Locati on-aware robot, and systemfor controlling such
a robot Related Applications 5 The present—
application is related to Singapore pate | ication
no. 200504866-5, filed 12 July 2005, by@ ﬂ”lﬁﬂmwwmg
Xu Jin, Ma Yugang and KanzolCkada, thre e
inventors also for the present application. *1¥iseld of

he i nventjon 10 Th resent invention relates to
: r acki Ls%%lb@_@ﬁem@ﬁms ter fop gantsolling gugh agobeb,
controlling them Background of the invention 15 A
robot is a machi ne which noves itself. For many
Relaieidi Applicationst he novermrent is within a certain area
where multiple obstacles exist, e.g. a house, an
office or a warehouse etc. To avoid collisions
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Robot re the positioning,
trageioansd avaystfor posrtronrng a robot include using ultrasonic transducers, a

video camera or an infrared scanner etc. These positioning methods have one or
more of the following disadvantages: low accuracy, complex implementation,
large size, and/or high cost.

In recent years, positioning using a wireless network has been proposed
[2], [3], [4]. In these systems, the position of a robot can be determined by using
time-of-arrival (TOA) or/and direction-of-arrival (DOA) of wireless signals at least
two base stations. Ultra-wideband (UWB) impulse radio based positioning
systems are preferred for indoor positioning applications due to their unique
features of penetrating walls and avoiding multi-path signals. A typical prior art
UWB indoor positioning system, of the kind shown in [2], is illustrated in Figure 1.
Multiple anchor points (four are shown, marked from “Reference Radio R1” to

“Reference Radio R4") are needed to locate the positions of the moving robots
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know t he positions of the reference radi os. These
radi os al so need to be synchronized and connected to
a central control station. The preparation required
to do this is tinme consum ng and expensive, and in
sone cases nmay not even be 52conpatible with the

oper ati ng requirenents of the environnent.

Fur t her nor e [ conveni ent to have to repeat
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base station and |'east one robot, ase
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ook RES} UEBe Mo R it AR ovieed [ BSEE: O se the ve

pul ses it sends to the robot to transnmt data to the
robot, the robot noving in response to the data.

S ' bot can al so send data to the base
station. Since only a single base station is required
(al though in certain 20 enbodi ments nultiple base

This atvieatien @mirys be ppovade datew wayrtoriecete apobbt's positign, and

ccuracy and enlar e the positioning area), the cost
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thd igeefion and diedre® Bt theaidbot font ’ﬂ'ﬁe tiae0dtafigh AR to use the UWB
deterni ned. The base station can either use the
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relatively low. Furthermore, it may be capable of being deployed in a new
environment at relatively low cost.

If the base station has access to a map of the environment in which the
robot moves, the base station can determine the position of the robot relative to
the surrounding objects. Therefore a movement path for the robot can be
determined. The base station can either use the communication link to send
position information to the robot for it to calculate itself the movements it should
make, or the base station can directly calculate the control parameters and send

this information to the robot for it to simply execute. In the latter case, the robot
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base station. The notion state paraneters of the robot
can al so be sent back fromthe robot to the base
station for it to calculate the control paraneters for
the robot. 5 The base station will track the robot
continuously. One or nore roBots can be tracked by a
singl e base station. The base station may send and/or
receive signals to/fromthe respective robots .
cagder simply Bl povimgenachine 208)the sigstrohinclen gan be provided by the
baes'étset%ﬁ(% nment robot which interacts with one or nore
people; "or a gam ng robot which nmoves to play a gane
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station
advantages of requmng only a single base station (though multiple base stations

may optionally be used), leading to reduced cost and easier set-up.

In a first case, the robot moves independently from the UWB station, and
the base station passes the information (which may be position information
and/or control information) to the robot. This is then a special case of the first
aspect of the invention discussed above.

In a second case, the robot includes at least one tool, the first UWB tag
being mounted on the tool. In this case, the base station may be mounted on the
robot, and the purpose of the first UWB tag is to permit the base station to
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generate information in response to which the too

noves relative to other parts of the robot. Either

aspect of the invention can be expressed either as a

system including at | east one base station and at

| east one robot, or as a netkod of 5 noving at | east

one robot enploying at | east one base station. Brief

description of the drawi ngs An enbodi ment of the
ganevatetinienmatiph imoesnsnsede whick the tool mayesdrkative to other parts

only with reference to the follow ng
°f3?‘(§m13 in which: 10 Figure 1 shows schematically a

KnoVvEitHed ka@bepp@ﬂ meonvmmycfetreﬁe eRpragbd ®ithat ab @as/stdmo
UMB anchor points. (F:;ure shows a first enbodi ment
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[ | ustrates
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15 using a time share protocol. Figure 4 is a flow
e steps carried out in by the first
Ahe 42 station, to control a robot
Aﬁr@mmm@ntaoﬂﬁél.ﬁ\%htmnaﬁm R balCRRErBed RAThE sBke Rk Bxample

