; UWWe3e>; , . Z06f T) O#WO () 1/9930-t PCT/ USOL/ 19767 1 METHOD AND APPARATUS FOR
MANAG NG AN AD HOC W RELESS NETWORK 5 Field of the Invention This

i nventi onw@bidesss i n general to wirel ess comuni cati on syspemssoadtsor e
specifically to a method acid apparatus for managi ng au ad hoc wrel ess

net wor k. Background of the Invention 10 Short-range w rel ess conmuni cation
systens such as_Bl uet oot h are becom ng 15 20 popul ar. The comruni cati on
devi ces of t hAJBTHIN AND AFRARATYS FORMAMTAGTRGANiAR HAXs WBREIESS vhen

wi thin communi cation range of one anggfp@fprfne communi cation device assunes
the role of master and tenporarily manages and synchroni zes the ot her
communi cation devices in the ad hoc wireless network through well-known
techniques. There is a limt, hovigavlﬁr, tgltnt he. nunmber of conmuni cation
devices that a master can manage. ifi] BHFOSFHIOD for exanple, a master can
managesup to seven other communi cation devices. Additional factors such as
interference and battery life can |imt the ability of a master to_manage
ot her devildésinverion relatesdn gerpraldo wikgleys eorpmaniegiioneystemsodrid megdpedfiealbr all
managed conmmuni cajj o i n Lf. her .factor ke it
necessary for the&H%segﬁgfgg??%%%%%ﬁ?§§$ﬁéﬁggéﬁgh?c 35%%“%#%8 "Description
of the Drawings 25 FIG 1 is an electrical block diagramof a

conununi cati on device in accordance with the present invention. FIG 2 is a
f1 ow di agram depi cti ng oper at | G}ckgto idBedaysIEQR i on 30 accordance with
the pjgsent invention. WO O1/9930-4 PCT/ US(11/197C7 2 Detail ed
Description of the Drawings Referring to FIG 1, au electrical block

di agr am depi cSbomrangewinelessabimoninibatite systdds such as Bbrethmticarebiecdminige pr esent

i nventi on. The nmuni cat.i on devi ce O conpri ses convenii onal

e o B T A oY B o o TR Yt S SR BN RE RO CRREISS devi ce
as nmenber se@forRiviRE Within BbmeluaREt WSS §f onEhRoheMOné et Ohicstedn deirick00
further conprises a_processor 104 coupled to the transceiyver 102 for

control | i AEsumss the mieelmouer andfempoyarilymoanagesnd| syactirpriresdle olek onnnuni cat i s
Bccor Banc oAt aRoL 4By R iR AR BAESHerolt BB BEE 3R A MAIGRRE, 00

t echni queSherkhie apini¢,dos@ver] thé unimberof communication devices that a master can

manage. In Bluetooth, for example, a master can manage up to seven other

communication devices. Additional factors such as interference and battery life can limit

the ability of a master to manage other devices.

20 What is needed is a way for a master to off-load some or all managed communication
devices when capacity or other factors make it necessary for the master to lighten its

management load.

Brief Description of the Drawings

25
FIG. 1 is an electrical block diagram of a communication device in accordance with
the present invention.
FIG. 2 is a flow diagram depicting operation of the communication device in
accordance with the present invention.
30
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includes a n master function 108 for programm ng the processor 104 to
performas a nmaster of the ad hoc wireless network. The processor 104 al so
i ncl udes sy@ofpogmst er functions program 110 for programm ngetfusopPreogessor
104 to perfornsub-master of the ad hoc2 wirel ess network. In addition, the
processor |04 includes an operational 15 statistics programl| 12 for
programm ng the processor 104 to collect and report operational statistics
to the master when the conmidftaded Besceptioreef thoPrawingst i ng as a sub- master.
The processor 104 further conprises a decision malting program 114 for
progranuni ng the processor 104 to nake decisions affecting the operation of
t he sub- nast eRefidming tchEIGE dnam aletitizal deckdbadram depidts scomthumigation devivedier .
‘Operation.of the comm nt'hcati on .devi.ce ﬁl? 100 i s, desc ibeﬁ further bel ow
Ref err i ng ib BCGEFAGnCo WIth F BigSE ABYeRHP o 5he RB LI IR davics ] OB FORESSSdh

