 | 12/757754 |
112/770394 | 12/772310 | 12/773189 |
112/773688 | 12/784123 | 12/785606 |
i12/790026 | 12/799618 | 12/824329 |
112/843656 | 12/844259 | 12/855075 |
112/877595 | 12/879953 | 12/903140 |
112/916638 | 12/919354 | 12/929414 |
112/930260 | 12/940383 | 12/950854 |
112/953069 | 12/963007 | 12/972341 |
112/972837 | 12/977540 | 12/979362 |
112/979897 | 12/986212 | 13/010807 |
113/017474 | 13/017518 | 13/017587 |
113/017626 | 13/017690 | 13/017729 |
113/026300 | 13/040205 | 13/040678 |
113/043772 | 13/050800 | 13/050858 |
113/074041 | 13/076447 | 13/080964 |
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113/082264 | 13/089761 | 13/092045 |
113/092786 | 13/093403 | 13/096488 |
113/100699 | 13/129488).APP. OR

(13/131831 | 13/154288 | 13/155422 |
113/158050 | 13/165579 | 13/167733 |
113/169547 | 13/175608 | 13/177854 |
113/207679 | 13/213321 | 13/218859 |
113/220851 | 13/226946 | 13/227208 |
113/236363 | 13/245876 | 13/246253 |
113/246424 | 13/281018 | 13/281608 |
113/285113 | 13/286966 | 13/298810 |
113/300542 | 13/301425 | 13/315587 |
113/336458 | 13/368867 | 13/377712 |
113/380421 | 13/413531 | 13/414391 |
113/434317 | 13/439026 | 13/440770 |
113/452244 | 13/454158 | 13/458956 |
113/482126 | 13/485492 | 13/492772 |
113/502619 | 13/502952 | 13/502959 |
113/504534 | 13/507117 | 13/518256 |
113/523638 | 13/538677 | 13/539060 |
13/546406 | 13/549233 | 13/555443 |
113/559442 | 13/563313 | 13/563925 |
113/566219 | 13/566956 | 13/579568 |
113/585540 | 13/594477 | 13/594563 |
113/599755 | 13/610507 | 13/621974 |
13/632776 | 13/632997 | 13/673928 |
113/675467 | 13/688093 | 13/706402 |
113/711639 | 13/722214 | 13/729324 |
113/733788 | 13/736175 | 13/743010 |
113/744251 | 13/744254 | 13/744264 |
13/744266 | 13/744810 | 13/745892 |
113/745893 | 13/749497 | 13/756703 |
113/767154 | 13/767167 | 13/767175 |
113/767953 | 13/768400 | 13/770697 |
13/771695 | 13/774145 | 13/775165 |
113/776657 | 13/780586 | 13/780592 |
113/783405 | 13/787525 | 13/790731 |
13/794427 | 13/797742 | 13/801065 |
113/801810 | 13/804541 | 13/804619 |
113/809530 | 13/809534 | 13/811982 |
113/823045 | 13/830664 | 13/831115 |
113/831405 | 13/835822 | 13/841077 |
113/842421 | 13/851459 | 13/851797 |
113/852649 | 13/862196 | 13/863879 |
113/865989 | 13/867922).APP. OR

(13/871188 | 13/877652 | 13/891116 |
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113/891965 | 13/893762 | 13/895382 |
113/895979 | 13/900609 | 13/902506 |
113/903153 | 13/905898 | 13/908816 |
113/913454 | 13/915069 | 13/915622 |
113/916639 | 13/920241 | 13/921296 |
113/924475 | 13/926406 | 13/928792 |
113/929272 | 13/931507 | 13/937397 |
113/940080 | 13/944498 | 13/945386 |
113/948016 | 13/954697 | 13/957191 |
113/967772 | 13/977022 | 14/015610 |
114/016715 | 14/018526 | 14/022624 |
114/034252 | 14/035897 | 14/035918 |
114/038548 | 14/040357 | 14/040918 |
114/046638 | 14/057796 | 14/065833 |
114/072708 | 14/073231 | 14/091262 |
114/092146 | 14/096378 | 14/102634 |
114/106148 | 14/125515 | 14/127009 |
114/137063 | 14/137213 | 14/139856 |
114/149663 | 14/149676 | 14/149709 |
114/151776 | 14/156049 | 14/160299 |
114/161140 | 14/168035 | 14/186597 |
114/186877 | 14/193079 | 14/195150 |
114/208709 | 14/219224 | 14/226732 |
114/236315 | 14/243419 | 14/256557 |
114/256880 | 14/261211 | 14/262651 |
114/263866 | 14/267714 | 14/271013 |
114/271971 | 14/280018 | 14/280990 |
114/281668 | 14/281885 | 14/292355 |
114/292897 | 14/292900 | 14/293855 |
114/302623 | 14/313639 | 14/315123 |
114/316624 | 14/317238 | 14/320411 |
114/327094 | 14/329547 | 14/330357 |
114/331218 | 14/333437 | 14/335992 |
114/339624 | 14/343378 | 14/353238 |
114/360840 | 14/361592 | 14/363269 |
114/365222 | 14/370835 | 14/372255 |
114/377587 | 14/414347 | 14/420096 |
114/423922 | 14/434056 | 14/460914 |
114/463746 | 14/463961 | 14/469468 |
114/476966 | 14/478047 | 14/483139 |
114/491857 | 14/509709).APP. OR

(14/513746 | 14/514726 | 14/514869 |
114/516493 | 14/518981 | 14/525953 |
114/528928 | 14/530690 | 14/537802 |
114/543213 | 14/546873 | 14/550050 |
14/552183 | 14/553912 | 14/562691 |
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114/565342 | 14/567107 | 14/567668 |
114/569428 | 14/572301 | 14/572690 |
114/572704 | 14/583893 | 14/584183 |
114/593955 | 14/594028 | 14/598149 |
114/599248 | 14/600774 | 14/609132 |
114/609312 | 14/611447 | 14/611824 |
:14/612850 | 14/613135 | 14/613518 |
114/618951 | 14/632466 | 14/633350 |
114/637138 | 14/641174 | 14/641376 |
114/642348 | 14/645220 | 14/645675 |
114/657296 | 14/657411 | 14/657821 |
114/661633 | 14/661940 | 14/664587 |
114/666049 | 14/669603 | 14/683243 |
114/683578 | 14/685029 | 14/688695 |
114/688817 | 14/689764 | 14/690401 |
114/696347 | 14/697109 | 14/698200 |
114/698350 | 14/698514 | 14/701283 |
114/704765 | 14/704800 | 14/704826 |
114/704844 | 14/704858 | 14/705856 |
:14/705869 | 14/705920 | 14/705924 |
i14/705989 | 14/705990 | 14/705994 |
:14/705997 | 14/705998 | 14/706758 |
114/706809 | 14/706863 | 14/706875 |
114/706888 | 14/706889 | 14/706891 |
i14/706897 | 14/706993 | 14/706994 |
:14/706996 | 14/706999 | 14/707001 |
114/707253 | 14/707310 | 14/707311 |
114/707385 | 14/707616 | 14/707745 |
114/710499 | 14/710512 | 14/712993 |
114/713659 | 14/722219 | 14/722838 |
114/722942 | 14/723276 | 14/723370 |
114/730146 | 14/733468 | 14/735789 |
114/738225 | 14/738806 | 14/738811 |
114/738816 | 14/738817 | 14/738818 |
114/738825 | 14/738877 | 14/740205 |
114/745230 | 14/745259 | 14/749151 |
114/749423 | 14/752688).APP. OR

((14/753877 | 14/757883 | 14/758610 |
114/762581 | 14/762583 | 14/767161 |
114/767746 | 14/768733 | 14/796574 |
114/801261 | 14/801599 | 14/801640 |
114/804423 | 14/806521 | 14/808224 |
114/812246 | 14/814159 | 14/820069 |
114/824869 | 14/828299 | 14/832370 |
114/837554 | 14/856497 | 14/856526 |
:14/856990 | 14/857289 | 14/857620 |
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114/860983 | 14/863614 | 14/876226 |
114/877038 | 14/878585 | 14/881121 |
114/893271 | 14/895121 | 14/902176 |
114/903982 | 14/907210 | 14/923444 |
114/924664 | 14/925427 | 14/926435 |
114/940704 | 14/941448 | 14/942391 |
114/943788 | 14/946589 | 14/948195 |
114/948355 | 14/949798 | 14/954775 |
114/958825 | 14/959000 | 14/959880 |
114/959891 | 14/964390 | 14/977288 |
114/978123 | 14/982591 | 14/989738 |
115/000169 | 15/001645 | 15/005362 |
115/006117 | 15/014765 | 15/014778 |
115/015065 | 15/017799 | 15/019011 |
115/024100 | 15/024107 | 15/024848 |
115/028852 | 15/031295 | 15/037597 |
115/046614 | 15/055440 | 15/055699 |
115/057032 | 15/062006 | 15/062016 |
115/069558 | 15/069610 | 15/069652 |
115/069751 | 15/076745 | 15/079367 |
115/084407 | 15/085805 | 15/088551 |
115/088645 | 15/093974 | 15/097074 |
115/100565 | 15/111212 | 15/126904 |
115/130619 | 15/130736 | 15/130908 |
115/131877 | 15/134838 | 15/138995 |
115/139095 | 15/139554 | 15/141674 |
115/141707 | 15/143670 | 15/150456 |
115/157992 | 15/158348 | 15/161309 |
115/161314 | 15/169045 | 15/170951 |
115/174116 | 15/178268 | 15/178587 |
115/182963 | 15/184444 | 15/190085 |
115/191393 | 15/192727 | 15/192857 |
115/204375 | 15/206918).APP. OR

(15/207874 | 15/209014 | 15/214968 |
115/216177 | 15/221847 | 15/222811 |
115/228909 | 15/232229 | 15/237611 |
115/239528 | 15/246619 | 15/252120 |
115/252129 | 15/252278 | 15/253741 |
115/255785 | 15/261770 | 15/263877 |
115/264216 | 15/273640 | 15/277455 |
115/278461 | 15/282329 | 15/285389 |
115/293494 | 15/294757 | 15/303827 |
115/308100 | 15/310066 | 15/317830 |
115/323963 | 15/324067 | 15/332262 |
115/333767 | 15/333773 | 15/338660 |
115/339839 | 15/340399 | 15/340404 |
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115/340656 | 15/344761 | 15/349864 |
115/352123 | 15/353368 | 15/356372 |
115/356848 | 15/364091 | 15/368459 |
115/375513 | 15/377953 | 15/387353 |
115/388333 | 15/390102 | 15/392920 |
115/399624 | 15/400032 | 15/402091 |
115/403068 | 15/403132 | 15/404455 |
115/405152 | 15/405898 | 15/407833 |
115/407858 | 15/409714 | 15/414553 |
115/418614 | 15/420515 | 15/424713 |
115/425837 | 15/426048 | 15/426050 |
115/426054 | 15/426675 | 15/428495 |
115/428829 | 15/428934 | 15/432871 |
115/436754 | 15/440092 | 15/449266 |
115/450200 | 15/457731 | 15/459924 |
115/460727 | 15/460774 | 15/463144 |
115/469009 | 15/470543 | 15/470563 |
115/470595 | 15/473327 | 15/474880 |
115/478688 | 15/488014 | 15/495517 |
115/495665 | 15/503506 | 15/510190 |
115/515315 | 15/525518 | 15/540369 |
115/552195 | 15/553744 | 15/555123 |
115/561772 | 15/566327 | 15/567088 |
115/569259 | 15/582720 | 15/582755 |
115/586048 | 15/595447 | 15/598165 |
115/601261 | 15/605448 | 15/606700 |
115/614558 | 15/621368 | 15/624474 |
115/625225 | 15/625347 | 15/625422 |
115/626024 | 15/626995).APP. OR

((15/627727 | 15/632528 | 15/636125 |
115/636321 | 15/638518 | 15/642258 |
115/642276 | 15/643789 | 15/647238 |
115/653163 | 15/658404 | 15/662754 |
115/663370 | 15/664073 | 15/664339 |
115/666113 | 15/666987 | 15/671142 |
115/680860 | 15/681149 | 15/681445 |
115/701170 | 15/702482 | 15/705000 |
115/710379 | 15/712545 | 15/712777 |
115/719458 | 15/722800 | 15/726316 |
115/729469 | 15/735658 | 15/744717 |
115/785151 | 15/785737 | 15/794601 |
115/797909 | 15/799918 | 15/803591 |
115/807399 | 15/814924 | 15/824558 |
115/825122 | 15/836642 | 15/841047 |
115/842547 | 15/846328 | 15/847113 |
115/847148 | 15/850019 | 15/852780 |
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115/856717 | 15/860242 | 15/860269 |
115/861578 | 15/862515 | 15/863567 |
115/864215 | 15/864839 | 15/868251 |
115/872313 | 15/880896 | 15/892753 |
115/895932 | 15/900766 | 15/902680 |
115/906758 | 15/919869 | 15/919887 |
115/927923 | 15/936185 | 15/937717 |
115/942498 | 15/944658 | 15/948479 |
115/949055 | 15/952112 | 15/958658 |
115/968971 | 15/979039 | 16/022477 |
116/041369 | 16/044239 | 16/070096 |
16/116211 | 16/118312 | 16/121078 |
116/139488 | 16/146656 | 16/153631 |
116/163508 | 16/172067 | 16/179702 |
116/179793 | 16/213841 | 16/213952 |
116/239967 | 16/258110 | 16/267175 |
116/268396 | 16/276511 | 16/277849 |
116/404641 | 16/456612 | 16/459460 |
116/548034 | 16/566569 | D/549992 |
D/549995 | D/549999 | D/654820 |
/656141 | D/663440).APP.