Figure 5 illustrates how the first enbodi nent controls
only Mibdefetren@@&megf@llowmg drewingstie whicls battery power

or_curet SHbfis chshitispl EiodHH RrotB0ReRPaGH s bmploying
atredsittwbWiB/anéharpdints. t 0 a desired place Detailed

description of the enbodi nents 25 Ref. [1] proposed a
mond-igUER 2 SAowssa firss ambediraenbel thearesent iawention tacanie! the

a UMB tag using only

mB0EEh b BRI W oL P hlRmBht, ™ 10, ' aPscr oo ¢ hat

t he Rigéra adlusirghes bewdlse ficst aimebodiiment aonwbistmoreTthan dhB robot
t.ag i.ncluded an, omi-directi onal antenna, while the
ufiad @ tpe N3k PIatR¢Qlded an ant enna assenbly with a

pl ur@ahhfe/a of Ffiewehiagran oﬁﬂbeéiéﬁé cmrreﬂ cslmh %/:fﬁe fRdtN

beam di rections non-parallel (specifical _
embpdimentd iyl thariasersiation, tth control a rmtrmmyamt@l iaraestiredrpdace or

aI%RS sdpe%%%réatﬂy a pre-determ ned angle). The base 5

Figure 5 illustrates how the first embodiment controls a robot to recharge

itself when its battery power is low.

‘Figure 6 illustrates how a second embodiment of the invention controls the
hand movement of a robot to move a object to a desired place

Detailed description of the embodiments

Ref. [1] proposed a mono-station positioning method that can determine the
position (range and direction) of a UWB tag using only one base station. That
document did not disclose that the UWB tag might be associated with a robot.
The UWB tag included an omni-directional antenna, while the base station
included an antenna assembly with a plurality of directional antennas with their
main beam directions non-parallel (specifically, two directional antennas with

their main beam directions spaced apart by a pre-determined angle). The base
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station perfornmed both tine-of-arrival (TOA)

estimation using straightforward echo del ay

nmeasur enent, and direction-of-arrival (DOA) by

conparing the relative anplitudes of the UWB pul ses

recei ved by the two antennas5 The two estimations can

be i npl enmented using a conpact antennae array

structure and 5 high accuracy DOA can be achi eved.
stajgomperfomhed hethridne axfartival (DOA) dstimationtusing straightforward
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Figure 2. Two robots 2 are controlled froma single
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U\?\n% agﬁ\{ﬁﬁﬂé%twnoﬁ'%r\ggé?or%?%&ﬁ@z%ﬂ Hﬁﬁg}ﬁltﬁ iWnguls?esblysmg an

omangnresrgnonat apteana. mbdlbaae athtiom® ﬂaUsﬂthé mmmﬂv@d@tms
of ul ses for conmuni catjon onl In sim]lar

. t he
el Ang STEEHRN PO RBOIGhE: 3d coptoBdng feb ke 2 1o more
mSé Wlh??oén@h%hhﬁntmﬂlﬁ%'a”&eéw £6b1 PRk g@tébfrag\ﬁall 7.

used rangi ng, oOr usi anot her dedi cat e
sl otBt-d)lr@IimahQ@mhmnl@t@umxﬁtsmﬂtwesn the base station 3 and the

Q i tion The dul.ation schenes used.in fhe
o L Bl A R sk B e e BR it Pifsing, T date
c&Pbe %@hﬂﬂoﬁpw@seeét@tnoﬁ BaonKeE 65018, QMbyt ﬁ@dn@ﬁmg&hé*gr@urb of the
3 sends to the robots 1, 2, includes ackets of pul se

Pse% psed &yrmangindapr upe akdadicatay time Flolito senrd aigraep ef pulses

: |
fog%pmgggé@@a Qﬂlly H{égw_%Fg)ié&dFHﬁgd%glcga S@% ?é;rﬂpfrérﬁr{@% ggbots 1,2
topthetmsgraiation 8y elter otduiating thesechosbadk pulsS9 usediandnging,

orolat a. Based on_the ?acket i nformati on exchange, the
pedng @pRtheT degicated time slot to send another group of pulses for
communication only. The modulation schemes used in the UWB signals can be
the conventional BPSK, PPM or spreading code etc.

The pulses which the base station 3 sends to the robots 1, 2, includes
packets of pulse groups. Some or all packets may include one or more
synchronization pulse group, 1D pulse group, ranging pulse group, direction-
finding pulses group, and/or puise groups for any other purpose, such as
command data. Based on the packet information exchange, the position of the

robot 1, 2, can be determined and communication data can be exchanged
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robot 1, 2, can be determ ned and comruni cati on data
can be exchanged 6 between them The positioning
informati on and the communi cati on data can be used to
control the robot. One or nore robots 1,2 can be
controlled by a single base station. If there is nore
t han one robot, the base station 3 will detect and
communi cate with them 5 one after another

beseegrethanal Tlye pasitisnisigtiotarmation sandl the sommudicatioridgta ean be

have a respective ID. In the

3., .Each t will
ps%ép%ﬁpﬁélot OrPgIBgot (say, robot 1) just waits and
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recogni zes t he wal

will hbzé alregbeaweelﬂ D. In mgﬁgmamg tasroth (wydrcmcarﬂ)qust waits and

wor Ki ng re ectln the i nconing rangin uj.se -
listenysdrylsesygRngiatad Piihskase stating, %Eeﬁ’qraﬁm%#%ﬁ%hm
eatcﬂ ddpdi the DOA of the pul ses, and/or nodulating a

