;e3e\$ 1" "#6STVS[b. Wreless network with clock synchronization.

28/ 04/ 2003 n relates to a wireless network with a plur of
net wor k nodﬁﬁmﬁﬂ “‘ ich consists of at |east one electrical gﬁ é(¥
and at | eas o devi ce which are arranged to exchange data via a

wi rel ess nedi um“’A“" rel ess network of this kind is known fromthe docunent
"Technol ogie 5 drahtl oser Netze" by 'El mdr Torok, Funkschau No. 22, 1998,

20 \svorcf%s gétr»]\}o%k q/?t%%n«?cg(}syﬁc S& ]rk@es t he construct! on of a w re! ess

networ Kk °UT & "Hodes. A plurality of electrical
apparatus, for exarrpl e, nonitors, conputers etc. and a radio jml
interconnect ed, via a bus systen) in a network node. Data is WWW/
ot her radio deV|ces via the radi o device of each network node. The

docunent does not refer to clock 10 synchroni zati on of all net wor k° es.

It is an object of the invention to provide a wireless network in whlch t he

clocks of the individual network nodes are synchronized with one another.

This object is achi eved b%‘ a]évvl rel ess network of the kind set faorth which
is characterized e EARREES JR § HITEIRSS RIS Mith qm“‘taﬁaxolq‘?t‘éloﬂ‘e‘t%ﬁk node

I ncl udes R of Wigdh C%Hgl@ts%ffap eas? Plsbébt'?ﬁalazt\ﬂgaﬁalu% g'a&zéasﬁd?ﬁq'ﬁglto%v?c@%

radio device with its cloc at a net eS|gnate as the
mai N netrevarrkngreide ekshamge dﬂtgefda g wirtlessmaditm.via its radio deV| ce) a
synchroni zati on gttern whi ch dent on.the cl ock of lock

supply, that all t”Yl‘éerlestslé‘FWtil ﬁg‘gig‘j‘gd%g‘?%ﬁ%@ the IR 2 TV: RIABHT k

nodes, @heicesiNenedby EdhliT@abR HunkaRaliNgy, ap ciysxsaﬂ);t Y095 98! @ik @dc%ﬁ:ﬂ?e
classes in dependence on their distance fromthe main network node which is

assi gnedesembastibe prngHucioniolfar winglessaieliserk wiking phirality of oetskax y nodgswariumbtjes of

di h d
Gevi oo OB BBl GROIRRE b RS Roibunklshad BB e ORRE ki o e o

r espectimegcarinecisd Supplbys sysetns, ine aetvweirk asée. tmea Riextianged Wtﬁas&hexﬁﬂdz025 that a
secondary network node is arranged to synchronize its clock sup tp y by neans
ealol

of at |<teasq65df?ethﬁé%caw@w%9frr@ﬁhaﬁmvzatn - pAE cBpthdesuraenh Heqsaras e 4jotk gher
di sltoanc n&l“%ﬁ&m’{z. Oiagn:g %ﬂ?ﬁo th tha |nvent! on, a nai n network node

transmts a synchroni za ion patiern via the w rel ess medi um which
synchroni zati on patg &robjec of dreviavaledn by posidendairyleseicooR inodesh the diduks
varl ous e A Gusl BRSGE nodestans byriahfnsed VAt ore anadher. "109e
This object is achieved by a wireless network of the kind set forth which is
characterized in accordance with the invention in that
15 anetwork node includes a clock supply for supplying all electrical apparatus and the radio
device with its clock,
that a network node which is designated as the main network node is arranged to transmit, via
its radio device, a synchronization pattern which is dependent on the clock of its clock supply,
that all other network nodes, designated as secondary network nodes, are assigned to different,
20  hierarchically ordered distance classes in dependence on their distance from the main network
node which is assigned to the highest distance class,
that all secondary network nodes of a distance class are arranged to transmit, via their
respective radio device, a synchronization pattern which is dependent on the clock of their
respective clock supply and characterizes the distance class, and
25  that a secondary network node is arranged to synchronize its clock supply by means of at least
one received synchronization pattern of a hierarchically higher distance class.
In accordance with the invention, a main network node transmits a

synchronization pattern via the wireless medium, which synchronization pattern is forwarded

by secondary network nodes in the various distance classes so that a secondary network node



28/ 04/ 2003 2 of the hierarchically |owest distance class is indirectly
synchroni zed by the clock of the clock supply of the main network gg}ﬂ%oln
this context wireless transmssion is to be understood to nean a r ?03
infrared, ultrasound etc. transm ssion. Claim2 discloses how a secondary
network node finds its distance. class after 5 activation. In the case of a
novi ng secondary network node and/ or r@in network node) the di stance cl ass
of a secondary network node is |liable to change. The C ainms_ 3 and

descrofBbe hreearshiepldy losestdipipnce Glasits diEedlnas “Pfé%?ﬂot?)k‘hﬁéé%klorﬁ ”%?r“d% to
det erﬂﬂgBﬁt dfleRe ﬂﬁfd Mo SANGEHE St ﬂt@vn?ééssq}arngﬂiﬁf?ﬂpg?osbc ﬁAhd%Ps‘E&HEﬂgr y

net e includes a correl ator I'sS arrange determne 1
whet heearaa gidiennfsymdhrlvasanad eentrpasrbiesinon.has been recei ved with adequat e

reception quali ) 1s di closedl Claim e ti in which a
e o o o 2 le s B R S onte T nBRrR pofe Pt e fsecd QebiAingen +o
Coy I el b Bidd18n HRGALY 80 ﬁio@ﬂﬁ"sc%ﬁd&r?n&'&%’i?ﬂoﬁy&ﬁﬂéﬂﬂhﬁ%k@ﬂ'k%% qpo and to
i ndi cate the reception of t he synchroni zation pattern if e correlation

r esul disancer depaidseeandary estpet retlovallialle (Jishageal he Chimnd aﬂddwemtiste the 15

i o G B by el e e e el hAR ot o e R of . rach 0

devi C&staﬁchﬂ@isQﬁ@h cilevie@ndédd. t he radi o devi ce executes varl ous protocols
for the transm ssion of data for the wrel ess nedi um and determ nes, for
exanmpl e by conpAreerpdanengivpdenadedpelddesy fgﬁ‘alfel’s‘f@pmhﬂfé’dsbya@geddmdeﬂemm 20

