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1 Location-aware robot, and system for controlling such a robot
Related Applications 5The present application is related to Singapore
patent application no. 200504866-5, filed 12 July 2005, by Sun Xiaobing,
Xu Jin, Ma Yugang and Kanzo Okada, three of whom are inventors also
for the present application. Field of the invention 10 The present invention
relates to tracking the position of moving robots, and also to controlling
them. Baokgtiumevedthedbeéint siSkeroliot catndciurseivhizhonoies
itself. For many applications, the movement is within a certain area where
multiple obstacles exist, e.g. a house, an office or a warehouse etc. To
Redatsid Avitbicatiobetween the robot and the surrounding objects, the robot
needs know its position relative to the surroundings. The traditional ways
for positioning a robot include using ultrasonic transducers, a 20 video
Theapiess of appiiteiied iscataiedde Sihgsppesitdantgpmitatishave one

)kt Iloyvi ' : racy;compl
e e e i S g R Fhgang and
Kangsitiokatpubimgeaal ndlens arsnvork iatsden ioroiiespieRn{3ippication.
these systems, the position of a robot can be determined by using
25time-of-arrival (TOA) or/and direction-of-arrival (DOA) of wireless

Fielig od thatimsaatian 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

Thagrage inprialipnicelates WaRrankéty osineaitignsosmeyingtiabrisdand also

to %(ﬁwelimézghg#!ustrated in Figure 1. 30Multiple anchor points (four are
shown, marked from "Reference Radio R1" to "Reference Radio R4") are
needed to locate the positions of the moving robots

Background of the invention

A robot is a machine which moves itself. For many applications, the movement is
within a certain area where multiypte obstacles exist, e.g. a house, an office or a
warehouse etc. To avoid collisions between the robot and the surrounding
objects, the robot needs know its position relative to the surroundings. The
traditional ways for positioning 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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2 (shown as "Robot MI" and "Robot M2"). Before the positioning, it is
necessary to know the positions of the reference radios. These radios also
need to be synchronized and connected to a central control station. The
preparation required to do this is timexconsuming and expensive, and in
some cases may not even be compatible with the operating requirements
of the environment. Furthermore, it is not convenient to have to repeat this

(shwecass fsteadh nan@ntipbainida) ) nBakusttbe casibaninall s oresieasl to
knoW%‘%@ﬂﬁi@w@BﬂiP@re‘ﬁé‘f@ﬁb@Yaﬁig@ YSieg R This, iﬂé48||8‘{8lrb§ims

to provide a new way to locate a robot's position, and optionally also _
SYNeBRAIERY AIMLERTEHICted 1R girstiplcrAtdrehelaiigantidie prtsisesian sequired

to diyshasearhdhIHdURRYIes st dranismitied iR Q&ﬁhed&rggé@;a‘%é?%{ﬁ%ﬂ be

base station and at least one robot, the base station being c F_pa le .
COMRAME e IWRSRISES!ID FetRMS B RINRPT BB eREan HEhestget is
not GoeeFIBAL feomajBadasseaating proddad re R WNER RIMSRS HhseRd$ 0 1cast

the robot to transmit data to the robot, the robot moving in response to the
becgyge BRHRINANOFRsIona: KARYRACS Ir8ari s the base station. Since
only a single base station is required (although in certain 20embodiments
multiple base stations may be provided to increase positioning accuracy

ning area), the cost of the system may be 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
ThigimyeriRR SRR RIVIHERANE WorehoihIBtRis dHOBase ResiiiRNcaRd
optRgiennEeshe pesitieneblikereiot relative to the surrounding objects.

Therefore a movement path for the robot can be determined. The base

StatBrPERT A Mo AU AR A LB GRS or PRI B ses

aret@die oot fer icio caleutadibelivae e e sistibshmicemaket shthebot,

ase station can directly calcylate the control parameters and send 30this
ey R SRR TORRABIR D ST W PHIAFS ISP (ibtain both

therabettidn and distance of the robot from the base station, and to use the UWB

U

pulses it sends to the robot to transmit data to the robot, the robot moving in
response to the data. Optionally, the robot can also send data to the base station.

Since only a single base station is required (although in certain
embodiments multiple base stations may be provided to increase positioning
accuracy and enlarge the positioning area), the cost of the system may be
relatively low. Furthermore, it may be capable of being deployed in a new
environment at reiativepty 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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can be simply a moving machine and the control function can be provided

by the base station. The motion state parameters of the robot can

also be sent back from the robot to the base station for it to calculate the

control parameters for the robot. 5The base station will track the robot

continuously. One or more robots can be tracked by a single base station.