up o} pul ses for communi cati on. At the sane tine,

t he Dwing timewdriodderibe blase station 3 sends ogt pulssednclading the 1D

xtr ot her infqrmati qn t he con
of Kb . ARSI Aok SeniAe=ghBkand tptwis e Sty Hiatg e
robB?‘I Tiehedvet, Miconizek uisn D anthgarts &foﬁﬂh@%y&bﬂé@tlrﬁﬁmdﬁlncommg

and wait for the next call fromthe basé station

rapgingl RUISes, sendinera aepup ehrulses Brdhabass statishiauwsete find the
OSHH oy Pl d8F Bhod a8 ot bt lefe Weedfimicgton. A

the @ansetimeNtherobben wifl deoisddusateahd indaningputsds to @Xtte&)ﬂ any

to two. 20 Based on the, abgve descripti it can
otbgeirfermgation Bengay eRaine Aoter SHeRanGiRg dull SECkLwith the base

stéﬁ@"?%é 'rHﬁotplo\%/illt refUilH tht ergte‘hr nq?st%[é’ﬁéalﬂfaﬁd)%ft%rlth% next call
an time.

communi cate with t ema e sa
frarthdhe base statiomy Siritaty, onspeuad Jthe aseidtation Srcammunicates only

Wi St 21 B BRegTiea 3 ok et Stk SompiisfisieS HTER e with
th@%@ott P ORSodFsé el fitmbar @ﬁbb@%ﬁ(atnqumsz RBYnéigirkigdd fdtwo.
gosmlon of the robot 1,2 in real ime,- the base
St at

asedoe Ate abpye dReCringion; ihgaerke sgergthatra singlerkage station 3
g, ' t .
i §8reh e ERPRL BT T hEoTeBhR 8% PFindh ™ and
cerhAiun@atel WithdhbreatcthaTaame tineo Mhietafre, Ay furetiohy icag be
the informatjon, the robot

enabled for the robots'by making use of this feature.

In one scenario, the base station 3 is used to guide a robot 1,2 to move to
a desired target position. By detecting the position of the robot 1,2 in real-time,
the base station 3 can tell the robot where to go in its next step. The information
data about the next step movement can be sent to the robot 1,2 from the base
station using the communication link. After receiving the information, the robot
1,2 can move accordingly. The base station 3 will continue detect the position of
the robot 1,2 after the movement and use it as the feedback information to

determine the following movement steps. This loop will be continued until the
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1,2 can nove accordingly. The base station 3 w |
conti nue detect the position of 30 the robot 1,2 after
t he movenent and use it as the feedback information to
determ ne the follow ng novenent steps. This |loop wll
be continued until the 7 degired position is reached.
In another situation, the robot 1,2 can send novenent
state information specifying its present state, such
desired positipedsl reacierk | lerartater, sitaationgthei mobot il ¢hcdresegnd
romit ropscopes nea ur enent s
meyedtery S AT RRER e PO e be Badatts Siieh i s Speed,
aceeraye m\ﬁmg direktiog. §9frémt ik % yroBESH R tricdRupsemtBPetc back

desi red next novi n% position, e base station 3 can
to the base gtatianclvsing h@\vot@,@domaatlmcamm@atlcyuw adsing

thi%ﬁrgfogr@‘ég&t? %% the degHa %%B(P vﬁggpoélg 0 tF% ba%Bostt?t#r?B can

ararre rough

difeatie calelkté omﬂs@d bobm)l pa:rammensatsuam abith acéélbeitlon direction

receiving these control paraneters, the robot 1,2 can
ot Jor the TR} | Seens 88N Nerte e arTAtG < iaynerraBST DHGNhe base

st&ﬁfh Rerdpet Bo%@n@r‘nﬁ‘é‘ﬂlér{ lifd AFRITRBLET; npocgggé;l‘,oﬁﬂ{)lr meters the

designs, as a nachine which 1s ena
roboll 1,2 qaatjhstr sitipiyneselcliteitoeral By this veayntthelrobatst, awan be much
ent functions

| i h.
BRI Spatac® mahy eyt HesBES a8 BeAdraRe v is thabled for
mdderhefGhY, era@hérqhah ahdaldr@npeo eaﬁl@olafs U\ﬁﬁ Ynéxﬁéehéﬂsrc\u of its

Using a simlar process, wth
ln@UQeaumcﬁgnﬁapch essansing @rtoaessmgscwarol @m dan bﬁe'emved

TG efafieus bRy 7 OBt B rvia® 2 Jufl & igidfprocess,
wutrothenmicﬁﬂéege bhtheaboveumding esap, ithe bbb Stataired R guide the
ure 4. In this process the base station 3 controls

rOQO\QEBGP %Y%ﬁloﬁ‘ﬂya peeefi¢ Rath toravaid the gplision with syrrounding
obit@p 401, the base station 3 obtains a target position
X0,Yy0) (in a 20 two-dinensional space with orthogonal
axesh blm:hoﬁlgrgr,anetcglm;bigammit the aboveyprdcess is illeattateg intFigure 4.
om one_ or re input n ep 402, e base at i
ingh§draPsasihe Base SRS contials 8ebolknioh sney bs cdngpof the
rof8 1,0 SBpAFL #hé 8B5S spﬁbﬁr%méﬂ@%@%f pb&fion (R ¥§tin a
posi ti on has beén reached I n st 404 th
tweedimsunsianatispace withgerthagenat axes & andey). 6@1 bym!ctuh@xmg it or