5290 1595 i(04/318538 | 05/608265 | 06/567978 |  |US-PGPUB;  OR ON  2020/04/03
06/585351 | 06/594733 | 06/648464 | USPAT; 14:15
106/655541 | 06/721451 | 06/721571 | USOCR

107/028359 | 07/041942 | 07/077701 |
07/101508 | 07/119784 | 07/153116 |
007/160051 | 07/207831 | 07/227403 |
007/241059 | 07/251500 | 07/253231 |
107/260423 | 07/265521 | 07/287885 |
07/309573 | 07/331710 | 07/332320 |
007/344638 | 07/363601 | 07/403858 |
{07/514598 | 07/531483 | 07/541285 |
107/562868 | 07/601657 | 07/630782 |
07/711196 | 07/724298 | 07/732340 |
007/744634 | 07/750812 | 07/785742 |
107/814616 | 07/843570 | 07/910958 |
007/926801 | 07/937701 | 07/964529 |
108/037004 | 08/073398 | 08/076754 |
08/148821 | 08/158773 | 08/186807 |
108/197305 | 08/218276 | 08/220385 |
008/234294 | 08/262541 | 08/272338 |
108/278678 | 08/302640 | 08/328030 |
108/328640 | 08/335455 | 08/354886 |
008/364160 | 08/367522 | 08/380484 |
108/383207 | 08/393820 | 08/394394 |
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08/442347 | 08/469417 | 08/519894 |
08/521227 | 08/537390 | 08/550854 |
08/571272 | 08/571330 | 08/589189 |
08/597075 | 08/603613 | 08/644870 |
08/650650 | 08/652739 | 08/665546 |
08/677787 | 08/681485 | 08/682105 |
08/714325 | 08/714614 | 08/720462 |
08/750883 | 08/757546 | 08/758901 |
08/764546 | 08/766486 | 08/769179 |
08/772720 | 08/774556 | 08/809276 |
08/812388 | 08/813710 | 08/832603 |
08/837214 | 08/866457 | 08/874954 |
08/884664 | 08/886738 | 08/893929 |
08/969778 | 08/996090 | 09/009188 |
09/012393 | 09/015697 | 09/025204 |
09/039022 | 09/061383 | 09/077610 |
09/079986 | 09/108907 | 09/114966 |
109/120468 | 09/149046).APP. OR

(09/157980 | 09/203683 | 09/241886 |
09/250956 | 09/291706 | 09/311683 |
09/313621 | 09/315759 | 09/317540 |
09/317541 | 09/333995 | 09/337273 |
09/391241 | 09/399992 | 09/434210 |
09/441001 | 09/447638 | 09/448089 |
09/479408 | 09/505337 | 09/505338 |
09/505339 | 09/505352 | 09/512489 |
09/512828 | 09/515299 | 09/519893 |
09/527158 | 09/532751 | 09/538208 |
09/539193 | 09/581550 | 09/605984 |
09/611364 | 09/639066 | 09/661790 |
09/669115 | 09/689898 | 09/714345 |
09/715307 | 09/718342 | 09/750673 |
09/781280 | 09/801053 | 09/801055 |
09/808939 | 09/810188 | 09/820376 |
09/839247 | 09/852126 | 09/861859 |
09/866151 | 09/879361 | 09/884355 |
09/893653 | 09/928669 | 09/974897 |
110/014075 | 10/029805 | 10/092879 |
110/095661 | 10/097285 | 10/111103 |
10/133114 | 10/151184 | 10/153878 |
110/154892 | 10/166261 | 10/167851 |
110/175805 | 10/188872 | 10/216412 |
110/225382 | 10/226933 | 10/241438 |
110/256900 | 10/289300 | 10/289453 |
110/305070 | 10/309411 | 10/339090 |
110/371557 | 10/387647 | 10/395018 |
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110/400651 | 10/417152 | 10/433400 |
110/435934 | 10/439127 | 10/470456 |
110/481719 | 10/542728 | 10/562938 |
110/573913 | 10/596536 | 10/620729 |
110/639242 | 10/655253 | 10/664308 |
110/672727 | 10/678244 | 10/697282 |
110/708905 | 10/739919 | 10/747228 |
110/798732 | 10/799573 | 10/804077 |
110/816523 | 10/819984 | 10/822652 |
110/822653 | 10/839842 | 10/840592 |
110/891632 | 10/900186 | 10/917540 |
110/923513 | 10/935592 | 10/941813 |
110/941846 | 10/951687 | 10/967551 |
110/978439 | 10/989464).APP. OR

(11/029631 | 11/030012 | 11/048166 |
111/055210 | 11/055307 | 11/073130 |
111/084232 | 11/095057 | 11/110764 |
111/126259 | 11/128712 | 11/146014 |
111/165047 | 11/166891 | 11/166986 |
111/195027 | 11/195039 | 11/208789 |
111/217145 | 11/240941 | 11/261066 |
111/274562 | 11/301099 | 11/324562 |
111/331058 | 11/338557 | 11/350672 |
111/374370 | 11/374371 | 11/376253 |
111/387861 | 11/428621 | 11/428637 |
111/428646 | 11/428650 | 11/428729 |
111/428743 | 11/428757 | 11/428769 |
111/436763 | 11/462801 | 11/498952 |
111/508716 | 11/509960 | 11/515100 |
111/546217 | 11/553289 | 11/573281 |
111/574381 | 11/578154 | 11/584941 |
111/592720 | 11/593592 | 11/601706 |
111/613297 | 11/633883 | 11/633886 |
111/636597 | 11/667984 | 11/671305 |
111/675267 | 11/688983 | 11/706215 |
111/718032 | 11/718738 | 11/727138 |
111/736042 | 11/751413 | 11/756262 |
11/756412 | 11/758289 | 11/761604 |
111/765382 | 11/779459 | 11/780017 |
111/801491 | 11/828651 | 11/830883 |
111/834573 | 11/834575 | 11/835356 |
111/835359 | 11/835360 | 11/856537 |
111/857680 | 11/869148 | 11/872665 |
111/898779 | 11/934354 | 11/935606 |
111/949433 | 11/958928 | 11/965119 |
111/997522 | 12/007898 | 12/019568 |
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112/048110 | 12/056502 | 12/060978 |
112/107722 | 12/108078 | 12/116133 |
12/118014 | 12/118117 | 12/123125 |
112/153440 | 12/153600 | 12/187097 |
112/189785 | 12/199653 | 12/201554 |
112/205153 | 12/205844 | 12/210102 |
12/211540 | 12/218258 | 12/218259 |
112/219549 | 12/249658 | 12/263507 |
12/277842 | 12/277872 | 12/277922 |
112/279414 | 12/314088).APP. OR

(12/343430 | 12/361300 | 12/361379 |
12/361441 | 12/362454 | 12/371281 |
112/378612 | 12/395574 | 12/411446 |
112/414181 | 12/415554 | 12/425835 |
112/429425 | 12/451688 | 12/453115 |
112/456558 | 12/457203 | 12/458559 |
112/458786 | 12/459640 | 12/469638 |
112/471079 | 12/484909 | 12/485323 |
112/488830 | 12/502699 | 12/508208 |
12/511964 | 12/511975 | 12/512114 |
12/514464 | 12/519377 | 12/526279 |
12/535431 | 12/539537 | 12/540564 |
112/540884 | 12/548431 | 12/553794 |
12/556678 | 12/557909 | 12/559322 |
12/560598 | 12/571529 | 12/588956 |
112/588957 | 12/589837 | 12/609124 |
12/610792 | 12/611814 | 12/616452 |
112/616487 | 12/616577 | 12/619612 |
12/627279 | 12/640845 | 12/640953 |
12/650553 | 12/654160 | 12/654161 |
12/660616 | 12/667407 | 12/683209 |
112/687436 | 12/709221 | 12/710191 |
12/718380 | 12/718620 | 12/732879 |
112/747542 | 12/771471 | 12/785608 |
12/785791 | 12/788393 | 12/791319 |
112/792386 | 12/793879 | 12/809401 |
12/813717 | 12/818538 | 12/818590 |
12/821063 | 12/823776 | 12/824329 |
12/824828 | 12/842084 | 12/842171 |
112/843566 | 12/848283 | 12/848286 |
112/849167 | 12/853736 | 12/862119 |
112/892048 | 12/894845 | 12/902243 |
12/903015 | 12/907248 | 12/913075 |
112/921050 | 12/930260 | 12/930569 |
112/931524 | 12/935037 | 12/936425 |
112/940871 | 12/940937 | 12/946248 |
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112/951454 | 12/951547 | 12/958575 |
112/959550 | 12/964962 | 12/966509 |
112/972740 | 12/976786 | 12/979963 |
112/984847 | 12/985194 | 12/999728 |
113/006055 | 13/007038 | 13/012439 |
113/015566 | 13/017157).APP. OR

((13/017474 | 13/017518 | 13/017587 |
113/017626 | 13/017690 | 13/017729 |
113/023815 | 13/023853 | 13/026300 |
113/028996 | 13/040449 | 13/043772 |
113/046030 | 13/046481 | 13/049433 |
113/049581 | 13/049788 | 13/053777 |
113/053811 | 13/061875 | 13/063962 |
113/089362 | 13/104936 | 13/113295 |
113/115459 | 13/115589 | 13/121995 |
113/126966 | 13/133576 | 13/151112 |
113/152996 | 13/153743 | 13/155262 |
113/158736 | 13/159500 | 13/159501 |
113/160959 | 13/167733 | 13/172716 |
113/176362 | 13/190193 | 13/192946 |
113/196753 | 13/217014 | 13/218957 |
113/219883 | 13/231580 | 13/232081 |
113/240957 | 13/243622 | 13/244221 |
113/244799 | 13/251210 | 13/254093 |
113/258730 | 13/266465 | 13/280298 |
113/280306 | 13/280312 | 13/280315 |
113/281518 | 13/281608 | 13/285511 |
113/287470 | 13/287482 | 13/287612 |
113/288209 | 13/288477 | 13/288844 |
113/291912 | 13/293007 | 13/298101 |
113/299819 | 13/299827 | 13/299856 |
113/300041 | 13/301491 | 13/307156 |
113/313700 | 13/323231 | 13/331778 |
113/334998 | 13/337676 | 13/340784 |
113/351743 | 13/360590 | 13/361803 |
113/370736 | 13/371147 | 13/375669 |
113/379177 | 13/379413 | 13/380020 |
113/380160 | 13/380193 | 13/386518 |
113/387715 | 13/397445 | 13/415605 |
113/416123 | 13/416255 | 13/421659 |
113/432365 | 13/444106 | 13/449002 |
113/452244 | 13/456061 | 13/465313 |
113/468934 | 13/469356 | 13/476707 |
113/478449 | 13/480054 | 13/490400 |
113/504883 | 13/509004 | 13/509342 |
113/517293 | 13/521436 | 13/527415 |
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113/543087 | 13/548709 | 13/558059 |
113/566956 | 13/567105).APP. OR