The base station may send and/or receive signals to/from the respective
canrbectiTdy demaiipg Thadiinezat) tbbatanig! hermiienteataiveniovidedtby the
bas\gfg’@{igﬁ_eracts with ~ one or more people, or a gaming robot which

moves to play a game with people 10or with another gaming robot, or a

senibé ropboivRistetaRsarariass sl Ede Grrchirirdre seal baskdinom the

robBERIRG 2RataphieR automaticalyisieans aditHse 4 araiestion m“ﬁdrobot.

distance of the robot from the base station may be obtained using the

Theririe: Staiion VIV B Fdsilioning P BERAURIK B SydieeRe robsispeee
traéﬂéé]by@%i%}@b%‘sﬁ%%ﬂ.Wﬁ@@%@e@%‘ti_@ﬁ%@ﬁ%@%@ﬁﬁmg r@'&%%

~ 15order) as well as a bi-directional communication’link. A secon
signalsderseemdhpvesnssipepetetshasadibincludes a first UWB tag, and

an ofyeqdrdR R hapatad dy teearpBatdearie RN Bl with

base station receives UWB signals from both the UWB tags, and ;
ONgfMANfRAPRIIRICE GPENDS ARBBL ¥ RisthrapHRs tayR!ax gaenenyith people

or WRAYIRKELQYBIAMAHIHRCSPEINRG I aIBBHRARTGDRIKBASR IF older people

manipulate the object. As in the first aspect of the invention, the

or Rl pe MagGivEE Rl anNhIaget Whikh altRglsRl rgRBasBouse.

statipRd iesetb MR iSRS Statigis ot apienalbhsd sedlotcafipHio
reduced cost and easier set-up. In a first case, the robot moves

obtainsserRiBe )G BIRMRSIANRS LLAMBrP asitosuReAnssersnBhiprlieR S YRt M
prd piyeaaion (WikRhuwas @?ﬁ@ﬁﬁti@éhi@f@migm?ﬁ}déﬁﬁﬁgftgmfm@@% cm
el

to the robot. This s then a special case of the first aspect o nvention

ordgELas Wl Asuddi-directignakerpiauicaliondifdhot includes at least one
tool, Ahe fissid BAFe G PaIBARDEH IR IREIHS® Bhalnetishe R thR Daskrst

station may be mounted on the 30robot, and the purpose of the first UWB

vaa%ti% BT PREREIR Readiatled by the robot contains a second UWB
tag. A base station receives UWB signals from both the UWB tags, and

determines the direction and range of both of the tags, and thereby generates
information according to which the robot moves to manipulate the object.

As in the first aspect of the invention, the second aspect gives the
advantages of requiring 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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4 generate information in response to which the tool moves relative to
other parts of the robot. Either aspect of the invention can be expressed
either as a system including at least one base station and at least one
robot, or as a method of 5moving at lgast one robot employing at least
one base station. Brief description of the drawings An embodiment of the
invention will now be described for the sake of example only with
generaieitenvatiendowrPErimySiah Witcleol oryiese relstivevtp other parts
of ieehemgtically a known robot positioning system employing at least two
UWB anchor points. Figure 2 shows a first embodiment of the present
invetRRr fe6Rtref the MYeBHMENES BIRIBISHR RF sRCIRIBST @virsiRient.

inclTiGHEE=3 iddstratRs i hiadistembadimenbranisels: eprethanansdoot

15usm(_? a time share protocol. Figure 4 is a flow diagram of the steps
moxkiEiEd 1688 1PPG 1RE S SreRBEbmhRENEBFtREDRSSSEIAER MO control a

robot moving to a desired place or along a specific path. Figure 5

Figure 6 illustrates how a second

AnenReifaent of the inventien cantiels the dandinQyesrent bR Ypeikidnple
move a gbject to a desired place Detailed description of the embodiments

onlyaily refersRpR R 42 1OIRYISRAEAYEBS oMM #RBEhod that can determine

the pegition ¢pbge abH shiagtian) Qf@bwaé@@%ﬂi@wy@@zs@@ﬁﬁemploying
station. That document did not disclose that the UWB tag might be
at Igash SRS WRIPAFBBOPOIMS - UWB tag included an omni-directional

antemigaravhidh digshasessativo dieldedranaptensatassemiy wittoatrol the
pIuralit)%)f directional antennas with their 30main beam directions

MAYSMRH AR RIS AN ARG PG SRtennas with

Figure 3 illustrates how the first embodiment controls more than one robot
using a time share protocol.

Figure 4 is a flow diagram of the steps carried out in by the first
embodiment by the base station, to control a robot moving to a desired place or
along a specific path.