. i on 0] .0 W tar get 05|t|on f .
e i HiBkuSk &pis8 HALS Bislh 4b3: R eBobialibe detgraines the
robBf' © caBENOFOditieN Ihten aD8! thel ihst fatiod B&etérinBashether the

station 3 derives control parameters to control the

targ positignthagebeen reached. If so, in step 404 the method terminates, or
returns to step 401 for the base station 3 to obtain a new target position. If not, in
step 405 the method obtains movement state information from the robot. In step
406, the base station 3 derives control parameters to control the robot to take a
step (Ax,Ay). In step 407, the robot receives the control parameters and moves
accordingly.

One embodiment using the scheme of Fig. 4 is controlling a vacuum
cleaning robot. Cleaning robots conventionally have a “brute force” control

mechanism, i.e., the robot continues moving along a straight line until it hits an
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step (AX, Ay) . In step 407, the robot receives the

control paraneters and noves accordingly. One

enbodi ment using the schene of Fig. 4 is controlling a

vacuum 30 cl eani ng robot. C eaning robots

conventionally have a "bruteg8force" contro

mechanism i.e., the robot continues noving along a

straight line until it hits an 8 obstacle. Then, it
obgidcle. Mgé witl @hdhgedisiddmctitbn b vrevementdo anothezmon-blocked

iBEAID e the b & Minda 8 BnddiR, it BipsPe BRCHR pbdt win

MG SYBESrdds Mord #arPosee WhIlk &t Will nével réresormedther areas.

sone other areas. This wi'll reduce the efficiency of
Thiwilldedaae the eBiciensyry the sleaningiiBwusing the embasiment,

hom?/\%(?ﬂ{ﬁﬁe&grgs gﬁﬂpaﬁ@?nep élhbﬂé‘ﬁf ﬁqe 66%8%%?8 lkﬁgwﬂr fhe

ation can

basé stationcd eaniimgrovebivie dfficiphayof thga clbanlngpbbo‘ﬁtby ptmmnfg its
aths and contro rchQ its povenent in real-t|

As
MNP PRESA plngits GWOV;%‘P%IH&‘ 5ea-tim@. Ae mentioned
be! rbefﬂé d’orﬁﬁﬂ até?mbfé?srcgﬁ% cﬁlPéct én@tétﬂq’}oﬁ egﬂi’gﬁfé)tﬁmply

Therefore th eani ng robot esmpl
expadie. dhereforecthst claamng@ob@i\mamebg lsimpliflesl dras masteatilow cost and

of Wiy, The ik atefirtion BB dRyaE S omalStbs h s, or
cafibd tshriéeté®@tPh FT bha us@l@dﬁmreﬁahﬁlﬁg oNBERC to plan the

enbodi ment using the schene of Fig iIs to control
Oplt'm@@aﬁlﬁjm cl eani ng robot, or nore generally any kind

nor naqﬁ%er & Bﬁ%t%lﬁet%ﬁ\%éjceheﬂﬁ?ﬂg@ 4 lﬁo élsthgr\f;a,rcuum

ower vt ed rgy
cléah&n@aittcﬂr o, mohe geuémmy apyveimd of rabut, tol reaha@ ifgelfc €saning

cannot be v )6 h, since_otherw se
ro %tér?é?gﬁ@é"\ﬁﬁla atis g’P%‘ﬁ%"erdeH)UQ’ﬁo tf‘ﬁé'”?'?&m%mjgﬁ@f the Batery. the
@utﬁym th@% d¥hind rdﬁe%% CQF‘I bt BLRLRS gﬁ sinbg oﬁ%@%

Ig. 4 can e use to av0| such i renent
frmueahmlrmges woald béosquirad. Hithe rEchémgmg ishdoneobyea human
st or.ed. 0 the raob 1islo , data p
b BOuDSalRy SherschBms o bn cBRuf fSEHE Svoid sucn
rebieérdgat. MHeOAmEhd&HehtgidsaHowh Frﬂal’g SaWhenEi%e‘ﬁWér@ored in
the site (xo,yo) of the charging site 8, the base

thgtr@twtanSQOWaHWegda@eoacﬂf@t& barsmitied by thegohat 14ayhe base station
> ERABEIF P RBH ek Py Aol AP SR o e
crmegihgrsitera the baBe fseatioRCd care guidentheNebobieoit afsithdeany: he
intervehing obstacles 5. When the robot is close enough to a charging site 8,
appropriate magnetic mechanisms 9, 10 respectively on the robot and at the
charging site, can be used to drag power plugs of the robot (not shown) to meet
power plugs (not shown) of the charging site.