4 N PhbRLEEBOL N BhHE MAFCIRL I eLECRBLIAR ML Ve Ol B DR ATIE 2L O

nis e co ator e I'nc a nodem
of t hig disatised de@la«na 5, @hfingaaimon which amypemrbﬁrzaﬁomf)atea@n dhiasleance cl ass
are different. In order to sinplify the construction of the correl ator)

each SGARIAHAFOK Bﬂdep‘étaF@F%Fdrﬁfoﬂﬁlﬂ%ﬂ‘é rgeeiyefetienad ayithystereind a second,
di {1 e0\aBAroRRatioh Batdr] Bhd {PinBRAIAGE SLdep foriof &gﬁgﬁém&% Mol phes ghpss. 25 The

correlator orrelates t first pan o Synchr oni I'on pattern
with eorsalmroedeiulr strrepporidsod an hzep@;mbﬂfaim szt@lahmﬁamcev desznit} thaf t er

de ection ,of ., an uat e teee tion the rot ocol. devi ce t hen
o ity oS SEh ozt ehan gt 2T sk TR ek in AP EeBbon par t
of thﬁet@gﬂ&m&m zation pattern. The invention also relates to a network

node of a wireless network which 30 includes a plurality of further network
nodes, whi ch ne€leimié distleses dris¢astueionsaf 4 wdst dayine. él potocdloddvickppécat us and

o288l QU5 AU b S AR BB IR Rl BBy v o
el ect gid@termines, for example by comparing the pulse-shaped signal supplied by a correlator
20  with a threshold value, whether the reception quality of a synchronization pattern is adequate.
The correlator may be included, for example in a modem of the radio device.

The synchronization patterns of each distance class are different. In order to
simplify the construction of the correlator, each synchronization pattern may include an
identical part and a second, different part in order to characterize a respective distance class.

25  The correlator then correlates the first part of the synchronization pattern with a stored first
part of the synchronization pattern and, after detection of an adequate reception quality, the
protocol device then evaluates, for example, the characterization contained in the second part
of the synchronization pattern.

The invention also relates to a network node of a wireless network which

30 includes a plurality of further network nodes, which network node consists of at least one
electrical apparatus and at least one radio device which are arranged to exchange data via a
wireless medium. The network node includes a clock supply for supplying all electrical
apparatus and the radio device with its clock. The network node which is designated as a

secondary network node belongs to a distance class which forms part of a plurality of



apparatus and the radio device with its clock. The network node which is
desi gnated as a secondary network node bel ongs to a distance class which
forms part of a plurality of 28/ 041 2003 3 hierarchically ordered o YA e
cl asses; its distance class is dependent on its distance froma main

net wor k node which is assigned to the highest distance class. The secondary
network node is arranged to transmt, Jiaits radio device, a

synchr.oni zation pattern which is. ndeni on the clock of. the relevant

ol ookt e B ek At sdsy 1 SR E s B B B il i G e 1 ¢
cl ockmaiaidtWoyndiRaMscRs @kighedt the MegHeordbmedt GMICTHORESRIalPRetRai ern of - a
hi erarchi cally higher distance class. Enbodinents of the invention will be
descridsieds pmawgeddp [trapanii viafits sadigiderice of Bnehioaizanon peltam yhichgs defisadesitn;

Fig. 1 shows, a w el ' tality. of network,pnodes) 10 Fig.
2 sho%&‘ﬁc?Cé‘(a:qg%égeég‘?ﬁ{glﬁgg,g%tl%xﬁcﬁg%%%f&?%??%% Ssaﬁ“%pﬂ)odi ment of a
r agli OsydleNdonizetifs ddsckuspgly by inbensroftantydst aredece aiyntirofizetiolpat@Adoffd 9. 4
shows ‘a transm ssjon di agram for ‘'synchroni zati on patterns transmtted by a
r adi ohigegehieallyighsrlistanceiidags. a wirel ess network with a plurality of

net wor k nodes 1 ; : - 12 : i ve useful
data) control dgﬁgogﬁﬁer‘gﬁgﬁ?g%@?gto?gﬂﬁggtk g&\?llb%g}a%ﬁqgﬁﬁi&gwéﬁaﬁﬁ%rder to
keep tefgentatta tiexEigamgeTherdint he circuit nmeans as sinple as possible, the

network nodes | _to 12 are synchronized to in clock which is supplied by
the network nodE®i! S%W"%aﬁ’ﬂ%/e\)\?frsl{‘e‘r’(‘b‘?f With 3B rFTagHéPg’éFt%”i‘l‘f@ef’mi n networ k
ngfe 1. The ot hgfy RRLYAE K bIRULBa2IMAIS Bl EfkiRdef 0 as secondary network
nodes 2 to 12. A°network node 1 to 12 includes a radio device |13) several

el ectrical appaFi@ dshaws epemppdiarent of boadic detiegol®. usSliohthanewiogic hodec al
apparatus .14.to, 17 may be a video recorder) a nonitor, a tuner, a CD player
etc. & 4d1's ﬂ@OFce 13 and the electrical apparatus 14 to 17 exchange
useful data, CORigl alshewt a tAREMBYIOE Wi QRiEdbi SnckidhRaNbpdiRehsithsmietey 18.

