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Met hods and Apparatuses for Assisted Navigation
Systens Field of the Invention This invention rel ates
wa o0oa/09i0ed d of assi sted navigati on systens andP@DG82006/004720
specifically to a format, in which assistance data is
di stributed froma conmuni cations network to
termnals. The invention also relates to a device
conprising a positioning receiver for performng
posi t i GRFhFPERP tREEURRSITSDASHR BHNECESPFINOSESE Y gnal s of a
satellite navigation system The invention also
relates to a network el enent conprising a transmtter
ThOS 1KPasHd & | AE RS Hyaneasdaha ektaocsat ekl Ehea
navi gati on systemto a receiver. The invention further
Prefetesnd o HetPdEt I @YMiutter dBtegPERCEESANET SERECES
ope8Na nd of del el ASi$haRGEndakd0t Brsatellile.
navi gation systemto a positioning receiver.
Background of the Invention One known navi gati on
S i.ti.aning
A kS e P B 5o a TP YL e
thbi gheed urahd yaaclisd dy off tthemdate srovkbanegus| Mamyt hin
at@gﬂsi httoffgrrfqgagqgh Tg%%% sateégbte%etrangnit g
g.g.giéﬁ%ﬁ%rls data ot t Satefft 62Vas “Rel'l PasP ATy
howet&e, téiEh chridesasdrald idfeenArketeireeaddsedonal
ositioning normally deduces its positi

nob
PRAPETF T MEERe: prolay s e CReT6Ros ShgnaPerdcefved

opb At i aneoustyedsOMmise Il ocFatieblelenthelengi 88 boch.

t he gpsitioning systemto the receiver and cal cul ates
REAETEI MBI B! 1P afSHF SK6h REPGPPS6RSt RYS§PgRaPRSSRor t he
aPOSEALPNENG. cbBE SRCRIMET sUShd VRIGAheheEeEMEL thEed to

signal” of at least four satellites within sight to
beohplrrcefieapost @iem. tTHh o tise igeready Piuhbhedata

' I on mis the Russian-based GLONASS. In the
p?ﬁ?%?%%ﬁ$h%§%§%ﬁll al so exist other satellite based

navi gati on systens than GPS and GLONASS. |In the Europe

Mthe Gﬁ%%lgo ﬁgsten1is under_ construction_ and ¥AII be
BperArroRaf Wt nthoa T ew s &S T 35alé BadEéy ©
rhdgheahay | onFSy séeamp SBAS PAMS cuEENOGUNCGAGARN) canebe
.al so being ranped up. Local Area Augnentati Syst ens
| RASICRFF AN HEEE FINes Yo% dtirss SLRCtaREa0nYt haentical
cgbeunds SpErRecHs NY FIFLORMNDR: tHt ftihet bﬁt@ﬁ@akbﬂﬂ?

y

the Local Area_Augnentation Systems are not actuall
2gaeBF et ef baGedonavi gat i BH ﬁﬁ\gttéws tAmefo GgRcthgs give the
sBﬁ¥'8@Eb§9 St ahLANSn A £ LR} dnfeh 18912 PeAQ L3 2L ELE L €SE

or "pseudolites™. The navigation principles applicabl e
siiiphicheysabelb| the besedf sywtesms(car ecaledo capphiltabie

' Local | t : dol it
PEhphit el B A R 8B e ver

chMoreogeancdapanese are devel oping their own
GPS/ Gal il eo conpl enenting system call ed Quasi-Zenith
Satellite System QZSS. The satellite based navigation
0s¥st-e8Brahfehddt BOf &Y SigiFediSint] REIIER S alekl ukesof
can col lectively be called as d obal Navigation
eSEPE| PPYESSY 4 PBNECEERISS)SUGhh at%éler@tﬂﬂe@eﬂ%eﬁéswtpfa
aRhahably Be Bashyl 9Pi H0: & QCHMRIS ML R GRIFNELEORBY than
positioning operations using, either sinultaneously or
sampéynadevelifyiner errpanh, e ridd quamdessyy sheer8gcht
ri eceLv c i f ; [JSt, S em.to a
d%égén%néygggn?%?aeﬁg?§%%%ﬁ\ %ﬁ éﬁﬁ%¢éﬁ%ﬁ” %%é g%rst
systemfall below a certain limt, or if there are not
enough visible satellites of the first system or if
the constellation of the visible satellites of the
first systemis not appropriate for positioning.
Si mul t aneous use of different systemcones into
qguestion in challenging conditions, such as urban
ar eas,
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where there is Iimted nunber of satellites in view

I n such cases, navigation based on only one systemis
w@e@ehwes | y i npossi bl e due to the | ow avai | abPCT/GB2@H/004720

signals. However, hybrid use of different navigation

systens enabl es navigation im these difficult signal

conditions. Each satellite of the GPS systemtransmts

a ranging signal at a carrier frequency of 1575.42 Mz
egpehedve Yo  imhiemdntequent rans sdlversehgi edfedtwihl data

. whe = 10.23 MHz. Furthernore, the

p%é‘?é?ﬂ%é??%%‘srﬁt anot her ranging signal at a

carrier frequency of 1227.6 Mz called L2, i.e. 1200.

the satellite, h.qﬁnodul ation of these signals is

| t
D%g?f%?ﬂ%%swrf% T TEASY orfe BFSEGdGCr BRBBNL SEREeAE esTrOrS .

oibi papsetidbarBAdOBISESuanGe formdbkf ekest 185 r8a¢htion-
.satellite. As a result of the nodulation,

) a
1ROUES ot ed WdEbae SigraiTes geherapedtoThae “soft
efBgUbat bOM G 8L QURUSRE JRKSS | ka@@§§%§{1§ih8u&gg errors

recei ver to distinguish between the si
¥ P afdnFed Rl fHEHIRG Mardnclest ebbichess ah@hoaghivhe
j f eng Y e a L $Si [
| Ty TP e R e o P eBE P HEEL PP Bhfosa o
high| ¢n¢uok Hoswwhmngeyd o1t selear ppetiflequenaysing
- ' constel latio eonetry. .This
1%%%’%?2{%%%,1 ec énirkgedf‘el{]o? dgléjltloerd Ogo ema?‘i’/i‘%{i QRVHGFti ptfe the
cattestsed COMYge |ie daclyes aneligit, ethéar tpRdpkatéNged e dte
0%7 silgna;éi the pseudo sequence gsed is e.g. a so-cal]ed
A ROt (o S5 RBLISH R BBefRCqRTeftt s Badirlelon-
ifidosed herfars lhered dheColbiaendes. nEache RSasahglhd te
dt)ﬁgns ts a s ig nal by using an individual C A code.
The! Codestr¥¥itred as a nodul 0-2 sum of two 1023- bi't
bi nary sequences. The first binary sequence G 1 is
formed with a polynomal X10 + X3 + 1, and the second
TIhE neif §° ey uiehitea tdrT] saedsmee byedebagi oy mheigate some of
[RVAaTely;! + + * + + Lnh such a
tggyla(t hatéilsh?eg‘%e]]lgg/% s-lgi hé%fe f’e%ggn{' O?%JFOE%%% 3a elélll?tfjt\ée.
sqhisiens drgdrhmse makesntllypessibbeléo produce
different C/ A codes with an identical code generator.
The C/ A codes are thus binary codes whose chi ppi ng
Thateréesernthel iGRB tsiyst emavd dés033dME . pTbee & P 0dstem
ccon}prises 10 agﬁﬂchi S, \M%erei n_the code_epoch is 1 ns.
15 dtr S| r 4 TPhr PREr SRAEURE afR%P viPEPressing
mddavl gat i i NfreliioRebnd Bhtarl 8h8cRindInditiss, The
navi gati on i nformati on conprises information about the
WSSt of the satellite, its orbit, time data, etc. In
the &Y %%Marﬁﬁts@ddnﬁeaaEéaﬁn?%ésQﬂ? 9704 ks are each
nmessages i ncludi ng Epheneris data and tTne dat a, whi ¢t
ABFIIFRE PRHEPosUistrntgal dr et her same deteres siend heteps
.t : atel.l t. Lven instant. These
orﬁégjﬁéegrfie?%sccgdlg{%egﬁdtsglﬁehgg alarr)gttransm tted in franes
whi céeiak € ifuatt lerd diecioddd chathisgbhodnbss Hrguerdhged to

0 exanpl e of such a_fra structur R In the

c VFseys eemougpélle‘lcsf anéaégnﬁh‘f?,gga&%o%e%?lﬁ C%‘ﬁach are

prbag gheichd mtcalifliese asidbfcbanaspat 300ebids 1 SR ative
,ith transm ssion of one bit takes 20_ns, the .

o MHIHES i Un aE S3dR LdBFEaRBt RECORAKIRL D RECGHRE ifise
whole frane is transmtted in 30 seconds. The
subfranmes are nunmbered from1 to 5. I n each subfrane
1, e.g. tine data is transmtted, indicating the
nonent of trans nmission of the subframe as well as
i nfornmati on about the deviation of the satellite clock
with respect to the tine in the GPS system The
subfranmes 2 and 3 are used for the transmn ssion of
Epheneris data. The subfrane 4 contains other system
informati on, such as uni versal tinme, coordi nated
(UTC). The subframe 5 is intended for the
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transm ssion of al manac data on all the satellites.

The entity of thesesubfranmes and franes is called a
w@RB7eIfat i on nessage whi ch conprises 25 fr an@€BFGBRI06/004720

125 subframes. The length of the navigation nessage is

thus 12 min 30 s. In the GP$ system tine is nmeasured

in seconds fromthe beginning of a week. In the GPS

system the nonent of beginning of a week is md night
mddetl wee hase Sat uf dayed neiulas Suridiz/l 1 yEddte swvfer @reocessiag

trans mtted. contains.informtio t nme f the
StEPE SBoR e L Re SUpt Ao et i A CEBTC TARS ¢ he

ti mgadat aii-pdi eat esetdied noneritinf Maduiss ssicodcgfatad on

certain bit, i.e. in the GPS system the nonent of
PhyYEd el ¥s FERABREENESYHSESbit in the subframe. In the

satellites, tine is neasured with high-precision

atom c chrononeters. |n spite of this, the %Pe ation
Thst prgekSatBVPREEORs2EBAtPEPY S P &0 & e
pd¥e N8 RSBy SLeMy (BRE ShoYm)orand €.g. a tine

conparison is performed to detect chrononetric errors
i n thesdagekl dabs anHUEoterlamEhi f11H LAhiRamd 6rto
it:e, _The nunber of satellites, the orbital
p%éﬁ%%ﬁ%@igog l? ¢ satellites, the structure of the
navigatingingessagesidef trshayndeselpdridkrdaita inyrocessing
dj fferent navigatio ste There e, ting
M e Gt 0t L PO BAERH PO T T SR ] hh:
sdiel appld daphe ;i Bnd positioning recei ver of another
satellite system On the qther han t. | east. t.he
desi i PG 6P€sf6FSFh@n%aFF(F%% h eﬂﬁd‘i‘%ﬂoeddﬂter?atto
olthfre aM ldrBe £98Rasi Mhlackties HetwReth&PDnbt said
Galileo in such a way that at least Galileo receiver
£ strulahheeasre fatat PrPEESEPaI sEPA 1 3T YR 9rined
s RO 44 QYINg, tlgi%s'stahl_@nbﬁgcgggﬂﬁﬁssf s PesIddNId¥ta input,
receivers) “i.e. devices which have the ability to
per firaneiosiseiichifagssnandespagnd ghegkipmimedules are
t i tt j Vi ' S an not al ways
1?%%%%ggﬁégg%ﬁgcgﬁgggﬁgg%gﬁg sagggﬁ%§he requi red nunber
of satellites. For exanple, it may occur that when a

t hr ee- di nensi onal .posi ti.oni ng, should b tfor
T} BT AT 08 e ARar Sl UBSof Hndlrey R P &
16t €l dites.tsThigtnay tkappes whdohes, ot malr bane outputs of
environnents, etc.. Methods and Séﬁiens haﬂﬁébeen
i vt Te # 10 S SEGMURTESELSHEINBP AT RS 30° erfdhl T
(D931 ¢4 0hd NIRGY S @ rSiogN @k sCeBditteas. of fdiheerent
conmuni cations network only provides navigation node
(R3] Qlane et e CEervErs PREVFERD! r enBhtCRPrform of
£ A U Qfn T ke Ritghdl S BnkWBr AL ABN§AOA%rocessing
positioning, or four signals in three-dinensional '
cpositoningrivedafotsaditiiani she FbaekeRy nedekes régigrmdne
royvides Inst + Har-o ricG Si ich
BERNE S et e R TR B R e
psatetsitesnodlemougle fibre tshee-(dndenstonal that an error

ositioning. These. so called .assisted _pavigation

b85S LT 1 Fo DLHET Bomriaf CAE L ORIyt brido (g ToF has

otkanssdt. information relating to satellites to the
posi ti oni ng devi ces. Respectively, such positioning
devi ces which have the ability to receive and utilize
t he assistance data can be called as assisted GNSS
receivers, or nore generally, assisted positioning
devices. Currently, only assistance data relating to
GPS satellites can be provided to assisted GNSS
receivers in CDVMA (Code Division Miultiple Access), GSM
(d obal System for Mobile comuni cations) and WCDVA
(Wdeband Code Division Miultiple Access) networks.
Thi s assistance data format closely follows the GPS
navi gati on nodel specified in the GPS-1CD-200 SIS
(SI'S, Signal-In-Space) specification.
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Thi s navi gation nodel includes a clock nodel and an
orbit nodel. To be nore precise, the clock nodel is
waois@d/o91oF el ate the satellite tinme to the systRor/GBam@E/004720
in this case the GPS tine. The orbit nodel is used to
calculate the satellite posi#tion at a given instant.
Both data are essential in satellite navigation. The
availability of the assistance data can greatly af f ect
Thehprpositi bhy Rl Y&t XA GRS fdRTamEeCeps 1iHe dgpgication,
NeFIN GRS ( ngt ,
th?%é%? kg?ﬁreef%q%?%anes($$ﬁ§good ng%%?oggndl?ﬁggger
sifhoe ahéPSatecpmwmﬁssxngnﬁteﬂﬁ a¥&xﬂ9¢reﬁdtﬁ@tna@|gatlon

e the si.gn
Paggﬁiﬁ? tglgg%% ?%%eefg?Pno Jﬁgﬁgf %&I?tﬁﬁé fpzing the
prbb%%b@ﬁ@ seseldm@acﬁraceesdmguspnednmaﬂ bies hagai.| abl e,
it takes at | east 18 sec nd before the %f? satellite
FuskhBe. BYaBTPRCSRY LT o B IS REIIeE REPS

ph@ﬁ%‘a‘l@ Sgbpashsd e&ie%s A €t | ptaaliatingr kfsach as
M or UMIS (Universal WMbile Teleco ni catj on
ragygfé M- é@ﬁ6§e@oe¥¥@Fr%%%$@e?n%F flﬁlﬂ? %gatlon
nmessage and, hence, the receiver does not need to
extract the data fromthe satellite broadcast, but can
Inol@tﬂa foim gEr Bbel ynYerhiohe Bef | et rathve9eo Fh€heceng
Qe Sbeef h}?o(&ggg) oft ageﬁgrét‘?g ULk 41 R S ithaA 18 that
sec onds. is reductionin the ting to firs fix may be
anawhmqmtednonfbhelasman@ercuhen@@%#dt(MﬂQN?Wﬁileﬁéﬁgency
call.. Thi SO i per i vay;i QUS
quﬁglgﬁegl%uﬁo 8?@2%?%8 ygg%%gédggﬁﬁgéﬁ?gﬁﬁeg%ing €
bdadqey,matd andekds efurtheraapat:*abl eansardatihe u;fSexSes was
current |ocation. E of Locati.on %9 ata for
magle \fic 4 FELBSF ﬁ?‘imi“tl?écf’l 1PRE PEEUEN [ heaFdt &fithé
cHeRGaliPR Ofnbae vBeEkidhenefioles. detmysll mudie

determ nation of the |ocation can del a <£
am@étﬁﬁﬁfse@(t@ £RSnHERECEBSPES EReP %s%?ga%%ﬁ GrerPeing
ARS8 l-a€endi AhoagvhﬂgaQQ bt zgh D0f1 f Reparating

aSS|ste data nay be the only option for navi atlon
thﬁu@a@ma@siellasmeptpnreﬁeceuehellﬁwelrhcr &t may
ran&kaec c%n MRS EIPLe Lok Bg@u%grfﬁ%c\(t% él’gécqgttrﬁj Md¥ules
he navi gation nessage.  However, when t