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 assembiy 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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their main beam directions spaced apart by a pre-determined angle). The
base 5 station performed both time-of-arrival (TOA) estimation using
straightforward echo delay measurement, and direction-of-arrival (DOA)
by comparing the relative amplitudessof the UWB pulses received by the
two antennas. The two estimations can be implemented using a compact
antennae array structure and high accuracy DOA can be achieved. Using

statigsttp gritomosd At eOkaRyRhEkEH tretiostivn usitngstmightigyward
ech@@él‘c’@ tadBehanscriation e beoretprapngd DOEP@;P@&%QE%%&%

UWB based roboteP05|t|on|ng and control system is illustrated In

relafiyR 26381 4es AidloMWawe Fesalebakdaineneatennasinghetwo
estifHABAS SHNSHNEHIMECRN 4 RG e GOMRACE AIESHRS AHaY %&w%

[1]). The base station 3 sends UWB pulses to the robots 1, 2, and

highReRHIRY dehd SgRAs @ahmﬁ@b&m Bytihthrobd and tBadA@Awhich
infdtdfafod WReGasemyRisatien JeMr e reariking MR IHNIHWE:

pulses using an omni-directional antenna. The base station 3 finds the
detpEapiRetve distances 15("ranging”) and directions of the robots 1,2, and

conmats heicalets fbr Uy Beseda adhigsanBranyimrmentBridiasas
desk 4, a sofa 5 and even a wall 7. Bi-directional communication

uliaLed BB fEHFPie bYSILRRBA & %8 SR is Hom proinelm base station 3

ha\)m@@m@ﬁt@drﬁ Hesame4inn s thrajanging dhestiaaaahasapsfrom
base st to tge robots 1, Za% modulating the group of the 20pulses
9 ic é%?

S”{%HEFfB pigSe R ARAdM IR e Seh Pt SaBYP fuldednd

me&mememmm@@nalgﬁanma@a&mmﬁ@a@mm be sexntrrerwiien has a
bots 1, 2 to the base st tion 3 b either modulating the echo back

AV RIA NI Pﬂéﬁ?ge H&@?%E&%ﬁ‘ﬂé‘g'ﬁﬁwé’w& RYsigscHsing an

omandum@mmfmxﬂaesrf@ [sesenatticationiaatythENe shedulaliangsherges
g used u} the UWB {sp%nal an b 75 mcon entional BPSK, PPM or
IYES

("raeingi Ry E S ESE 4 cuimlshedRbotend? {9 mere

in acbivﬂtg-loammludesmankmsloﬁmgj% meums.m%aw RIEKEESBRY
include one,or more s nchronization pulse gro Ise group, ran
[ izati gu tgé%%% u up o] tlcﬁ’e

oI SRR R IR HB g o e BhiREGRARAR Gy
rob«ziﬂse‘r Ruifdsezsubb aadocmmtvdnd teiasdbaseitheratthpatikeiing. The data

oo B S Sl AR SR & o ST TSR ot v
pulses used for ranging, or use a dedicated time slot to send a group of pulses
for communication only. In similar way, the data can be sent from the robots 1, 2
to the base station 3 by either modulating the echo back pulses used for ranging,
or using another dedicated 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, ID pulse group, ranging pulse group, direction-

finding pulses group, and/or pulse 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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6 between them. The positioning information and the communication data
can be used to control the robot. One or more robots 1,2 can be
controlled by a single base station. If there is more than one robot, the
base station 3 will detect and commugicate with them one after another
sequentially. This situation is illustrated in Figure 3. Each robot will have a
respective ID. In the beginning, a robot (say, robot 1) just waits and listens
betwepltwyeheeaedityning besaaiiwnaaddntecominesicadoD dathigan be

use@etﬁE}bBﬂﬁlé‘FtthBlfHBQttime period 1, the base station 3 sends out pulses
including the ID 100f robot 1. The robot 2, recognizes this, and remains in

the W2atipraeite MRS dbdrcantiverst rked givises e e aarissedies. If there
is mBPENRGPY & HEEERAARGLINGOTUNELIAAANG RUISESa 38 MIRHRAIGHR Qith them

pulses for the base station to use to find the DOA of the pulses, and/or

oneppdignafiAt argretpestislisesnisribratinmie dtisiradethie sagnseaimd @b robot
will IoReS 3 pall demadutate, the IBegRng PUsRHER @gfgﬁ%%y 1Ped8kaits and

_information they may contain. After exchanging a full packet with the base
listepgisrpuife s AAArBIIRa O A5S RRtARgtEatgEm RaRtiRE ViR

eadhexhepdifrom the base station. Similarly, in period 2 the base station 3
communicates only with the robot 2, and in period 3 the base station

conHIAR 1B AREOTbriNGiPRRSRION1S eANGURE RHISARIREEIARY the 1D
of rERAS. (RRE BBLISNOLEBHIELS 119, 2ABASHAIRE IReRDARIABSRERIoNLE

can be seen that a single base station 3 can detect the respective

robghdiBAY B InEeSPAYFES B ForHte B8R WeDiNG ficaliealinathgingoming
ranBlBFRNSENseANAEEERoMPEY JURGIORS 678 esenakiRsh fey te t8bma the