ununi gt i QRnHSNioAA tiScdiPera® FoL@ M RuMbdiihe With R8RS Ymild VERAtatighe f1ow
‘begi ns when the processor 104 of the communi cation device 100 acting

t hr ough welevick apmeniberscefiam agiws veiselesh octvwnsl.eThe exngnhizatiorpdyics 108 durther

assi stance_jn.. j.n reless.network. ne 2. .5 _emhodi nent,
the proc essor n%%?la S c%rs égf%‘%%’é‘g%t%&" heegbag' ‘fe%‘ée?tlﬁgféecggtlr?@?lgg%estf%’tsg%geé in
response tig2eqhe pteeassond 04 inichafet acomadicattoaroidlging pRgestl 06 tirned

threshol d. In another enbodi nent, the processor 104 Is progranmed to

recogni ze WPEaRBERE theDracessartI9f de Progess sepyRicatigneinaseqrdaraeyth an adhkocad hoc
W rel ggs i I i 1 reshol d.
The 1 APer  LrAat fefilbrl Bl BRGEh WeH dno SRR TR RS RO Tt 121
exper i encencladed arregpebert fedctions progyanmi 10B fargtrogramdeng de pro@ssa i 84 edpdrfories

ter. | t t h nbodi nent, th 04 i d t
Tesbon 2o AR El g Rl B GERESR oAb ST ARMRSH,
est abl i sh faRuHAY PidRdrh QN6 fHErHRRMnANS theTProdetddil 04 EdpdrRiinOR\H B-midlerigf t he

ad hoc wirel ess network and a second conununication w0 O1/9930. 4
PCTI US( | 1/thoaEpawirelees nawork. thiadditignghe processer ¥4 iseludesanonsesiionan devi ce

b e . _ .
wi'th" The "l A0RERP L1 R pRBEbEhine i biddPssFR 6% ocBfledtan FepofBeRiRAN
100 to beconistics o uhe nmasteewhaimn thetcofmuinicatish dbdices h00 isactiwmasedsubanasser alhess

network with the 8? ond communi cati on devi.ce 100 onﬁg con~xnuncatjon 5
-channel diPFPEsR & (£QIP cetondnaking prograny d Ly fos programpipa e 1§ a

fourth empdiaent o4 khmaRE AEGSISRY affddfing ﬁle{?)?g%ﬁﬁmqletsﬁbﬁl%% Wk e need

for assistance in response to ge't ectinhg t I's tune for a predeterni ned
schedul ed commmini¢agiopclevice 1801is wtingps @ mastene@peratiomyf theo vemmewicetien deviegor t
gat es, ~At rtain.ti e.g.. during flight check-in, a sub-master is
requi ?gd t1 ﬁﬁsaﬁeﬁfgg%ﬁ%@%g%fvy of one of the gates, 10 w >ile the naster
conti nues dir @eférfiglg td BIG.i X affloiw digrait Bol&lepicBaopeitio foff dHel dodlnyuni¢di@n
processor can he programred to recogni ze the need for assistance in
response td5VHEH LRI AgordrRce Withthemesniinertian, cHie floys beginyhenthe BREFTOGI ng
the precediong iAmh Suniclto BSAQ 100 ARIRSHARIEh SRR AGwHIITRG IS bs Y mRSRONSE
to detecting that themé]i rplane is at t1 e.gatg{el. I'n a_fllut?% nbgtsji mar}t, t he
processor re¢@gnizes P2 gmaedring assistanpe dy managing e nd doc froreless netswils t larse i n

respopsge to .detecting a pack error. rate . that exceeds redet er m ned
thr ospgl . ainet PR pEaBSe AeaE PPl Aeetie R sl AaR SR v o
physi cal |3yRhse ®. ekperidndips trafiitdeel exdeedifg & peddeledrhiried tieSHPld LBt
recogni ze the need for assistance in response to desiri n%?to .establish a
second ad SHeRodHBEROIR PERRESHATIIRG loRTogramErgia TEARERIZE e Negg & A8FiFtARGSRL from
the first , %ﬁ)ﬁhézt%l expedi&ioin iéxgche ad RodRiSiess &ﬁo&%ﬁﬂ%ﬁeﬁﬂ@@bﬁ%&&eeﬂ 20
,processor I's progranu to recogni ze the need for assistance i
response tmedtidregnédihrashald. rithedmgefarende lavel capbethpt experiencedibydis: mpgesomeed
to be