1maahegaamm mmtna:m s @tovsde@ighéw el Heely vdrats rleiﬁfti?itcal
externa

BT ST ol e e

i nportant in ndoor condltlons as well as in urban

ar eas, ere si gnal Ieve S. A ni fi cant ary duye
TS, $rid Sererioperaabea Sni g Mool dE e e
1S54 eddide }ﬁijygﬁ@aﬁlyTEs%plalﬂ‘bQéﬂlatibemaés pateid first and

application publication WD 02/ 67462 di scl oses  GPS
S%@%@%t%ﬁﬁﬁaRESQ§Sﬁé§§a@@§ulﬁSCSPP&ﬁa?e ﬁﬂﬁﬁ%%%ﬁﬁbns

s%&imgsiﬂl%f?cte'?ﬁo@%xfcﬁﬁﬂsr ansm Ltk ngo%@&&h St @ Came
ta 1n cellular networks. Wien a nobile ternina
Chawmn@lam&m%3|ék@@V§GS|ﬁﬁo@ﬁﬁ@rﬁééél%@®V$eﬁh%%t%¢$%ﬁence
c§°ShELRNGE fiahAed "R ACIOLE SEATSCLDRBRLL Bt Sl il
one navi t|on nodel "Tor “each sateF Ite 1n the view of
mb@@lassa:csmhﬂ pogirtdvirieny oreceifferenThelfonitatboFrdhi cir

nce data is._sent is_s ec ified u

l%%%%%ar Ao %Plaﬂelsétutlon S hél T egéﬁﬁ%%ékéF e
iReseui 6k, LogatiantSemnd cesdioidatal proae&SMg RRGIules are
(Radi o0 Resource Control) in WCDVA and | S-801

.1/1S-801 .A in CDVA. Broadcast assistance data
information el enents are defined in the standard TS
44,035 for GSM Finally, there are User Pl ane

solutions OVA SUPL 1.0 and various proprietary

sol utions for CDVA networks. The conmopn factor for al
these solutions is that they only support GPS.

However, due to the ranp up of Galileo, all the
standards shaII be nDdlfled |n the near future |n
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near future and new data format nust be devel oped in
order to be able to support the new systens. The
w@e@blogroi n provi di ng assi stance data for new BYEGBa®E/004720
as well as to GPS, can be reduced to finding a
navi gati on nodel (clock andsorbit nodel) that can be
used to describe all the satellite systens. A
straightforward solution is to take the native
impawhgat édnimesspayes forimeld grogaehmeblehgaspsaensyand

h format. However woul |t I ous
<Fg§$FLrtﬁ?thes%aﬁ%% (%F?f%%%ﬁf“%é%%&%& %ﬁn&?l orgéach
boay8t em) which woul d make the inplenentation task

probl emati c. Moreover, the native format may al so be
i nconpati ble with cellular standards. Therefore, the
Thil Pals80hat L OProtisss hey Sﬁtﬁihltéq%lnd\/&;wemﬁ&r@tf teeeRrting

formats are not required. The challenges in develog
mogu¢ gniipy Por %ﬁ?a*ﬁ@fél eleE g 1Sy REYEAICRLt & OFAERP gt
exlﬁsléat ehlit 8al NPEX S g 4P JdeRt ithe theenapigat i on
wth a specific satellite. The problemis that
Aleeemytsyemm bas fissbhwinlsdewadss siEchs@dudpsanfdekes

M e g e Rl e

1ntégnatéded1mpuhtshetﬁmmﬂ\xnﬁqgnﬁuﬁﬂkgunﬂajtbym@Mebe

te eo use it f
pla88§tléos?heoggt ?Flt é“ﬁg eﬁh%§%~%g g ng%ﬁéga
1nW[thlh§esE’tRb[Léﬁdeln$ﬁgl byhidfte tsatd [dd encBe@NASBhasepeed
a 5- blt field to characterize satellites. The nunber
of . gRpBi8Bntified with the satellite position in the
orbital planes (this position is called a "slot").
Moreover, in contrast to other systens, GLONASS uses
ThEDRBRCPRFedabRCHTOFOFSiR% W%ep@éﬂ%&es@eqoedsﬁhea&lng
mo%i%ﬁ%l lnbﬁ/ebgr 9@@81@@85&: ntl%@eé%rﬁé”dﬁhﬂetldaﬁ neied iherefor
hat théere is also a spread code in use in the
exenmssthwemew be melem@n‘eed i1 EhehseneafdChhe
| ot oF} nadcast, f n S
Al%%&% lt'lli/gtl)g Eug‘gg&l’lﬁ a:%%?a{pufl o an?eg o%li% Sha T8k
sdb@mdathsahsngy&béuﬁeuseyF5¢JImyﬁﬁmentﬁdndnadlﬁde@ESt

ut _they have a et of 12 Th refo t rst
SBEFFeﬁeC&FCPﬁg CL§ stiahy E%F%fsa cﬁiltegﬁgﬁ%er of
plb%&d 518eeceo§ESBeSISwthhlBamoa qnﬂﬂan:q&ﬁadWHmeagees
i nQ detailed Lnfornation o the satellite |ndeX|n% g
R PG SHPhEReVEr 108y nkl the" ?Réﬁeﬁﬁl3$ € sbee
ofaldgyaeatabihon, the GPS conpatible fornat should at high
probability be conpatible with QZSS as well. 10
Pseudolites (LAAS) are the nost problematic in the

Trl RERXIAGSeRSeneThBLENt $oA0 shandardt defded J@ssing
I ndexi ng pseudolites currently. However, the indexing

nosha@ gnat theastrissostegking| vodehe s Jtrglrp;l@mqﬁ@@ R, 2
f:tﬁéné“t‘:% (LREY-WSe @F’?chXEeﬁﬁﬁz'\'@he THher &I or &y ua?#a s 1&%

e range of saftellrte indices 1s s
mdduﬂﬂ @n@etmessebbedtoheskdegcmwﬁmﬂ¢13¥§tumpﬁamanbedson.a
n§|§%p% atellltg i ndexi ng. The second chal | enge
S?%?“Fhé ? eF°Ph& cl ock nodel for any systemis
gi ven by ASYSTEM (0 = v (O [ 2] Ot a | SYSTEM (O
t REFERENCE ) +.a 2 ( SYSTEM (0 ~ REFERE
I SPSTEQT PF §thén§’§?§FéﬁPt i ﬁ% (%‘%P%%%c%aldeéerst and
sddd®) ®lcd @ﬁb@@sstlnﬁcfzn%dﬁléb)aﬁét ddd® o My first

instant t . t REFERE is the nodel reference tinme and

a,- (/ e {0,1,2}) are the Oth, 1st and 2nd order nodel
coefficients,
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25 respectively. Relativistic correction termis not
shown in the equation. Since the equation is the sane

wo 2007821005 system the only problemin devel opi PQI/GB2006/004720
generalized nodel is to find such bit counts and scal e
factors that the 1l)range of &al ues required by each
systemis covered and the 2)accuracy (or resolution)

eq;gi rerreqr%sld%or each systemare 30 net. The third
T Ob R R Aftled e, WHehi o FRbGERe CAGRE iTogHeR SyEpeRsing
bbas 453 awrdor dieeiddizng | ] u
the sane for rmtsg.@?GPS and (aSaI i Igggpggg ep%%??aﬁbgégi%ﬁd
SHEPHhetare RoCH P toshlaveter §aid5s8condeanecking
S@ntect iap,d erp a5 6. har i ravitation
M Correct i ont er ms. ?ﬁl%\?rﬁrrwgétf Fggﬁogﬁaggl if’@%,outpms
OB IA\SH trn i tgete s neb deldudeisy acenf ar s ¢iné cksat ben:ion
S i osjstion,. . velocity and accelerafjion at a
fig?%%né%eﬁisﬂtlaﬁlﬁe .“Qlfﬁ%lse’i A ci):\rflnéC Foﬁngﬁt?h%ﬁ bies uSEES Y by
cletiving mile fieilngs alhsekprioblethé ose & died eghiatk ong of

IR on) Itogpredi ct _the satelli %e E,J(g)sni on at song
Tnstant .~ SBAS GtiiH AT _QémE SenBEeHotdat & farsto
cHaONASS moBhe SBAS TAVsgakinan sBBESATEnHRE: UE$ said second

i nf or mat i %gHon the satellite position, velocity and

ChRdeinst MAWH S RascEe rFst E/ECRE angi Vekrd nvepwEs, Thi s
wiggtetid S dased i edicClshaasahghtst & POSI 4 9{%‘&/

sinpl e extrapolation, which is Tn contrast w

- ChgENASS M lfhireirsdgathensubbubmt pHrsard §imsgratdd

sddbrid Mt LRI 3 Y S ' . aval Labl e
yet, the dg)?ai ieed 1?1%‘;3%{&%(1)?% ﬁgéﬁgﬁ%\é%’n Srraelség%er%ts
chrstkinsomedudienweveputishériesar endoserend ddtmts uodles t he

' I [ . tible with, either GPS:type
© epﬁer@ﬁg@% r Q%B%%-lt%gpggl%ﬁyggdggsﬁlile ot earfé‘iljrgl%boquﬁata
prdweegsewd ool eiss reappatibkeyvwhhd £PS and SBAS; diheal
5 SStoerit n?%&%e descri bed using the format of S.
requicre ™ SheToFBrt SAbdet 152t it - dt datse
pudyjeactisigt haduaes sbatl @BREYrhdd t Higo KGR f41@ME the same
Eart h-Centered Earth Fi xed coordi nate system
p FiCoRF PR 88, Spdeudalpt B3CHENRS fafi rdai &tdatet input;
s 1P AiHshk OB e GUicbaRE AL uE OF oF Nes RPSidd dediSing module
necessary to be able to describe a pseudolite position
refelys ésorufisrtoprdbsgroBdntria sianeleadesm lgnid first
=t h [ neRt ' i no, . ¢l ock del
and ltgrgg?lto ngr%%e%;‘,a tcs %gangggggt ?rééwﬁﬂrqrgo?élsn%udstseicr?ﬁ de
chetkgngamodnlen repdelvesefei@nterdt nerfornt RERFRANGT O said
1 .nmdel imlar tine stanp is required for
el %lrk%i%?lﬁgdgﬂi}ﬁﬁﬁdel validity period, issue of data
(in order to be able differenti ate between nodel data
I se%%), SV h%aghh gi ndi cat es whet her navi gation data
¥ oW CREMSYT §RGsABVERBICR0t § . HNSeHI RES KRS AP dudiend st
prailidelde $)iet eRs riavBetRehs AL TRTNGG Ll PRI IRY
these itenms. The range and accuracy requirenents vary
CHPGHEs F 8Be RPEBUSYs PEnPak®r Bover anheaaandesatsat el | it e
Realbhnki gb uhbp@s LEheatd atgsihinge 4
D e CEy St ahes o P i ids oo
whekdiey gianotbapidafivas sngnetceomnd @it gremtessing
encl.es I stance.data format nust
B e R et il s R G o
ste@sawet eridadgeaandpatcur ity tleigudl rdrentiscamdudkeRay be
into account. Finally, the problemw th current
assi stance data format is that it only allows for one
set of navigation data to be available for a given
satellite. This means that when the navigation nodel
is updated, the term nal nust be provided with a new
set of data. However, already now there are commerci al
services that provide navigation data that is valid
for

C
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5-10 days. The navigation nodel validity tinme does not

i ncrease, but the service sends nmultiple sets of
wmanrgeopdn data for one satellite. I n assistePCTABR06/004720

this is advant ageous, since the user receives all the

assi stance needed for the next couple of weeks in a

singl e downl oad. The new assi stance data fornmat nust,

therefore, be able to support these long-termorbit
phyistigail Dy cHepenst addetom diee tdit datat eft hévee fHasthead no

solution to the blem _This is because the
ses0uiis FRREE AL BORFSEF f bUTFOr HAS BEGTHIRR Eg s may be
pHRSaY 31 €8t BAda t 8 COMAM NGNS K Dot e £ WHee i r3al @inidon

in distributing assistance data to the termnals is t
sesiongi A2RaVPHAFFBRIABABPALE?S GPI T e IXETRGTh ™™ ©

tr&aa%kﬁehtﬁoﬁr Oegea§£§strragt£ Yoidrasss 193] ahnd Jissid ifawse

to termnals in the network according to various
<ﬂEK$n@arm9duheu§ée Sunhamgnipgd t9re 4 et dm CRE RS ent
dnyent i | S3di:ge d.gal i 90 nodel a
c%ﬁ$ulh cgﬁebgggégg t%t%hg?ég%%%ﬁggqa%éﬂéatelI|te15%&3?