((13/569571 | 13/593679 | 13/606445 |
113/613035 | 13/626620 | 13/632489 |
113/632997 | 13/642051 | 13/651080 |
113/652491 | 13/660043 | 13/669192 |
113/670726 | 13/672391 | 13/673926 |
113/691509 | 13/698572 | 13/701153 |
113/711426 | 13/725607 | 13/728065 |
113/729392 | 13/729647 | 13/743655 |
113/746600 | 13/749861 | 13/751203 |
113/753395 | 13/770138 | 13/776439 |
113/778861 | 13/790643 | 13/806047 |
113/807755 | 13/808145 | 13/809534 |
113/814259 | 13/828719 | 13/829085 |
113/829139 | 13/830334 | 13/833077 |
113/833237 | 13/840623 | 13/857670 |
113/886265 | 13/887088 | 13/888156 |
113/894246 | 13/896827 | 13/900428 |
113/900767 | 13/905788 | 13/913258 |
113/921246 | 13/925128 | 13/925181 |
113/932816 | 13/932837 | 13/940080 |
113/952946 | 13/954663 | 13/954995 |
113/958413 | 13/962604 | 13/974653 |
113/979121 | 14/001266 | 14/019144 |
114/019808 | 14/023351 | 14/054518 |
114/060954 | 14/079842 | 14/084365 |
114/091292 | 14/092146 | 14/096305 |
114/108774 | 14/109003 | 14/110950 |
114/111591 | 14/114213 | 14/127477 |
114/136647 | 14/154602 | 14/157470 |
114/171208 | 14/172549 | 14/173989 |
114/175988 | 14/176792 | 14/177268 |
114/196821 | 14/201022 | 14/201162 |
114/202505 | 14/202579 | 14/203084 |
114/203128 | 14/203219 | 14/204628 |
114/204654 | 14/215227 | 14/217750 |
114/236315 | 14/255880 | 14/256557 |
114/262439 | 14/267503 | 14/289514 |
114/298756 | 14/354493 | 14/370383 |
114/372837 | 14/377515 | 14/405428 |
:14/405430 | 14/409291 | 14/426061 |
114/430461 | 14/465712 | 14/474706 |
114/476574 | 14/478047).APP. OR

(14/483049 | 14/488103 | 14/497219 |
114/499700 | 14/499721 | 14/515009 |
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114/521344 | 14/522063 | 14/522366 |
114/526524 | 14/550743 | 14/550744 |
114/550750 | 14/583954 | 14/593955 |
114/594028 | 14/595966 | 14/625646 |
114/628651 | 14/642462 | 14/644377 |
114/645808 | 14/655436 | 14/657855 |
114/662431 | 14/666927 | 14/673405 |
114/696877 | 14/704045 | 14/704098 |
114/709300 | 14/709327 | 14/714212 |
114/726654 | 14/733224 | 14/738434 |
114/740624 | 14/751375 | 14/752033 |
114/752061 | 14/752082 | 14/752119 |
114/752133 | 14/752156 | 14/779308 |
114/784106 | 14/784110 | 14/801599 |
114/801640 | 14/813375 | 14/814159 |
114/816398 | 14/821570 | 14/827422 |
114/827482 | 14/828445 | 14/839505 |
114/841505 | 14/842368 | 14/852822 |
114/856497 | 14/856501 | 14/856526 |
114/857704 | 14/858305 | 14/872518 |
114/876194 | 14/904401 | 14/922679 |
114/923761 | 14/942619 | 14/943162 |
114/950168 | 14/953848 | 14/962257 |
114/965604 | 14/966098 | 14/967939 |
114/978123 | 14/984897 | 15/005702 |
115/014778 | 15/046929 | 15/061443 |
115/061844 | 15/076745 | 15/093974 |
115/097358 | 15/100667 | 15/101212 |
115/101257 | 15/101510 | 15/101515 |
115/102015 | 15/102295 | 15/123882 |
115/129399 | 15/133025 | 15/141316 |
115/145700 | 15/178505 | 15/192719 |
115/198855 | 15/204662 | 15/239964 |
115/262688 | 15/268203 | 15/272752 |
115/305669 | 15/321333 | 15/326625 |
115/338623 | 15/339604 | 15/349038 |
115/354378 | 15/361465 | 15/372148 |
115/381520 | 15/391565 | 15/404038 |
115/404455 | 15/416361 | 15/424222 |
115/440138 | 15/444645).APP. OR

((15/449531 | 15/466314 | 15/468267 |
115/471278 | 15/476895 | 15/482844 |
115/504066 | 15/528174 | 15/535244 |
115/545266 | 15/620658 | 15/638518 |
115/645808 | 15/650747 | 15/670881 |
115/672732 | 15/675045 | 15/686606 |
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115/703885 | 15/716923 | 15/792878 |
115/806145 | 15/858084 | 15/890488 |
115/900015 | 15/997625 | 16/011013 |
116/011269 | 16/011437 | 16/026703 |
116/048179 | 16/104143 | 16/160809 |
116/267175 | D/375634).APP.

S291 188 {(S289 AND S290) OR (5281 S283) US-PGPUB;  [OR ON  :2020/04/03
USPAT; 114:17
USOCR
; GSRes
‘@prad)<"20161101" USPAT;
USOCR
5293 {182 {5291 and (@ad @rlad US-PGPUB; [OR ON  12020/04/03
{@prad)<"20161101" USPAT; 14:18
USOCR
S294 0 S275and normalg4 | USPGPUB; [OR  ON  i2020/04/03
USPAT; 14:18
USOCR
S2950  iS275 AND correlat$4 US-PGPUB;  [OR ON  :2020/04/03
USPAT; 14:18
USOCR
S296 0 iS275 AND probability USPGPUB;  OR ON  2020/04/03
USPAT; 14:19
USOCR
D T T A s s
USPAT; 114:19
USOCR
29811  S275 AND depth US-PGPUB;  OR ON  12020/04/03
USPAT; 14:19
USOCR
ST T (e B T T T
‘@prad)<"20161101" AND SLAM! USPAT; 14:19
USOCR
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S300:67 §SZ91 and (@ad @rlad US-PGPUB; OR ON 52020/04/03
{@prad)<"20161101" AND SLAML.bi. USPAT; 14:19
USOCR
el T SZ91and(@ad@rIad .................................................. T ra— 2020/04/03
§@prad)<"20161101" AND SLAML.bi. AND USPAT; §14:19
§node USOCR
S302i12 55291 and (@ad @rlad US-PGPUB; OR ON .22020/04/03
g@prad)<"20161101" AND SLAM!.bi. AND {USPAT; §14:19
inode AND range USOCR 5
Tt 5291and(@ad@rlad .................................................... T T ON ............ 2020/04/03
g@prad)<"20161101" AND SLAM!.bi. AND USPAT; §14:25
inode AND range AND confidence USOCR
S30410  (16/356160.app.).CCLS. US-PGPUB;  OR OFF  12020/04/03
USPAT; 14:26
USOCR =
See §'i'é'/‘356160.app. ................. GG R T 2020/04/03
USPAT; 14:26
USOCR; :
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
T T oy e 2020/04/03
§14:27
S §}}‘i‘§§46§6§""'.‘é‘b"ﬁ'. ................................................................ s o 2020/04/03
USPAT; ;14:27
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S308 2 §15/340807.app. US-PGPUB; OR ON §2020/04/03
USPAT; 14:27
USOCR; 5
FPRS; EPO;
JPO;
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DERWENT;
IBM_TDB
$309 4  {("10274325" | "2018/0120116").URPN.  USPAT OR ON  12020/04/03
114:27
S31013  {(15/093974 | 15/276193 | 15/416361 |  |US-PGPUB;  OR ON  12020/04/03
15/908037).APP. USOCR ‘ 14:27
S31117  {(15/093974 | 15/276193 | 15/416361 |  {US-PGPUB; ~ OR ON  2020/04/03
115/908037).APP. USPAT; 14:27
USOCR
$31215  S311 and (@ad @rlad US-PGPUB;  OR ON  12020/04/03
‘@prad)<"20161101" USPAT; 14:28
USOCR
S313i1 §16/356160.app. AND confidence US-PGPUB; OR ON §2020/04/O3
USPAT; 14:32
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S$314 29  {(S275 5300 $312) AND (confidence OR ~ US-PGPUB;  (OR ON  2020/04/03
ivariance OR correlation).bi. USPAT; ‘ 14:34
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S315168 {(US-20190045992-$ or US-20190212730-$ {US-PGPUB;  OR ON  2020/04/03
or US-20180263451-$ or US-20180098200- USPAT 14:36
$ or US-20170277196-$ or US-
220160135655-$ or US-20190255991-$ or
1US-20180074508-$ or US-20190235490-%
‘or US-20190208979-$ or US-20190174987-
$ or US-20190094869-$ or US-
220190049979-$ or US-20190025838-$ or
1US-20190015985-$ or US-20190015984-%
‘or US-20180373242-$ or US-20180360285-
$ or US-20180344116-$ or US-
220180210445-$ or US-20180074509-$ or
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1US-20180061137-$ or US-20180050634-$
for US-20170303089-$ or US-20170273527-
$ or US-20170265703-4).did. or (US-
220170261979-$ or US-20170235312-$ or
1US-20170205822-$ or US-20150182088-%
‘or US-20150032260-4 or US-20170131721-
$ or US-20140116469-$ or US-
220140207280-$ or US-20160148417-$ or
1US-20160052133-$ or US-20160027207-$
for US-20150212520-4 or US-20150212500-
$ or US-20140343783- or US-
120140316636-$ or US-20140303775-$ or
1US-20130060379-$ or US-20130056032-$
for US-20130024025-4 or US-20120259481-
$ or US-20150261223-$ or US-
120180364052-$ or US-20170095926-$ or
1US-20140207282-$ or US-20190216011-$
for US-20180246518-4 or US-20180038697-
$).did. or (US-20140100693-$ or US-
1201203233654 or US-20160302639-$ or
1US-20140190514-$ or US-20100070078-$
for US-20160271795-4 or US-20040167667-
$ or US-20190155296-$ or US-
120070118248-$ or US-20190235083-$ or
1US-20190217478-$ or US-20040158354-$
‘or US-20170285648-$ or US-20170153646-
4 or US-20140129027-$ or US-
20130216098-$ or US-20120230550-$ or
1US-20120219207-$ or US-20120213443-$
‘or US-20090292394-$ or US-20070293985-
¢ or US-20070106423-$ or US-
1200502346794 or US-20050182518-$ or
1US-20190272462-$ or US-20170102709-$
‘or US-20130138246-4).did. or (US-
120100152945-4 or US-20070244610-$ or
1US-20070250212-$ or US-20120116588-%
for US-20040111184-$ or US-20050221840-
6 or US-20170135541-$ or US-
120090177320-$ or US-20140244094-$ or
1US-20120086598-$ or US-20100121488-$
‘or US-20080027591-$ or US-20160282870-
i or US-20110178669-$ or US-
120100324731-4 or US-20060217837-$ or
1US-20050251457-$ or US-20040249504-$
‘or US-20190246600-$ or US-20170124781-
$ or US-20170351261-4 or US-
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120170248963-$ or US-20190094876-$ or
1US-20190094027-$ or US-20180370728-$
ior US-20180364045-$ or US-20180361583-
$).did. or (US-20180361581-$ or US-
220180284806-$ or US-20180122136-$ or
1US-20170153647-$ or US-20170123428-%
ior US-20170108867-$ or US-20160209846-
% or US-20190178654-$ or US-
20120121161-$ or US-20080033645-$ or
1US-20030142587-$ or US-20130325244-%
‘or US-20120197439-$ or US-20170329347-
$ or US-20160375592-% or US-
©20160378117-$ or US-20180207791-$ or
1US-20090147994-$ or US-20140350839-$
‘or US-20190147220-$ or US-20180113469-
$ or US-20170262992-% or US-
©20170178355-$ or US-20160146591-$ or
{US-20060165276-$ or US-20150304634-$
‘or US-20180267552-$).did. or (US-
220080119961-$ or US-20150314443-$ or
{US-20100094460-$ or US-20170203446-$
ior US-20140005933-$ or US-20120106829-
$ or US-20190249998-$ or US-
©20160299508-$ or US-20090167761-
$).did. or (US-10303179-$ or US-
110291765-$ or US-9529363-$ or US-
17706917-$ or US-9764468-$ or US-
18315734-$ or US-8380350-$ or US-
15696675-$ or US-10401852-$ or US-
110395117-$ or US-10334050-$ or US-
110248119-$ or US-9632502-$ or US-
110012504-$ or US-9958864-$ or US-
19916703-$ or US-9910441-$ or US-
19754490-$ or US-9734455-$ or US-
19720415-$ or US-9612123-$ or US-
9606539-$ or US-9507346-$ or US-
110078333-$ or US-10102629-$).did.