F I [ .apd yid b | ed
Separ be. Shpl RERTARE 1 pgeT e bEE aeryBgion f A WiReH et B Mo fhe

processor y@4ndtBerUnSidanBimne thetpdodeSod YM BHrégiemArddo tbgaiss thetnabd forl N
response to determning that a potentjal sub-master has substa~~tjially
greater  assistance inresponse to detecting a need to establish communications between a first

communication device 100 in the ad hoc wireless network and a second communication



25 power resources than those of the master. For exanple, when the nmaster
Is batteiy powered, and the potential sub-naster is mains-powered, then the
pot enti al waobtemet er can take over the managenent of the adchagongbyprk to
conserve the battery power of the nmaster. Referring again to FIG 2, in
response to recogni zing the need for assistance, the 30 nmaster negoti ates
204 with a nenber of the ad hoc w reless network for the nmenber to beconme a
sub- mast erdeviend0Q withimeange of thedirgiconmpmication deyieq byket withinarapge efitbe of t he
menbers ofpdfe E}Fﬁﬂpfﬁe, thO AN} gﬁ{ﬂegﬁtia%%@it‘ﬁ‘tﬁ%}sbSqrﬁﬂﬁlﬁicgﬁof& e 100 for
conmmuni cat1 on channel negotiated w the master. € “contruni cati'on channel
can be t héhshrstcathmmnishtion Yeviéd 10KY 19 H8EhnRCT subSMAstdOat@hers ckstaplisthies owmst er

or a different channel , depending on,the trafFic,and the reason for, the
need for é‘éiﬁoe t“ﬁ?‘l”il?.s nf’Woéﬁg‘@{f‘%? g‘?cof‘%?oné‘%ﬁ%f‘téqn devissn 00, d compwHcatitBnnel

| s 1 epges Rl BiffelerR HRASHR OhichilaiieH LRRGY] (RPBY M Sggtence. I n a system
‘using code division multiple access (CDMA), the master and sub-master coul d
use the sane &ra @urthenabadipeatthsmaengerer 504 sinsegrammeddo decogaige theawsd foFhe

sub- mast er__[ It r .1 : eratiqgnal ;. statistigs, (such as
traffic | 35&%,919%6013{ %Séglrlr%stg gﬁe%él%{ﬁ?ﬂ%%ﬁﬁg?a%? %@gidgzerﬂlé%eﬁﬁg?@ﬁegﬁ'e %P ecting
oper at i on caturt Fer sxdmpiesa pastebmay covat sdvets hirpart paed. Atcedrfat HRE, algl onal
statistics rep%rted 'l'h,e sub- master rehuns 214 control to _the naster when

the sub- mddigs Tight sheqkniRga pubrmasteris ragwired imbandla e capasity pbors@lihe gatesan

r et ur poConRty;Rl t [ h !

b gt or' o) 15 Heb{eE e TRRREE GNERe e P ol PR AN R . fhpBroggssar
fromthe paebediaganiined tomeogniththt nedkbfop nestanice imxespaiisetp getectinddsata net hod
and apparatus.in.an ad hoc wrel ez,%)gﬂet.v\ork for .a rrastei o off |oad sone

or all ramigEl e FRLES SRRk Ring MeReeEdie SPmps, de AT SRS nake |t
necessary eb@blishtbe $&b-frstefin feSpdns@tf ®iectihs tHIRIRGRHRMNe id faHe ghle met hod and
appar at us advant ageously allows the ad hoc wireless network to maintain a
proper bal anc& ﬁ@gﬁh@rbmﬁargi g Prasassea Hiis dregspiumed ite srcparizeidy inged for vany
nodi f ygat i (AL lakd : e | ' 1ble in Iight
.of th(llagabg\g/)éggt eagﬁ?{%g.ﬂééﬁ%l?s%?e%?é ?gaq’[ﬁ%t %gﬂh%tég%g? %%egasf %gfed Q@mﬁﬁﬁﬁ?&r‘] t he scope
of the apphwesedd 2h ciiathnembddigentniheat hoanetaoribepqpatacdn a Gest phixical tdyan as