making use of this feature, In one scenarig, the base station 3 is used

by
DOB glibe BUSHES: 28" MRRHETY £ ROePIRYISESI9E CRMBY HitedRTy At
thetBgrhesiten aidherebotliRdenesldiae, theiResmisigins sah str e any

robot where to go in its next step. The informatjon data about the next

othgrelp RIBvRHRE YRR LRI FEh S0 P RYRE R WhRadiativi u dhifyPase

statithcanarrstication lkumftertrecrivingib e inferaaaiio ani vERbRI 1 Rkt call
move accordi%galy. The base station 3 will continue detect the position of

froripe PES6 I ARer MEFHYVERRS Ot H& 5SS FiatRR dheR RISHARGSPNY
witkoteeterpiing thadafqyingdionenmeristeasod BisnParidtiee saatinuece with

theurnc;[gcg’? (13. Of course, the number of robots (and IDs) is not limited to two.

Based on the above description, it can be seen that a single base station 3
can detect the respective positions of one or a group of robots 1,2 and
communicate with them at the same time. Therefore, many functions can be
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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7 desired position is reached. In another situation, the robot 1,2 can send
movement state information specifying its present state, such as its
speed, acceleration, moving direction (e.g. from its gyroscopes
measurements) etc back to the base-station 3 using the robot-to-base
station communication link. Using 5this information and the desired next
moving position, the base station 3 can directly calculate revised control
desparhpistiding) suttpabene dvesiethtbsjtdatietiothettbor the astosang and

movERR IRSER LR &@%y&ﬁ%%t -{ ramm%%gé,es%}eﬁ%ﬁ?ﬁ@@éd

communlcatlon in s ter ecelvin _ese control parameters, the robot
accglgresinusievinply ssedore(thenir®y igwapconrefobsiasPrearenis hajefpack

to tHOHIYIIUEHIGATBRAIGY IAYBLEASIBALERIARS aSAMARBLRNRAEN Ssing

enabled for movement only, rather than additionally to control its own

thisnifoemelinn Andfths ipesiigeigyhetRYisGnes Hesdhsimggpddassing, can
diré&rgﬁ@lsﬁﬁa@éwﬁsw%xﬁﬁw&%@%&@Q%‘iéé’&%@iﬂsﬁ%&uon

very low cost, Using a similar process, with the knowledge of the

etcs{pfdimdanyhiap ane peRd KaaeParearciritl el STapiohIoneh theease
staBHND ISR RAIN ieR¥RI i iRe AelisteB N IRGIHERBRG-QRIRF nbters, the

block diagram to implement the above process is illustrated in Figure 4. In

robgid 3r6a89 TheimRiK SXaGHeReR &Y NiSMEWHIEH ARS) el GaThaieh

sinf A é&nb&@@ﬁcﬂ%ﬁp%@ﬁéﬂﬁi 93 haine ARl RRHIRR MBI for
in a 20two-dimensional space with orthogonal axes x and y), e.ﬁ%jj)g/ .
mo¥SRRGRLAD Y SR iRIdRgNERSHT RRINY B tiahitis OWNsTepVETDS ke aRieits

intSiRiiN RidsterBingsHhe bl S WiEHE RosHID HRGER 423 HRerbRRRed.

station 3 determines whether the target position has been reached. If so,

Thi i PnaR! e TRk ddadripaid P RO Bsh Msinerriiaserocess,
witBtEHIORFBDIRQRIIBRNS W IREIMRS HeAp INobdastapibIhe metes the

obtains movement state information from the robot, In step 406, the base
robghiichts BSHFed'eBAtFPPaFIRAEIR 18 BYRifdN® SolisMEKS Wstepding

objébtsd). In step 407, the robot receives the control parameters and moves
accordingl One embodiment using the scheme of Fig. 4 is

contolIRG ARG S ORIBIT R BBrBR A RGOS LBRUaMARouTe 4
In 1AY® R cBELe OIS COtIRIMIEEBANSR al obdh Y FRROheN RUSTEIOYIREe

rot%%] ?%Sitrgasl erg)t HB?utﬂtelal gahsigassz%gtion 3 obtains a target position (xg,yo) (in a
two-dimensional space with orthogonal axes x and y), e.g. by calculating it or
reading it from one or more inputs. In step 402, the base station 3 determines the
robot’'s current position. In step 403, the base station 3 determines whether the
target position has been reached. If so, in step 404 the method terminates, or
returns to step 401 for the base station 3 to obtain a new {arget 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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8 obstacle. Then, it will change its direction of movement to another
non-blocked direction. Since the direction change is random, it is possible
that the robot will move to some areas more than once while it will never
reach some other areas. This will reguce the efficiency of the cleaning. By
using the embodiment, 5 however, if the room layout and the positions of
the obstacles are known, the base station 3 can improve the efficiency of
obstpelelddiing tatbby piniindiiesiprirabmmvemgpdthareiteontoilesiksd

direg%%%@ﬁméﬁﬁéﬂr%ﬁoﬁéﬂﬂﬁag%% R{?rt‘%QePB%QLB% @R&?%%%%&P\ﬂin

e directly sent to the robot for’it to simply execute. Therefore the cleaning
MOoYpHBEEARCHRI SRAPTIMEE HiIR mack Whitivicult pere1 okaowedghe. dthebaress.