The 25 electrical apparatus 14 to 17 and the radio device 13 are to be
syncht B¥ie@®¥i¢® the main clock via the radio link. The main clock in the

i n network no i I l.0c I I i ded in
2 ol ot ri cal | anar S SuC R SRS pB R Er SRRy 81 B B 1% L e
mai n gdtwekk sadepliyp 1R@rekarge respyctivesusehd denno@tioddata@nd Bendarsmigyish datald
outside an el ectrical 3% a&%arat us 14 to 17. The cl ock supply present in
each Y r8dig ligkhdp ofdarid KrRemiGa dataexchangs and thegigquitdpeans ans mplésasqvssibley cl ock
suppl ¥ 3Ry Rk AVUEES t@ms&%gﬁa{rxnﬁw%a matfélo& @ﬁﬁﬂ@égrpénsa B¢ theSRPIrK maY
also formpart of an electrical apparatus 14 to 17 o secongary net wor k
node @dedl. Thjs matwbek naderie desghated ashehe madi e uetmorlboedesly Sthe othke8 netwoak nodes

f-contain manner . The secondary. cl]ock supply of a secondary network

o 5B Rat o F Ry ABWFER AR DIt & 06/ 8a'2003°4 Trom the i
network node 1 giddt@brkciddeattbyl2ahcivides PART dsaceorsdsgvsrdl @ledRick! dppafsusso t hat
a secondary clock supply can synchroni ze the secondary clock it produces
wi th the haiand elbws Rystand 8 ughoardelesteisal appatatistlddo Aéimwyrbe anddessre¢onder, 22
organj ze..th change of  the j.zat i at La,radiq |jpks., Fig. 3
chone g g s onT By Brer e TR AT R Rn> B Rl pti ol e adi o
devi cexchangesusefuiact echital dataeankdusgnstydhiestidBdan dianBe Bavestets. dat a desti ned
for the radio device 13 fromthe bus system 18 and applies this data,
pd% si BESrigtlappamapispigh todd A9d4bs Bido Heviet bt 8RB syehrazeddo gre maia clogli o
devi cg, 15 rday fifder nore, the interface circuit 19 applies data supplied by
t he protocol device 20 to the bus system 18. In addition to the interface
circuit 19 10 afte triuaén plook acthe nikew nesvd2l noddk iv@diidedlby ekck 3ugdlgo i ncl udes

d 1 hj f Ci it 22 3. Th
Pi g FRSGUBHEY® Rl 1 B2 C BB F PR 1Eiet T ShPBYRHEPBN B398 Bt he
or 1 ogaln L4 6020 bl BB nndE: R 1 850k, 16880 of Bl ©

constructed as rocessor stem ftorns
30 apparatus 14 to 17. The clock supply present in each of the other network nodes 2 to 12 is

referred to as a secondary clock supply and provides a secondary clock. Such a secondary
clock supply may also form part of an electrical apparatus 14 to 17 of a secondary network
node 2 to 12, or be connected to the relevant bus system 18 in a self-contained manner. The

secondary clock supply of a secondary network node 2 to 12 receives synchéonization data



packet units fromthe data supplied by the interface circuit 19 or forns
data suitable for 1 S processing by the interface circuit 19 fromt%g‘v 003
packet units supplied by the nodem 21. In addition to the received q& a
packet unit also contains control information which is forned by the
protocol device 20. The protocol. device 20 utilizes protocols for the LLC
| ayer (LLC = Logical Link Control) and jhe MAC | ayer (MAC = Medium Access
Control). The MAC | ayer controls the nultiple access to the radio

t r ansnfrafi 18 nidalineiwdrk ndde aditherdittec g ol Sia@fitkr sEdndlryldetv byRide s fal 45 a
flow and error check. The data exchange between the network nodes 1 to 12

int hesqmoﬂéaréwafét%tn&aafsymltjomze %ﬁetoat@éryml%@tpm@@m withitheymgintolock. TDVA)
FDVA O#p g:% 1,519 FDVA =
Frequency V?E?]g%d t| p _tw-g g‘cﬁce)gévl Mr%&éﬁk%}és’@g}ggﬁ? §ti pl ex
AccessayncStmhzammhtmswmydxalhsbs be combined. Data is transmitted in 25 given

al | ocat ed channe channel defi ned a freguency range, a tine range
and for exanpl elFsgt fﬂ@wéﬁéwﬁt'h@tégﬂ/ﬁ?‘ﬁégh‘ﬁﬁﬁ %Wr&ealrg‘ﬂl?e%ﬁ f hisde. Tﬁe
wi r el esgy; NBLNeE k3 Fsaamhecteat&ﬂhe%@tdf YerR @8 3 AQEQES N dé?de&je%shﬂeabfolrltt@ 28p (for

exanple, 1n the donestic fiel ring transmssion o data in
bui | di dgdge 1 hérodathe bvapysémdld dnd applaesshis tdhedpossitiy bfiey foometradapdasion, to a

Therefore, eci al,S S st be en in th 30 i reless network in order
to for R&’F%CO?ESY’CEQQRE%% 1 r”bcﬁllgiaﬁ’ T33tat t?\?ﬁaﬁ%c'ﬁ‘&l‘h 12BN Fﬁa Aode to
the r egtgip%%a bSREOPRAGD! ASTIMODH t1DE BEs s yskinS 19%%&&&% % MEDrabY b8y 19

internmedi ate Secondary network nodes which forward the synchroni zation
dat@, | Tmbrhefrsp@coldayiicer ) dheiredio dstvicad® ise indludastamnidem ddes hightfteqdenstyance

cl asses. the et wor k
node lclﬁel?g%ém% gn %ﬁ[emga s% anc &' '%V\%@ ﬁ%@i‘éﬁ”“%t‘f’f’%‘&ﬁ‘aéw@ %B
28/ 04/ gR@and2hacks pabrochl @wgeszy)m;hmemgmm Zi.rectly by the nmain network node

1 belong to the distance cl ass Al'l secondary network nodes whi ch
are synchroni zed TdePsiorg! %Y’Cér?Q MCW@C%@%WGWWSMFWROF%dé@ he

di st I

Gpoaki Bicel s e G Pfhcuby e i B RACE1 IRF AT ol BB Y ) e

f otjregpmcessiﬂg bpgmndgcrﬁacmfenrwﬁtr ]@dfmxdebe ptckf:turatsgugpfltudltﬁ}ouhe mmﬁebwhlomxe or nore
naar net nodes.of the, di stance c SS I - ar In the case

P ORI RS S CYEa g0 ARSI CRBHE cPREOLEETTIAPY Wb R itddes 2.