The other embodiments may include the following situations: 1) The robot
may be a health care robot that is controlled to move a handicapped or elderly
person to a desired position. 2) The robot may be an entertainment robot with a
TV, PC or speakers mounted within it, and may be moved to a target position in

front of a user to allow them to enjoy its contents. 3) The robot may be gaming



10

15

20

25

30

25 charging site, can be used to drag power plugs of
the robot (not shown) to neet power plugs (not shown)
of the charging site. The ot her enbodi nents may
include the following situations: 1) The robot nmay be
a health care robot that is &ontrolled to nove a
handi capped or elderly person to a desired position.
2) The robot may be an entertai nment robot with a 30
rofiet, thetomeves fe arY esgaroe suel as un-and-catched faetpal avitoy gder, or

t user to allow them
mc! oztrrﬁtegépr%{ %érﬁl%%pg&sqaf%@ rlog)%gst may be gami ng 9
r obGig tAlistrareesa furthied entb@imens bt thedfvéntibraRHafing With the
or football with a user, or indeed there nay be a

- eagieseambediments i fegtyres of Sronm-gtatigninosiiioning ard swo-way

co%fjnlﬁétl&wggh%%&? R‘Fe'?)? thBUS{Y &?TIOI’IS hand ﬁ%théJ‘oﬁ% central

earlier enb ‘eatures of nono-s
“‘bpdy’i parbom o aaabot Wo- ey base stationi hastaroantehnatstiusture 14. The

rofhff ieTudeis A o, hak gt Bechpeahmanpati.device (hand
165 il diRg RAfrsEOVB ERNAR. Phé a%u'@calﬁl be Théved féﬁ&tve% the body

included an arm 15, having a nechani cal mani pul ation

of dlee reot (Mhandthe "ha&)d’ tiecanialeg ke ppered ans closedls graber

oSz e ThEHBS, L ICHSL Rt BrbIE safie il fpotor

(eBhetxantrolied iyl thasasarstatiyrest noffha seebd UVEBItagAlosie located on
preferably capable of translational notion (either

ancepieciol §. épdoShetb&seoﬁgtéO%ﬂ atuses toe tehinjques disewsredagpve to
flntd‘"’iﬂe]p%sﬁt%gl usﬁé %%hééfﬂ d giﬂwoogér‘?t%l A8 ard"s ltohrﬂogé‘?ﬁe > object 18

es t ues di Scussed abov
toWarm;aItwgpbpoa;ltlonZOf t he Obj ect 18 and control the arm

20 A SRBle A a0 caon e APPYR SEROTIRdS BRI ghe robot

coﬁ@é’l@f@sdrﬁe‘j&bd Bl pthbEs H8RGErous WMUPHhsS PBE ek&Ppid, I"'t can be used
pl'aces dangerous to humans. For exanple, it can

in @suciea rmwwmreqatlmwant yérese siuedn the Argh Immt@nd aemeqobs

some jobs nust be conpl eted by
mF%‘SD%]E%P[?q%%g&HgSOtSXaan e, the base station 13 is not
nmounheshodtiert d@npleotheldase 8tiBHY 3ii8 nat fiowdted 66 #hé Rsbot 11,
where it controls the novenent of the robot to in turn

bigdmerfiedt peatipsy ariane itorontiels B15) @evemeist ef theaobphto in turn
cc?,g,@éyf@%,{r?%ﬁ\e\mg?%eaogjgg{ (e.g. a hand) is controlled

Note that in applications where a tool (e.g. a hand) is controlied to act on
an object, it can be useful for the position of the tags 17, 19 to be performed in
three dimensions, not just two. For this purpose the number of antennas in
antenna assembly 14 of the or each base station 13 is preferably at least 3, with
their respective main beam directions not being co-planar, and being spaced
apart by known angles. That will enable measurement of both the horizontal DOA
and the elevation DOA. The implementation of 3-D positioning is also disclosed
in [1].

Although in the embodiments described above, there is only a single base

station 3, 13, the invention is not limited in this respect. An alternative
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an object, it can be useful for the position of the

tags 17, 19 to be perforned in three di nensions, not
just two. For this purpose the nunber of antennas in

25 antenna assenbly 14 of the or each base station 13
is preferably at least 3, wit(h their respective main
beam di recti ons not being co-planar, and being spaced
apart by known angles. That will. enabl e neasurenent of

enbhodimeng inetudesonbee tHaD‘oneabase btatiohgeath ohwbioh is Tidividually

[ e t D positioning is,also disclosed in
capaPle"dfihitis, BRltrihe ideboR AbHcNEReS 56808 Ar Kade B85 motinted
fot BRdrfipleSorPfdspedtivé REdts DRSS basé atdtioRs Inayl Sominfishicate with each

invention is not limted in this respect. An
other: Addtianally 1erchebdsristalinn May: comeynieate wilneadhel thegebot(s).