s e A R .

howsuters If the spRimévambanrhibatresitipiirecidhernbsiacies ane toeontrtie
basheAGHULSIERAKIBVERAL 8&@8%9%@%@”&4%%&%%(%&%ning[ its

recharge itself. Cleaning 15robots are normally battery powered. Due
optifRaliREneRBay BRtheWAERIINOtie BIRRAEOIVEY wRhitedirigiteasd
bef6RNMRE RBYEHY highnines Qe USAEeqMSBAT %%égf‘é“b\,’ypggﬂi% simply
: e

required. If the recharging is done by a human being, it will

exeBifbIESEFREOTPHE R ierRnss leRP PSS BlfiRdaaBtirsad at low cost and

low REIFRMERY. TR afange RNt ihas SheWBHEURIY ot MEBRRE POWSEI, or it
stored in 20the robot 1 is low, the data packets transmitted by the robot 1

can&OpasEsthivR § inAlH RGN RNEMH G IHAEES. ByPldbififg
optihRisHgtx0.y0) of the charging site 8, the base station 3 can guide the
robot to it around any intervening obstacles 5. When the robot is close

endUBRARELRRRGNG e 8 Nh e SFaRMAdEe tisdrFraine! dhe (yacuum
cle&aFREESVElY S ibed depleran Al RiRaCHRIEN, $H6cchR R sel teidming

power plugs of the robot (not shown) to meet power plugs (not shown) o

f
robgiis erRARG AR Pattery ROYRIE e MU dRBRILTMISH iRRRRIY PihsBRitsy . the
outplivabons: dihberehahmaydee s kediveaeeabatifatdmeanitaliadite

move a handicapped or elderly person to a desired position, 2) The robot

freqHEDHE HPERSAMHSERE IS0 Rith 5 188 FoC R S fedReRs i uhtanan
beindthinill arc@albsomey athioseharget grasiion #a i ort gisdusesieidliawh

reqtth]l?g?n%)n?.nll%%igsrr%%rggmgh ?sTahs? srf?gv%rpnaFV-itg) _e er]ré% the power stored in
the robot 1 is low, the data packets transmitted by the robot 1 to the base station
3 include information indicating that fact. By knowing the site (xg,yo) of the
charging site 8, the base station 3 can guide the robot to it around any
intervening 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 inciude 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 fo allow them to enjoy its contents. 3) The robot may be gaming
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9 robot that moves to pay a game such as run-and-catch or football with a
user, or indeed there may be a plurality of gaming robots. Fig. 6
illustrates a further embodiment of the invention, sharing with the earlier
embodiments the features of mono-station positioning and two-way 5
communication. In this embodiment, the base station 13 is mounted on a

central "body" portion of a robot 11. The base station has an antenna
robajhetuRo1as theayrammeliiedsatarAndscais0ing i aheelhariibaa user, or

indﬁa@%%@ﬂ%yd@/@%m%mﬂ'aﬂg@ﬂﬂﬁ Jispas first UWB tag 17. The arm 15

can_be moved relative to the body of the robot 11, and the "hand" 16 can
als6'Be bbb ias PRI Rar RS bR e D olchseiRYeobiRi: ShRETEEN e
earlis@ priarrkitcanaliapisansiaionsl snatendsditen e Hriad Byvhe

base station or not). A second UWB tag 19 is located on an object 18, and

COMAYBicsdi ARatin AN (RLOHBBEHART RASRISKRIR d AU RR) R central
“‘bo@@SHEH H1eobinst 18 ane eertdthrarAind atodnRmihstAkieFel®. The

towards a target position 20. 15An example of an application of the above
robbhé e IS AN RETobt MBS B ME TR Mpddatiomdenes tand”)

16, NNy RorexuIidl can Dadisesh INRJHCIRAFRAEEERNREO the! aldy
where due to the high radjatijon, some jobs must be completed by robots.

of the ZARRhdr e RADME HRWasEPSARRHIERE MBERRY ARY GRSAE 1DIS68R £F
rele@BUd ﬂ\rb@j%&ﬁdﬂﬁéafb@@t wh?gﬁaié@?@mw@ et @tat’lﬂ@arﬁxbx%ltmistion
turn control t ovement of the objec Note that in_applications
(S 5 Y e el St A0 a0 DELIA0 A iGese on
an fyjdbe B sitonioé thestagsaiidn 13 todes pesfasaraddudbres digwnrsms el

R A e T e
towa@@e@ﬂgﬁgmqj@@a@mzdjrectior}s not being co-planar, and being spaced

R o e e A R By
corppkitiostgegaisardisiclosed imbladAithoumglairs e eexXzedpiesitsan be used
i Qe e dnere 8 prlL 8 Sl bR BN g Rl BERYSBHRD s
must be completed by robots.