ctiehdvigourdaid tlre smpékmeneedrdi ta iseamre itH@yrated

naV| at i stem Th ner al i d VI ti I
e nBokth: troks: Sreh tpaods M Aot Sons

trL:M{S 1alrﬁ@gQZSSd Ehlef:alar ecabloof edersmtimnsyfaired etircuit

unknown future systens. The,indexin obl em ha been
"o | Fod B LERCOAE Bt FETEALEFTHT e TTRIR 1976 Y P S uch
-y thakrbheaupper diistssebdtdwodd el d define the

navi gation system (GPS, Galileo, G.LONASS, SBAS, LAAS,

QZSS or sone futuresystem) and the | ower bits express

Ir% "t?rres atgld ke th@d%we&ttlea syst emnAtd yeof sl . £ihhR and

d shal I "be called SSindex from now on to denote

s¢Qyst amtandroaesisingemodriereats RASILA T Opgush first
LI hatcal 8L ;eapg?uwd&i@ S hnden
¢ ég%ﬂgisate Iltgﬂgﬁbg%éagﬁg e%ué%cy or channelfs Theg
b@tt}mcdami:cé&irqm @blgemlha:&dbeemdsoﬂlmeldt%yoif i grtt Ghgf Sgth and

0] s and scale fact or th at
sPrnd e RO R AR e S s bt il SeC et dEt e
ndJuLs] nhd heregerericald Zﬁiédkllﬁgkmmdbé oxlrbpuewmngtkbmth said

i nventjon does not, excl ude usi.n dlf%erent cl ock

eFpelel SIHL &4t S&yist SHEPHTE BEbE Frott ST 3B Ty FRd data

pPEEL: Sl ebd d Md Qe wladwhétkmgemm@eé Thieus, in
nodes of the nodel are, for _instance,

tkepl &rmarrhodd ; 1qMﬁﬂ¥¥Pan6§PtPBEPPFSEéﬁFtE%o?ﬂ?%ateS
i t a a ra O n

oA ADLE, FoRond 1 vekel yraneaecsler abtosnd run

thied atner@e:sng mrdxEplia aviiadi nERt SBEDRt e RHEANIIMERat
chRC PR R AR %t$ecl"%§:]«!1|@1% thobhi & may SheMkedefhag

wever er | | enent at 1 ons
eﬁahebet}hksledndd)llmdi@mcs:ﬂ haemmdletchouetwmn ehanpirepbis

e index es_are aII | usj.v
5E‘loﬁﬁ eﬁjrﬁ% 5t f“cﬁ%orb%cﬂqt PEQUIT 8 aﬁ PR ngégfoe@: ‘ﬁhen
thbectreberencsut i o sl psddidivisy cpebkchdgdmbdnée is set.
precisely, when the nodel can be used. If long-term
data is avail able, the network provides the term na
A‘é" &Qaébeoﬁ@rkgf t 118 df gnan diddilcscike bespaashbil btynot
of the termnal to take care of storing and handli ng
saift Epret sand %@C%%@lﬁ%ﬁ§dﬁ“ﬂéﬁélpﬂrmP%él§ﬁ ave
e )th gna¥kgatl bANsaid
pEQgSFhéé %% ase%ggﬁ%t%e broadcggF%g%EEV|ggt?on
nodel , but is long-termdata, this could be indicated,

for exanple, in the Issue-of-Data field, but also
ot her
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i npl enentati ons are possible. According to a first
aspect of the present invention there is provided a
wa@lewroe10ednpri sing - a positioning receiver foPCT/GB2006/004720
perform ng positioning on the basis of one or nore
signals of at l|east one satellite navigation systeny-
a receiver for receiving assistance data relating to
at | east one navigation system and - an exani ning
dagkementizddpbedsedd et nEnpie mast &y ar yssiest @fcEn
,_data; characterised | '
_— 8%pFFsgg ?egsée?ggnéﬁi%%E%I%%%ﬂ?%§g§g¥%%ﬁ%g%%gférnine
pricke sende abduhesassistaneef dat aof ntlsaiih asdiistrandde

data, wherei I d_assistance. data is ad d_t.
11654 B Bohe ChoL PE| BRLRD TARGrv Tt o roinAg oot a8 a0
irRRS tiPRheg faf-sthendeni sg. médeeve di Nthd emrceseconghal that
_aspect of the present inventiop there is provided %%t
i1 RO ERBRECCORBFF SPRECSSRL RBITT BT i bIRBe T &
1 0RENO 3581 $haneecietat bdat st id€RSE R MANE GAldiony

[

system and - a transnmitting elenent for transmtting
stegs istearice beardd seardedombhi eabrbhse Het vidig signal that
, characteni sed hn that t B coBLiRL! hHG B eiBltnd Sused to
Jﬁb%%ﬁ?%ﬁﬁ%%%% g@lect a ngdg for the transm ssion of the
irssisisgteandmdaig, resunser pfi adpeationlaf dHE REALRAT6W

system and .t he sel ed node into the assistance data;
SE%%!ék%ﬁ%ﬁ%?ﬂéFpFﬁgggésistance data according to the

sel ected node. According to a third aspect of the

present invention.there.is provided a syste .
It st i %:ij mﬂvﬁngﬁgﬁénanﬁFEﬂrc%uy 1711_‘5(2%1%9 a’
PO A | iwig e iementi o errber suaguassisy anseselatwhen any of

relating to at |east one navigation systen and -
sa¥dridhs TN RS qWSPuFﬁaﬁsﬁF?PFﬁgY?%%g%E%?%t%%% the
odtahd- 4 LA LOMMUNIGAl 29[S sBebwar Kata prde¥sgenyhisdules

conprises - a positioning receiver for performng
aposiel omnEate + hdhsasira o3t f8Re BRYnBReST gHARREGFT any
oga%geaéhééﬁ?ﬁg(Hgaﬁﬁgéﬂdét%%t%aﬁhg@Ek@?,3M§E§8ﬁt'w§iting

receiver for Tecelving assistance data fromthe
foet wine keet@nesignaindo paerevarenithyoepbneat theapeier t o

exanm ne t received I n ta; racteris '
TERSTE T, COR 1O (g SO SASRe £8 Shagteutt oo Sheres More
ofDelge f @4t & herddeansimcs sicaiulefs  t ferassbhepaacEodatas in

insert indication of t navi gatiqn_system and t
CLEFRER B riokle Wﬁ%l%e&gfsipﬁf%&@éﬁaﬁt FOSﬁag%gg Bep, or
£6PNSEEUCH 1her AsiSigd anee radeatdeeobdi agpuotibalar data

navi gati on system and that the device further
PEBRPFFsES St@Pdet erni ning el enent adapted to deternine

t he node of the assistance data in said assistance

data, wherein said assistance data is adapted to be
Theedabg @aeapbaPel oFMNPT ecdisrdrlf etgetP8P I ng

positioning of the device. According to a fourth

aspect of the present invention there is provided
The functionality of each of said first and second data

processing modules may be defined by data stored in one or
more memory modules. A single memory device may be
provided, which is used by both said first and second data

processing modules; however, it is preferred that the
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a nodul e for a device conprising a positioning
recei ver for perform ng positioning on the basis of

wop®7091000r e signals of at | east one satellitePCT/GB2006/004720

navi gati on system said nodule conprising - a
recei ving el ement for receiving assistance data
relating to at | east one navigation system - an
exam ni ng el emrent adapted to exam ne the received
fuassishanceydafasathaf fctterdsed proddsstincheododgl és
further c rises -.a, determning el ement da d
Qe GUPEPnPHOOPRE. REOESSr it b o rEe Tt R ehe
fu@.&%ii&ham(i@ydatasaaﬁdseccarliti OdH U tp iom et erea msf efodule is
i ndication on the de of the assistance %? a to,the
defdsee Bifi A§-ReePTRr, 10 WRFHH S5 S8 diTce *dafa
£hig adapbedpbeche:ds eﬁr&ylérh@ Pesidd iy vieeeioner dhek
perform ng positioning of the device. According to a
Prplcﬁlsﬁlé@pé@fiué? phBepPlent ¢ MRS DT hh&dds Fiemory
\i'o%e%fatgét Bgﬁefaéméfy?\r\%aﬁlté ng z@ﬁsaxgxanq% dally bae
evi ce nmet hod conprising: - formng assistance
med@nraf meldaflienyere Rrovedsd, opeemali gdidtomesipsemodade was
transferring a d t Vi
rloéchar zlcterl s%gla’ %%k?%é?f?h 1‘?\Itlrr%%hkg%laE ‘%j;ﬂ% ﬁ%ocne'psrslls?es -

modietlefsnicoung theraaei gat tbha syse eyt e g dwtsion afat a
rel ate

- sel.ecting.a node.for transm tti
e AP R T T BTY | REPRHT a0 g et
outpUtgatirer sysiemandbthaeseteed asly nade omtihd famta
assi stance data; and - constructing the assistance
Chestka "Ee FG9HE§ 't 0o the sel ected node. According to a
si xth ‘aspect of the present invention there is
provi ded a conputer program product for storing
sxo et RBVPRS Leonphker dakeciia dncltdes a
cdd@tféfcetfem L nef@ N9-88865t ANCE: dat@dShatddihile s)
| 'east one navigation systenm and - transmtting
d&ﬁmnrnguﬁhecﬁHQ@HM@naldéV|@é sehdrdetarvsesninchatodHes -
uter r r c rise e bl e
P eP I Ine o Hadt et ARG Ere oSk daie - He
pan:awatg aﬁnajmdjiatga Heelmtresntfo;cmat $eh en:mq:hgdmgmdee fagrid
transmitting.the assi stance dat a; ertln
4 c b %fhet e ATaTJaE] Fiegf?s?a rle e r%"e&f &5 ed
dimerddd e dh el aTirsinangactata, aﬁddefmmt]ﬁjacttkhmgsatjrfe
assi stance data according to the sel ected node.
ording to a seventh aspect of the present invention
there is provided a signal for delivering assistance
data to a device, the signal conpr sing - assistance

Thofat i ¢ 4T mgfeerbtla;tn MOA%E YR InHVFHaPPERekyRew data
p%‘@é%{ﬁ%{ fag% ﬁ&ﬂt the nsj-onak; LRt Er s GORPRESSS as is

an’in e navi gation systemthe assistance
welhl akredmat B ’itl'@e ant a pesdets sasrbdngol St vagd ni B t Ny

e assi stance. dat [ n d fnas
d%€ n“TBRsT lr%%‘fl?f asacsotr %L%ntla if% hguggégg%gd{;ﬁ%d@é&
sWEEOR thd gt ¢ chreo By tus el fec t hef ItlherpeE'senPacha’ent i on

there,is row%d a carrier havi ngla S|gn€s (ggcgrded

SYhErRbLAT f BPTR I 7Y 61T Hy s ST An =1 pac atd

between data nodes over data links that might be shared by
many other nodes. Packet switching involves breaking a

data file into much smaller packets of data, with each
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data to a device, the signal conprising - assistance
data relating to at | east one satellite navigation
wayBremoothar acteri sed in that the signal furtP&r/GB2006/004720
conprises - an indication of the navigation systemthe
assi stance data relates to and a node sel ected for
transmtting the assistance data; wherein said
assi stance data has been constructed according to the
Pagkakt eAC hpdEnAcedd t Heopalo infvimmeli igspeetichf aghehe origin
e : [ re: rovi_ded .assi stan dat a
éggréggﬁé%ﬁ%?géiﬁg §H§ %%%%rorﬁlﬁggb g%%%EOPoP%fgﬁﬁiaata
ipssidednte the apddiget oviathireddte didenavilgahi eReSPstRELs
d.-.a nsmifin lement for_transm.tting. )
aggsfg%gﬁiéédg?gi o %?%EﬁﬁﬁjiQ?athﬁsoﬁéﬁﬁB?h;%lle 1s
rehasacbkedsed in that the controlling elenent is
adapted to - select a node for the transm ssion of the
assi stance data; - insert indication of the navigation
Dsystem andl hdiehSed ett ecbdmdrncat @ithecaash staneeogdafai
anq%- ionstruct the assistance data according to the
NQK| BTt P Mot THYY | WRie Rl 6/Fa8Rdfs Osdle wWdvhnrafesence to
tRY e c@hednP g Jmeriﬁﬁi@tdx%%pg' g {aitpe | nvention
Is suitable for a nunber of cellular standards and for
a nunber of GNSS systens. These characteristics nmake

t he rent. d tractive.solutiop sjince
a gI%%%]nggig%?ggt Cgb%%%¥bﬁkréﬁu%ééogﬁ%?%%e%faE?%n
Prosert IrWentappli es to handset manufacturers as wel |
as t@ tor co ni_cations_network nd
possi gqigﬁﬁéféggEﬂ%%§f§ﬁ§ﬁfgsaﬁFﬁt%8?v?€egB?oviders.
E et jprriadri @y tofi ngemertt athieor i irBuRRLEE andg RRC; onl y
i nclude the possibhility to provide the Assisted GPS
recéﬁ"r%&%42%}%ﬁﬁg%F%?ﬁﬁﬁgraﬁ%ﬁ9 BREE eChashdeen no
fpossididlidty tar sspparir&aak beori G ONASS, 3 SBAS, LAAS or
QZSS., This has been a drawback and can be corrected
for U nd the Ppricdhit depastirahing acetlcar ipaot of the
rassishanon am iid loalamst ogeptai nly be incl uded in
RRLP and RRC, there is now possibility to make this
format as general as possible in order to able to

%?ggprt Ut ur t S Lption of the
F aw nlgsléijnéjtbﬁe oloﬁo%%r%gn ) 8F hge%%%\élée%%?%%g WY T HY
infismtidse ganeneirley det aible wefbhreeterencerdd 1 hein

awi ngs, i.n which FiLg,. 1 depicts as a .
< SRREDIRL A O syt Galehh, St dont v ncun: Bhvatision.
present invention can be applied,Fig. 2 depicts a
ref erence ,receiver of a navigation systemaccording to

Thin BT e The GPTPRESHP eSEHET i tw et I dy and
tisiFpld fd=ad peoddesliagl aTbckby. Shdepi£ds c?a‘&?tﬂﬂﬁﬂ'é%ssing
el ement according to an exanpl e enbodi nent  of “the
blds éntcamprdmiSsor dd ratstaphi Preeeds ek whdwramo Ringl a
£ A depifdk g, ' or di e%<9fgal enbodi nent
of the préééﬂ?¥#ﬁ§éﬁ??dn gggagg?ﬁ%?i |edé%%é§% ing block
6 diaramesFieg s afebidets arcoess gy troodinl exXahpirel a second
fhod) f present .ipvention, and Fig. 6. _shows
“an eg{ np téiug téll%?r ar?e%%st%ﬁg?ugaet%s%%o?%ﬂﬁggwﬁe &
coystiems Bettdiilred dbesdringt modubé 1he |Trverdimdt landd 9.