5316

149

5315 and (@ad @rlad
‘@prad)<"20161101"

15316 AND (confidence OR variance OR
correlation).bi.

US-PGPUB;

USPAT;
USOCR
US-PGPUB, .........
USPAT;
USOCR;

FPRS; EPO;

OR

‘ON

2020/04/03
14:36

22020/ 04/03
;14:36
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JPO;
DERWENT;
IBM_TDB
$318:13 §S317 and (@ad @rlad US-PGPUB; OR ON 12020/04/03
{@prad)<"20161101" AND SLAM!.bi. AND  USPAT; 114:37
inode AND range USOCR
S319i{97 §S316 AND (confidence OR variance OR US-PGPUB; OR ON §2020/04/03
icorrelation OR probability OR USPAT; 14:39
‘uncertainty).bi. USOCR; f
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S$320i8  iS319 and (@ad @rlad US-PGPUB;
‘@prad)<"20161101" AND SLAML.bi. AND  {USPAT;
inode AND range NOT S318 USOCR :
S321i71 15316 AND (kalman OR EKF).bi. US-PGPUB;  OR ON  12020/04/03
USPAT; 114:45
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
$322 11 5321 and (@ad @rlad US-PGPUB; iOR ON §2020/04/03
{@prad)<"20161101" AND SLAM!.bi. AND  USPAT; 114:45
inode AND range USOCR
$323 57 §5315 and (@ad @rlad US-PGPUB; OR ON 12020/04/03
{@prad)<"20161101" AND ((depth OR USPAT; 114:57
§range OR distance) WITH (uncertainty OR \USOCR
§variance OR covariance OR correlation OR
confidence OR probability OR ellipse OR
(kalman OR ekf)).bi.
$324 {57 §S315 and (@ad @rlad US-PGPUB; OR ON 12020/04/03
{@prad)<"20161101" AND ((depth OR USPAT; 115:03
§range OR distance) WITH (uncertainty OR {USOCR
‘variance OR covariance OR correlation OR
confidence OR probability OR ellipse OR
(kalman OR ekf OR ellipsoid)).bi.
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$3251 15275 and (@ad @rlad US-PGPUB; iOR ON 22020/04/03
§@prad)<"20161101" AND ((depth OR USPAT; 116:06
§range OR distance) WITH (uncertainty OR USOCR
ivariance OR covariance OR correlation OR
‘confidence OR probability OR ellipse OR
kalman OR ekf OR ellipsoid)).bi.

$326i1  {("20170102709").PN. US-PGPUB;  OR OFF  12020/04/03
USPAT; 116:07

USOCR
E US-PGPUB; OR
{@prad)<"20161101" AND ((depth OR USPAT;
§range OR distance) WITH (uncertainty OR {USOCR
‘variance OR covariance OR correlation OR
‘confidence OR probability OR ellipse OR
kalman OR ekf OR ellipsoid)).bi.

S3281  S326 and (@ad @rlad US-PGPUB; OR ON 12020/04/03
§@prad)<"20161101" AND ((depth OR USPAT; 116:09
§range OR distance OR posision) WITH USOCR
§(uncertainty OR variance OR covariance
§OR correlation OR confidence OR
iprobability OR ellipse OR kalman OR ekf
‘OR ellipsoid)).bi. E

$329.i1 §S326 and (@ad @rlad US-PGPUB; OR ON 12020/04/03
i@prad)<"20161101" AND ((depth OR USPAT; §16:09
§range OR distance OR position) WITH USOCR 5
§(uncertainty OR variance OR covariance
§OR correlation OR confidence OR
iprobability OR ellipse OR kalman OR ekf
OR ellipsoid)).bi.

$330i1 5326 and (@ad @rlad US-PGPUB; OR ON 12020/04/03
‘@prad)<"20161101" AND ((depth OR USPAT; 16:11
‘range OR distance) WITH (bayes OR USOCR
baysian OR likelihood OR uncertainty OR
ivariance OR covariance OR correlation OR
iconfidence OR probability OR ellipse OR
kalman OR ekf OR ellipsoid)).bi.

$33159 iS315and (@ad @rlad US-PGPUB; iOR ON 12020/04/03
‘@prad)<"20161101" AND ((depth OR USPAT; ‘ 16:12
range OR distance) WITH (bayes OR USOCR 5
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baysian OR likelihood OR uncertainty OR
§variance OR covariance OR correlation OR
‘confidence OR probability OR ellipse OR
‘kalman OR ekf OR ellipsoid)).bi.

§332

i5315 and (@ad @rlad
‘@prad)<"20161101" AND ((position OR
‘pose) WITH (bayes OR baysian OR
likelihood OR uncertainty OR variance OR
‘covariance OR correlation OR confidence
‘OR probability OR ellipse OR kalman OR
iekf OR ellipsoid)).bi.

US-PGPUB;
USPAT;
USOCR

OR

‘ON

12020/04/03
16:14

5333

15326 and (@ad @rlad
§@prad)<"20161101" AND ((position OR
ipose) WITH (bayes OR baysian OR
likelihood OR uncertainty OR variance OR
‘covariance OR correlation OR confidence
‘OR probability OR ellipse OR kalman OR
iekf OR ellipsoid)).bi.

'5326 and (@ad @rlad
é@prad)<"20161101" AND ((position OR
ipose) WITH (node) WITH (bayes OR
‘baysian OR likelihood OR uncertainty OR
ivariance OR covariance OR correlation OR
‘confidence OR probability OR ellipse OR
§ka|man OR ekf OR ellipsoid)).bi.

15326 and (@ad @rlad
{@prad)<"20161101" AND ((position OR
ipose OR node) WITH (bayes OR baysian
‘OR likelihood OR uncertainty OR variance
§OR covariance OR correlation OR
‘confidence OR probability OR ellipse OR
‘kalman OR ekf OR ellipsoid)).bi.

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

OR

ON

2020/04/03
16:14

2020/04/03
116:15

2020/04/03
216:16

5336

5315 and (@ad @rlad
‘@prad)<"20161101" AND ((position OR
ipose) WITH (node) WITH (bayes OR
‘baysian OR likelihood OR uncertainty OR
gvariance OR covariance OR correlation OR
‘confidence OR probability OR ellipse OR
(kalman OR ekf OR ellipsoid)).bi.

{US-PGPUB;

USPAT;
USOCR

OR

ON

12020/04/03
§16:16
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S337i0 §S315 and (@ad @rlad US-PGPUB; iOR ON §2020/04/03
‘@prad)<"20161101" AND (node WITH USPAT; 16:18
(ellipse OR ellipsoid)).bi. USOCR
Sy e S315and(@ad@rlad .................................................. ngﬁéﬁﬂéi ......... T i 2020/04/03
§@prad)<"20161101" AND ((ellipse OR USPAT,; ;16:18
iellipsoid)).bi. USOCR
$339137 iS315and (@ad @rlad US-PGPUB; iOR ON '§2020/04/03
g@prad)<"20161101" AND (confidence) USPAT; §16:22
USOCR 5
s 13/460261app13/632997app ............................ 7 §:|'>'"C';'EU‘I§';' ......... — ON ............ 2020/04/06
§13/790643.app. 14/277270.app. USPAT; §16:49
:14/512098.app. 10/739902.app. USOCR
S341 1  ("20110167574").PN. US-PGPUB; [OR OFF  2020/04/06
USPAT; 218:18
USOCR : 5
$342115  113/460261.app. 13/632997.app. US-PGPUB; OR ON~ 12020/04/06
§13/790643.app. 14/277270.app. USPAT; 218:48
§14/512098.app. 10/739902.app. USOCR :
'20110167574".pn. 11/688213.app.
T §§§4'2'"Z\'N'5Eah"fi'aé'ﬁ'&é ..................................................... i SH:I'D'"C';"}SUE;' ......... e — ON ............ 2020/04/06
USPAT; ‘ 18:48
USOCR
S344 1 §("20140129027").PN. -US-PGPUB; OR OFF 22020/04/07
USPAT; 11:02
USOCR
oV T géé#?)&iiiﬁ&ﬁﬁaéﬁéé ................................................... T a— e 2020/04/07
* USPAT; 11:03
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
$346 169 i(US-20190045992- or US-20190212730-6 {US-PGPUB; OR ON  2020/04/07
§or US-20180263451-$ or US-20180098200- {USPAT 11:27
$ or US-20170277196-$ or US- :
:20160135655-$ or US-20190255991-$ or
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1US-20180074508-$ or US-20190235490-$
‘or US-20190208979-$ or US-20190174987-
$ or US-20190094869-$ or US-
220190049979-$ or US-20190025838-$ or
{US-20190015985-$ or US-20190015984-$
‘or US-20180373242-$ or US-20180360285-
$ or US-20180344116-$ or US-
20180210445-$ or US-20180074509-$ or
{US-20180061137-$ or US-20180050634-$
for US-20170303089-$ or US-20170273527-
$ or US-20170265703-$).did. or (US-
220170261979-$ or US-20170235312-$ or
{US-20170205822-$ or US-20150182088-$
ior US-20150032260-$ or US-20170131721-
$ or US-20140116469-$ or US-
120140207280-$ or US-20160148417-$ or
{US-20160052133-$ or US-20160027207-$
‘or US-20150212520-$ or US-20150212500-
$ or US-20140343783-4 or US-
220140316636-$ or US-20140303775-$ or
{US-20130060379-$ or US-20130056032-$
ior US-20130024025-$ or US-20120259481-
$ or US-20150261223-$ or US-
220180364052-$ or US-20170095926-$ or
{US-20140207282-$ or US-20190216011-$
ior US-20180246518-$ or US-20180038697-
$).did. or (US-20140100693-$ or US-
120120323365-$ or US-20160302639-$ or
{US-20140190514-$ or US-20100070078-$
‘or US-20160271795-$ or US-20040167667-
4 or US-20190155296-$ or US-
120070118248-$ or US-20190235083-$ or
1US-20190217478-$ or US-20040158354-$
‘or US-20170285648-$ or US-20170153646-
i$ or US-20140129027-$ or US-
120130216098-$ or US-20120230550-$ or
1US-20120219207-$ or US-20120213443-$
ior US-20090292394-$ or US-20070293985-
i$ or US-20070106423-$ or US-
120050234679-$ or US-20050182518-$ or
1US-20190272462-$ or US-20170102709-%
ior US-20130138246-$).did. or (US-
20100152945-$ or US-20070244610-$ or
1US-20070250212-$ or US-20120116588-%
‘or US-20040111184-$ or US-20050221840-
$ or US-20170135541-$ or US-
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120090177320-4 or US-20140244094-$ or
1US-20120086598-$ or US-20100121488-$
‘ior US-20080027591-$ or US-20160282870-
$ or US-20110178669-$ or US-
220100324731-$ or US-20060217837-$ or
1US-20050251457-$ or US-20040249504-%
‘or US-20190246600-$ or US-20170124781-
% or US-20170351261-$ or US-
©20170248963-$ or US-20190094876-$ or
1US-20190094027-$ or US-20180370728-%
‘or US-20180364045-$ or US-20180361583-
$).did. or (US-20180361581-$ or US-
20180284806-$ or US-20180122136-$ or
1US-20170153647-$ or US-20170123428-$
or US-20170108867-$ or US-20160209846-
$ or US-20190178654-$ or US-
20120121161-$ or US-20080033645-$ or
{US-20030142587-$ or US-20130325244-$
‘or US-20120197439-$ or US-20170329347-
$ or US-20160375592-% or US-
220160378117-$ or US-20180207791-$ or
{US-20090147994-$ or US-20140350839-$
‘or US-20190147220-$ or US-20180113460-
$ or US-20170262992-$ or US-
©20170178355-$ or US-20160146591-$ or
{US-20060165276-$ or US-20150304634-$
ior US-20180267552-$).did. or (US-
120080119961-$ or US-20150314443-$ or
{US-20100094460-$ or US-20170203446-$
ior US-20140005933-$ or US-20120106829-
4 or US-20190249998-$ or US-
120160299508-$ or US-20090167761-$ or
1US-20040167669-$).did. or (US-10303179-
4 or US-10291765-$ or US-9529363-$ or
{US-7706917-$ or US-9764468-$ or US-
18315734-$ or US-8380350-$ or US-
15696675-$ or US-10401852-$ or US-
110395117-$ or US-10334050-$ or US-
110248119-$ or US-9632502-$ or US-
110012504-$ or US-9958864-$ or US-
19916703-$ or US-9910441-$ or US-
19754490-$ or US-9734455-$ or US-
19720415-$ or US-9612123-$ or US-
9606539-$ or US-9507346-$ or US-
110078333-$ or US-10102629-$).did.
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S347 2 §S346 and (@ad @rlad US-PGPUB; OR ON §2020/04/07
‘@prad)<"20161101" AND (match$4 WITH {USPAT; 111:34
((confidence)).bi. USOCR

v o géizigEHH"(@EHN@FISH .................................................. U'é:ﬁé'ﬁﬂé'; ......... S s 2020/04/07
§@prad)<"20161101" AND ((variance USPAT; ;11:50
§covariance chi-squar$3) WITH (range OR  {USOCR
gdistance OR ellips$4 OR radius OR
diameter)).bi.