Vi L
Trﬁé Q%ﬁé;rgeé%?ﬁcﬁ% ﬁéee%l\ﬁ @?{‘%a}ﬁ tﬁ% d&q}gﬂ Ar%ac&ﬁ'géglf& t% robot (s)
sit@gmorenthan ede nfearsuesrasnl of the positipecdfitie rob«bws)scanTb@

base stations y mmJni cate with each other.
obigiped; bcaniaso ke gaé’ﬁeaé% dncease Bie waking AramPtiResystam since it

.s%egabféfmfah@h@ﬁ%oﬁdb%sﬁ.ér bé.t.aﬁm@e@ﬁ@ﬁ@ V&6Fh e base
I ncrease the positioning accurac or t ot(s)
stgliorcis weale thésignahomeasathenbase etatnohes pbrengi on of the
robog,(,s an .be . obtajned. It n al so,. be, us to .
| ner eV E R RhPaen o R PSRt nHES bepf deseribed
he?es sharyevaritfonehfs possDROWithi the @oB@Sdftth@ ih\)é!ﬁﬁbﬁ atsmiafmed

signal fromone base station is weak, the signal from
byaiet Rresemaalaims, &isiwill biesclear torg) skilied peadﬁfugh only a few

enbodi nents of the invention have been descri bed

here, many variations are possible within the scope of

Réfeeendsgent i on as defined by the present clains, as

wll be clear to a skilled reader. References 15 [1].
Xi aobi ng Sun, Jin Xu, Yugang Ma and Kanzo Ckada,

[1 gposﬂ(l'ébﬁm NGhun, Mk %dq u Wé%ﬁW%S%%&E’OQEBP

i ngapor e patent ap on no
Méthatis| and28¢&emiBHfer UIWBIDJ&\M@ 'pSingapsrelpatemé application no.

2 et AL BBl SO e L a5 ey
in%&%?l%ggergﬁggt U S. Patent No. 7,069,112 B2,

[2]. Susan J. Glenn and Gregorey A. Shreve “Method and System for
Controlling a Robot” U. S. Patent No. 7,069,112 B2, Jun. 27, 2006

[3]. Akira Maeki “Location Aware Automata” U. S. Patent No. 7,170,252 B2,
Jan. 30, 2007

[4]. David R. Oran and Silvano Gai “System for Dynamically Tracking the
Location of Network Devices to Enable Emergency Services”, U. S. Patent No. 1,
149,499 B1, Dec. 12, 2006
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[3]. Akira Maeki "Location Aware Automata"” U. S
Patent No. 7,170,252 B2, Jan. 30, 2007 [4]. David R
Oran and Silvano Gai "System for Dynamically Tracking
the 25 Location of Network Devices to Enabl e Enmergency
Services", U S. Patent No. 1, 149,499 Bl1, Dec. 12,
2006 11 dains 1. A systemconprising: at |east one
robot, the or each robot including a first UWAB device
Clgimrs 5 generating and receiving UAB pul ses; at | east
one base station, including a second UAB device for
generating and receiving UWB pul ses, and arranged to
1. det @ sgstemtdugnphiisiegt i on and range of the first UWB

devi ¢ to generate data fr d
o ash Bl enser ik Oraach fepats s ngu s LB Ueyi R
ern%Pé% bgddw,g;c,@wl@(\?gth&g&cel ve the data and to nove

inre ponse to he dat a . A system according to
cl aiateast pnathiask siammnm@adnn@ra gecend VR devise fongenerating

angd R e BIRRS: B oMobRf 48 Hefting 1 Birstlp and range of

th@)ﬁtsrtaﬁNBtdtﬁ/@e)rfmg@n@aétem@abm fHeotliré dtion MR pIHgEeaNd to
15 3. A systemaccording to claiml or claim2 in
trammhth@rf@t@a%@%%?a@m ludes an antenna structure

| nclypdi ohtdHeih §arhn t@Pé@é‘v tHAY A% A ERPRBVL Y, nde to
ingatenged t e

beam di recti apart yapre et erm ne
theidatz:base station determ ning the direction of the

f t ing.th I

2. apiA BURED SreTAEaNETRT SawPILrB Byeaife data s gapoded i
thé\MWBrBLﬂélébaﬁanQrﬂltFéd By feséesadtfiet UVB devidd, #hésdeond UWB

claim?2 or claim3 in which the data is p05|t|on

devigeobeing iapiangeddpfaxtiagt theecqriunicatioprdatadrom B UVWRB pulses.
bo
{ge % og&gﬁg%@é& entgtcléol& ey é:YaﬁmC?ﬁ'l Wﬂ%hﬁ?é%ﬁ%@sﬁaﬁérﬁ’m
incdlades ad amaereme stroctube m%lqnylsg GM%sttwmi antprina Avimgrespective

B BAASD GTECHvlah SRR GSHLABRR PoiSPRGCR SRR GPeEd T base station
détéﬁ‘ﬁﬁﬂf@r%erﬁ?ﬁﬂﬁah%ﬁhe first UWB devices by comparing the relative
amplitudes of the UWB pulses received by the at least two antennas.

4. A system according to claim 1, claim 2 or claim 3 in which the data is
position information specifying the position of the robot, the robot being arranged
to derive desired movements from the position information, and to implement the
desired movements.

5. A system according to claim 1, claim 2 or claim 3 in which the data is
control parameters indicating actions to be performed by a transport mechanism
of the robot, the transport mechanism being arranged to performed the indicated
actions.

6. A system according to claim 5 in which the control parameters are
generated using a map of the environment of the robot.