In another example, the base station 13 is not mounted on the robot 11,
but in a fixed location, where it controls the movement of the robot to in turn
control the movement of the object.

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 aiso 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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10 embodiment includes more than one base station, each of which is
individually capable of finding both the direction and distance of one or
more tags, mounted for example on respective robots. The base stations
may communicate with each other. Agditionally, each base station may
communicate with each of the robot(s). 5This scheme can be used to
increase the positioning accuracy for the robot(s) since more than one
embpdiperdrnattdeshogeditian ofthearsbeialwarebetobfaitech Isdadivtboally

Cap%%l@%ﬂ%é%iﬂﬁ%&ﬁ?tﬂéec}%gﬂﬂﬂ arRP AEaG aﬁnesm&i&%;qasi%m?éd

en arobot’is In a posmon where the Sigha from one base station is
for exedRpiB@BitpRIEIVELROCIS: DhscbaadsidtmomaylOATthuuyghadalyith each

othdeWASRBAINENES, Of thesiovention %é%%%%é%@aﬁtﬂ%f Crf?m}‘ﬁyr&]beot(s).
(

_variations are’ possible within the scope of the invention as de
Thipashsibelarisiassafl be iorgesedlrinegitieaire. aRefsrsmycles the robot(s)

sind&In{iRRINEh I B2 UrdHEAN YIRSk RS %ﬂ?oamswi{@

Methods and Systems for UWB Devices", Singapore patent application

obtaipedolistrBeE:S PRaad tnuijcreasethe wrdisAsesd afit@syairmtsince it
is pBSERRY ERRAEHEABYFElERNCRodRi - wHERD %e@%fé@?ﬁln@&‘?\%oﬁ%éo"

Shreve "Method and System for Controlling a Robot" U. S. Patent No.
statjogs, wealg hawignd! o I9thaKiP2 MR EafBRMVare Automata”

U. Suiraieny Nan akEéQ 2R 034iantSer 200 TnldhiBavid R 48R @8kribed

Silvano Gai '_'Sgstem for Dynamically Tracking the Location of Network
herpeiriy satiRisRS B RESSR) Switiia dha sogpe skiRenpyantian andsfined
by ReGrb3cAPfif8, @S WiPde/aids b A simsiEamRprising:
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at least one robot, the or each robot including a first UWB device for
5generating and receiving UWB pulses; at least one base station,
including a second UWB device for generating and receiving UWB pulses,
and arranged to determine the direction and range of the first UWB
device, to generate data from the ditéction and range, and to transrftCibie, p
.data to the or each robot; 10the robot being arranged to receive the data
%@ﬁd to move in response to the data, wherein the at least one base
station includes an antenna structure including at least two antenna
1 hax;n%)l ﬁrjg'eslﬁective main beam directions spaced apart by a predetermined
ang 3, &15RIR 6B ase station determining the 15direction of the first
UVl Bletest ambyr sloonpiwngy ibecielalbet moiplifindes fifsthie W/ Benidecfor
recieived by the at Ieaﬁ(@éo antennas. 2. A system according to claim 1 in
gen%\r/ﬁllcr}gc%'?ﬁyrﬁ%%? Vidlsis sug'ﬁ’éoded in the UWB pulses transmitted by
thexblesmt o fiesb BAA Btdtiwitentiediegendddyvid ddvBalbeiog furrgrpetsiing
xfract th munication data from the UWB pulses. 203.A system
and R ATEIRES AR R R e b Ao of
the fise i Boddn qeo Liti gre ioé thike ddoiat fittven tbleadibedtigraead gadde, detdleo
S s f gsition information, and to implement the
tran ezirrtg‘ %\%&gzﬁ%ﬁ%@éﬂﬁgﬁ% according to claim 1 or claim 2 in which
thdhuntaliotbaingl 26pageddtersdriliedtieglataians tw lmeqyveriarneegdnsa to
the dEgsport mechanism of the robot, the transport mechanism being

arrahged to perform the indicated actions. 5. A system according to claim
4 iwhgriein the adrieaspainerhete statiogeinelated asi ey e nmepsbfibire

R TSRL540Atl Rol i PRB AR 0N HRSARg Sl
apargbycifyinedetiaraninedsaoglef tise at least one base station determining the
direction of the first UWB device by comparing the relative amplitudes of the
UWB pulses received by the at least two antennas.