1 there is i cted.an exanpl.e of a system 1 which can
pRocessllhg mo%l?ﬁe 1% is coupTBd to a merXory device 20: the
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for positioning a device R The system 1 conpri ses
reference stations S, such as satellites S 1 of a
w0 2e03mIMeyi gati on system for exanple the GPS, P@nGB2006/004720
satellites S2 of a second navigation system for
exanpl e the GLONASS. It shoulid be noted here that GPS
and GLONASS are only nentioned as non-limting
exanpl es here and al so other reference stations S than
ssatefl| dees warcdss usedndanly: lgsdsdabupeedotot BemkALS) .
déiﬁi%t?f nunber of reference stations is greater than
Fig. 1. The navigation systens conpri se one
or nore ground stations G The ground station G
gontrols t he operation of the satellites S 1, S2 of

RePhRUT Tt T D BT ens I?C%lverseépééFﬁvéPyutTﬁéT §reunan
estathQD $p@ade €. grhdederdringudeviat sopsqatat Bgc%l?' t?hat
of the satel|lites and the accuracy of the clock(s)
PRREeS at P4 (Fforraninr reparAangr bhadrspaEEeANG
t e 0
T D B BT e R (e BBk bRt oA OB
Tb@npr@q:e%@mllg)fqmatw@rsatselm ttlaeSf@;cmSQfV\Aau chdehehat

er t| t he. basi s
rgg%%g% Si gnao(lrf&gé C%% glt e?l V\/glrgglg tﬁgvécr:%ﬁn s?ﬁa oh
Ti@erefest 10 tdred Gl Seg et plrotbesnayi gatiules each

thelro satellites S 1, S2
r%%%li‘? %J he condlrfp%%p]g\[ tjﬁém} Wé }f‘pﬁ%ﬁ%’ S¥fgact the
pﬁatedséirt@Serfdrmaﬁ‘Zld‘fﬂ.y ISR, fflarstegsaaaégsmgt #8ade8 10

ons to detect and report possible faults in the
u% Ti %‘r%rﬁmeﬁfész'é?gr ot I tHeRE GRCPPBALR cARSpEUCtions from

thésﬁ\@ﬁ@%ﬂ%*&c% 4 axlcasltgl REe ﬂ‘o&@gs?ﬁ? §te{>st&§‘
heal t h dat sonme of e faults can possibl'y be
PRBRDER R ke d?at%rlrtmé'— iTF-or Fatidarty anshet eedoby a
pP@ééé‘é‘Pﬂc}y oA satelldde gan p%cggégﬁéylgkéif @59{%%

The mal functioning satellite S1 ets a agln
ol & | 1wt et iand i fatan dfh%\mﬁawnfgadewncerezz agegardlng the

h sage lite,
g‘?%%ﬁljtl% géf%zéogz# Srng E}]dl%%:lat € |Ln thg" nag%qgatl on
msssage a si gnal or si gnal s which is/are not operating
roper |t | so. pos at _the ground station
rRLED R et vl SOhe SR it 82Fa HopobRtrap; Agtuies
u@é opies | yerdhd, skiviared o caldl QI etspber ki yingsi 08b0dp
9nal (s) .of that satellite. This indication can then

BRLET andhilt (i (¥ IRSTdtemsRreat PR VAR WBPR PP ndata
iyt gay |k§1=!hr[$&§s’%gﬁ td NeddiirenBanchi naatslgsﬁéﬁgal By the
enmbodi nent_ the comuni cati ons network P is C%
%%lfwe)? KEHMET he Thea WO EFAEEH 2OnARAI %at mmg wEeh
SR e j Swi [
e%:e re (I\/ISC)n%of t he e&l\vlgnlél vvg E S%gﬁr}g e%%%%g Pdst
ageees V%ZFM;C the akillas marsassivsl ance dataet of t heny
n M...Th etwork_elepent store he
S%gé ance g@%ﬁa toThae srfenés’qu ?Inleseco ? 1?% §a£
ptoaessissireriutlea e cz:meyV\/oan bhecdeving Repedsn tite
aSS|Stanedatato rforma i sted posjtioning
LAGAPIY GIREA O S s SEDERSE bt F ARST PRE hESceived
2581 Shangandsiat andfdeLrEsI he Relwepk eteaeptodbifitdemodules
device R before it_is needed. For exanple, the device
1R 230 TeRrstinirndadita 4fpéHsph bRe afPne| Sibreions;
satellites and store the navigation data to the nenory
R 4 of the device R for |ater use. The network el enent
M can al so be the Serving Mobile Location Centre
(SMLC) of the GSM network. The Serving Mobile Location
Centre is either a separate network el ement (such as
the MSC) or integrated functionality in a base station
B (BSC, Base Station Controller) that contains the
functionality required to support | ocation based
services. The SM.C nanages the overall co-ordination
and schedullng of resources required for locating a

e [r— R o
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calcul ates the final location estimte and esti mates
t he achi evedaccuracy. The SMLC may control a nunber of
waowaniions Measurement Units (LMJ) for the pur ppGEGB2006/004720
obtaining radio interface neasurenents to |ocate or
hel p |l ocate the nobile statilan subscribers in the area
that it serves. Now, the main elenents of an exanple
enbodi nent of the reference receiver C2 will be
adescdibely i ntimorertsita lofwithle fefretennd teckbhd. pRocdheing
.S S a c Ie to both the reference
mgceice %e%lh C?lfegpc e|rsat navi gation systemand the
reference receiver C' of the second navigation system

| t hough practi.cal enen ions nmay be different |
TRP oW BREHE ot helrie ﬁfef'@eflé’réﬁgesreseeﬁvi# eabacBrpFeseLng
madeDss I &hé epadadd frd wentiielshi pacthengpabahianiof thg
reference receiver C. 2. The controller C. 1 conprises

ngtgd aPereceshidriaty MrIGFrdeesgefrlgsdigi eafl s ghne
1RF8LESSOF o (RS o/ Iﬁqécgg?rlen %)'eQQtQEnt hgseyeklinkd by the
obvi ous that there can al so be nore than one
mﬁF‘@’élés@@@thﬁ toprstesboron bR, date. ipputh&Ncandr shoetd
I C r for ecelLv
ehpletortipfol il af TR SNE oefy®sr O FhoRELY EREn or
tbysievr@n’ﬁrh@lr ef e e‘hcﬁstr e:qukeng&n@dhﬂlet hempeoapr ese]s }alt

0 n |on l.ack conmmuni cat i ng i'the .
S g e e T s TS
thheccﬁmxpmmim@rmmeﬁm Butthe ednmausi satbnd Hhogk
rises a transmtter C. 3.1 for transmtting

DEPLRER Sh G ORE St o S ArE RPaRArOF| SREBBLGAF Jany

cbeeeipendng. At d egeivHengisk@nahs Leapsdl b&séegymg
the network elenent Mto the reference receiver C. 2

mefial pef & EFRe: r eblei i ROTE 1My 24| SBROBAPPNEcCReRBRY
1§vén\f:96n5t19tﬁé NG, data cS?WQ:l'I%Ofs'éW@h@I (i%@ngESEeBEQQQ}%dule
code). The structure of an exanple embodi nent of
1ﬁe¥$\ntlkv%¥’@¢@rﬁrl\@ﬁ sthémmge@aISﬁeﬁu go 8heTharabt vxbedzklng
n{,M I 0
Bt b R S ks oSt e sbbehtBucs an
etpost sughad of iah@r@xmﬁsmhataamycr:omrespssdingaoutputs of

gita oce r

t{qﬁeglrsh o%€?r(l§%s§ aatp(jﬁ? r‘gglggnmggggeﬁeaﬁ%rtég?h%%me
one processor m croprocessor DSP, etc in the
controller netvvork el enent M can, conmuni cat e

THETR BhHe ‘?elF‘éII‘ ?'feeo doSFePICeF TRy St heaf| pdght occur in

tBOMHHPL Cotb &R Pl e ke M tem Bherbitr shot@aNuRi aat kel Bgkine
M 2 conprises a receiver M 2.2 for receiving signals

Cheshi R emPET EPenc & P cBiALS  CopeoP It hBenBengaY| 8avices
28Y8h8B2 b hd rSic EY catlen ;hloek M2, MBY,8h§0ng
conprise a transmtter M2.1 for transmtting e.g.
dpegueseAESS YR NG thanaefigrdruenteeai veroErecof fuhetion
ayi S d r I n her
L S e b it 55 BreRIC 3 RbRT 10 ana 3¢
meynmnnluéelangplvwdsinalheidsme: sifattiooes kBndr. ot her access
poi nts of the communications network P. The second
comuni cation block M3 conprises a transmtter M3.1
Ther firansshédk gy shenals 120 Hake thase sthapuess Bhandisst
receiver M3.2 for recejving signals transmtted by
2PfeSHASRASPREPYNE T ¢ YR Yhéfifor KPSt ENERL tI‘\I’F‘tTHEGCkmg
mBeLYer ki ek enendy Mad S gORPrinze SurBREY oM 4hEOEirat and
storing data and sof tware "(conputer program code). The
network el enent M obtains the assistance data either
fromsatellite broadcasts by using a reference
receiver C 2 or sone other external solution, e.g.
from an assi stance data server X intended to gather
and transmt such information to comuni cations
net wor ks. The assi stance data server X conprises
anal ogous elenments with the network element Mwth
respect to the operations relating to the receiving
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data, formng and transmtting the assistance data

(i.e. the receiver M2.2, the controller M1 , the
W0 e@nsmodi er M 3.1

data server X may al so conprise elenments of the

reference receiver C. 2. Thei3assistance data server X

is, for exanple, a server of a commercial service

provi der from who assi stance data can be requested,
semaybepagaensing rabilas .2 sndbfdidcrespegdiiveéyR, with the

according, to an a I RN £, L p t
e REr B A il 1P S Bt S Er ePhat e ce R
conprises one or nore positioning receivers R 3 for
receiving signals_fromthe reference stations S_1, S
Thgt thRESo uﬁﬁgiés i g4 iJEI Ly SREGEL P EP ulégni%efcaiﬁré‘ ehe
thResi thetBJot eckd iafc B drascigiaeh meailgaticon Sysbenthe
the device Ris intended to support, or it ma% bg ret
sepessl BPeckéngsBOGHE pdsiTTGHI T reteiVePURE3 OFof 28 L1178
anPeLEeLRNg BesEL { QNI oNed hey hasd s.40f shanalksocall nore
than one navi gati on system The device R al so ,
chegiprigsBodal eoRTPOFET TR ICF Y (Bt (19 iSFget kBecking
fu?l?:%rl%rnl qn of .t he,. devige R nAdpdl1d RS eeRt RlkbeksRah
of the network elenent may Dbe constructed of a
erpoacedsoel anntbeopvecessmrt a wigpatah sisghigtected. In
r.ocessor . (DSP) or ' ' I
oBTots s ot her o Suntareh T et Sifslind fodue 16
igpraeesser, iffi ehoprocessiynaDSR @ttgpud thy $hal Sarst
possi bl e thgt %Lhe positioning receiver R 3 can
© S E@FUlEntfol ling element R 3.1 (e.g.a processor,
a mcroprocessor and/or a DSP), or the positioning
receiver  R.3 uses the controller of the devjce R in
Thso 9951 ﬁ&.eci‘?tlngsf“‘é‘ii‘é%e p%@s‘FIB‘F’.ée Wt RohE G5 (e ee
oRQRItt 1 QRRY OPekat k ONSt 4R CaEEbed Apdds tHie the
controlIing el ement R 3.1 of the positioning recejver
ORIBitEn®isdie GEHEF pBSPEF ORPAGNOpE RTWRSHNE drduled
r U Y S cont Lol Eﬁi 1o0fphbe; devic e rie JdeyH0e R
can commuri cate wth a base station B of the .
Troaramitticat iconputet aoekpPobyded eas ortpeint ezt ok dltdek third
R 2.. The ¢ i,cat | b . ' j\er
TRFET GIOTRRet ot ng S ina e Frach FRaTLs 8% ISR
furhe cainic als ahe BetwndkcRecKheg coodulhe cat i on bl ock
M2 also conprises a transmitter R 2.1 for
transmtting nessages to the base station B of the
THO TR € adH NG riendank eP1 sDatiapadd sof émese ciamdle ERROR
~stored to the nenory R 4 of the device. The d vi que(%nb
indi Ay prof iHEd IRt Rra”G5eFni RTEPY alds RSeR ISt S Y
alépr@f'tc'l?é’t}{ﬁe SR8y AcduIBkaytBgetder wikeypathta
. 5.2 (and/ or a keyboard), and audio nmeans R 5,3, such
owispat MATR pHtHe taRTeacn58dspeareta 1EPRE af SBPosk by
chf 3 L00e 45U 5, hASAIDRAIARAONA BOCEnbIbAL e e
evice R1's, for exanple, a mobile communi cation
sylevérce2 i nt Brelegktar cdgmadi ERRORWLEhPrAEidedmaRi aat IR
network, P as.i.s knows.a ~.The user .in
te aEh‘Be}E%B%D%attao PSR e%%o%‘glllleeH%ém%%?%a%ﬁ%%?%%r%é
pBBEe EBEnPOST td Qg dheel verckRi3 Lol het Béstatfed ag, seon
non-limting exanple of the assi_stanc

ta,format
oF | BRASTEPE HF SO OSEE i ¢ FT GPE SREE £5 gﬁ% TR 1% d e
cFE8xkifg fB&uDEbid pdelrpieldl em hastbees sbekvadtdy
I ntroducing a nulti-node nodel. The nodes of the nodel
are at | east Mode 1: Keplerian nodel, which supports
at least the GPS, Galileo, and QZSS systens; Mde 2:
Position in ECEF-coordi nates, which supports at | east
t he LAAS system and Mbde 3: Position, velocity and
accel eration in ECEFcoordi nates, which supports at
| east the GLONASS, SBAS, and QZSS systens. There can
al so be nore than three nodes for future systens

, the menory M 4). The assiBCHGB2006/004720
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and different kind of inplenentations of the

invention. In the Table 1, associated bit counts,
wa@eahmofoext ors and different nodes are shown. HAEEGB2006/004720

expl anations follow the Tabl e. H GH SPEED REDUNDANT

DATA PROCESSI NG SYSTEM Thi s 4nventi on rel ates systens

and nethods of data processing, in particular to data

processi ng systems operating at high speeds, with high
Prever3ied Wyl A df¢ ttie reppatssudsthopranyssiha

i S ; eed_an ur.acy of .t he
et e e Ny T Soe At FOFT! harbaarhgtie
incent ey, hdve deen graedsed; whdawhyver prewebsing error is
ts; off.en..requi addi ti onal processing

d%%%gggﬁ%]c%lrlgﬁ}ﬁedrls eé‘ﬁrdrggs;e the speed of operation,

i ncrease the cost of inplenentation, or both.