3 and 6 hifk [srts?oc%n@aﬁtw@@tmfpraow&beéeonatlmr&oegoﬁheme'métagir geg ong

to the d| stance class RDC(1), because these secon net wo 2, 3
and 4 tapicekkimkyeontusll) :at:d tye AL uatea A G aMfedugnghazless Comml}. ﬂ"(he MAE Imgerwor k
node 1. Th ut er I stance cl ass d by an

o 1+ poomists ARGpi b M Rl ARG B utR el el S T S8l o)
Thgo di ﬁq‘@ﬁge[cﬁeﬁtﬁﬁmg@@(@ afDedred gheclt. he secondary network nodes 5 to 8. It
is assumed that the secondary network node 5 is synchroni zed directly by

t he secondary nethi§rdatap@bange behugentthenawedherdey Iietdon khevidesssgetsoind 7
are sy oni t. and t hat
The soaoa e B b e S R TR I PR retn @ Bty

net wor mmed}ivmonmﬁltwﬁmddsmm)mh % Efchd:rs:tyam@emt Bt FROCAZgesk, CRYIDel | zed
by an elli %ie 26. The di stance_cl ass i ncludes_ the_secondary network

nodes &0odg DivisionMplipiexs Areeas) fugh rt!ﬁt@O%eahala?yeﬁemmeﬁ Raads gansgitted in

sygpehr y at he 20
seggndgw&%go%éf%%%‘ggl c{ﬂgn%ﬁnc%q@&%{;)ggthr eccp'ﬁgﬁgygttﬁ]wraﬁéo ‘ﬁg?yli net wor k
node 5exarhple ib it cme ofh tarGDvet mrHodnaisteb)Mspzsadicmc&actly synchroni zed by the
secondary netvvor and hat the s n net wqr k npd 1S
synchroni zed dir W*ftiﬁzst‘t‘téw 56?%8%??/”%@1"'&% g %\6 ya‘n%‘ﬂ?‘%”;\qﬁe‘gél(qofpse
217 Symé%rhél%smtth@ dBHHeStic fidld). DuRinglifi@siHlissioRRE theCdAS @R@( th@%ﬁé@ﬁé;y
hi erarchically structured tenporal dependency is thus forned from 25 the
rral n nefieon bk traosieitted veith looamwcrrtml)sé'bowﬂapyspneamms mosidedfkenhie thli st ance
via, n di e c wi t.h secondar
i 3k Sl ety Orekt fofip R B R p R ubeb S Etortneh BoRaPA N ORRVBIY ¢ he
mal N N@bULENthB tRotekiNvBYRlary hhwrm&m THI Yurpbsd RReRe@PPIRd i'n&'?rrﬁ@x'a@ey in the
W reless network is negli bli%(/) . The propagation délay induces a phase
shift Isecondeary netwodernasicd a\guctc owrdshﬁ singhrenization datlaeTlmcfnres Iacmra@h@ﬁlal

or opagathaa ¢ i BF e iR it SR (S e Rt SRR TRy

net wor oM esmaintheswbikaicRld 1Weldiigh t@the Midtdnce 3Riss RDAY0R ApsRohd 4y ABtorionment
(for exanple) 30 m, it will not be necessary to take into account the
propagation delay for the synchronization. 28/ 04/ 2003 6 The forwardi ng of
the synchronl zation data from a rral n or secondary netvvork node of a

o NN N\ o ~EN s~ " - o o [




10- secondary network node) such a synchroni zation pattern should exhibit a
sui tabl e autocorrel ation property and a slight cross correlation w é@O%e
ot her synchroni zation patterns. At least in the MAC | ayer use is al e
of a franme-synchronized signal RS for the radio transm ssion of data
between the main and secondary network nodes 1 to 12. This franme contains
several tine slots for synchronization”data, control data and useful data.
The 15 I ' t.he,l etter hereinafter.
A yndiiiss At u@ by ond fR hechy BF ERRRIRRLGH dike 1 1B O %g ehAREHAG ' T
peri odRDal(ly Aly sosmdary eetwoyk hdues mich are sgredoodsed/dirtiveiloneedasprd to 12..

The tinme distances, between two identi chroni zat| on patterns

cor r esSERRAAH NEROTY apéqsiqe;ﬁhec&gtpn%ewéa%ﬁh%@ SE{IW‘SHP e diganpsAlasR8DA@) has
alrea b [ j '

aecon e e g oL BRSO B ke e
maisn st absdcondaty nerwdrk awdesnehion aresyeclzesized by pnaet mordksenontisy aétwiohle

di stance, cl ass F i - ithi > 1, 1s .for _the synchronization of a
second¥dgs 8?@?@%9‘? C&‘?‘% %(?1 . ?:?%Hk&kﬁfcaf%@gﬁ’éba'ﬁ Bb Cc(péigél LREIED) NSO t h
the segpadary clock of the distance class RDC(i-1 ). Thus, a hierarchically
structured tenporal dependency arises between the main network node of the
di stance cl ass 2Bhqescengarsnetwonenades @nd4ng 4rietheogrkbadintest affa wir¢lesst her