ecifically described herein apove. V(~hat is claine X WO, 01/ 9930. 1
|SDpC-|-/ IUSi) 1/ f%@ ps,I an% the proc!essor 04VIS prog(rammed ‘Icosrecognllzet elnged for assistance 19n

response to desiring to establish a second ad hoc network operating on a second physical
layer different from the first physical layer, e.g., 10 Mbps. In a seventh embodiment, the
20  processor 104 is programmed to recognize the need for assistance in response to detecting
that messages of multiple predetermined types need to be sent. For example, email
messages and video can be handled by separate sub-masters to optimize delivery.
In an eighth embodiment, the processor 104 is programmed to recognize the need for
assistance in response to determining that a potential sub-master has substantially greater
25  power resources than those of the master. For example, when the master is battery-
powered, and the potential sub-master is mains-powered, then the potential sub-master can
take over the management of the ad hoc network to conserve the battery power of the
master.
Referring again to FIG. 2, in response to recognizing the need for assistance, the
30 master negotiates 204 with a member of the ad hoc wireless network for the member to
become a sub-master. The sub-master then assumes 206 management of a portion of the
members of the network, communicating 208 with the portion on a communication

channel negotiated with the master. The communication channel can be the same channel



CLAIMS 1. A nethod for managing an ad hoc wirel ess network having a
plurality of nenbers, conprising the steps of: 5 recogni zing, by a naster
whi | e conwgig®asd ng on a first comunicati on channel, a neeguk®nio767

assi stance in managi ng the network; negotiating, by the naster, with a
menber of the ad hoc wireless networlc for the nenber to becone a
sub-nmaster, in response to_the recognizing step; assum ng, by the

sub- mast eisediutthg epaster, @fa diffpront shennadf depprdipg an Hie traffie ancgthe weasbefar the t he

sub- nast e . n .at l.n R ..an hen. nicati ng. by the
sub- mast e%e%d‘;‘]i%% gg&.‘%ﬁ%’r ?‘? §%4e%§#1,go§eéx§%gl ’ggﬂ#ﬂrﬁ}l Cgéﬁf)%ﬁ aélﬂgji ﬁir%:flesﬁégg&}at ed
Wi th the mmsédeterminedfrruondiyiogpol sedwinte. lin adyewsi usiig@de dbagon Aultiplst ep
conprises the &Emf 15 experi g@;i ng a traffic | evel chceedi ng.a

pr edet eni ABRESY e masterigad s mgeteltould Wierthq samer differephasep@ragiini ng
step npL.| t xperiencing in the ad hoc wirel ess network an
‘i nten(‘:?a)relri]lgz)%g %nglg"‘%fg@%%‘?%f a predetermned threshold. 20 4. The nethod of
claim 1, wher€hastthmastecwmygnrty 2 Hppredatpmuoeropesapneheatstiop(soth autaftt lowl).a
need to establish co ni_ cations between.a,first co ni cati on device in
the. ad- hodd (ieralr SR aredter iR et 203 e meBoRHon 60 MeaUiati<h r ange
of the fi baded@@ARUAIpERToNARe SRYAtiRaltitistios repbithd. NTHAWGanterlrb@rmivmguer . 25
5. The method of claim 1, wherein the recognizing stegﬁuconpri ses the step
of det ect Corfralfiathe master whenehe sb-magierdy ap dpngenaepdséd htusubgmasteamfort o occur .
6. Thgyne f.claj ' |7t | . step
of 30 ot SARTRS, Pl Lot R e ot B AN AE ool AR ERPBY A6 D' O
claiml, fikrieiow hpecdeaemirediafis lohdp conprises the step of detecting a
packet error rate tt%%t exgeeds a predeterm ned threshol d. WO 01 /9930.t
G PCT/ USO / 19%&08d beiclearfiomode Brecediag fisqlosyiadhas the RIFENLY ARIONATPWAEsa

net wor k- ORgsdmdipparabis’is bn BAYSE GRbleba@vorlidt s Mgt b Iad 8RRl NI

step conprises the step of desiring to establish a 5 second ad hoc network
oper at i ngnemagedseopnunipatian deaices when capa¢iteorotherffaciornmake if ngcgssary for the

15  master to lighten its management load. The method and apparatus advantageously allows

the ad hoc wireless network to maintain a proper balance between managing and managed
communication devices.