2. A system according to claim 1 in which communication data is encoded in
the UWB pulses transmitted by the or each first UWB device, the second UWB
device being arranged to extract the communication data from the UWB pulses.
3. A system according to claim 1 or claim 2 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.

4. A system according to claim 1 or claim 2 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 perform the indicated actions.

5. A system according to claim 4 in which the control parameters are

| generated using a map of the environment of the robot.

6. 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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MCSLLP 12 movement to the base station, the base station employingM@LLp
movement state parameters to generate said data. 7.A system according

to any preceding claim in which the robot is a vacuum cleaning robot. 58.A
system according to any preceding claim, arranged to store target position
data indicating the position of a charging station, the robot being arranged,

upon g low power state. being detected, to move to the charging station,
Mo REL] BN Ui ARSI G AT I TG o AR A0 e
paraintidesso gninvatasdidaniativator for moving the tool relative to the rest

of the robot, the first UWB device being associated with the tool, and the
7. ool T8 L B S B HON R < e iU
cleghmgmmryhent of the tool relative to the rest of the robot. 10. A system

accrding to any preceding claim, further including an object 15
8. e AR b e A WA L RELe fAE9Bhse
posgiatiatateindicptngtive tooddtiont tha distagiog atatiditethionohichieeing

isjonal device, and ther, nerate data, for controlling the, movement

arr ol 5 B T B AR TR RS R
statfpeceding claim including a plurality of said 20base stations, the base

: ot R ' ding t
9. R etE AL S URTHREBHAN dant ISR PR IR eldes
leasitatieri¢rlingdanapidaie cionmoniogttheitbolve lathe d s tugi essiatii/thbeobot,

the HPQ%%@%%&E@Q%BM LUOSIRE PAHA HHRIRILING M IR %%tl%aggtg%if{t fo

one of the robots. 2513.A system comprising: at leastoner e or
arrangsidl isbraadiagialy satel whssehyahiitdataitontolstide vivevement of the

tool ARG HWROUWFeRe robot.

10. A system according to any preceding claim, further including an object
associated with an additional device for generating UWB pulses, the base station
being operative to detect the distance and direction of the additional device, and
thereby generate data for controlling the movement of the robot in relation to the
object.
11. A system according to any preceding claim including a plurality of said
base stations, the base stations being in mutual communication.
12. 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.
13. 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;
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an object subject to operation by the robot, the object being associated

with a second UWB device for generating UWB pulses; MCSLLP at
least one base station, including a third UWB device for receiving theCSLLP
UWB pulses from the first and second UWB devices, determining the
direction and range of the first and sétond UWB devices, generating data
from the direction and range and transmitting the data to the tool, the tool

beift'SASHYAR BASESERMOM IBEfiSHRS Rothird JUUB devigesieiiereiungdie
UWBB LSS ftatiARd TilstonscEcaaian Wuem&ewaet&rﬁ%m@qmwwecnon

ntenna res ctive m am directions spaced apart by a
an AR S 00 AP L o QeSS GRS ARG A e
diredtieatamdofingef Iéﬁﬁcﬂﬂdt@ﬂﬁﬁﬁdiﬂé?dd@/l@ﬁﬁté)t@@mﬁ@rtﬁgltbétf@%)@nged
10 am litudes of WB ulses received by the at least two antennas.

he U
to MAV&! &?&‘?ﬂ%sc%& otﬁ]t% %‘ aim 13 in which the base station is mounted

on thea@hothd 5t Aeaxttbnd basaosiaton tnbmﬁiesladiagt@ﬁhatéﬂa\ty@ure
mmu Cagﬁ? deV| e for %eneratlr% receivm ulse g method

ol abice TR EVIHA SRS Y aeIn beam e ians sbsced
apaa;taiy)a medemmmeﬁlputaesade@sanbémmmn dhetelingietiog thied
n f he ro ot nd tran data to the robot encoded i

e B S RPN SR T R ety o

ampbhﬂmgﬂthWBmMmehmmme}hmgttmmNWame
ant tiv ma| eam, diregtions spa a art b
pre%\e mlneé anggggct glatm § é’tevﬁh' nggt'er%?ﬁ%g% Y r%éﬂé@t%?fhgn

themmb@ﬁcomprlses comparlng the relative amplitudes of the UWB pulses

15. rec J%M@ tjrﬁciﬁ‘drﬂ Cﬁjsqcﬁ pos'[ﬁn% ps]Jtton evice

wh| the ata iS posit n |n ormatlon s Ing the 10N Of the 10 of,
for m%@m@aﬁdrtgqmwmdwieeentbatmmammmmmgmformatuon and

mpﬂegt&ﬁ'] H?%P&’ﬁ‘.f qugvsmgé’gs 17. A method according to claim

15inw e data Is control parameters indicating actions to be
perfdrieast ioye hassstatiorettesidng chend\WdB gy ises30etarspioing from