di st anc l,ass, I | [ ' t he transmnissi,on di agram
o °t he ey REERSTRY RIS M b i Pnefiiies’ ROCR. 4B BRR BT B f Panre
of10t hendiwarkensenehB and 2 edn sdcgivakeliabheevahiatablet iy K gndfoh the hidin héaskn t s
its synchroni zation pattern P(0). The_duration of the synchronization

pat t erPdgnio dhe Sutes limyt offthe distagce elagscRBEG Y symbelizer by apellinsg 2F4n wig. dh

shoul : : i i S ndary
et vor K ea s s ricifes e A BE) ol R PR The el SRt RER AR B Y o
over fgeoonddng netwoek vodey Swode Iitinagshmet! tizen shid esddarymeteoriéhbdeseondar y

net wor k nodes af.th gi tance class R %i) sybsequently transnt a

Synehr SAFBIRRTASH SEE TP SRRSO YTGPUPTRGIFIR B NELIER SERRsADIRY MR SR Snode.
ofy st heafli BLRNGRCHFbAS S ml%yrzﬁ@@ecm&arghammb&&ry 4, WM Rk R 1 Pl) from
one or nore sécondary networKk 28/ 04/ 2003 7 nodes of the distance class
RDC{ 1serondany nefavoaly soded wexynchapiized dinectlyrbyrtbersecondary aietvRirk hojle dr Bheassumed

to be negljqgibly small for rrel at aor i ch proc s the received
synchr %“H?"zlél‘%ft&q ¥l’bea‘i‘;§\éip%es&§ﬁ gﬁ%@ﬂg % g?a‘}"ﬂa?mh gn ﬁ@& %‘?T?é iﬁierijt‘%ar}cﬁcf Sdevi ce
13. ATRBXC(3) invlaenmeRtcondhdyinegvdrk baes Dfo ek asumedthfardsseor@adary
network node of the distance class RDC(2) has thus 5 synchronized its

secondzatyyosl wrde % is synehrerigeshdienctly bl seksespndany nefwerla nedesdl ansiss. thapdgel ) .

B g . i 7ed
L heshohiin ] REARAERICI OLt fenroEed WRADES s EXEndRedci Sk SRR BF £
di st angeondag aetRdCK Apdé 51 ishiisct nelinchoinized bynhhscohdag neovdrk @od®@é randl thak of

t he di stance cl ass ﬁgﬁ%%%. Al | secondab§ ngtmork nodes of the distance

cl ass ROGFONIBNEIY PR 2ihBiInFIIOPHEA CTRTILRY BY Sperndenmnasyosk nopkegand o
_Syn_chrﬂn{ﬁeaémgda ﬁ%ﬁlﬁ%ﬂ'Q&Sth@f)ﬁelcmh'd?lﬂﬁéjdi%ﬁéé clﬁg%ﬁe@gndary clock has been
indirectly synchro

hroni zed to the main clock for all 'secondary network nodes

in the renotest Bestuanebiecdrassal RRGeurediempom! depatdencyois thiscformaetl frotevi ce
1 orns part of the,nobdem 21. The function, of orrelator int radi o
ek cethe S 5P e PR o AR SRTTANGH B Atk e oBatS aieF a8 RGN 1S
synchr gRirzathe RakEERDATIWih i < ©lcabiX 3¥BhE@ry CRIRK RE a's&&nahgﬂhpewo& Jdegessor

systemincluded in the nodem 21. The correlator supplies ul se after the
r ecept $yowhowhizads$y thetmainickakiod hepazinmetw @k inpdeiobe veorthsdpddsamiy of thdie st ored

synchroni zatj on, pattern PS(i). The .naxi of this pulse indicates the
sg;nchrBrr?lpﬁc‘éat“iOBrﬁieFWﬂg]?ﬁW\‘rggssz“ﬁéw%rgﬁﬁﬂ?%w&slnﬁ * of Fhe secondary cl ock
supply. This synghs 9%&@4&&%&3%@&%% h phaRRhifesktiveed (R sBEdasdioslevi ce 20

for further processing. 20 Finding the synchronization instant is also
neXksssigpals andihdenain glasksignel. Thitpropagatien delaypar bmmeofisuzeds yorahampiczag i on

attern P(i-1 ith i > segondary net k node can transmy, its, own
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with i > 0, has conpletely received a synchronization pattern P(i-1), the
constant time segnent between the starting instant of the synchronization
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5 node and forwarded by the secondary network nodes. After reception of the
total nunber s, in a secondary network node of the distance class J 03
the relevant local tine is calculated for the start of its synchronizatTon
pattern P(i) in conformty with the follow ng fornula: s*D+i *(Tp+Ta). The
total nunber s may be attached to a _synchronization pattern P(i). After
reception of a synchronization patternﬁP(i-l) by a secondary network node
of the distance . gl ass. 10. RDC(i t tot.al .n er s i.s then derived from
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reception quality higher than the threshold value g haS been neasured for
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Wien the conparison results reveal that the reception quality for P(m1) no
| onger exceeds the threshold value g, but that the reception qualiﬁ%@ﬂ&m?t
| east one 28/ 04/ 2003 10 synchroni zation pattern P(j) (j ~ mand j ~"m1)
exceeds the threshold value q, the secondary network node should then
utilize the synchronization pattern P(]) as a substitute for the
synchroni zati on pattern P(m1) for the/ synchronization. If severa
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i st apce. cl ass I.),.. receiving the sane.synchronization patterns P(i-1)
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pul sefoshapdid didtgralclash ROC(Hesdithe waning tivay € otntb@derivedyios ex shpip€dnsa gnal
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af t er sschedargoeiwtdarbmnodd ofiths idisgdnee slang RDEi)zat i on pattern. The reception of
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node of the distance class RDC(i-1) can be calculated. This constant time segment then
amounts to i*(Tp+Ta), subject to the condition that the subsequent waiting time Ta is also

taken into account. This enables exact synchronization to the main clock.