7. A system according to any preceding claim in which the robot is arranged

to transmit movement state parameters specifying characteristics of its
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of the robot, the transport mechani sm bei ng arranged

to perforned the indicated actions. 6. A system

according to claim5 in which the control paraneters

are generated using a map of the environnent of the

robot. 30 7. A system accordilg to any preceding claim

in which the robot is arranged to transmt novenent

state paraneters specifying characteristics of its 12
monseresrsrio the bake statsm, theanbasm statiom drapleysigaheonovement state

L oyi he nov nt, state paranmeters to generate
pai%ﬁgf)%%?cgggg_gra,&eg%@%éﬁaac.cordi ng to any preceding
8. cl aiAnzystemhactdrding to @Pgtpresedingataltin whieh e oA -vacuum
5 9. A systemaccording to any preceding claim

cleagninthit®tt o store target position data indicating the
okt ¢ o . .
9. PosSig %}é&g?ﬁl aébo‘f'@lﬁp% %gagré&é@gge&%ﬁ\, ra%ﬂgteg 2{3 Eg?rettgrget

arran upon a Fow p S el'ng d
positive data trdicatineg thergpsitiaraoi achadding Atadipst e @bob bdingg

arigoRBuPS RAOW e Riote Pelnd Gleterted o Miave iy Mia e argind
stdtRjmat i ve to the rest of the robot, the first UWB

conmuni cati on devi ce being associated with the tool,
10and A pystert araosdingdp myareeediag danm, évwhich ¥egirgbahing|udes at
i , t th
o4 BB o o BR0 K b e 1B B B o 8P roc

thag:sb rlﬂNBgcdmrrmmjcamingmi/iiolzsgb@ihgijadﬁsof:ilatédl‘lwgth ithe tcu?,i ad ée

ject 15 associated wth an additiona levice for

acgtét@rr Beind frigngesiioseseivesaid data. harely,saiggiaig controls the
' {,at | direction of the

maggl fé’it‘ﬂo%fgr‘éggg%ﬁhggg%ghﬁtg@)qﬁ%%tat e data for

11contA sydtengacdoedimg\toramyt preteding alaibyfuitmeniatlatingran object

the .opject. 12..A system accordi t recedin .
asspapifg Waf ain A R O gBnettte Rl HuBeS B ke station
beimfoparive ttadetstd the digande ahd dibcGSHTBLReCRIdithal H3vice, and

syst em accor di nc}; to any preceding claimin which there
theiieby ganerptecdataiter compiling thenmoyemeat af thesiebst i fiekation to the
obi&it.ng arranged to conmuni cate with the robots

equentially, the UAB pul ses transnmitted fromthe base
15t atA eystenchcabrdipgato drly preceding claim including a plurality of said

base stations, the base stations being in mutual communication.
13. A system according to any preceding claim in which there are multiple said
robots, the or each base station being arranged to communicate with the robots
sequentially, the UWB pulses transmitted from the base station including an ID
specific to one of the robots.
14. A system comprising:

at least one robot, the or each robot including a tool associated with a first
UWB device for generating UWB pulses; |

an object subject to operation by the robot, the object being associated
with a second UWB device for generating UWB pulses;

at least one base station, including a third UWB device for receiving the

UWB pulses from the first and second UWB devices, determining the direction
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specific to one of the robots. 25 14. A system
conprising: at |east one robot, the or each robot
including a tool associated with a first UW device
for generating UWB pul ses; an object subject to
operation by the robot, the Idbject being associ ated
with a second UMAB device for generating UB pul ses; 30
at | east one base station, including a third UW\B
andaange of the fiest endisegond éJWB\/@\p@@sS @ndfgenearatirg fiptas the tool

oo e G 1 MR TP onsh o SR v Gevi cos, and

1sgen@r gystem akedoadinghe dami 14 brewhighathe bagedstaiiornviounted on
tJins)onse to the data. 15. A systemaccording to claim
th qﬁfo whi ch the base station is nounted on the robot.

165 16\ nAth&d BPH‘lO@fng‘TQYét%i iRcilalRta w&'qu%rﬁmLhrc%&io%vice

conmuni cati on device for gener at | ng an receil ving
fopgenerating kedrecéivimgounpes. shagnethbd cootmisingener at i ng

UNB .pul ses; at |ea ase station receiving the
tﬁ% @%@ ge&&r%t?r}ﬁsﬁvg%%y?sgﬁf themthe direction and
rangse |edstione adeoitatiom deddiving thé UWB plides, detdridninglfedm
10 encoded in UWB pul ses; the robot noving in response

ther tf‘ﬁé"@&f'@” angj-,rang‘e ﬁéfﬂﬁ)fpbéﬁc@ﬂ%tf?g‘%ﬁ'@ga%’f? e thfh robot

entBbel in SRV hﬁ}@éﬁ recei ving the UAB pul ses includes
recelving the pul'ses using each two antennas having

r espgbetrobat mawngbeaespbnsectbltbesiaﬂ;@aced apart by a 15
red term ned angl e nd i.d st.ep of determ ning the

T ré§ HIQNa F‘Né’%f%t?oa 'P@ge@onpari ng the

rel afdiey stepex Hebéﬂﬁ% e UWB bUBeB ih@eSed %‘c%'i\ﬂﬁéitﬁé’pblgés using

two ant ennas. met hod according to claim16 or
eaghdwe antenpashipeiRgiraepective meinpkramidigctions spaeed apart by a

prgegfénfnm&)gart\é\ e%q;i tion of the robot, the robot

eriving des 0 novenents fromthe position :
i nf craidstepiof datdrmimingetiendiretdionhsf tilke soict Compmrisessardraparing

the relative amplitudes of the UWB pulses received by the two antennas.