Accord'%n ly,.i,n sone dat.a processing systens speed,

T a nt- cost ArEEontl i ¥PPRgeREqaRReRENERS t BRecking

mo@eTled bt it et RaGoLEl Berbe Fhegr eqULLENEAE Sy 0fseqg
the data processing system Many net Cﬁ;ods for
EP nire di§Hg SEQRE ddiFTHaRg T98UsE - r eibadanRy. ofothe error

cleXarmh® meapRdd | A ar unet ie??‘o‘f‘a[@ﬂgs., | ppL egﬁf&? doutput
three times using three functionally~identica

E%?‘P%u%;;“@}féileﬁz isetpamndl ek, dw;ahcuheenu’?cpuwhej ng
AGEERNL id at-daast t ut Lee CiLrcuits

pgi Ve the same out put’ . &%h gﬁgab?gﬁégﬁ%%to a3 tHeor can

qatchkcthomsdd diompldjeicty theutiathebasagoprobeesed orit is

r cl [ts in.parall may b eenmed_undul
n%sr?% euﬁlfsrall stoorrewaé‘l%r cﬁr]fﬁst%‘ﬁcgémpfﬁgﬁg? gifr‘g]ﬁ e‘#e s
pforessioreasiany tac Aatasihimekehdseanl cF68r hEO! $E&GkHuH |
rcodes. Such an %geran ement has _the advant age of being
RO B Fectt okt arosPEt Pht hBF ERRR RYPRESSLing
sy stent i dat N eiichsddUbyt Rerovehheadihy L& o sdat i,
and the data processing requirenents, can beexpensive
EREE i 3HIEHEW FaE &&d S5806r 98I fhaf gewndpetlerlt san error
hdd osassig spegd. Data processing circuitry is prone
to many fornms of errors. One particularly problematic
formof error is radiationinduced errors, which are
féqg@éi ref : " rs".or. "single .
Fevent ﬁ?etas'ﬁ%fﬂe%g\gﬁggt ?%ﬁ? élgééﬁ%geé&ér?%r%h%rfeu%atdsoé]@hty
ohyattargfed hpardiichugs, ofuehgaser adi oRtdive PashHdwd s data
. 3l pha.particles 0 rticles caused by high
pagaér:?{eergtgyzahcags%)rﬁlcrl ar)(/ege&y)egoﬁgr EESriL?B‘I”és?gc%u’g?ri%tlon block
2daonivziath ameoffurlte isembtenduetar oot par PERPIY G GRcrld:

he col | ect harge is | arge enough, then the
28:)ae'r ceqrbé’@rfﬁg‘teé oft §35ar PF‘E%FSr 2R b yreeivedmipehe
infeordect furediiahn enbeauced, eyt Ok Schent, i o &, nandam, gy

in nature and can be difficult to detect. The present
YR ITGh s ésiEe PaCEREr é8he BRe nflatyapaciun® &S itshéahen

ORI PUldnel abakes Brokocpsayl de al ternative

solutions fo those currently available. The present

i nvention provides a data processing system conpri sing
THL [ fionSt d c a,processi.n

% iR PR o SRR 23B0RRY R R R g e
processing system 2 described above and include a code id;

identifying the functionality required to be implemented by
the function blocks 26a and 26b. The function blocks 26a
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wherein: said first and second data processing nodul es
are each arranged to perform substantially the sane
wEe@ceswIfNg steps on data received at sai d datBCT/GB05/004720
said first and second checki ng nodul es are arranged to
conpare the outputs of saidifirst and second data
processi ng nodul es and to output an error signa
i ndi cative of whether or not said first and second
anda&bpropéssengmedibast haweZ perd orre d sy sBttan tirgideps ing
th a cesgsi [ [
negl 20 aP BT E: ranRkEree Y S S IR e =
Theodialces packekecatedand physacalthe separdte afevilees.

The present .invention_ gl provi des t hod . of a
kR S e SR SR R SRR D St
sih@%@fbé@n@Obh Ehﬁ&kgaﬂdvsfﬁbﬁﬂ d@namgmna&sggnget 28b.

nodul es; arrangin or. said, first and secon at ,
TGt GESes PRGROAUPES FBCpes POk LR M 4G e Fartde:

processing on said data input; and arranging for first

and second checki ng nodul es to output an_error signa
Bqidindat iofe tHF WREPhBACEREnd8a sbF PITRFIC G d- % EFHES/
widdf & eeesekpenrady! 8schayeapes forned sust any bhald Bate
the same processing steps on said data input, 'wherein
3Gai @ Cotcapd cketonaSehaski AYP nbduied ke el dstateed .ornd
e HiGaldeY eRaLalgdeylGeanoh s O LR d e £ forent
Inventi on, e checki'ng no ures are ogic circuits
td hate detrecwpoadimet hék of detatpacloett flAls’ of Thhes filnyst
and second processin dules_are t same .(i.ndigati
PSR &9éFF%F¢ﬁ§§ng&g§?Eégf oF %??fégéﬁnP??éF|%a.|ﬁﬁl
2ddhatatar ey Hepultas odcaur Ked) gatén one dwipnofof hthe XOR
i nventign, the output of one Qf the da rocessi.n
9§ A d SLvRver ﬁf)@d 1so PRSPTEHRY ?ﬁecké 3@‘?%%%%‘: bt the
xSetRid ne whetReh e nel thegeyt pwés & dheof insd and
second processing nodul es are the sane (indicating
oqdatregh 28 6 R4S Beddrledy BFCdi FRerkt 43WRIitht i ng
cddiale %ygqrenr@&@%w kedbr FhecRISS e rbvents on
provi des ta processing duplication, thereby
i ntroduci ng redundancy to detect errors. Further,
since th t.a j_n e,c i e [
T e N S A ter Fof “ORGaR g of o TR du
DATRE, prrocdessimgagd tdeeadatapptopeskehgbEPeedacdebesiiah.
£ urtﬁgg by providing the data checki ng nodul es on
%@§¥ (¥?y separate devices, the probability of a
radi ati on- induced error being undetected is reduced.
In_one formof the invention, the first and second
A RIS FRVE ard Pridvicded oHCEEpaF BPES i At et at ed
p&tt LMt thalr i renlacat eduetet B sapBrsi {guadrdoard.
However, the checking nodul es coul d be provided on
PEPEFRT I WTHANT- bdaRFePlen MAGBeECRUPTHRFS apartiat
t%%%;ééﬂ”fgéﬁiﬂfrﬁgﬁlQ@ﬁxﬂﬁ@%iﬁ% WhEElLESBed. Consider the

nications systens to pass~data for checking to
fohbsel mhexdémayr imdul es. In all such

The register 28a should contain the data word %010111” (as

shown in Figure 2) but in fact, due to an error in the
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arrangenents, the devices are to be regarded as being
physical ly separate. An advantage of physically
w@epangodi g t he checking nodules is to reduce PEEGB2006/004720
l'i keli hood of radiation- induced errors occurring in
bot h checking nodules in ths same manner. It is highly
unlikely that identical errors will occur in two
physically separated devices. The said first and
fisetdnd daveakp6sesthagrentisies Ifey dsatagest ddeoata word
- @ighsally separated deyi pes, [The,fidah and second
procéessi ng nodules could be provided on separate

integrated circuits that are |ocated on the sane
circuit boar

Howeve as _descri hed ahqve W N "

T ePREET: 6 RhEOK RO d TR e 15 e il Eh e SAg 2L
argiattalepﬁcegegﬁéagz gpdukesreoutite bty axdxed 1dr adioff.er @hs,

circuit boards,_ or _indeed, further apart._.Iln one |,
trec @Bl ARy SoRBoPREAE GPTPRES | TRRMHGIE (e F1F SEfder
2 SLCRRG 1%? a5RR0ERSS blgpIRdyt eshar@idid et i(1L01000)

separate field programrabl e gate arrays (FPGAs) that,
arich dggectape PsEated on the same circuit board. The

first data processing nodule and the first checking

nmodul e may be | ocated at the sane physical |ocation,
Hivarveex aldple tot heyadaptbent ipfepehtedr i fgie RO gRtbe 10

FPGA, ternatively, th [ : C i wl
2 ST 1R CUKE 5 CBaur b D e o
£ thdof erientofi nihdghatied reledcait 5; “thosesierdgritad 0”) and

circuits may be placed cl.ose. together, i.C .
deRHEET @fet&‘f\‘faﬁ‘thﬁg§§,rolrnéfluglﬂﬁg T eowv&l%%]ngg@?ﬁo&
bishdsd0 i ncrease the speed of operation. The second

dat a processing nodul e and the second checki ng nodul e

may be | ocated at the sane physical |ocation, for
TEX APl &, 1 ot Ry ﬁ%z@e 1i RlenBREedhss Nghédiei SANROFRG

Al'ternatively, the second data processing nodul e and
ratiees ddod Wit e gaddd shauy be FrPrERent ed Bnthe
e:gérgéfér[%msdéy 6orated LW E8ovEN0S6eh Nt £OFRE €L rst:

circul't's may be placed close together, which has a
chenibierg ofodathearitZaghisl triafcldgdieny Shapeerow dragtowhi ch

tends, to increase the s 0 L on. r
T RIS h RS T | TE GBaBro5eagi hg hdq & ani
18 hgoliid sét Klteddd ngranidcidlee are cempleaeht edeophacki rsit is

integrated circuit and the second. da r i

RALR IOR SRS 1 Redony St St LTS
aPRc@r SECONGh I FHBH I @ Gliduwdd erk-brohe themsahet hay.

i nvention, the outputs of said first and second data
processing nodul es are passed to said firstchecking
tmoduher ¥ th-dhead i 4841 chaski Reciedule eubpuhtiRrgngot h
sald error signal and said outputs of said first and
mododad Hat al praedshd ey aodidsald YsgrRag8EGRd chBERi ng e
spodule, T, u%’hi%htfééei 0L N Of L HN P R 8ALLON ort BBy other
outqus 0 he data proceSS|ﬁb modul es are first
valedkeds byikbaey f to staehe ckddig noduliadugieth egrerslt pat ghe
of .the first _checkj nmodul e ' ec
V2E45A6Y cREoRT g RoHT eL T 1 a1 (KPP AR Tameee SPaphee trat
ad1NVeRt-kenchébrifgrabdules will be similarly affected is

further reduced.



10

15

20

25

checki ng nodul e has first and second inputs and said
second checki ng nodul e has first, second and third
w0 ppansiooswher ei n: said first and second i nput SPOf/GBa106/004720
first checking nodul e receive the outputs of said
first and second data procedgi ng nodul es respectively;
said first checking nodule outputs first and second
data sjgnals corresponding to said outputs of said
TR PR% LR ettt i 2EpitdCedsvagtiodul eke rekpettaiyy
s8Pd- A dd I dle ALY nHI@NAs hadi GRLLKE oF WRELIRL) AN N0la by
said first and second data processing nodule ave
dpekeerme ff silssttargranmpbilize Jehreaprages $FPEAS) episaomre
' j e i d . ipput; said first and
D nt S B e SRR e BB ot e Yee O
cheditidd rerduled Secddd beatfarshgrabsphratedai fof i ¢8dmple by

' modul e .and said third.input of sajd second
p%%&ﬁﬁ%:%%?n§lﬁé%ﬁ?gbgp§@ge§a98 é??g?rﬁ??dPrﬁ?Bﬂ%lC%??Hﬁt
beards f i rixtdeshckiyngarnayl @sel BEOREMEOE M ShmbEcations
tlﬁge tion, thi.rd checki ng_nodul e_is provided, the

THITU SRec Kitty SGEHETbBPAGLSPr SAGEE b wrpated hy a
latdepuistinggi dof Bhskxardnseenflpdat ac Ptk 0cessd cking
dules and to output a signal indicative of mhet%er

MU G A 4o §ﬁ§f§§§§gdcéaﬂbrb$%cessing nmodul es
have perforned substantially the sane processing steps
on said data input . The third checki ng nodul e nay

Thyapshyxive fldlyi osispar srédikiomxeneler denvds tofatt ey fam st

C kng .es.. Th hird checkin
© m)g;u e naq%ebg%gﬁgt/lgl ggﬁfgghgéﬁ%?a gdé?? o?ﬁ%%%sso]rn%ﬁ}ﬁ“o?m
2the first and second data processing nodules. In one
exenplary formof the invention, the first data
processi ng nodul e and first checking nodule are
As npiterenttedeqn taef bi-stekBlagr ayeteki # Cik tyelhen a8 for
dat a progcessi ng. nodul. e and, t he second checki ng nodul e
U &7 Idﬁiﬁnt‘?@g’k&ﬁsa1?8&8%“%?@?%? etheisidiatttamd t he
rdfdfrbCheckisng BREUke berk APh§MERAL el A A diid, of the
integrated circuit; each of those integrated circuit
PLRGF e N AP §S0A 0t RBdsafe ciRctiRe Beggent mxammlche the
A# 2 ed, :as,,dLScuUSS e f.or m of
N A A T R D
igdilinocedsong Abdbkes Fhe passedonal Sai df itlst
ek, I It he, firs hecki.ng .nodul
P out putl?ﬁ%ng%%gtlﬁss%dgg%lr g? !érllg%aa a%taatsegilas St &ﬂlsloalr*
said first and second data processing nodules to said

seeqan rod and—the—second-checkingnodul e

qod-eheckin dtl-e—and g
ouisﬁ?Fan bot i ‘SHIHH &% or si gnal and said outputs of

sal dof i rst and |seganrd Waliafe@CESSI Ng nodule To sard
t hird checking inodule  Thus,” in this form of the

i nY&htion, the |dtHPUt SsorchdngatabpEotessingriedul es

-

ar e7ghecked by tHeE L7151, Fand—thttd—checking
nDj&?es in turn}ﬂﬁﬁhg&%hIgﬁqgﬁﬁgnggge%?,iﬁ%%rg?éorg

out pat of a chgdliingnmd ermaynbersett when eit her

th rodul-e—det'eets—a—m-srat-ch-between the outputs of

C (o8

said first and second data processing nodul es, or when

THeh@l@far dhpatit put 16f at Berpaevigys Ghaoki RE tIDEHEL diSite

. set. _ _
information being presented first. Accordingly, the state

information can be extracted by the processing modules 10
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At | east one of said signals indicative of whether or

not said first and second data processi ng nodul es have
weeoo7osrwesl substantially the same processi ng SPEPEBRIV6/004720

sai ddata received at said data i nput may be provi ded

as an input to at |east one @gf said first and second

data processing nodules. In one formof the invention,

the error output of the third checking nodule is
apd ov4 dend assah tinplitaio the fHeost reBeckEbgmapduhe. The

rror.signal that is fed bhack to the first processing

= e84 % o i o o Zece SOnke EHECRESHI P Bhoss
npdnt éeplalni datin freeessimg Skeprehouhd:he géﬁ@?‘%dﬁgdules
2Alte({rinatlvely, the signal that is fed back to the