evaluation. In reality, however, the signal processing delay in the
transmtters of the secondary network nodes and the receiver of thgpa2003
rel evant secondary network node and the 15 propagation del ay nust be taken
into account. The signal processing delay in the transmtters and receivers
can be reduced by way of a calibration process. The propagation delay will
be negligibly small, as stated above) igf all secondary network nodes are
situated within a small radius. Subject to this condition) the pul se-shaped
si gnal suppl i ed dyyndheonizationlta s absblusg timpof theaepin inetwask nkdesganciisaotake at i on

patterns has a snaller sianal-tozngise,ratio.in.comparispn with 20 the -
i deal p&ig an 'I:‘rﬁﬁe%??ciarg inaﬁ'vaqq?f’g-icﬁb?%c ?na?qSSﬁ\}ﬁ fpe bsenelr‘iTFsgsﬁ@'r 8?%8?‘? fHophETCcase
of regspikePacelat ghley iAstantB Yhechsare edfied k@ aisolile MRk I BidtotafnhBéac@l= glgvi ce 20
in.a secondary network node eval uates the pul se-shaped si‘%nal S supplied by

t he adsoQichsWirheenizaen patterns R§PHaansmitterbthasp far ptransmighbning maia neoerk
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such a maxi mumw || correspond to the synchronization instant. \Wen the

pul sesknpeal JaspRRhrenigaian Refeiildgcoaiommiy Wkrbafollovinptarwlai th a
Pl ur alokiyY; Qi ). Tho Wi PRBASEE S HREA Y adddfe SRR ABRALUA (il 8. Ddurati on

Tp of “one or nore recel syn ni zati on patterns sequent
wai t i necepeaon ofla Tanchirbm zamrpattainu®(i-d) by keecandbryntesv&® mtle bhehe distame cidsk |

COrrespo to the synchronization jnstant. For exanpl e, ul se- shaped
s#énaﬁ&@gi’éﬁ’%?“ﬁ ehsis hen demveddfrom %’Ppllcﬁﬁ:"b?ﬂrdrg%mﬁ'é%fg thg ngWe Pnstants

tl, tgg,ngréoniﬁteons%{ﬂggaﬁ Pl ZAtd @ahshi@dant is is then given by the fornula
(t1+t2%t3)/3. In the enbodinent of a wireless network described thus far a

secondary net work shiadheonigatmnehiaarad iswseH imowisr todranasmit thibrichmnidatiates al | N

bits of a recei 28/,04/ 2003 12 synchronj zati.on, pattern.. NMoreover)
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the Wichd@s$ s hiet 806 e Atatt Per iBHRERY redeivedBCAE detibri 8bIRIE aN@k@ancdhi s can

be si %Ifled by using Whits of the N bits of a synchronization pattern as
¥

t A& syrasasoHIGILSE! et meang ihat dop dasp oby etwark oitleiip anyoitedieanethernvher e W <
N. Th%e{»%(}?'n%'dg 91[433%/ & r&:&reﬁ?[\y@rk%%dg’s[. e ?(ggl n%n%%???}{l%\@@ %{% g—atsﬂngj{tg%grﬁé' es a

di stance class. e correlation can thus be sinp of
di f f enlenframgnehr oni zati on patterns can be reduced. For the main network

node in the distance class RDC(.0), for exanple) the nunber 0 is used
whereas for the @&%%FV%?%P&‘M?%?‘%H@%? HPYA RIS R®RDC( 1) t he
nunbergedoddsr it dorbhbd dehe ggieema% opetafot&Afbd &schib& ﬁ&ﬁﬁm.r XfBet wor k nodes

of the distdnce class RDC( General Iy speaking, 10 the nunber i
cBar aswerchingona a secanddar netwetkmnde datedesingd firfof dil gteamceptioh gsalitRDG(thy. Aft er

RS A A et S NN N TR S
node qyRhd3h&Sutditent BrTIrRed N REbfdalf ndthBriSHORI N beIdtds @ tHRati{igda. These
N-Wbits contain the nunber characterizing a distance cl ass.
class RDC(1). The radio device 13 of this secondary network node then transmits
synchronization patterns P(1) at the relevant instants. If the measuring result does not exceed
25  the threshold value q, the secondary network node measures the reception quality for the
synchronization pattern P(1). If this measuring result does not exceed the threshold value g
either, the process is continued for the synchronization pattern P(2). Generally speaking, a
secondary network node will continue the measuring process until a reception quality which
exceeds the threshold value g has been measured for a synchronization pattern P(i-1). The
30 secondary network node then belongs to the distance class RDC(i) and subsequently transmits
a synchronization pattern P(i) in temporal dependency on the main clock.
If no measuring result with a reception quality highér than the threshold value q
has been measured for all available synchronization patterns P(0) to P(n), the process for

determining the distance class is terminated. The measuring procedure is then started again