$349 {50 §S346 and (@ad @rlad 'US-PGPUB; OR ON §2020/04/07
§@prad)<"20161 101" AND ((variance USPAT; ‘ 11 51
§covariance chi-squar$3 confidence OR USOCR
quality or uncertain$4) WITH (range OR
distance OR ellips$4 OR radius OR
«diameter)).bi.

SR §M$H§|5“ri$6i‘é"i\'i‘\i‘6"é‘é‘éi'é ................................................. U SPGPUB, i 2020/04/07
USPAT; §12:04

USOCR

S351i13 §e||ips$4 AND S346 'US-PGPUB; OR ON §2020/04/07

USPAT; 12:11
USOCR

S352'3  ireckoning.ab. AND b25j.cpcl. | US-PGPUB; ©OR ON  12020/04/07
USPAT; 15:36
USOCR

S353 11557 ( (G05D1/0272).CPC. ) US-PGPUB; OR ON §2020/04/07
USPAT; §15:37

USOCR :

e g‘("‘(‘é65‘6‘1‘762‘%‘2‘)“.‘6&36?“)‘"Ai‘\i‘ﬁ"&éh“f‘i‘&é‘r‘ié‘é ............ U ‘§:|5‘G"‘F‘>‘Ui§;‘"""" A ON ............ 2020/04/07

USPAT; §15:38
USOCR

S355 {227 §S354 and (@ad @rlad 'US-PGPUB; OR ON §2020/04/07
§@prad)<"20161101" USPAT; §15:38
USOCR 5
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Avidbots Ex1002

Page 213 of 260



4/11/2020 4:20:48 PM
C:\Users\dmoyer\Documents\My Docket\16356160\EAST Search.wsp

Avidbots Ex1002
Page 214 of 260



Under the Paperwork Reduction Act of 1995, no persons are req

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
ired to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICgﬂgﬂtEEFFgETPEgI;IygIATION RECORD 16/356.160 03192019 (o be Maied
ENTITY: [ LARGE sMALL (J micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] Basic FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
] sEaRcH FEE . N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
[LJ EXAMINATION FEE N/A N/A N/A
(37 CFR 1.16(0), (p), or (q))
TOTAL CLAIMS . *
(37 GFR 1.16(i)) minus 20 = x 350 -
INDEPENDENT CLAIMS . .
(37 GFR 1.16(h)) minus 3 = x $230 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déi%'f’:\go;\; SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[J MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
- 06/12/2020 EE%AF'{N'NG Eg'\EA\‘/gIgTJSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - -
=H 36 Minus | = 36 -0 x 50 - 0
4 * - *xx
Gl e |3 inus | ***3 -0 x $230 - 0
< ] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REXAFAT'E'L{NG PRNELi/'\IAgSSRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total * i *x = -
= (3(7)caFR1.ws(i)) Minus ~ X $ 0 -
O | Independent . : xk - _
E 37GFpR1.16 h) Minus — X $O —
E (] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.

LIE

** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

/RENEE M COLLINS/

*** If 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 found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 take 12 minutes 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 for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. 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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

Avidbots Ex1002
Page 215 of 260



Electronic Acknowledgement Receipt

EFS ID: 39704792
Application Number: 16356160
International Application Number:
Confirmation Number: 4530
Title of Invention: SYSTEMS AND METHODS FOR ROBOTIC MAPPING
First Named Inventor/Applicant Name: Jaldert Rombouts
Customer Number: 26418
Filer: Sidharth Kapoor/Cody Nye
Filer Authorized By: Sidharth Kapoor
Attorney Docket Number: P23291US01
Receipt Date: 12-JUN-2020
Filing Date: 18-MAR-2019
Time Stamp: 13:51:05
Application Type: Utility under 35 USC 111{a)

Payment information:

Submitted with Payment no

File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
544038
1 Response After Final Action P23291 U;01*_*202(3?6_1 2 no 13
- ESponse.p 4321c8c78a032d7b9de963db1d71023900)
3ddd43
Warnings:
Avidbots Ex1002

Page 216 of 260



Information:

Total Files Size (in bytes):l 544038

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

If a 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

If a timely submission to enter the national stage of an 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

If a 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 of the 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.

Avidbots Ex1002
Page 217 of 260



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jaldert Rombouts, et al.
Serial No.: 16/356,160

Attorney Docket No.: P23291US01

Examiner: MOYER, DALE
Art Unit: 3664

For: SYSTEMS AND METHODS FOR
ROBOTIC MAPPING

RESPONSE TO FINAL OFFICE ACTION

PURSUANT TO AFTER FINAL PRACTICE UNDER 37 CFR § 1.116(b)

In response to the Final Office Action dated April 15,2019, Applicants respectfully request

entry of this Amendment and Response pursuant to After Final Practice. See MPEP 714. This

Response is being timely filed by the statutory time period set forth in the Office Action and within

the two-month early response time. The Commissioner is hereby authorized to charge any

additional fees, which may be required by this paper, to Deposit Account No. 18-0582.

Amendments to the Claims begin on page 2; and

Remarks begin on page 12.

US_ACTIVE-153809697.1-SKAPOOR
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AMENDMENTS TO THE CLAIMS

1-20. (Previously Cancelled).
21.  (Previously Presented) A system for traveling a robot along a route,
comprising;

a memory having computer readable instructions stored thereon; and
at least one processing device configurable to execute the computer readable
instructions to,

collect data by at least one sensor coupled to the robot as the robot travels
along the route in an environment,

generate a map of the environment and a route on the map in real-time, the
map being generated concurrently with the collection of the data as the robot travels
along the route in the environment, the map corresponding to a representation of
the environment, the map including information directed to location and position
of the robot along the route in the environment, the map being generated based on
measurements taken by the at least one sensor at each one of a plurality of nodes
along the route traveled by the robot, each one of the plurality of nodes comprising
a range, the range of each one of the plurality of nodes being based on confidence
measure at a respective node, and

associate actions undertaken by the robot during traveling along the route

with the location and position of the robot on the route on the map.

22. (Previously Presented) The system of claim 21, wherein the map is either a

two-dimensional or three-dimensional representation of the environment, the map includes
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information directed to location and position of the robot along the route in the environment and

obstacles detected by the at least one sensor in the environment.

23.  (Previously Presented) The system of claim 21, wherein the at least one
processing device is further configurable to execute the computer readable instructions to,
estimate distance traveled by the robot along the route based on revolution of

wheels on the robot.

24.  (Previously Presented) The system of claim 21, wherein the at least one
processing device is further configurable to execute the computer readable instructions to,
estimate distance traveled by the robot along the route based on sequential images

captured by the at least one sensor.

25.  (Previously Presented) The system of claim 21, wherein the least one
processing device is further configurable_to execute the computer readable instructions to,
determine the robot returned to a start position based on detecting a home locator

in the environment.

26.  (Previously Presented) The system of claim 21, wherein the least one
processing device is further configurable to execute the computer readable instructions to,
limit uncertainty of positioning of the plurality of nodes along the route traveled

by the robot based on constraining start and end positions of the robot at a same point.
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27.  (Previously Presented) The system of claim 26, wherein each node of the
plurality of nodes comprises an associated probabilistic distribution which corresponds to

surrounding region around each node of the plurality of nodes.

28. (Previously Presented) A method for traveling a robot along a route,
comprising;

collecting data by at least one sensor coupled to the robot as the robot travels along the
route in an environment;

generating a map of the environment and a route on the map in real-time, the map being
generated concurrently with the collection of the data as the robot travels along the route in the
environment, the map corresponding to a representation of the environment, the map including
information directed to location and position of the robot along the route in the environment, the
map being generated based on measurements taken by the at least one sensor at each one of a
plurality of nodes along the route traveled by the robot, each one of the plurality of nodes
comprising a range, the range of each one of the plurality of nodes being based on confidence
measure at a respective node; and

associating actions undertaken by the robot during traveling along the route with the

location and position of the robot on the route on the map.

29.  (Previously Presented) A non-transitory computer readable medium
comprising computer readable instructions stored thereon that when executed by at least one

processing device configure the at least one processing device to,

Avidbots Ex1002
Page 221 of 260



collect data by at least one sensor coupled to the robot as the robot travels along the route
in an environment;

generate a map of the environment and a route on the map in real-time, the map being
generated concurrently with the collection of the data as the robot travels along the route in the
environment, the map corresponding to a representation of the environment, the map including
information directed to location and position of the robot along the route in the environment, the
map being generated based on measurements taken by the at least one sensor at each one of a
plurality of nodes along the route traveled by the robot, each one of the plurality of nodes
comprising a range, the range of each one of the plurality of nodes being based on confidence
measure at a respective node; and

associate actions undertaken by the robot during traveling along the route with the

location and position of the robot on the route on the map.

30.  (Previously Presented) The system of claim 21, wherein each one of the
plurality of nodes along the route traveled by the robot corresponds to a probabilistic function or

probabilistic distribution.

31.  (Currently Amended) The system pfof claim 21, wherein each one of the
plurality of nodes along the route traveled by the robot corresponds to position of the robot, the
position of the robot is relative to either an initial location or one or more features in the

environment.
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32.  (Previously Presented) The system of claim 21, wherein the range of each
one of the plurality of nodes corresponds to a region around each one of the plurality of nodes

such that each one of the plurality of nodes is located within the range.

33.  (Previously Presented) The system of claim 21, wherein size of the range
of each one of the plurality of nodes is variable based on confidence in location of each node of

the plurality of nodes.

34.  (Previously Presented) The system of claim 21, wherein the at least one
processing device is further configurable to execute the computer readable instructions to,
selectively actuate one or more systems as the robot travels along the route, the
one or more systems comprises a cleaning system, the cleaning system comprises one or

more of water flow, brush, and vacuum cleaner.

35.  (Previously Presented) The method of claim 28, wherein the map is either a
two-dimensional or three-dimensional representation of the environment, the map includes
information directed to location and position of the robot along the route in the environment and

obstacles detected by the at least one sensor in the environment.

36.  (Previously Presented) The method of claim 28, further comprising:
estimating distance traveled by the robot along the route based on revolution of

wheels on the robot.
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37.  (Previously Presented) The method of claim 28, further comprising:
estimating distance traveled by the robot along the route based on sequential images

captured by the at least one sensor.

38.  (Previously Presented) The method of claim 28, further comprising:
determining the robot returned to a start position based on detecting a home locator

in the environment.

39.  (Previously Presented) The method of claim 28, further comprising:
limiting uncertainty of positioning of the plurality of nodes along the route traveled by the

robot based on constraining start and end positions of the robot at a same point.

40.  (Previously Presented) The method of claim 39, wherein each node of the
plurality of nodes comprises an associated probabilistic distribution which correspond to

surrounding region around each node of the plurality of nodes.

41.  (Currently Amended) The system-method of claim 28, wherein each one
of the plurality of nodes along the route traveled by the robot corresponds to a probabilistic

function or probabilistic distribution.