Yi?S¢ Pfocessing nodul e can be used to indicate that

the results of a particular data processing step

shoul d be repeated. In one formof the invention, an
FEIv6? dutpit Tad@ ishopiiog ded, thheréparsahd @efimed above
w ; | ot Ld chegki dul es

DU Ak ey, Pt PR oo ur I e =
nymbey @hdl Seddndladat dnprutceessiny modbiesiapet nbbcld®ing a

gd\es erT. fd ag na .be set whengver of , t he
2 ~ A 2 i ]
checki g %Dduié%zﬁetgbtélgﬁ %%%Sr?%mf?ﬁohﬁn%bﬁt+?ﬁﬁ?cﬁre
PIdreessedrasiqgubing coprhgagateribhaugbstpibde bRl .and

The errar fla be pr.ovided as an jnput to one or
t%mr%ﬁ%ﬁéﬁtﬁfn' f§%§r68e§ RG ﬁBdEﬁ@sFa?%?'exanple f or
use in discarding the results of a particular
racessing step, or for use in initiating the
T St g o SECOPEUIAReaPE BrOcEsBI RS (Bimumthe, the
stsaidl glatias iR Ry 1Re 1 2asehbal ndat vl APULe codde,
functionality of each ofasaig first aﬁgpsé%gﬁgP%ﬁEaOf
e hFhrdd &s Aayeréedebynble byroegss storatstian 2.
TINE, Ofy MOIE ATRMR Y sfadules. ;A §in ry.deyice may
be provided, which i LSog 5§pggtg£§%§%&fi% ONSR
1EeeP catch protdéssisrgomddilivs; hbeeimpyt i¢1i&100
bd¥ r t thefunctionality of said first data
pf%%%iéﬁﬁdjﬁg%UIe is defined by data stored in a first
menory nodul e and the functionality of said second

dat.a processi.n dule is defiped by data stored in a
:Hggggﬁ kﬁﬁﬁgﬁﬁn%ogglgke3|ﬁggetﬂ sFEYETRIS® pdtishtitate 10 is
reprenbleaivs ididd cb@ iABT ehthasvere €RiAd PsOcessiviE: nodule

attenmpting to access_the sane nenory | ocation of 'the
S%%H@ﬁ’éﬁwﬂgv%&@-e. TRUFt hehe irpahl i//ljelrﬂé)%rhﬁqpﬁmﬁdul e
1vEre qarovi ded, then if that nenory nodul e was not

functioning correctly, then both data processing

nodul es coul d operate in the sane way on the basis of

' I NSt LUCt,i<0 a ovE de. | t4 cal
Ir% E%{ rﬁj{rt(l)lutg %mé sEtHE hggev\g%}gé n(:!)}tE dlﬁleé%%ejc’t 3&1 eoyStgrt{‘f ot
1g Featdivedchadkicaginedohes eath loite dbroheofirtdhe should be
. t4 on e a.jpnput._j a code referencing
skt SR AhERE RS Tk S Taeth g

the functionality of said data processing nodul es. For

e le,..the.data_i pput may be_a data packet, the _
Irbé@%gﬁﬁﬁﬁ%lEdpﬁgoﬁegg%rt??¥%rﬂ%t$%ﬁP?@uﬁ'u&#ﬁg5Fﬁ§es§pdls
recederinf)usindibatPhgCeRgt NPt ERSuE A B e IR%PGeq.
Thus, the input 11010010 is the same asg the output.



15

20

25

different for different packets, as defined by the
said code . The present invention works well with
w@aoRerioehased data processing, although it i SPEGB2006/004720
limted to such uses. A s is well known in the art,
packet switching is used in®rany data conmuni cati on
systens and is currently the dom nant sw tching
technol ogy used in the Internet. Packet switchin
ThegeksowyLpdUPTAQR | mfﬁl?/l%ilj%i‘fa“ﬂél@( SHOVIId 415 B@Fﬁggﬁe
188" 8t nades eep.gAt nd Bkl halodrialeluaee shared chy
of her nodes acket sw tchinginvol ves breaking
exam;iateadésbea.badobﬁll@‘h, stz | artpgcketfs the darsr arch
p i ncl ud| n r 0 a
e REoR b BRI BT P S Broor 1R Flioand o e oo vo a8
A pasi ki @asgéctheeﬂmt a Onctheletexn dlvekpagkde wthei firks

file. he packets are r ived at, t X
Ch&éﬁPﬁaf“PQHEet F!g SPFEYhAI ﬁ?? aé lné’élstssegol Epéfi fes
an@n@ MehRodsthtacaar dance el s ,i mzeht tha mghahBV\A’

be descri bed, by way, of exanple only, Qﬁﬁ%fer ence 1.
5'{ GnEhE: abe TRy TG SEHERII (HEaReRES RERRCRY PG
161 | rarhlogl i @%@m efc28, ephodidmtd afhddie oy erentle 16

invention; Fig. is a schematic re resentation of the
ouftgmcsi Gl |dta)taof1nﬁalﬁﬁ Bf aRé Birzuid’ 'ofend §' 1 309 g.

IS a._tahl e atin t ke flungti-onal it ¥ng &,
c)u:‘.tfput seat(r:ll kr%é%lo% %?%Bﬁ By ;gﬂlgtﬁH t%é%%l s a table
£ tenipRs trhat |1mgnuau$oprﬁerthpathl©<ﬂ eheckingtieshalg the of Fhéhe
CI rc t of F| [e i-agr,
Fefen Fek et A The et
Dp[q@t eﬁm@ﬁﬂ; numarcanl 1% detrmvadcﬁrdran’clee vdéidha almmmfod% rferpnd
of t he present i nyel tion. processi ng system 2

r?ﬁ}q%l“f‘%tr%tarﬂl?‘ &c SHEP %E and . third 8 data

proceSS| ng bl ocks. The first data proceSS| ng bl ock 4
conprises a first data processin
C¢rllsr]5d.el%ﬁé'@(l ﬁﬁﬁllrﬁﬁ&}'i’e sfEnarife %gcﬁﬁﬂg}a aif}ée p‘?%c%@%‘?

3@1 K& coprdsesma &&%0 dodakaipgoRessiag Modue 1144 are
a second checki ng ule 16. The third data

1@@@@@.&@ e diie c@t@omrds@éoéoﬂmr d ERebRtHEF IR Y
thes fTPset fdLst C&?c%@eé’sﬁh g emRgubgedcts @@f‘f’é@@l}}o but

nenory devi second data processi ng nodul
tEI.é sscandplach torec ariogy roevilee l@gorwﬁélqér@lé‘é%%?%gthe

stem a data input IN froman external
d%%%r‘ﬁ%?&%]e&g%]fgfi nput INis a data packet, that
packet including information regarding the processing

required_to be perfornmed an th dat a.w_t hi
ThacRete ThHa" pratRedh? %ge § it'dr Ilf}ﬁ'tl % ?%gure S‘FoFkﬁ%%f a

ckQd81Lhat seferEpE@SoeMSH ialH arSerentbetoetbeytable of
devices 20 and 22. The first 10, and s cond_14_da %Ia 5

Fhgetessi nghadur ekl eakts teddis &ate ¥ Pﬁsl fipub |

gl F oM which they exirhaghat BRROK OLES Sddteh Y @F MRk of
e first processing nodule 10 uses the processing
cintbromtiea.to obtain instructions fromthe nenory

devi ce 20 regardi ng the processing steps to

The data words are output by the first and second data
processing modules 10 and 14 in series, with the least

significant bits being output first. Thus, at the first
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performon the data input IN Simlarly, the second
processi ng nodul e 14 uses the processing information

W@ 200oke®@d: i nstructions fromthe nmenory devi cePQRGB2006/004720

regardi ng the processing steps to performon the data
input IN. Thus, the first 14 and second 14 data
processi ng nodul es use the nenory devices 20 and 22
respectively as | ook up tables, with the processing
clooﬁecyeteivéhefd@nathet@dtankh§UBrbNbb@MHg us@tet other
ef nce_t he ata stored b | .00k a The
da n@f'g davfced QBW%hdaLZCg arey or de%g’rrp ik ejl%%re
i mpl enent ed usi ng any SU|tany si zed fastaccess RAM
the skille erson.w || be aware of ny suitab
OniBoP oBE=E THRER! FEELT0 Wil REhe: 7 0UEE Srotesding
(PEREUL @S at-BeBuEBLE YaQUA! PEREESS RECS teRs emdlhglgnal 0
incom ng data on the basis of the instructions
(1pdeepvéngf EBRFENES nBRADPYE DAl LU UEN G2 E2 - ThEhe next
m%aeaasaaaan’e%ge?ebéghaﬂﬂ A anR intendedido i rplerent
he sane functions;accordingly, the outputs of the
Agﬁﬂﬂstthﬁdr§@§@ﬁdn9ré@é@s$¥@ﬁ%ﬁxﬂﬂh¥?%ﬂﬂﬁﬂ(?ﬂ&@OWWe
same. The outputs of the first 10 and second 14 data
processi ng nodul es are passed to the first checking
onmutlel eek? dafs nyted, aboyepraewatsd guedeedsin@’ and Ex

nodul s 10 and_1 are i,nt ended r h
be&ﬁ@Fa i on Fas 85élnéd R %?Vﬁg%§r§§ Lgﬁggé §Baandb3%3me
AroRndhe’ dawathnauhewhbaﬁdrsﬁmgﬂantmmwfmnﬂé predvigdeset-het

sane, dat a ou uts ne formof the_inventio t he
it | T LR CHOth| RS CATET GO"Badh BFF BFCERECB: ot
arf st.he first data processing nodule 10 with the
corresponding bit of the output of the second data
processi ng nodule 12, outputting an error signal if
OrP L Ok S ReRdi %grcqet DHhé BATA %ﬁﬂdtStleﬁ%tsQQﬁ% the
processi ng nodul és differ. In one particul ar
prenodismenil usls Piié PhdeRt | onthe MRETR (RAITHL tife Sidcérdbe
o d3ta eSSl ul r rd of: 1 &.bejROg
Hgése I?%.?%gggFgg? cﬁg% %%v%%%ﬁf% aFZLéthe first :
beatuaekiarig w@dulanﬁZEehehhenpqnnxpu@nsegm@ﬂssﬂgnaﬁ Bnbepeme

event that . correspondin PuLs Of 4 rst,.an

Z*séﬁﬁL@ daF% 5c &Y f rﬁﬁdﬁ?%sg%rg %Psﬁré} Fﬁﬁagé

E,2 neRbenent Hypesbotsertiors dihat butghto)oecwr preseheed as
dat a _processi ng system 2 that should be detected by

A g5 ecki ng nodul es. For exanple, one of the nenory
devices 20 and 22 may be include an error and the

correspondi ng data process E nodul e nay i npl enent an
o1} ridesr st iFles &NEeBBIR OWCRiHe b FHe Tatke the

| lgéﬁ%%?ss'ma&d%es aHY and . 1énpey-ioel ydena plysigalto pe

efect of sone kind. The first checking nodule 12 has
Otm@@mmlﬂ@eqwm e angdvieednsiondbutd’ ark’ siIE;
t he ut s 4 he eV & b
P QPtHe outﬁﬂﬁiz%f ?ﬁén$$€ggﬂgﬁég'é%ﬁ' g}oé%ssinscome
Annﬁuiey A 2viarid dlhavespectd eepypyl, (agaimthe b@im@ set at

out put bei ng the r.ror t . descri bed abave
EThrsgloﬁFﬁﬁt ?ﬁésfl S?R%hec e%&f%ﬁﬁY%iy% fIFbFﬁFFﬁnted
ad i eghd nput s of t he second checki ng nodul e 16. Thus,

t he second checki ng nodul e 16 recei ves the outputs of

the first and second processing nodul es 10 and 14 .
The second
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checki ng nodul e proceeds to carry out the sane
checking function as the first checking nodule 12 and

woope®oan error signal in the event that a nPGIEBRIVG/004720

is detected. In addition, the error output of the
second checking nodule 16 iXd also set if an error
signal is output by the first checking nodule 12 . The

second checki ng nodul e 16 therefore pnovi%gs t hr ee
OnofppuRest gRaFe: CYRES | vt DETd SEEENE J6t Fats E&r 85t B

pr@’t}g.BHtsSinuéBeA_f brsha 18 ’a,nd:h%e"é_@_ﬁ@rléi@h@QES%i Bgt to be
nmodul es respectively and the third output is the error

0 dhgnarroThdskeehrdl, ottpREEVAHBSpEGETded &S/t Re PRPUPs

betBrbN& F N1 58, chagKE N0 t'ﬁ%dgksvléuswgagﬂa@@egkwa HOGM Sine
as the Same functionality as the sectond checkln% .