Many modifications and variations of the present invention are possible in light of
the above teachings. Thus, it is to be understood that, within the scope of the appended

20  claims, the invention can be practiced other than as specifically described herein above.

What is claimed is:



pliysical layer. 9. The nmethod of claim1, wherein the recogiuzing step
conprises the step of detecting that nmessages of multiple predeterm ned
types neewg @/dagpssent. 10 10. The method of claiml, furthper@espiong ng the
steps of: reporting, to the master by & he sub-master, predeterm ned
operational statistics, and making, by the master, decisions affecting
operation of the sub-master . 15 11. The nethod of claim 1, wherein the
corni nuni cating step conprises the stepsL8fMSreturning control to the
master when the sub-nmaster is no | onger needed. 12. The nethod of claim1,
wherein the recogni zing step conprises the step of 20 determning that a
potential subimashanethed fdushging aalkt hognirless ngrovot! havisoaploedity ban t hose
of the master. 1 WD 01/9930 PCT/LSII1/197C7 7 13. A communi cati on device
for managfRIRms. LmPHsingitheitersOinet work having a plurality of menbers,
conpriling: a transcgl.ues: §,0 i i i ducat i on
-devi ce? and a proceggdg:éﬁ%bﬁﬁbf)%gB{&gﬂa?ﬁ}gﬁ?%gﬂ%gﬁcé@r@?{g%ﬁg%r??@gﬂ még{lhe

t r anscei vehanttel,vereed ifor, asvistencet ih enamogm ihecmtwork; devi ce is acting as a
master, the processor is .prqgranuned ta. recogniz .l e _comuni cating on
STl rst conununt cat M5RO B REE! e aSEn i BESER fine AT hoc WiRlE MyvP

net wor k;  Ep6the aehbed t€badohle ssubBRdesr, Diredpdfsed thofecwblighgsepnet work for the
menber to 10 become a sub-naster, in response to the need, and wherejn,
when the communi cat ia8ywmiagsibydhe subamastery magagement ofa peisios of therdurghiydssor i s

programun o 8S ) . ion of the plurality of nmenbers;
and then 2%%%‘&5 ?C}%gg??gﬁs%ﬁ?ﬁlﬁh?gg%%ﬁlﬁﬁ%%e@a g wth said portion, on a
second 15 communi catthencobdimniiedtingegyothie atiethasiet Aind sadd pesibeyon ddecoilhe
conununi cation devjce, of claim 133, ,whtgr ein the processor is further

pr ogr amme §orEIReaigRicha e heegqlalsc math e Basiehince in response to experiencing
a traffic | evel exceeding a predeterm ned threshold. 20 15. The

commtul i cati on device of claim13, wherein the processor j s further
2. The method of claim 1, wherein the recognizing step comprises the step of

15  experiencing a traffic level exceeding a predetermined threshold.

3.  The method of claim 1, wherein the recognizing step comprises the step of

experiencing in the ad hoc wireless network an interference level exceeding a

predetermined threshold.
20
4.  The method of claim 1, wherein the recognizing step comprises the step of
detecting a need to establish communications between a first communication device in the
ad hoc wireless network and a second communication device within range of the first
communication device but not within range of the master.
25

5.  The method of claim 1, wherein the recognizing step comprises the step of

detecting that it is time for a predetermined scheduled event to occur.

6.  The method of claim 1, wherein the recognizing step comprises the step of

30  detecting that a predetermined event has occurred.