28/ 04/ 2003 13 CLAIM5: A wireless nertvork with a plurality of network
nodes, each of which consists of at |east one el ectrical apparatuszsagoed

| east one radi o device which are arranged to exchange data via a wireless
medi um whereby a part of the nertvork nodes is nobile, characterized in
that a each network node includes a clyock supply fox supplying all

el ectrical apparatus and the raclio device with a clock, that a network
node affer @R attsitralelgisgrRateddntasal thfe IMHHia3e BPErAN ON6kard 06&r B d @i PNBRANEOclak@NSM t,
via its radio device, a synchronization pattern which is dependent on the
cl-ockhagtepr ousock supply, that all other network nodes, designated as
secondary net A i it i i l.y ordered
clistance cl a\éus)gﬁs% %g%ggcer?l%éﬁggég%&?ﬁg? bgﬂﬁﬁ%ﬁ{:@%egﬁyﬁh%hﬁg%nﬁaj&é Wor k node
whi chraiiie deviiedneTh¢ meahaingippdreduregdhsweareeds cobasslledithethe adidvameanpeiated net wor k
nodes of a_ dista Cﬁ/&cl ass gre arrgaged 5%transm't, via their re,sRecti ve

r Adt PTAFPLEVics Ly MUHPOYAT 8t POPRALE WFh WA BRAFES hedpeasEng reshlty withdhock of
their [ I ° ' ' and
that R LR e Eofb e,
suppligsddy neans of at | east one received synchronization pattern of a

hi erarchical ly I{Pil'%her' di tan%ﬁ cl ags. 2. A wireless network gﬁ clainmed in
Claim1, charact & D8 A seePRfarymely ol TR SN OPRRY a9t BIRBHE BriCteach
SecongdaeskaREbWREK the Jeceblibigualit P e §hPlorbdiifd MR CBs18lR TP )n TRAS Ur enent

of synchroni zation patterns of the relevant distance class, and assigns
i10s el gthercashe.cdihs casrciavellvig mpbitshmpin nshecrdinodanad/or hmbile sepspdaryhan t he

di stance ¢l ass._of the synchronj. FON ttern. of the hjghest.clistance

cl s ooty 1ol Tontfh S SPRIRRELETY B2 B CBells OSBRI ARG

r ecepit wan be ueduinied-hedsindiepitia LirIRaif @letwark koas acvall AB thel Rcsddbymtwork
characterized mthat 28/ 04/ 2003 14 each secondary network node is
arran@@@?@@’ﬁ%‘ﬁ?ure, at given time intervals, the reception quality of all
synchroni zat Onﬁz RaLGhES %ha??igé%%dz{r hetvioik Q¥ FYERR ggﬁ&%di?éb \Hgg ern, and
that, after evaluation of the nmeasurenments, a secondary network node
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t han di st ance class of the synchroni,zation pattern of the highest
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characterized in that af e neasurenent of the'reception quality of all

sy nc hpatteitz Birn-d h bpiaal saefon g1l ogher sytchfammzatiog petigms PDNPANI .z R(ined), Pao+Ex n, each

seconda:}r\( )n léworsk réovde. ll§ art alggteg tﬁm grlan§rrit no Ionﬁe{3 i,ts own
synchroniZattsit %g'tté‘!“ﬁ i8St ghs PIFsEPT b 4 tieaeahe OT_HVSE% which is one
oSt agypehidhRaton PAVRS Wfill 88 kaquirbe dSyMEsdca fiabed, mp@caﬁaatr?hetwdrk hege thus far
transmtted itself exhibits a sufficiently high receptton quality. 5. A
Wi T el €SBPases e Fieagiyed resepRan qualit) far asynchggnizationaatteagwith therhieskplgi ng a
peri ogl.;i ' | [ [ ' . ndary
et wor i fa felt i eUREA AhA AU AR JeFlfin, BBl e A RRR80T 01 L
sy nc hrequirgdfor dre gyathenizadopdtern REh), bedaasd thés syackiohizationpattdneis
synchroni zatjon pattern i F the correl atan L{eﬁg‘%t corresponds to an
expecB@grajed Rpthemeaguipg socardary i wOFk node 1eY; FRGCIMPRTISAN Aesylts a1eH25Rt er i zed
i9% t hato 3l feleqt Ne reception of a single synchronization pattern during the
expected tinme, the correlator is arranged to output a pul se-shaped signal
Wiose maxi mum vafteecdmplirsas ssultsleveybectmoavaiabledir bihsyrumrorfizationhe cl ock
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P(m-1), with j # m, if m-1 > j and the reception qualities for the synchronization patterns P(j)

and P(m-1) exceed the threshold value q. For the synchronization the secondary network node
30 then utilizes the synchronization pattern P(j) as a substitute for the synchronization pattern

P(m-1). In the described case the secondary network node moves in the direction of the main

network node. '

When the comparison results reveal that the reception quality for P(m-1) no

longer exceeds the threshold value g, but that the reception quality of at least one



after the reception of a plurality of synchronization patterns during the
expected tine, the correlator is arranged to output a pul se-shaped,is39&
with a plurality of maxi num val ues whose nean val ue_i ndi cates the

synchroni zation instant for the clock synchronization. 28/ 04/ 2003 15 8. A
wireless network as clainmed in Claim1, characterized in that a radio

devi ce of each secondary network node li0ncl udes an interface circuit, a

protocol device, a nodem,. a high frequency circuit and a bus system that
t he imr@hf%@uenpémmqi@ (b7 Madgel™ iy Lesxasadyhedhiesholdvale s, thsectudasy st em

and t 0 ' ' fs n east to '
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char act eri ze&ggéghat gll t he synchronj zation (E?t erns to be transmtted by
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a W reless networ udes a’plura urther ne nodes, |,
whi chnetetxeesdktha tittestodd salse g aod thet rekeptim quadtedkibt syndrodpp@ngausmat(f at

| east one.racl,jo .deyice which are arranged tp exchange datg via a wreless
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As has already been stated, a secondary network node of a distance class
RDC(i) can receive synchronization patterns P(i-1) not only from one but from a plurality of
secondary network nodes of the distance class RDC(i-1). The correlator of a secondary
30 network node of the distance class RDC(i), receiving the same synchronization patterns P(i-1)
from different secondary network nodes of the distance class