A'meddl B! . Théhihi timehelekepmodal erk®rodispgiesegiedys r gpnce

si gnal ER&OR i.ndi cative. t her_ or._.no err a
Ehe ﬁﬁag?ectgﬁdbg gﬁ§eo$&$%%%$ﬁ?eguk égﬁﬁﬁﬁéﬁ%dﬁﬁgéém B,
ist eget her 1w t itha daka édatgpuii HATR a0 )r epree parissnthd as

data_i nput as nodified by the data function being
A ?ﬁﬁl@nented by the processing system?2 . The error

signal ERROR is provided as an input to the first data

checki ng nmodul e 12, whi ch enabl es the,proces§%£% of _a
Onpahei BEKEr AphBKEYCLS bEh® Ay BRI d6orfSks tan P&r FBF
preYi0ekeGhedes! R-0ngnfiopm of i diendiicpl tike set to be

checking nodule 12 is arranged to instruct the
0 daraproessdehgivdubbs ROeErIS AP Flepdat & dargd 2
P PEEESH NSt ep When af GLY0lnsSc4el 86189 e Foff Nelhe

orms of "the invention,” the data packeét in which a
prevocess sngnedsor psddBt ketetr i’ SR/ dinst dtediexftndata

.Qne for f. the invention, one of the
k”%ﬁbé%PE&‘%&a&FSSPES 38¥§85%¥2§E%??%%h error flag is

set and passed to the next error checking nodul e. Wen

any of the error c eckiE% nodul es, receives_an_error c
Oy |05, DEFE EPEGr CEGt put “ERRIRS's et dteFy *88F5nd ©°
i@ rdaka RHENERROREI NPhT QLS Stk pist ey aotatkc ks,

the detection of an error_can quick“¥ he gfed to .,
(¥loj edfoen&he&ea VB Ag CPRbEESE dEt TR thfot N
ard@ phal t 1o, d he reonph el Q'Pi%{néﬁ_ﬁy O B PH QLSS It SFhept

to determne that an error has occurred. In this
chraririerg, Mo liehAGudissuPropagheedaia Proc8s R Hy syst em

can be increased by not continuing to process data

that is going to be rejected on the grounds that an
Ierglonulhpebesrtedettdettedn Fogar foPms sof ehehmiigntion, the

representation.of .the functi ' t -
S GRS e T gt et ShevE e Ao e is
iheidig yeaseipeatsat tdhehenputpaof BRRORCt Faphdt ochar? 6wving

with the function block 26a outputting a data cket
£ OB ORATAIE ARSI [kt SOPAERET DA T8 TRCGPVRIAT t he
abdput of a function block 26b, with the function bl ock
26b outputting a data packet 28b. The data packet 28b
is then inverted to provide a data packet 28b' . The
t £ gs8at ai hopst 16N 9is then
T%?J%%%%%%%”%@é%@ﬁsggé%ggr?%gdbgbgve and include a coﬁgr
podential applications. For example, the data processing

modules 10 and 14 could be programmed to detect particular

patterns of data and to output a flag whenever a particular



identifying the functionality required to be

i npl emented by the function bl ocks 26a and 26b. The
wo evedd 05 bl ocks 26aand 26b i npl enment a f unct i POT/&Ba0v6/004720

are the data processing nodules 10 and 14 respectively

of the processing system 2 22 The data packets 28a and

28b are the outputs of the processing nodules 10 and

14, with the data packet 28b' sinply being an inverted
paveeshonsofietdetefat a packeth 28b appid cdatenpatket staBa of

thsa%ggggaﬁgfé%fgag acq?eq:sf ICeOdU. c%io% u%ed th%Etf%lr%ﬁlgg I:Hg

s conpare in series
pata@heaspondsng ﬁmﬂtaﬁnchmzqungaﬂeaa&hedby KORthatre B6ny
The dat a gackg% a and 28b shoul ' enti.callé and

Cr¥RERIKRPR {C SHul§ ¢r 8+0€

fuﬁb&&@ﬁgnbntpa&K&@%f espandidig: biattaoﬁ_or%te@sﬂ&gketysﬂgh 2
presenting correspondlcg¥b|ts of the data

. _Thus,

Woﬁéék@?swﬂﬁla%ﬁl?%% EQtCIY LyRckeRN§ate, the
out put of the XOR gate should al ways be 1 .
Accordingly, if the output of the XOR gate 30 is zero
at any stage, then an error has occurred and an error
flag is set. The XOR gate 30 therefore inplenents the
error checking circuit 12 . The arrangenent of Figure
2 provides a data output packet DATA, an inverted data
out put packet DATAZ and an error flag ERROR As
descri bed above, radiation- induced errors are a
particularly problematic source of errors in data
processing systens. A problemw th such errors is that
they can result in an error being undetected. Consider
the follow ng scenario: The register 28a should
contain the data word "010111" (as shown in Figure 2 )
but in fact, due to an error in thefunction bl ock 26a,
the regi ster 28a contains the data word "010110" (i.e
the final bit is incorrect). The register 28b
correctly contains the data word "010111", and the
regi ster 28b' stores the data word "101000". Thus, the
XOR gate 30 should conpare the output of the register
28a (010110) and the output of the register 28b
(101000) and detect an error. However, due to a
radi ati on- induced error, the XOR gate in fact reads
the out put of the register 28b" as "101001" (the fina
bit of which is read as a "1" instead of a "0") and
does not detect the error in the output of the
function block 26a. The circuit of Figure 1 provides
t hree checki ng nodul es, rather than the one nodul e
shown in Figure 2 . In the exenplary scenario
descri bed above, even if the first checking nodule 12
did not detect the error due to a radiation- induced
error, then the checking nodules 16 and 18 would stil
be available to carry out the check. It is extrenely
unlikely that all three checki ng nodul es woul d be
affected by a radiation- induced error in the sane
way. |In order to provide additional security, the
checki ng nodul es 12, 16 and 18 are physically
separated. Thus, even
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if there is a high level of alpha particles (or any
other particles likely to cause radiation- induced
we@enansinoi n the vicinity of one of the checki nBCT/GB2006/004720
nodul es, the chances that all three checking nodul es
will be simlarly affected i28 further reduced.ln one
i npl emrentation of the invention, the physically
separ at ed checking nodul es 12, 16 and 18 are
eirented by different field-programmable gate
arrays (FPGAs) that are placed on the same printed
circuit board. However, the checking nodul es could be
1 ur t hefa e riregesd 1o s vetaiplconby ipiagi agdehe thpeki ng
I 0 ' t [ [ ' oards. .l ndeed
e g Ced o T edre Reen hEb a8 TaN 51 BE0 tde
seperki drtaothddsinopulcduiessepaeated: by a | arge

di stance,-in.an _extrene anpl e, the three checkin

Todur 57 Coll o B4 oS FYoPane ESGREFPLES TREVLSRowe each
atohhged to tpdnMcaim exdmplaetdeioRsthat E8ge aPr8XE8P1 3 Ysteps

use of the fungctioning of the processing system?2 . As
oM ofRd a%%‘%ﬁel,"%Oﬁétprg@& §akG P8LEm YiFe GRFM REaptdng an
ofipputise W th data packets including a code

(hereipafter referred to as a_state) defining the
f unctdbhal i15F Mt mecoree sdsrckanFonafisses raneuanged to

cbhiga Bs esento R or the sPrracessing §¥g&%n dails used

to process data packets including a 2-bit state. The
PFeeet?oralnadrlsts ehel procwssunganodures 40gmmt fdigetive

gag &4 fal «+The .d igpyt. INis a .
B R e S L S S i TS
mpdebent walid ipestforieco rdibsglyt ibhedystht esamé opadd Ofting

be extracied by the processing dul es 10and_ 14
Sg%s u%%dsafloécﬁ)at%ﬁ r?ét e 'Feqdir 88t nfiglg?mﬁl%%t’r YAt di ng
t he famttiiont eqd etond hiecexeayt @dahyes hose 1®siMd @$,on
mmicééiffornati nis stored in the nmenory nodul es 20
PRV ALY HFFEE °€V4FS8bl e showi ng how the al gorithm
defi ned above works with sone exenplary data inputs .
The table shows a nunber of 10-bit data inputs, each
210- bt RTIGFEddch §YEt2ppe statesdThe Sladmsl ni ng
witk£810Tsd e Q- LrRRYLARBIRA ACRSS O ACCOLM Ndd g
_the al gorithm descri bed above, and the out put
igjewe? Ard dasigisesenidn chisekiiabl moduhet hes ffrsst angkcond
asgcond b inegs,f the.tabl.e of Figure 3, the state 01
is received indicating that every second bit of the
i npusasidhotst bexd meeoned ibputheopr sged s hgsis ysarhihg
T in the first line, the ingut,11100101 beco
nIO ROt ANE T CHETRBSoRa FPAD. EHRE | st = Ot Tt
pbecosEindAckiCk dazpiche ithilkd | ine of the table of
Figure 3 , the state 10 is received, indicating that
ever$A1%hiFiF i ©€hec Wﬁﬁ&@esHHEPHtBef+ﬁ%%r§%£.Sqqﬂﬁﬂ
ddhe éf?ﬁ%létﬁggyygbd@@ﬁ%@e%oléglalgétpﬁﬂsta@ OUI Ut rot
0

l'ine he table of Figure 3, the state 11 is
AR oot | Grdicc LG SEHAD 8REH1BRt resperel Yabutanthaulflrst

e%%%ﬁg%%%EQQdJEH%%mi ean&Hgtﬁggoaglgopeggfgsfirst and
second data processing modules have performed substantially
the same processing steps on said data received at said

data input;
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In the fifth line of the table of Figure 3, the state
00 is receiving, indicating that the input should be
wap@nargesl. Thus, the input 11010010 is the saPEI/aB82G06804720
out put. There now foll ows a sinple exanple show ng the
possible flow of data through the circuit of Figure 1
In the exanpl e described bel ow, the outputs of the
first and second data processing nodules 10 and 14 are
r ef @erial figsgs agdAsaaen® iespest ¥ e$ald Geadmsl mibecking
Vo c Kj d Ie 12 Qut put
méﬁ%ﬁ?ﬂ npuﬁgeAggﬁg E£§gt Qﬁ& é%g%ﬁ@ (f(nﬁ%)%l ﬁ%om said
figratorchsidiialg Bodplei ehdt heidi ghatd #pyt Bf sndl Edcond

formn i nputs.of the,second check| ul C
SN R 6] Bk Ly EP oot Ret CEt bt Cite GRS ImdRes =74
£ iG sautdhidck itlae madlidel. nputs A ' and B ' as A and B '

' and outputs an error signal E2, with the signals A

' B''" and E2 formng the inputs of the third
3. Che@k'd&&a"@i@béségnﬁ Bpstbe next1glReX Gydi’idd he & or

third checking nodul e 18 outputs a DATA out put, which
cliadmy e w@@rﬁrlanﬁﬁhé Garat| ﬁ@@t gegond Grf s FB’OC%?rﬁdng
mcRHEIRIE $ N 1%88@8010%%3;3@Qﬂgegel%i&eaé&i | o

scenario, in which the outputs of the first an “second

data processing nodules 10 and 14 are intended to be

t he ,d 1 this e fir
+ 'dat a g%@%% sgﬁgégégé éyigggpgéa E%ﬁggéﬁg%f¥l 56t The
clsdoend dat 8, pfu¢@hsrngompdm$3ngn&othixdIqhamhumg:mddmae

rd 01000111, . The flow through the circuit
P Bele FEROCR £n8 SREREEE 76 B ) T BObHR
datef @ﬂe:mstmgt hhedhablseaﬁﬁ E@ g@u’@pdt ,a Vsd‘ncﬁ’fhlt &bicﬁdat&tv%

fEE % ta values A

YESRER gﬁdneﬁpeéﬁlﬁoﬁlg%ha]a@ %\emrrﬁoéﬂauﬁ zaczs-*@@smg

ndHAledS hav@ e rdahagwendst ahei QUL puthdysdie Jridslsang
second data processing nodul es 10 and 14 in series,

sthfifsh ah&3icadptsi gareLrant 2bi $31d el catput- first.
Thus, at the firstclock cycle, the data bits A and B
are both 1 . The other data bits are unknown, and are

5. i sttedlaas priOﬁeBisg?ugesx&ste@waﬁ helambred dat & leyicl &, t he

wl'f?err%\é.épl‘é% gliter%.tot:hécﬁgg ?8%@ ]:}ag A esitg;atr{)qﬂ secon’g

& error sp (|nd|c ere
1npmuﬂwwsapd $e@ohduthaskEﬂg md&@laemaslﬁmxﬂﬁru;ahﬁﬁﬁ and
both are.t.h i s A an A t he
5 e PR PO EOATHebhar b RACOME B e Hrbx

sed:av:ai @yﬁi Q.hl&l'de mpevsouahérgnal sA', B' and E |

becone A’ and t he preV|ous signals A and B

becoﬁ?é%flréﬁd agd Secamihllap%ﬁv of repidifgiat chpsing
mad P& %c%@;tveatth'élout-ﬂlgs next sdakar bids Lrapaldrhet aka)

are presented _as A and . On the next data cycle t he
P49$§§ﬁﬂﬂﬂmmpquée§eFe§§e§é1VﬁéYpreV|ous values A '' and

'  Qhe3kdNg! mby et (

det esca%lgci;}%r%rt g&lgr eV|H u?bé}lgﬁa &1991?;?5 OEBIMa%d{ O{éis econd

dajec Grn& l's COBI‘eSPOad@InEZtOt helqlbr@wtplw sifgrwlisi A iamsd
and B W error (a [

=t BT Qe eoPesaiabnd ke S ife Ry RHE Datwec
efrgr arigyrplesentiedtaseAo@ndhBther or not said first and

second data processing modules have performed substantially
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On the next data cycle, the DATA output is set to be

the previous values A'' and B'', the error signal is
waed7oeobe O (no error detected) , the previ ouBCHGH2@EH04720

A', B' and E1 becone A'', B' ' and E2, the

previous signals A and B beédne A' and B' , with a

new error signal (again 0 ) being set at E1 . The next
data bits (1 and O respect|vely) are presented as A

R EHNe BYIIRE ST SHEePs Epcrel tﬁet@mcgwep@tatr LS
dd, beydire, previous values A'' and B '', the error

signal is set to be 0 (no error detected) , the

preids FinftalandasecoBd iapytE pfbesbdesdcond caléekmg
and g i.g S
T ER e o i R b et S
filhﬁét vhagsing andluBenvene defifletbhtrd amdut hef esaod second

ana i-s set at data bits oth 0) .
are 6# %D%u%fzaeQElgﬁg éalgcﬁlfﬁé ﬁﬁﬁ?rd%&%n%€0%¥ﬁmt4ﬁ§d
fi%%hAahﬂqkﬂng:mdﬁﬂleto be the previous values A'"' and

' e erro EV%%& S a ﬁ to be 0 (no, error
N
defca 'sidhals aREriedpdRd2 nBowol thaaétﬂ_ﬁu@@ &F ré)ah)d £ e
Iﬁ%ewous signals A and B becone A" B ' and the

XA WRA s PESSEF Sinp Qpéukﬁéséﬁm@cié\sv@}a@n@a On
ddhendedrdata £3al englibeceEoLsS r i
sthe errgi outgﬁ%'E Eoﬁg f eédgfawgﬁ?%%fa?gIﬁﬁgggiq? %St
ar(@()SEC%?dn@&%éﬁ@O@@@1algcmﬁfiui@s beveeper {tlenatat a

nal

YRRy RS fris eERUSRe LA SLERE 45 LAk
rqn&xxgﬁu&ﬁiaa;dldat@unpput It should be noted that in
soneé{§5q§ of, th invention