42.  (Currently Amended) The system-pf-method of claim 28, wherein each

one of the plurality of nodes along the route traveled by the robot corresponds to position of the
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robot, the position of the robot is relative to either an initial location or one or more features in

the environment.

43, (Currently Amended) The system-method of claim 28, wherein the range
of each one of the plurality of nodes corresponds to a region around each one of the plurality of

nodes such that each one of the plurality of nodes is located within the range.

44. (Currently Amended) The system-method of claim 28, wherein size of the
range of each one of the plurality of nodes is variable based on confidence in location of each

node of the plurality of nodes.

45. (Currently Amended) The system-method of claim 28, further comprising:
actuating one or more systems selectively as the robot travels along the route, the
one or more systems comprises a cleaning system, the cleaning system comprises one or

more of water flow, brush, and vacuum cleaner.

46.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein the map is either a two-dimensional or three-dimensional representation of the
environment, the map includes information directed to location and position of the robot along

the route in the environment and obstacles detected by the at least one sensor in the environment.
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47. (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein the at least one processing device is further configurable to execute the
computer readable instructions to,

estimate distance traveled by the robot along the route based on revolution of

wheels on the robot.

48.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein the at least one processing device is further configurable to execute the
computer readable instructions to,

estimate distance traveled by the robot along the route based on sequential images

captured by the at least one sensor.

49. (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein the at least one processing device is further configurable to execute the
computer readable instructions to,

determine the robot has returned to a start position based on detecting a home

locator in the environment.

50.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein the at least one processing device is further configurable to execute the
computer readable instructions to,

limit uncertainty of positioning of the plurality of nodes along the route traveled

by the robot based on constraining start and end positions of the robot at a same point.

Avidbots Ex1002
Page 226 of 260



51.  (Previously Presented) The non-transitory computer readable medium of
claim 50, wherein each node of the plurality of nodes include an associated probabilistic

distribution which correspond to surrounding region around each node of the plurality of nodes.

52.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein each one of the plurality of nodes along the route traveled by the robot

corresponds to a probabilistic function or probabilistic distribution.

53.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein each one of the plurality of nodes along the route traveled by the robot
corresponds to position of the robot, the position of the robot is relative to either an initial

location or one or more features in the environment.

54.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein the range of each one of the plurality of nodes corresponds to a region around
each one of the plurality of nodes such that each one of the plurality of nodes is located within

the range.

55.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein size of the range of each one of the plurality of nodes is variable based on

confidence in location of each node of the plurality of nodes.

-10 -
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56.  (Previously Presented) The non-transitory computer readable medium of
claim 29, wherein the at least one processing device is further configurable to execute the
computer readable instructions to,

selectively actuate one or more systems as the robot travels the route, the one or
more systems comprises a cleaning system, the cleaning system comprises one or more of

water flow, brush, and vacuum cleaner.

***END OF CLAIM LISTING***

-11 -
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REMARKS

Claims 21-56 are pending in the present application. Claims 1-20 were previously
cancelled without prejudice. Claims 31 and 41-45 are amended herein to cure minor informalities.
No new matter has been introduced via present amendment.

Pursuant to the After Final Practice (see MPEP 714), Applicants note that amendments
made herein, as discussed below, render moot the claim objections and claim rejections under 35
U.S.C. § 112(b) as set forth in the outstanding final Office action. Accordingly, in view of the
remarks and amendments set forth herein, Applicants respectfully request the Examiner to
withdraw such objections and rejections, and place the present application in condition for
allowance.

Allowable Subject Matter

Applicants thank the Examiner for the indication that claims 21-40 and 46-56 are

allowable.
Claim Objection

The Examiner objected to claim 42 because the word “pf” should be amended to “of”.
Applicants amend claim 41 to address this objection. On review of the claims, Applicants
discovered that claim 31 contained the same informality and amended it to correct this
informality. Accordingly, Applicants respectfully request the Examiner to reconsider and
withdraw the aforementioned objection.

Claim Rejection Under 35 U.S.C. § 112(b)

On pages 2-3 of the Office action, the Examiner has rejected claims 41-45 under 35 USC

§ 112(b) as allegedly being indefinite. In particular, the Examiner suggests that there is insufficient

antecedent basis for the term “system” in these claims.

-12 -

Avidbots Ex1002
Page 229 of 260



Applicants amend claims 41-45 to replace “system” with “method”. Applicants submit
that this amendment renders claims 41-45 definite.

Accordingly, Applicants respectfully request the Examiner to reconsider and withdraw the
aforementioned rejection, and place the present application in condition for allowance.

Conclusion

In view of the foregoing amendments and remarks, Applicants respectfully submit that all
claims in the application are in condition for allowance, and such action is respectfully requested
at the Examiner's earliest convenience. If the Examiner believes an Examiner’s Amendment
would place the application in condition for allowance, Examiner is welcome to contact
Applicants’ undersigned counsel to discuss the potential Examiner’s Amendment. Please apply
any necessary charges or credits to Deposit Account 18-0582, referencing the above attorney

docket number.

Date: June 12, 2020 Respectfully submitted,

/Richard J. Brown/
Richard J. Brown

Reg. No. 66,414

T: 302-778-7552
rbrown@reedsmith.com

Sidharth Kapoor

Reg. No. 68,159

T: 650-352-0503
skapoor@reedsmith.com
REED SMITH LLP
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have its own certificate of mailing or transmission.
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26418 7590 06/29/2020 Certificate of Mailing or Transmission
REED SMITH LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
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NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.
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| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
16/356,160 03/18/2019 Jaldert Rombouts P23291US01 4530
| EXAMINER |
26418 7590 06/29/2020
REED SMITH LLP MOYER, DALE §
P.O. BOX 488 (NYC)
PITTSBURGH, PA 15230-0488 | ART UNIT PAPER NUMBER |

3664

DATE MAILED: 06/29/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(1) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 take 30 minutes 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
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 16/356,160 Rombouts et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
DALE MOYER 3664 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce 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.
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restriction requirement and election have been incorporated into this action.
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Highway program at a participating intellectual property office for the corresponding application. For more information, please see
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4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
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1. [ Certified copies of the priority documents have been received.
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International Bureau (PCT Rule 17.2(a)).
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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.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

O 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 1.121(d).

6.(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.
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1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3.0J Examiner's Comment Regarding Requirement for Deposit 7. [J Other -

of Biological Material
4.(] Interview Summary (PTO-413),
Paper No./Mail Date. .
/Dale Moyer/
Primary Examiner, Art Unit 3664

U.S. Patent and Trademark Office )
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GO01S 89 | 2013:01:01
G018 89 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 36
/Dale Moyer/ 20 June 2020 i ) N
Primary Examiner, Art Unit 3664 0.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2
U.S. Patent and Trademark Office

Part of Paper No.: 20200620

Page 1 of 3

Avidbots Ex1002
Page 236 of 260



Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |s356 160 Rombouts ef al.
H “m Examiner Art Unit
DALE MOYER 3664

INTERNATIONAL CLASSIFICATION
CLAIMED

G01C

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 36
/Dale Moyer/ 20 June 2020 i ) N
Primary Examiner, Art Unit 3664 0.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2
U.S. Patent and Trademark Office

Part of Paper No.: 20200620

Page 2 of 3

Avidbots Ex1002
Page 237 of 260



Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/356,160 Rombouts et al.
Examiner Art Unit
DALE MOYER 3664

O Claims renumbered in the same order as presented by applicant [ CPA (O T.D. [O R.1.47
CLAIMS
Final |Original|Final |Original|Final |Original|Final |Original|Final OriginallFinaI OriginallFinaI Original|Final |Original

1 10 19 13 28 16 37 26 46 35 55

2 11 20 25 29 17 38 27 47 36 56

3 12 1 21 8 30 18 39 28 48

4 13 2 22 9 31 19 40 29 49

5 14 3 23 10 32 20 41 30 50

6 15 4 24 11 33 21 42 31 51

7 16 5 25 12 34 22 43 32 52

8 17 6 26 14 35 23 44 33 53

9 18 7 27 15 36 24 45 34 54
NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 36
/Dale Moyer/ 20 June 2020 i ) N
Primary Examiner, Art Unit 3664 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2
U.S. Patent and Trademark Office Part of Paper No.: 20200620
Page 3 of 3

Avidbots Ex1002
Page 238 of 260



Search Nofes

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/356,160 Rombouts et al.
RMIETAOR [

DALE MOYER 3664
CPC - Searched*
Symbol Date Examiner
G05D1/0225 09/21/2019 DM
G05D1/0272 09/21/2019 DM
G05D1/0274 09/21/2019 DM
G05D1/0246 09/21/2019 DM
G05D1/0234 09/21/2019 DM
G05D2201/0215 09/21/2019 DM
G05D2201/0207 09/21/2019 DM
G05D2201/0203 09/21/2019 DM
A471L9/2873 09/21/2019 DM
A4712201/02 09/21/2019 DM
B25J9/0003 09/21/2019 DM
B25J9/0005 09/21/2019 DM
Y10S901/01 09/21/2019 DM
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

U.S. Patent and Trademark Office

Page 1 of 2

Part of Paper No.: 20200620

Avidbots Ex1002
Page 239 of 260



Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 16/356,160 Rombouts et al.
H““HH" “mm ‘ “H“‘ — ot

DALE MOYER 3664
Search Notes
Search Notes Date Examiner
considered prosecution history of parent 15/340807 09/21/2019 DM
inventor name search 09/21/2019 DM
assignee search 09/21/2019 DM
ip.com search 09/21/2019 DM
see attached EAST Search History Report 09/21/2019 DM
updated EAST Search 04/11/2020 DM
updated EAST Search 06/20/2020 DM
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
G01C 21/32 06/20/2020 DM
GO01S 15/89, 17/89 06/20/2020 DM

U.S. Patent and Trademark Office

Page 2 of 2

Part of Paper No.: 20200620

Avidbots Ex1002
Page 240 of 260



OK TO ENTER: /DM/

O TO ENTER: /H/THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jaldert Rombouts, et al. Examiner: MOYER, DALE

Serial No.: 16/356,160 Art Unit: 3664

Attorney Docket No.: P23291US01 For: SYSTEMS AND METHODS FOR
ROBOTIC MAPPING

RESPONSE TO FINAL OFFICE ACTION
PURSUANT TO AFTER FINAL PRACTICE UNDER 37 CFR §1.116(b)

In response to the Final Office Action dated April 15,2019, Applicants respectfully request
entry of this Amendment and Response pursuant to After Final Practice. See MPEP 714. This
Response is being timely filed by the statutory time period set forth in the Office Action and within
the two-month early response time. The Commissioner is hereby authorized to charge any
additional fees, which may be required by this paper, to Deposit Account No. 18-0582.

Amendments to the Claims begin on page 2; and

Remarks begin on page 12.