18. A method according to claim 16 or claim 17 in which the data is position
information specifying the position of the robot, the robot deriving desired
movements from the position information, and implementing the desired
movements.

19. A method according to claim 16 or claim 17 in which the data is control
parameters indicating actions to be performed by a transport mechanism of the
robot, the transport mechanism performing the indicated actions.

20. A method according to claim 19 further comprising generating the control
parameters using a map of the environment of the robot.

21. A method according to any of claims 16 to 20 in which the robot transmits
movement state parameters specifying characteristics of its movement to the
base station, the base station employing the movement state parameters in said
step of generating said data.
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19. A nmethod according to claim16 or claim17 in
which the data is control paraneters indicating
actions to be perfornmed by a transport mechani sm of
the robot, the transport nechani sm performng the
i ndi cated actions. 25 20. Al#ethod according to claim
19 further conprising generating the control
paraneters using a map of the environment of the
22¢ obét mefhind acaonsdingdotyorfdilaigs 6 tny1 gt whichi e robot is a
20 1 n, whi robot transmts novenent state
Vaﬁglﬂrgr%?aer}'ﬁggﬁgogl fying characteristics of its novenent

23t 0 tAheetivabaccirdingan, ariyhsf diaines $6 & D O fureiigr cyrpigsitde
novenent state paranmeters._in sgl d 30 step of
genéeiaGting aslamgPewenstaie of B roROket hod according to

any yof r&dcﬁ'nﬁ@wﬂ-&té 9 c%%ngﬂﬁ%tgh folF‘?eél'Pat?gé. is a vacuum

cl eani ng robot od according to any of
24c| aiAmmeti®od acczzrdfngrtpmy ofwianisifite 23dtb18erobbhg1cwdiwt least

th bot h t
oritloTd, 30 R et Borionang el sH86% e 3% bR oRgt. the
firétQUWHB corhnfiiniddi®nldevice BSingtdigotksd witA Qh@ f&bcﬂgth%t method

| east one tool and an actuator for novi n%fthe t ool

comriging, ther actuater recqivipg spitbdatsid aggidi movumbf the tool
reﬁ%ggtﬂn@m@g&gf%vb%%tbel ng associated with the tool,

conprising the actuator receiving said
25at & aethed accatdirg) tyJ amyoingjaiofis 1 6do 24 pfurthed imalliding\ae object

assgialc wiaARACdiigA SFYice ff aeRerEB (VP ahco edse station

bﬁ@eséﬁneé t&ﬂdbtbc@rﬂhéle%ﬁ@@fhd dRYEch bOtheGRIMIGHd! BBvice, and
ul ses base station being operative to

thelmbe/cgertelﬁ@tecnaéa dorceordradling thecmpwement ehibeaedpt ingetation to the

devi ce, and thereby generate data for controlling the
tﬂ%‘f}errent of the robot in relation to the 15 object.

2626. Anfathbodcesrcingliongny of elaimofi6¢d 26h waldhahé&tep of
whi ch the step of  receivi nog t he é)Pu' ses I's
regaivingr thed W3 BUlﬁﬁﬁu'SaP?'ff?r%? By adPlurality Qk 3aid bgse stafions, the

bén%tsﬁggéﬁébé’iﬁ u‘?‘?ﬂ\d{GalébrﬁH?.u‘rﬁﬂ%atﬁﬂmmn' cation. 27. A

accor ing to an alms 16 to 26 in which

2F.her& neetbodnalccolireg tc29n}s af daimoddt40 26He vahick dhdrelzas enultiple
sasl Ay b&s t %rglrfue%c%%ase stW{Kt)rrl] cgrm?nﬁr%ggttmsg With the. trobots %équentlally
the UWB puises transmitted from the base station including an ID specific to one
of the robots.
28. A method of moving an object using the tool of a robot, the tool being
associated with a first UWB device for generating UWB pulses, and the object
being associated with a second UWB device for generating UWB pulses, the
method comprising:

at least one base station receiving the UWB pulses from the first and
second UWB devices, determining the direction and range of the first and second
UWB devices, generating data and transmitting the data to the tool, and

the tool moving in response to the data to act on the object.



the UWB pul ses transmtted fromthe base station
including an I D specific to one of the robots. 28. A
nmet hod of noving an object using the tool of a robot,
the tool being associated with a first UAB device for
generating UMAB pul ses, and tlhe object 25 being
associated with a second UWB device for generating UAB
pul ses, the nethod conprising: at |east one base
295t at\ mathascasaardigottaeiaingd in whishithghasgestationsis rgaunted on
thsﬁﬁﬁﬂd UVB devi ces, determ ning the direction and
?ange of the first and second UWB devices, generating
30dat A methdd acording toglaihe2@ pedotraed lire ah @plviroame:n8 Batperous
tool nmoving in response to the data to act on the
fordWjra@es. 15 29. A method according to claim28 in
whi ch the base station is nounted on the robot. 30. A
nmet hod according to claim29 perforned in an
envi ronment dangerous for humans. 5