USGCF as an | I’t1:t er r upt ananépp*lhgteo gé%ﬁrgﬁ?%é %‘ e

mddulcheraputipiet SERRORhit-dt had thagthaya%@dﬁ%ﬁma&a{]ne said
ro entire circuit s described above . e
Sep?%b%%ﬁfg‘%ﬂ%f‘muzleoﬁnfih@absegléh%’d| HVRRE | o 7 rhehyrd
chradientd aloRRl irealigRs. sEOR 8XaBRbCeride a1 from said
processi ng nodul es 10 and 14 could be programmed to
Fetecthgsdriic fosi lfat terns of data and to output a
flag whenever a particularpattern is detected. in such
an application, the state of the incom ng data packets
6 could drtaugapaes siabesyicemt he phaimned| tr el patdrer n
( [ r.c h r
T Rt v St Perae ety g e R P U S b ot
sepm:tteéiesi diradatescht o datid yﬁinsewn@gssg@t@mlﬁemﬂgj be
md If suited to carry out such functions.CLAIMS : 1 . A
ata g processing system conprising a data input, first
and second data processing nodules, and first and
secaond. dat a checki.ng nodul es, mhereln said first and

7 secdhdadd RHGEEIINGYREEW 88 af iR HiRr3mAGERE 1

cRerfHran st apdliby sbhe §§§Eapr9§§§§é@9ve§t&p%}9§ther or
data received at said data i nput, with each providing

nein Sithutirstsaind Fiecsrdafatseponee etk Mo whriuIkesar e
prfanged 49, 600Mae Géh% uLHES 9&&@%&@5@@% said

second data processi Bhd"fo o ut "an error
dagﬁagrmcemd;@(’q vald data 1nput output by sald third

checking module is provided as an input to said first

checking module.
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of whether or not said first and second data
processi ng nodul es have perforned substantially the

WG 2002/0100E essi Ng steps on said data recei ved apCEHa&B006/004720

data i nput; and said first and second checki ng nodul es
are |l ocated on physically s¥parate devices. 2 . A data
processing systemas clained in claiml1l , wherein said
first checking nodule has first and second inputs and
sai d second checking nodule has first, second and
t hi rd u rst c
-sqi 8 PEPR PERGHRELE At A eﬁivaﬁ{éﬁ?%u%%%t Tt
clbiimst wapdesecondleks @t procEssiaiy rodweds rl@ﬁp@@ﬂillv‘@l 123
d first checkin dul e. out put .S
wr§EbE s PEnaPE 61 P ecpondr o (e Birpbr e EE
mol uﬂ%& aadespéﬁﬂdrﬂ@ﬂasmngantnamiynnhd esnee§meceﬁwehg
and a first ﬁrror si gphal di cati of mhe%her or d 3
S SREAR Fot TafOL S RSO TR & pr ed haFevide
asPehf anped sybstantiat | ynd her sl Fﬂl&@ﬁs%!rﬁg ssieps data
said data received at said data input;said first and
PresesRd Pnpafel8f - sai d second checki ng nodul e receive
said first and second data signals fromsaid first
checking nodul e and said third i nput of said second
9 che@k.d@garmmp@srsw@. vestemi a6 feyaimedt gy agvymaeosrome
clsaqI df lurr%thercthgg%ﬁ PYs MRYJULE- e Bror A?Lgﬂﬁ?c RIQLESSIHAein
ystemas ¢ incfaiml or claim2 , lerein said
safJJd ﬁrxzmd o&e@undf@lagalpr @@Es‘shlm aml i fesadrcde dhesdriag

ph aII arate ViC t c ng
IR LR H oB PR i SHe S e T g gt
sé@&kﬂ&bt@O@ﬁbbésagng mhdﬁﬁeshbakengﬁnmmﬂﬂpmmmhnged to
conpare the outputs of i rst_and second dat.a
sYhgadsiond Ymb I@?mﬁnﬁr?seﬁﬁfﬁ%tszfﬁﬁ;éﬁél FHiET ve
rdfewhet har @rdnaktsaidphitt st and second data
processi ng nodul es have performed substantially the
same processing steps on said data received at said
djat & 1Y e A0t 8yREBGESST ATa SHSA 61R Al i dBReb iy
aim4 , wherein said first checking nodule has first
cnamsemmmmes fuggtdosatdhyd eheekthgrhoti® Hagt and

fils eco p
LRk R A L 0P gt g s cne
oﬁWmﬁfﬂrmemnﬂijGduﬂesand second i nputs of said first
checki ng nodul e receive the outputs of said first and
second data processing nodul es respectively; said

1first &&Eﬁﬂ@ﬂﬁtdﬁyﬂﬂgesgutpmtasfbnaimeddlsecbmdndala

S Cho WRISE TPEISSY: G Ro0G L P BaREERUATYS i

151 §8F1 844 Qby Sdaﬁﬂs@'st'di@dc atl we f@ﬁfsﬂhﬁéllﬁéfyorﬁocﬂl@le samdl the
first and second data processi ng npdul es_hav

£yer t bkl Bt AflicISSFORe @59@@5?6%}85@?%?& psdgphined
bia&gt%aéi‘:"ofg&ei ed al-al thedadhd hBRULe:. said first and

econd 1 nputs o sald second checki ng nodul e receive
said first and second data signals fromsaid

12. A data processing system as claimed in claim 10 or
claim 11, wherein the data received at said data input

contains a code referencing a memory location in said
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w@ae@nad106F om sai d first checki ng nodul e;

first checking nodule and said third input of said
second checki ng nodul e receives said first error
sai d BEDGBA006/004720
checki ng nodul e outputs third and fourth data signals
corresponding to said output¥ of said first and second
data processi ng nodul es respectively and a second

error signal indicative of whether or not said first
MERATE cBondl @it )a GiddEisd gienddmicsd ohalétpepforaid data

i t same processing steps on said data

p?ggé%sg% 2#&§§f%§data input ; said first and second

i nputs of said third checking nodul e recei ve said

hi r nd fourth, data signal.s fromsai d second

1%hecgiﬁ%gﬁ%§u:é<§%§i§§$’ ﬁﬁﬁqgicﬁﬂﬁflﬁanaggetﬁF?Bs of::
checkiagimpduldatreeciaipias saivbtsecandtennar ssbgnal ahegm

said first checking nodule. 6 . A data processing
PEYSTENT S Tﬁéﬁiﬁﬁii nclaim4 or claim5 , wherein the

thi r drefesid SO dY e i 51 Y Sinealk¥osaPas ek egrbee8kin
each of said first and second checking nodules . 7 .Si
magihePr v R HRF s Eitkah ot IaldivnEdel AaBRyPERECSF1RY aP s
s4i18038ta WHRIEI @i d signal indicative of whether or
not said first and second data processing nodul es have
per f 8F AP Hithsiantfiiadty ande ssewadpcbeeksnagmedepss omo
i g d I M t .sai. iap ut_b ai d,
R a hecking Taiire TaisAdE FE Dbt b PHaE utie
firest anheddany mzthd e ceshicat acpndeeskang sysfemaes

Loed. in.a receding clai.m erein_at |east _one
Sg#}g{égﬁl%llasl g%}gﬁ%sé)isr?g}ecé%' e 5 WhECHBP BF ﬁ%i‘gs‘iﬁ—"ﬁa input,
firstvhenstisecon fatear preressiong MRdukesghay@ules are
lgerfo{raned ubst a tial%%ﬁ%he same processing steps on
§PUSYat™a ROy YatS R P Fa e VitABEt is provided as
an input to at |east one of said first and second data
processing nodules. 9 . A data processing system as
18t ai FreBeiPhMP preddfchd e Icdiad far t RBFtROAPEPBPAHYS HiFg
tBEr QFcQutput flag, wherein said error output flag is
set when any of said checking nodul es outputs a signa
i ndi eas$ e thdtoutive of dstthamdiseéondtdand peoced sdagp
for. substantially the sane
PP R EEd e I B A SRe B G € e
i Nnpupassihfy shidhtarproacessi rgisystestasndl atoeddi dawny
recedi ng cl ai ereint functionality o ach of |
o B aF T L o R S b ddrie roanrbbs)uShufe i
s€abad st @i rich MR 1@y, YR UMWY tRDEUEeSst ddroA d8ddn]
.pr.ocessi ng systemas clained in claim210, wherein_the

ipghERt bral 7 YIS @7 Malt SprecddEPhgaRfdepeond data

pd8tEgethdynsiatie SRR ddt Rridelis bulBRRAY 1 HPHY! €nanghne
the functionality of said second processing nhodule is
PHEFPRBENDYSRRD Rt Gdd idRte secerdcAenbr jardddeea. input .

A data processing systemas clainmed in claim 10 or

15. A method as claimed in claim 13 or claim 14, wherein
sald first and second data processing modules are located

on physically separated devices.
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claim1l, wherein the data received at said data input
contains a code referencing a nenory |ocation in
wa@ ajodierns y nodul e (s) defining the functi onal P€/GB2006/004720
sai d data processing nodules . 13. A nmethod of data
processi ng conprising the stm®ps of: passing a data
input to both first and second data processing
nodul es; arranging for said first and second data
16roc€s@$h@©@v@%l@%axme®ehidnn1$uﬁspénpﬂahmy ﬂﬁetgaﬁé,
S t oR ngL r f|r S
O SRE e £l By A8 B0t Bl CRROSPRR S, g pben
sendi €atrsveand aﬁe@@@rdanarpnocaﬂsimg msﬁuaed secandhird
rocess| ng dules hav erf.ornmed. substant i al
EECQlH pro%eSS| %%%p%a(ﬁt%51 gggkﬁﬁﬁuwogﬁhgrégn
asabtdgédriss @mﬂpﬁﬁcaﬂdeﬁfﬁﬁﬂ@ﬂghaﬂdebQ&a@ﬁee|@@aw&@tﬁar or
E |C€n$ separ te devices. 14. A nethod as_cl ai ned
) %S RS hEFCIA S @qq?éséflgpg‘oéfﬂeﬁagévﬁg
peUEPULSa Ofubotdnsad th§ i f1sd ARk speeedsdataspepeessi Bid
nodul es to said first checking nodul e; and passi ng
dg5pdiBRthut s of said first and second data processing
nodul es fromsaid first checking nodule to said second
checking nodule, together with a first error signa
17ndi Bane veodfashet nemedrimatlagai d6fi fsrthnd sempmdsing
tggtgtgégcg§slng nodul es have performed substantially
he sa processi ng steps on said data received at
saldpdaﬁangn@wtputaSOfAbmﬁihaddaflwbalaad sacohalﬂaﬁa

erein sai I rst and,second d
pro%%gﬁ?%g nﬁ%f?%st%r%a}%égﬁgﬁ eﬁﬁﬁ%ﬁcﬁPﬁy §eparated
devi p&Ssﬂlﬁg @an@t@@ﬂp@ss Cdﬂiiém.@ ifArany agde setoabaigBa
13 to 15, q$r|31n he step Qf passi ng t he

pEBFEEf%n%fm% ? e%a PR F31 e CORFR4RPaMBAYEEsEPNGR LA

s&@dﬂb‘leéhé@kﬂn% hhsgutheckbnaHmdylien wherekn sai-dyt Q'J.{;Hal

checkin e is arranged to output an error Ssi
lPﬁaP@B%V%eD%fWQﬁ%¥%@rO%rn?RnS%%Q difstsengngdeseadndata
p@é&és@iﬂgeﬁéaﬁﬂeéf‘%@%@spé‘ﬁf’&n{éﬁ E%%angﬁ?%h%' E%\me
the sanme” processing steps on sai d data I nput
prrethsding @t%pﬂe@nlﬂacdadaha1¥ede;weﬁeatceﬁpdléang theut ;
ieps of @ passing outputs of both said first and
second data processing nodules to said first checking
nodupasspmgsémgdsamtpumm;nﬁsgaﬂﬁ.fak@tfhnﬁtsandnéedand
dat a rocess ng_no ul es fr nlsai kﬁchecklng ,
ProgtFe 9 @% g S8c ﬁ%mc%% BgelREFIR £R §214
thikat cRetRING i Go&hl & ndw@éun/eef @flt\rm@t Betoan Bet-ofaklgnal

first and second data processing nodul es have
ipei-FaFnee ShpeRaHEFLI Py RPle %adﬁ*g t3rste88n§esPBAs SR

p88LEsdahd h86El ¥8dhate SAlslale MUt andhd1P9S8hRdsame
said outputs of said first and second data pfocessing

PregaFesng r oReRAI G see b dlate ddasy viesdalte sedds dpgat hRpt -
checki ng nodul e, together with a second error signa

18. A method as claimed in claim 16 or claim 17, wherein
the third checking module is physically separated from each

of said first and second checking modules.
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i ndicati ve of whether or not said first and second
data processi ng nodul es have perforned substantially

WO b@759r985 pr ocessi ng steps on sai d data recei vRAI/&B2006/004720

said data input. 18. A nethod as clainmed in claim16
or claim17, wherein the tHrd checking nodule is
physically separated from each of said first and
second checki ng nodul es. 19. A net hod as .cl ai med in_any
19onerfnet;ha<|in%S 16laomad, if LﬁfItYheqﬂec@ripﬁl@llﬁ‘@ tee t&t & of
vi di n I [ r t
fuggggrfl P St égnée%@%ds d%a&% g\ég’ég, r?\g@h%ggll esg%r?gge
indeckatmedos ubstane abt ynohessiaind imssc essi wgosmepslasa

d_dat t t .
DrOEPa CHeBRATD ol Borar Tap bty Bk
proleeki ag HﬁépbeonZQalé\ m&%m®®|m®aw aﬂr@taonelpgt

claims 13 tq recedi cl ai further .CO r|S|n
OUF@@tSP¥pSGdeFB%g§|ﬁBe FgT%dg? a5t i d R Gt § $id
fffy@ cakbyxengf mwhatber or not said flrst and second
data processing nodul es have perforned substantially
the sane processing steps on said data received at

aal 4 %@Egoﬁnggt c@élﬁ\@d' RRULLY ot dfeasitaione 1of sRild
first second data processing nmodules. 21. A nethod

prasediaigned silm, afy r6herofoePy} $i19 Fhe SHEP e RHY 4P

a data J.nput, inpcludes g.a0de £ﬁc§f<5ﬁ‘§\}é‘g>@ W or not
oA 0N I 'n “6né “or more memory nodul e (s) to which

seniai infrlsltsfan@n@eseﬂdndadat arprosesy nYPdbRe R fRve
cce menor t| Q ef ] ni { ¥
PSR T B SR R pespo on
data received at said data input as an input to at least

one of said first and second data processing modules.

21. A method as claimed in any one of claims 13 to 20,
wherein said data input includes a code referencing a
memory location in one Oor more mMemory module (s) to which
said first and second data processing modules have access,
said memory location defining the functionality of said

data processing modules.