7.  The method of claim 1, wherein the recognizing step comprises the step of

detecting a packet error rate that exceeds a predetermined threshold.



programmed to recogni ze the need for assistance in response to experiencing
in the ad hoc wireless networlc an interference | evel exceeding a

pr edet er mwiedl/dobseshol d. 25 16. The conmuni cati on devi ce opctiughimois,
wherein the processor is further progre amred to recogni ze the need for
assistance in response to detecting a need to establish con znnuiications
between a first conununication device in the ad hoc wireless network and a
second conununi cation device within range of the first comunication device
but not withig ra ter. 30 17. The communi cati on device of
claim13, V\,her%éi n??ﬁgl%%lroggggg%?l 1i’s further programmed to recogni ze the need
for assistance in respeiséheta lbetweintlessqetwak optraies ohiarfesifhysidallaggeindr m ned
schedul ed event to occur,. WO 01/,99311-t PCT/USG /19767 8 18. The

communi cation devi c&VisFeip the rreagmzing sep comprses theoterslylesiringrty estallish a

pr ogr agme I RO I [y WaET tecting
‘that a pré&g&e@grn‘i negie é@oé%'lta ﬁﬁggﬁggégrs?@'ﬁ pggg%%g?a%}ﬁgd%%%mﬁg?jgla%?oﬁgﬁdevi ce of
cl ai m 13, phiyeicdilayerhe pr ocessor is further programmed to recogni ze the
need for assistance in response to detecting a packet error rate that
exceeds a predeterm ned threshold. 10 20. The comruni cation device of claim

13, wherein tle agthbaethéd'dFlcREs 1IN HeRIK (HREBhEMeMePodmrides RI3YEpGEH | ayer,
and wherein the processor is further programmed to_ recognize the need for

assi st ancdleiasting disbmeesages efanultiplegredetersnngy| tyeds nged ichsriénhd hoc net wor k
operajpng on a second physical layer different fromthe first physical

| ayer. 15 21. The communi cati on device of claim 13, wherein the processor
is further prdgrafietethodrofchini iz furtlive comprsih®theaseps of:ance i n response to
detecting that nessages.of | tiple predeterm ned types need to be sent. 20
22. The communi cat i 6%%’5%‘“%"%‘&" gsubgnases Hreglﬁtgnypgg@g%rgpgn en the
communi catsk@idrislewhge is acting as the sub master, is further progranuned to
report predeterm ned operational statistics, to the master, and wherein the
processor, when t he naking by ¢let master dedigsiens affesting oppraiton dfghe Submester., i s
furth E programed to make decisions affecting operation of the sub-nmaster.
.23. Theé communi cation device of claim 13, wherein the processor, when the
communi cat i on 1devTaemethodaifichgmals whateis the-coBshidlicatihg step cbR@Fis@thgstepastl t o

return control to the nmaster when_the sub-master_is no_ | onger needed. 30
. returning control to the master when the sub-master is no Ionger needed.

12. The method of claim 1, wherein the recognizing step comprises the step of
20  determining that a potential sub-master has substantially greater power resources than

those of the master.



WD 01/9930-4 PCT/USQ /19767 9 24. The communi cation device of claim 13,
wher ei n, when the communi cation device is acting as the master, the
processor weofasbher programed to recognize the need for aegitshapee in
response to determiung that a potential sub- rraster has substantially
greater power resources than those of the master.
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15. The communication device of claim 13, wherein the processor is further

programmed to recognize the need for assistance in response to experiencing in the ad hoc

wireless network an interference level exceeding a predetermined threshold.

25 16. The communication device of claim 13, wherein the processor is further
programmed to recognize the need for assistance in response to detecting a need to
establish communications between a first communication device in the ad hoc wireless
network and a second communication device within range of the first communication
device but not within range of the master.
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17. The communication device of claim 13, wherein the processor is further
programmed to recognize the need for assistance in response to detecting that it is time for

a predetermined scheduled event to occur.
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10 20. The communication device of claim 13,
wherein the ad hoc wireless network operates on a first physical layer, and
wherein the processor is further programmed to recognize the need for
assistance in response to desiring to establish a second ad hoc network operating on a

second physical layer different from the first physical layer.

15
21. The communication device of claim 13, wherein the processor is further
programmed to recognize the need for assistance in response to detecting that messages of
multiple predetermined types need to be sent.
20 22. The communication device of claim 13,

wherein the processor, when the communication device is acting as the sub-
master, is further programmed to report predetermined operational statistics, to the master,
and

wherein the processor, when the communication device is acting as the

25  master, is further programmed to make decisions affecting operation of the sub-master.

23. The communication device of claim 13, wherein the processor, when the
communication device is acting as the sub-master, is further programmed to return control
to the master when the sub-master is no longer needed.
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