theM SO ANERHBS LAIRGJO AL BB G Fransmitting data to the robot
encoded in UWB pulses;

the robot moving in response to the data;

wherein said step of receiving the UWB pulses includes receiving the
pulses using two antennas having respective main beam directions spaced apart
by a predetermined angle, and

said step of determining the direction of the robot comprises comparing
the relative amplitudes of the UWB pulses received by the two antennas.
16. A method according to claim 15 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.
17. A method according to claim 15 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.
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MOB LLP 14 18. A method according to claim 17 further comprising
generating the control parameters using a map of the environment of t@(@ LLP
robot. 19. A method according to any of claims 15 to 18 in which the r dg[
transmits movement state parameters specifying characteristics of its
movement to the 5base station, the bAse station employing the movement
state parameters in said ste enerating said data. 20. A method

f
18. accOriR I ARFordinghie &%i?a 9 fHRNSERAMPFiSHRE gengEtinmihe control

par&lRamng ushel.a 2ap snerRashaneraing o any @ibdeims 15 to 19 further
comprising: 10detecting a low paower. state of the robaot; the robot movin
19,10 ot ok

g .
AP 2RARA'RY tR AN gL c1ains Tndthdl Roedrahine raRphiransmits
movéripatiddte Pardasadietdpetsifling @h@ﬁ@mf@p?ﬁﬁé RdDISHERdthe
moying the toopl relative, to the rest of the robot, the first UWB - ) i
basg SR o Pr, FLat I AL QK e TRRVEE B S e hliters in said
sted D¢ gamsisitiogaiictistor receiving said data and accordingly moving the
tool relatjve to the rest of the robpt, 23. ethad according to any of
20, o A B B B IR AT 17 RSt SR e e S B
vacdewceldangenesbbhg UWB pulses, the base station being operative to
detect the distance and direction. of the additional device, and 20 thereby
21'gen%‘er%}eeﬁ]d%?zaf%?ogﬁ?%?ﬁn%q%é% ngfI)a\}%e tt& ?ﬁefyg% iﬁ%%ﬂﬁ'ﬁ% the
objelette Sdngh\arieth podwecstdiegoftiaayotiotiaims 15 to 23, in which the
step of receiving the UWB pulses is,performed by a plurality of said base
staﬁp)%sr,g‘&ge{ a%gnﬁa%éoarlg @%ﬁ%@%ﬁgﬁ A %%ﬁ%ieation. 2525.A
22. methodedbodrdouptdingytmbolavhsiabite 24 fo 2/hithethebetbirechnditiplat least

ond RS 5 BB SRS AL AR B R e
firstad WBsparvifit: ticatio g ae beisg associated with the tool, the method
comprising the actuator receiving said data and accordingly moving the tool
relative to the rest of the robot.

23. A method according to any of claims 15 to 22, further including an object
associated with an additional device for generating UWB pulses, the base station
being operative to detect the distance and direction of the additional device, and
thereby generate data for controlling the movement of the robot in relation to the
object.

24. A method according to any of claims 15 to 23, in which the step of
receiving the UWB pulses is performed by a plurality of said base stations, the
base stations being in mutual communication.

25. A method according to any of claims 15 to 24 in which there are multiple
said robots, the or each base station communicating with the robots sequentially,
the UWB pulses transmitted from the base station including an ID specific to one
of the robots.

26. 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
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26.A method of moving an object using the tool of a robot, the tool being
30 associated with a first UWB device for generating UWB pulses, andM%%LLp
object MCSLLP 15 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 fitst and second UWB devices,
determining the direction and range of the first and second 5UWB
beipg\assscifiae wifigasesarshi B drudas fargenaigtingn\hpnizengttie
mefiada K HMBri8rlgand the tool moving in response to the data to act on the
object; wherein said step of receiving the UWB pulses includes

recéilifgshenriRasasiationeaptungdbaAiMG redpesifiennihie irshand
sedHIRFUIRAB RAGEE2RRIEED PYg m@%@m@nﬁr}@?g%’@_the R G AERSond

determining the direction of the first and second UWB devices comprises
UVB ARUARS tAETeIaHN SeigitiRiadha diechnm annsanascandiraysiméting the
datanemasool /afy method according to claim 26 in which the base station is

mo%t%ﬁ?n 15the robot. 28. A method according to claim 27 performed

in al'&

PLMRENGIN SRR N R gata to acton the object;

wherein said step of receiving the UWB pulses includes receiving the
pulses using two antennas having respective main beam directions spaced apart
by a predetermined angle, and

said step of determining the direction of the first and second UWB devices
comprises comparing the relative amplitudes of the UWB pulses received by the
two antennas.
27. A method according to claim 26 in which the base station is mounted on
the robot.
28. A method according to claim 27 performed in an environment dangerous
for humans.