US_ACTIVE-153809697.1-SKAPOOR

Avidbots Ex1002
Page 241 of 260



Bibliographic Data

Application No: 16/ 356, 160
Foreign Priority claimed: O Yes @ No
35 USC 119 (a-d) conditions met: D Yes No D Met After Allowance
Verified and Acknowledged: |/Dale Moyer/ |
Examiner's Signature Initials
Title: |SYSTEMS AND METHODS FOR ROBOTIC MAPPING
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
03/18/2019 700 3664 P23291US01
RULE
APPLICANTS

BRAIN CORPORATION, San Diego, CA,
INVENTORS

Jaldert Rombouts San Diego, CA, UNITED STATES

Borja Ibarz Gabardos London, UNITED KINGDOM

Jean-Baptiste Passot Solana Beach, CA, UNITED STATES

Andrew Smith San Diego, CA, UNITED STATES
CONTINUING DATA

This application is a CON of 15340807 11/01/2016 PAT 10274325

FOREIGN APPLICATIONS

IF REQUIRED, FOREIGN LICENSE GRANTED**
04/03/2019

** SMALL ENTITY *#*

STATE OR COUNTRY
UNITED STATES

ADDRESS

REED SMITH LLP
P.0. BOX 488 (NYC)
PITTSBURGH, PA 15230-0488
UNITED STATES

FILING FEE RECEIVED

$865

Avidbots Ex1002
Page 242 of 260



EAST Search History

EAST Search History (Prior Art)

Ref Hits ~  SearchQuery ~  DBs  Default Plurals Time
T TR N T Operator _ Stamp
112 172 (US-20190045992-$ or US-20190212730- US-PGPUB;  OR ON  2020/06/20

- $ or US-20180263451-$ or US- - USPAT :11:58
-20180098200-$ or US-20170277196-% or : ? :
:US-20160135655-$ or US-20190255991- :
:$ or US-20180074508-$ or US-
120190235490-$ or US-20190208979-$ or :
- US-20190174987-$ or US-20190094869-
:$ or US-20190049979-% or US-
1 20190025838-$ or US-20190015985-$ or :
- US-20190015984-$ or US-20180373242- :
:$ or US-20180360285-$ or US-
:20180344116-$ or US-20180210445-$ or :
- US-20180074509-$ or US-20180061137- :
“$ or US-20180050634-$ or US-
:20170303089-$ or US-20170273527-$ or :
- US-20170265703-$).did. or (US-
:20170261979-$ or US-20170235312-$ or
: US-20170205822-$ or US-20150182088-
‘¢ or US-20150032260-$ or US-
:20170131721-$ or US-20140116469-$ or
:US-20140207280-$ or US-20160148417- :
‘$ or US-20160052133-$ or US-
20160027207-$ or US-20150212520-$ or
- US-20150212500-$ or US-20140343783- :
:$ or US-20140316636-$ or US-
120140303775-$ or US-20130060379-$ or :
- US-20130056032-$ or US-20130024025- :
:$ or US-20120259481-$ or US-
:20150261223-$ or US-20180364052-$ or :
US-20170095926-$ or US-20140207282-
:$ or US-20190216011-$ or US- i
:20180246518-$ or US-20180038697-
'$).did. or (US-20140100693-$ or US- ;
1 20120323365-$ or US-20160302639-$ or :
- US-20140190514-$ or US-20100070078-
:$ or US-20160271795-$ or US-
120040167667-$ or US-20190155296-$ or
- US-20070118248-$ or US-20190235083- :
:$ or US-20190217478-$ or US-
120040158354-$ or US-20170285648-$ or :
- US-20170153646-$ or US-20140129027-
-$ or US-20130216098-$ or US-
:20120230550-$ or US-20120219207-$ or :
- US-20120213443-$ or US-20090292394- :
:$ or US-20070293985-$ or US- 3 :
:20070106423-$ or US-20050234679-$ or

Avidbots Ex1002
Page 243 of 260



' $ or US-20170102709-$ or US-
120130138246-$).did. or (US-

120100152945-$ or US-20070244610-§ or
US-20070250212-$ or US-20120116588- |

' $ or US-20040111184-$ or US-

120050221840-$ or US-20170135541-5 or
US-20090177320-% or US-20140244094-

' $ or US-20120086598-$ or US-

120100121488-$ or US-20080027591-% or
US-20160282870-5 or US-20110178669-

- $ or US-20100324731-$ or US-

:20060217837-$ or US-20050251457-$ or
- US-20040249504-$ or US-20190246600- :

. $ or US-20170124781-$ or US-

120170351261-$ or US-20170248963-5 or
US-20190094876-$ or US-20190004027-

' $ or US-20180370728-$ or US-
- 20180364045-$ or US-20180361583-
:$).did. or (US-20180361581-$ or US-

120180284806-$ or US-20180122136-5 or
'US-20170153647-$ or US-20170123428-

' $ or US-20170108867-$ or US-

120160209846-$ or US-20190178654-5 or
US-20120121161-§ or US-20080033645-

- $ or US-20030142587-$ or US-

120130325244-$ or US-20120197439-$ or
- US-20170329347-$ or US-20160375592- :

- $ or US-20160378117-$ or US-

20180207791-$ or US-20090147994-6 or |
US-20140350839-$ or US-20190147220-

- $ or US-20180113469-$ or US-

20170262992-$ or US-20170178355-6 or |
US-20160146591-$ or US-20060165276~

- $ or US-20150304634-$ or US-
:20180267552-%).did. or (US-

20080119961-$ or US-20150314443-5 or |
US-20100094460-$ or US-20170203446-

- $ or US-20140005933-$ or US-

120120106829-$ or US-20190249998-$ or :
- US-20160299508-$ or US-20090167761- :

- $ or US-20040167669-$ or US-

1 20090030551-$).did. or (US-10303179- $
.or US-10291765-$ or US-9529363-$ or
:US-7706917-$ or US-9764468-$ or US-
- 8315734-$ or US-8380350-$ or US-

. 5696675-$ or US-10401852-$ or US-
:10395117-$ or US-10334050-$ or US-
110248119-$ or US-9632502-$ or US-
110012504-$ or US-9958864-$ or US-
:9916703-$ or US-9910441-$ or US-
:9754490-$ or US-9734455-$ or US-

ASSorUSELAISOrUS

Avidbots Ex1002
Page 244 of 260



19606539-$ or US-9507346-$ or US-
110078333-$ or US-10102629-$ or US-
6078849-$).did. or (US-5961571-$).did.

- US-PGPUB;
USPAT;
- USOCR

©2020/06/20
©11:58 5

L13 and (@ad @rlad
@prad)<"20161101"

| US-PGPUB;
 USPAT;

12020/06/20
-11:58 f

(SLAM! WITH (probabil$6 WITH (density
- OR distribution)) )

3 ((GO5D1/0044 OR GOSD1/0016 OR
G05D1/0038).CPC. )

US -PGPUB;
USPAT;
 USOCR;
'FPRS; EPO;
1JPO;

. DERWENT;
IBM_TDB

US-PGPUB;

12020/06/20
11:59 §

©2020/06/20
111:59 :

((G05D2201/0215 OR ,
 G05D2201/0203)CPC. )

~ L16 AND L17

~ ((display$4 OR screen) WITH map) SAME
((present OR current) NEAR3 (position
- OR location)).bi. AND L18

- US-PGPUB;

USPAT

US-PGPUB;
USPAT

US-PGPUB;
USPAT

12020/06/20
159
%2020/06/20
§2020/06/20
-11:59 5

(US-20160271795-$ or US- 20140129027-~
$ or US-20070250212-$ or US-
120090030551-$ or US-20180253107-$ or
 US-20190176330-$ or US-20160157414-
'$ or US-20170220045-$ or US-
120100063628-$ or US-20170124781-$ or '
US-20070192910-$ or US-20160291595-
'$ or US-20110118903-$ or US-
120040167667-$ or US-20120185122-% or -
| US-20080027591-$ or US-20070285041-
'$ or US-20160188977-$ or US-
120120095619-$ or US-20110288684-$ or
| US-20120182392-$ or US-20120185095-
- $ or US-20140247116-$ or US-
120120185096-$ or US-20070179670-$ or
'US-20120173018-$).did. or (US-
120070291130-$ or US-20070198145-$ or
US-20110054689-$ or US-20110004342-
- $ or US-20100228419-$ or US-
120100066587-$ or US-20100063664-$ or '
| US-20100063651-$ or US-20100049364-
$ or US-20090079839-$ or US-
120080294309-$ or US-20080071429-$ or
US-20080009964-$ or US-20070260394-

US-PGPUB;
{USPAT

12020/06/20
11:59 ‘

Avidbots Ex1002
Page 245 of 260



$ or US-20060106533-$ or US-

120070213892-$ or US-20050216126-$ or -

US-20040111184-$ or US-20050234679-

$ or US-20050182518-5 or US- %
120030025472-$).did. or (US-6078849-$
or US-9188985-% or US-10386850-$ or
US-7069124-$ or US-6092619-$ or US-
5961571-$ or US-5390124-$ or US-
5367458-$ or US-5202661-8).did.

(US-20160271795-6 or US-20140129027- - US-PGPUE;
$ or US-20070250212-$ or US-
120090030551-$ or US-20180253107-4 or
US-20190176330-$ or US-20160157414-
$ or US-20170220045-$ or US-
120100063628-$ or US-20170124781-4 or
US-20070192910-% or US-20160291595-
$ or US-20110118903-$ or US-
120040167667-$ or US-20120185122- or
US-20080027591-$ or US-20070285041- -
$ or US-20160188977-$ or US-
120120095619-$ or US-20110288684-4 or
US-20120182392-$ or US-20120185095-
$ or US-20140247116-$ or US-
120120185096-$ or US-20070179670-4 or
US-20120173018-$).did. or (US-
120070291130-$ or US-20070198145-$ or
US-20110054689-$ or US-20110004342-
$ or US-20100228419-$ or US-
120100066587-$ or US-20100063664-$ or
US-20100063651-$ or US-20100049364-
$ or US-20090079839-$ or US-
120080294309-$ or US-20080071429-4 or
US-20080009964-$ or US-20070260394-
$ or US-20060106533-$ or US-
120070213892-$ or US-20050216126-4 or
US-20040111184-$ or US-20050234679-
$ or US-20050182518-$ or US- 5
120030025472-$).did. or (US-6078849-%
or US-9188985-% or US-10386850-$ or
US-7069124-$ or US-6092619-$ or US-
5961571-% or US-5390124-$ or US-
5367458-$ or US-5202661-$).did.

~ 21NOT20

' USPAT

© US-PGPUB;

OR ON 2020/06/20 |

111:59

& on 2000820

:11:59

- (US-20190263644-$ or US- 20190235490- US-PGPUB
- $ or US-20160258762-$ or US- :
:20190174987-$ or US-20190015985-$ or :
-US-20190015984-$ or US-20180373242-
- $ or US-20180344116-$ or US-
:20170273527-$ or US-20160148417-$ or :

OR ON  2020/06/20

©12:00

Avidbots Ex1002
Page 246 of 260



~ US-20160135655-$ or US-20140303775-
$ or US-20130056032-5).did. :

124 15 (US-20200027336-6 or US-20190263644- US-PGPUB  OR ON §2020/06/20
L $ or US-20190235490-$ or US- s ; 112:00 '
120160258762-$ or US-20190174987-$ or - % :
US-20190015985-$ or US-20190015984-
$ or US-20180373242-$ or US-
120180344116-$ or US-20180200888-$ or
US-20170273527-$ or US-20160148417-
' or US-20160135655-$ or US- :

120140303775-$ or US-20130056032-
$).did.

1252 24NOT23  USPGPUB OR  ON  2020/06/20
e ? : % : 112:00 f

126 3,616 ((GO5D1/0274 OR GOSD1/0272).CPC.) US-PGPUB; OR  ON  2020/06/20
L ‘and (@ad @rlad @prad)<"20161101"  USPAT; : 12:01 |
g USOCR ? 5

127 145 126 AND ((map$4 OR locali$4) WITH ~ US-PGPUB; ~ OR 'ON  2020/06/20
(updat$4 OR correct$4)) AND ((start$4 USPAT; 112:01
: WITH end$3) NEAR2 (position OR point ; USOCR : : :

“OR location OR dock$4 OR charg$4 OR
base OR station))

128 71 (US-20190246600-$ or US-20130325244- US-PGPUB: OR ON  2020/06/20
o $ or US-20160271795-$ or US- USPAT : 112:01
120170102709-$ or US-20130216098-$ or - :
US-20170329333-$ or US-20170329347-
$ or US-20190025838-$ or US-
120180364045-$ or US-20180361583-$ or
US-20180361581-$ or US-20180321675-
§ or US-20180246514-$ or US-
120180237019-$ or US-20180237018-$ or -
US-20180231982-$ or US-20180094938-
§ or US-20180196442-$ or US-
120180089616-$ or US-20180075643-$ or
US-20180059682-% or US-20180043536-
$ or US-20180024564-$ or US-
120180004217-$ or US-20160327395-$ or -
US-20170157769-$).did. or (US-
120170122754-$ or US-20170095926-$ or -
US-20170083021-$ or US-20160334796- -
§ or US-20160282878-$ or US-
120160282867-$ or US-20160246301-$ or
US-20160195875-$ or US-20160062361-
$ or US-20160059418-$ or US-
120120095651-$ or US-20150120125-$ or -
US-20150025708-$ or US-20140343846-
§ or US-20140277900-$ or US-
120140214237-$ or US-20140214236-$ or
US-20140214235-$ or US-20140058563-
§ or US-20130261964-$ or US-
120130166193-$ or US-20130006484-$ or -

Avidbots Ex1002
Page 247 of 260



- US-20110153136-$ or US-20120259481- :
:$ or US-20120247510-$ or US- ?
-20110153338-$ or US-20090234499-
-$).did. or (US-20080065267-$ or US-
1 20080009966-$ or US-20080009964-$ or :
- US-20070188615-$ or US-20070027612- :
°$ or US-20070027579-$ or US-
1 20060217837-$ or US-20060095160-$ or :
- US-20050216124-$ or US-20050085947- :
'$ or US-20050046373-$ or US- ?
:20040073337-$ or US-20030117862-
- $).did. or (US-10416682-$ or US-
:10386846-$ or US-7211980-$ or US-
- 5790403-$ or US-5179329-$).did.