RDC(i-1), generates an output signal which results from the superposition of the output signals

for the individual synchronization patterns P(i-1).
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reception of k synchronization patterns has a higher signal-to-noise ratio than a pulse-shaped
signal output by the correlator after the reception of a single synchronization pattern. The
reception of all k synchronization patterns at the same time represents the ideal case if the
signal processing delay in the transmitters of the secondary network nodes and the receiver of
10 the relevant secondary network node and the propagation delay are not taken into account. In
the ideal case the reception of k synchronization patterns enhances the synchronization
evaluation.
In reality, however, the signal processing delay in the transmitters of the
secondary network nodes and the receiver of the relevant secondary network node and the
15 propagation delay must be taken into account. The signal processing delay in the transmitters
and receivers can be reduced by way of a calibration process. The propagation delay will be
negligibly small, as stated above, if all secondary network nodes are situated within a small
radius. Subject to this condition, the pulse-shaped signal supplied by the correlator after the
reception of k synchronization patterns has a smaller signal-to-noise ratio in comparison with
20 the ideal case, but its signal-to-noise ratio will be higher than in the case of reception of only a
single synchronization pattern.
A protocol device 20 in a secondary network node evaluates the pulse-shaped
signals supplied by the associated correlator in order to determine the synchronization instant.
If the pulse-shaped output signal of the correlator contains a pulse having a single maximum
25  during the duration Tp of one or more received synchronization patterns and the subsequent
waiting period Ta, such a maximurn will correspond to the synchronization instant. When the
pulse-shaped output signal of the correlator contains a pulse with a plurality of maxima of
approximately the same amplitude during the duration Tp of one or more received
synchronization patterns and the subsequent waiting period Ta, the mean value of the instants
30  of the maxima will correspond to the synchronization instant. For example, a pulse-shaped
signal contains three maxima. The maxima of the pulse occur at the instants t1, t2, t3. The
synchronization instant ts is then given by the formula (t1+t2+3)/3.
In the embodiment of a wireless network described thus far a secondary

network node is provided with a correlator which evaluates all N bits of a received
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) 1ONII;(art required for evaluation in a correlator, where W < N. The remaining N-W bits serve to
5  encode a number which characterizes a distance class. The correlation can thus be simplified
and the storage of different synchronization patterns can be reduced, For the main network
node in the distance class RDC(0), for example, the number O is used whereas for the
secondary network nodes of the distance class RDC(1) the number 1 is used while the number
2 is used for the secondary network nodes of the distance class RDC(2). Generally speaking,
10 the number i characterizes a secondary network node of the distance class RDC(1).
After the first W bits of a received synchronization pattern have been compared
in a secondary network node, a protocol device 20 of a secondary network node evaluates the
remaining N-W bits of the synchronization pattern. These N-W bits contain the number

characterizing a distance class.
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2 each network node includes a clock supply for supplying all electrical appatratus and the radio
device with a clock,
that a network node which is designated as the main network node is arranged to transmit, via its
radio device, a synchronization pattern which is dependent on the clock of its clock supply,
that all other network nodes, designated as secondary network nodes, are assigned to different,
hierarchically ordered distance classes 1n dependence on their distance from the main network
node which is assigned to the highest distance class,
that all secondary network nodes of a distance class are arranged to transmit, via their respectve
radio device, a synchronization pattern which 1s dependent on the clock of their respective clock
supply and characterizes the distance class, and
that each secondary network node is arranged to synchronize its clock supply by means of at least

one received synchronization pattern of a hierarchically higher distance class.

2. A wireless network as claimed in Claim 1,

characterized in that

after having been put into operation, each secondary network node finds its associated distance
class by measurement of synchronization patterns of the relevant distance class, and

assigns 1tself to the distance class which is one distance class lower than the distance class of the
synchronization pattetn of the highest distance class of all synchronization patterns exhibiting a

sufficiently high reception quality.

3. A wireless network as claimed in Claim 1,

characterized 1n that
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which is one distance class lower than the distance class of the synchronization pattern of the

highest distance class of all synchronization patterns exhibiting a sufficiently high reception

quality.

4, A wireless network as claimed in Claim 3,

characterized in that

after the measurement of the reception quality of all synchronization patterns, except for its own
synchronization pattern, each secondary network node is arranged to transmut no longer its own
synchronization pattern and assigns itself to a distance class which is one distance class lower if
only the synchronization pattern it has thus far transmitted itself exhibits a sufficiently high

reception quality.

5. A wireless network as claimed in Claim 1,

characterized in that

during a period in which a synchronization pattern is awaited, # each secondary network node is
arranged to correlate the received signal with a stored synchronization pattern and to indicate the
reception of the synchronizauon pattern if the correlation result corresponds to an expected

value.

6. A wireless network as claimed in Claim 5,

characterized 1n that

after the reception of a single synchronization pattern during the expected time, the cotrelator is
atranged to output a pulse-shaped signal whose maximum value indicates the synchronization

instant for the clock synchronization.

7. A wireless network as claimed in Claim 5,

characterized in that

after the reception of a plurality of synchronization patterns during the expected time, the
cotrelator is arranged to output a pulse-shaped signal with a plurality of maximum values whose

mean value_indicates the synchronization instant for the clock synchronization.
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the wireless medium and to evaluate received data.

9. A wireless network as claimed in Claim 1,
characterized in that
all the synchronization patterns to be transmitted by the network nodes have an identical part

and a second, different part for characterizing the distance class of the network node.

10. A network node of a wireless network which includes a plurality of further
network nodes, which network node consists of at least one electrical apparatus and at least one
radio device which are arranged to exchange data via a wireless medium,

characterized 1n that

the network node includes a clock supply for supplying all electrical apparatus and the radio
device with a clock,

that the network node which is designated as a secondary network node belongs to a distance
class, forming part of a plurality of hierarchically ordered distance classes, in dependence on its
distance from a main network node which belongs to the highest distance class,

that the secondary network node is arranged to transmit, via its radio device, a synchronization
pattern which is dependent on the clock of the relevant clock supply and characterizes its
distance class, and

that the secondaty network node is arranged to synchronize its clock supply by means of at least

one received synchronization pattern of a hierarchically higher distance class.