12020/06/20

(US-20160271795-$ or US-20190246600- - US-PGPUB; OR ON
- $ or US-20130325244-$ or US- ' f
1 20170102709-$ or US-20130216098-$ or :
- US-20200158514-$ or US-20180089616-
¢ or US-20190332115-$ or US-
120190291748-$ or US-20170329333-$ or
- US-20170329347-$ or US-20190025838- :
¢ or US-20180364045-$ or US-
120180361583-$ or US-20180361581-$ or -
- US-20180321675-$ or US-20180246514-
¢ or US-20180237019-$ or US-
120180237018-$ or US-20180231982-$ or '
- US-20180094938-$ or US-20180196442-
¢ or US-20180075643-$ or US-
1 20180059682-$ or US-20180043536-$ or :
| US-20180024564-$).did. or (US-
1 20180004217-$ or US-20160327395-$ or :
- US-20170157769-$ or US-20170122754-
:$ or US-20170095926-$ or US-
120170083024-$ or US-20170083021-$ or
- US-20170017239-$ or US-20160334796- :
¢ or US-20160282878-$ or US-
120160282867-$ or US-20160246301-$ or -
- US-20160195875-$ or US-20160062361- :
¢ or US-20160059418-$ or US-
120120095651-$ or US-20150120125-$ or
- US-20150025708-$ or US-20140343846-
' $ or US-20140277900-$ or US-
120140214237-$ or US-20140214236-$ or '
 US-20140214235-$ or US-20140058563-
- $ or US-20130261964-$ or US- :
1 20130166193-$ or US-20130006484-
- $).did. or (US-20110153136-$ or US- :
120120259481-$ or US-20120247510-$ or
- US-20110153338-$ or US-20090234499-
- $ or US-20080065267-$ or US-
120080009966-$ or US-20080009964-$ or
- US-20070188615-$ or US-20070027612-

 USPAT

112:02

Avidbots Ex1002
Page 248 of 260



- $ or US-20070027579-$ or US-

:20060217837-$ or US-20060095160-$ or :
- US-20050216124-$ or US-20050085947- :
- $ or US-20050046373-$ or US- :
1 20040073337-$ or US-20030117862-
:$).did. or (US-10416682-$ or US-
-10386846-$ or US-7211980-$ or US-
- 5790403-$ or US-5179329-$).did.

USPAT

12020/06/20
112:02 |

12020/06/20
112:03 :

'US-PGPUB; ~ OR
USPAT :

12020/06/20
112:04 :

/31 AND (distance OR range OR radius
. OR radial)

_US-PGPUB; ~ OR
_USPAT '

12020/06/20
:12:04 ’

31 AND ((distance OR range OR radius
: OR radial) WITH (node OR confidence : : : 5
OR probability OR |ike|ih00(7:717)7)ﬂ.7l?i7.7 - I

EAST Search History (Interference)

'US-PGPUB;  OR
_USPAT '

12020/06/20
112:07 5

#

Ref Hits

L1 12,55 (GO1C21/320r GOIS17/89or

Search Query

: G01S15/89).cpc.

DBs  Default

ON

PIuraIsg
. Operator f

|US-PGPUB; OR

Time Stamp

1 2020/06/20
11:52

-1 AND (robot map environment
: location position node range
‘ confidence).clm.

{US-PGPUB; AND
USPAT

12020/06/20
11:57

-1 AND (robot map environment node

- range confidence).clm. :

6/20/2020 12:09:02 PM
C:\Users\dmoyer\Documents\My Docket\16356160\EAST Search.wsp

'US-PGPUB; ' AND

G kAL R N

12020/06/20

11:57

Avidbots Ex1002
Page 249 of 260



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: ~ Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

26418 7590 06/29/2020 Certificate of Mailing or Transmission
REED SMITH LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
P.O. BOX 488 (NYC) addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
PITTSBURGH. PA 15230-0488 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name
(Signature
(Date
| APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/356,160 03/18/2019 Jaldert Rombouts P23291US01 4530
TITLE OF INVENTION: SYSTEMS AND METHODS FOR ROBOTIC MAPPING
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 09/29/2020

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
MOYER, DALE S 3664 700-258000
éF%h?n3g§30f correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
-363). E)?a;:;gaéﬁsaii ;]fatli(z/ 31 ;'?glstered patent attorneys | Reed Smith LLP

| Change of correspondence address (or Change of Correspondence (2) The name of a single firm (having as a member a

Address form PTO/SB/122) attached. registered attorney or agent) and the names of up to 2 S]d ha rth Ka pQQr

a- . ., R o 2 registered patent attorneys or agents. If no name is

Fee Address” indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3
Number is required.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Brain Corporation San Diego, California

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual Corporation or other private group entity (L Government

4a. Fees submitted: Klissue Fee [ JPublication Fee (if required) [(JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

X1 Electronic Payment via EFS-Web [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

(X1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 18-0582

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature _/Sidharth KapOOI'/ Date Mmmz&_b

Typed or printed name Sidharth KaPOOT Registration No. 68.159

Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

16356160

Filing Date:

18-Mar-2019

Title of Invention:

SYSTEMS AND METHODS FOR ROBOTIC MAPPING

First Named Inventor/Applicant Name:

Jaldert Rombouts

Filer:

Sidharth Kapoor/Cody Nye

Attorney Docket Number:

P23291US01

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Su:aj-s'l'g(t:)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 2501 1 500 500
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.. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension-of-Time:
Miscellaneous:
Total in USD ($) 500
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Electronic Acknowledgement Receipt

EFS ID: 40687533
Application Number: 16356160
International Application Number:
Confirmation Number: 4530

Title of Invention:

SYSTEMS AND METHODS FOR ROBOTIC MAPPING

First Named Inventor/Applicant Name:

Jaldert Rombouts

Customer Number:

26418

Filer:

Sidharth Kapoor/Cody Nye

Filer Authorized By:

Sidharth Kapoor

Attorney Docket Number: P23291US01
Receipt Date: 28-SEP-2020
Filing Date: 18-MAR-2019
Time Stamp: 14:21:51

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $500

RAM confirmation Number E20209RE22516740

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

95551

1 Issue Fee Payment (PTO-85B) P23291U501_-_2020-09-28_- no 1

_Issue_Fee_Transmittal.PDF
a8f0doc12fobad430a271fd90ch68860219¢)

16ec

Warnings:
Information:
30348
2 Fee Worksheet (SB06) fee-info.pdf no 2
368735cda28d398e33¢535692b8498e0389

Warnings:

Information:

Total Files Size (in bytes):l 125899

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

If a 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

If a timely submission to enter the national stage of an 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

If a 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 of the 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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.usplo.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/356,160 11/03/2020 10823576 P23291US01 4530
26418 7590 10/14/2020

REED SMITH LLP
P.0. BOX 488 (NYC)
PITTSBURGH, PA 15230-0488

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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) WEB site (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 (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

BRAIN CORPORATION, San Diego, CA;

Jaldert Rombouts, San Diego, CA;

Borja Ibarz Gabardos, London, UNITED KINGDOM;
Jean-Baptiste Passot, Solana Beach, CA;

Andrew Smith, San Diego, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 09/30/2025. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

~
J

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.
Application Number 16/356,160
Filing Date 03/18/2019

_ Jaldert Rombouts
First Named Inventor
Title SYSTEMS AND METHODS FOR ROBOTIC MAPPING
Art Unit 36064
Examiner Name DALE S MOYER
Attorney Docket Number |035471.075US2

SIGNATURE of Applicant or Patent Practitioner
Signature /Sldharth Ka poor/ Date (Optional)
Name Sidharth Kapoor Registration | 68,159
Number

Title (if Applicant is a

juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If

more than one applicant, use multiple forms.

*Total of 1 forms are submitted.
A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an information
collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control Number. The OMB
Control Number for this information collection is 0651-0035. Public burden for this form is estimated to average 3 minutes per response, including the time for reviewing
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information collection. Send comments
regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the Chief Administrative Officer, United
States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Doc Code: PA..

T . PTOIAIAIB2B (07-13)
Bocument Description: Power of Attorney Approved for use through 08/30/2025. OMB 0651-0035

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwerk Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OME control number

4 A
R &
| hereby revoke all previous powers of altorney given in the application identified in gither the attached transmittal letter or
the boxes below.
Application Number Filing Date
{Nota: The boxes above may be laft blank if information is provided on form PTO/AIA/BZAL)

[@ i heraby appoint the Patent Practitioner{s)} associated with the following Custorner Numbsy as my/our atforney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTOMAIABZA) or identifiad above:

19751
OR 97519

B | hereby appoint Praciitioner{s) named in the attached list (form PTO/AIAB2C) as mvlour attorney(s) or agent({s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter {form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/B2C.)

Please recognize or change the correspondence addrass for the application identified in the attached transmittal
letter or the boxes above to:
| The address associated with the above-mentioned Customer Number
OR
[] The address associated with Custorner Number:
OR
m Firm or
Individual Name
Address
City I State E i Zip E
Country
Telephone I Email E
i am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

[:] inventor or Joint Inventor (title not required below)

D Lagal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)

@ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s tille if applicant is a juristic entity)

[:] Person Who Otherwise Shows Sufficient Proprietary interest (8.9., a petition under 37 CFR 1.46(b){(2) was granted in the

application or is concurrently being filed with this document) (provide signer’s titte if applicant is a juristic entity)
SIGNATURE of Applicant for Patent

The undersigned {(whose litle is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature Lndy Ne E Date {Optional) I

Name Andy Ng

Tite General Counsel

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements

and certifications. If more than one applicant, use muitiple forms.

@Total of 1 forms are submitted.
A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shail a person be subject to a penalty for failure to comply with an infermation
collection subject to the requirements of the Paperwork Reduction Act of 1885, unless the information coliection has a currently valid OMS Control Number. The OMB Control
Number for this information collection is 96510035, Public burden for this form is estimated o average 3 minules per response. inciuding the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and compileting and reviewing the information coliection. Send comments regarding this burden
estimate or any other aspect of this information collection, including suggestions for reducing this burden to the Chief Admirnistrative Officer, United States Patent and
Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCoilection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. {f filing this complatad form by mail, send to: Commissioner for Patents, P.O. Box 1458, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0-9799 and sefect oplion 2.
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE Alexandria, ¥ O o ooy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
16/356,160 01/13/2025 06:28:04 PM Z ET P23291USO01

Title of Invention
SYSTEMS AND METHODS FOR ROBOTIC MAPPING

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 10823576
under 35 USC 111(a)

CONFIRMATION # 4530 FILEDBY  Sidharth Kapoor
PATENT CENTER # 68718590 FILING DATE  03/18/2019
CUSTOMER # 26418 FIRST NAMED  Jaldert Rombouts
INVENTOR
CORRESPONDENCE - AUTHORIZED BY
ADDRESS
Documents TOTAL DOCUMENTS: 1
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
16-356160- POA.pdf 2 Power of Attorney 414 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)

FF5B63AFEF4A357B1479458A92524460033DSEB7392E98214E
16-356160- POA.pdf 0CFBB82628A35AD0700F3B26C291E4EEC073DFB29155A90C
755C3C7FF93817E2050473445F4E55

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
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If a new application is being filed and the application includes the necessary components for 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

If a timely submission to enter the national stage of an 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

If a 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 of the
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.
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2\ UNITED STATES PATENT AND TRADEMARK OFFIGE
-1

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

Wwww.uspto.gov
| APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT [ ATTY. DOCKET NO./TITLE |
16/356,160 03/18/2019 Jaldert Rombouts 035471.075US2
CONFIRMATION NO. 4530
197519 POA ACCEPTANCE LETTER
Pierson Ferdinand, LLP
1101 Permeylvania Avenue NW. [N T AN
Suite 300 0C000000083423324

Washington, DC 20005
Date Mailed: 01/29/2025

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/13/2025.

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.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/snguyen/

page 1 of 1
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