RATA TRANSM SSI ON SYSTEM This invention relates to data
'nransn1SS|on systens and in particular to a systemfor inproving the
|ntegr|ty of 5 data output froma receiver. There are nany
occasi ons when it is required to transmt data over |ong distances via
a transm ssi on path. Up until now userls -have had to rely on the
integrity of the transm ssion path and to tolerate corruption in the
data that 10 may result, for instance if a fault occurs on the path. In
the case of a fault, the data Re3ALTRANEMESEI QM EYSTEM: ed over an
alternative path, but parts of the data will be irretrievably | ost

whil st this rerouti lLi.shed ccC rd| 9,42 .the invention
there is provided éﬂgg% %%E??a snlséﬁgﬁs QV%t%ﬁﬁ c% FF533619¥ LR ¢
uni t for andrbpspartinylardhoaassystémtfon inpedvinginihe idkedribyndf

uni t CO”DB'SHQGaaoQHPEQrfEQH gepgeallag a del ayed version of ~ a data
signal to be transm the transmt unit being swi t chabl e between a

first node in whi chPReER dREE sMGRYI PIC2HLPRANIHER ed tandisa BedehBedodeoi n

which the detpyfsimyer da®d icver IdmfSdidtsflces via a trMBmiREAoH pHER.
generat on .,of a received data

buf f f el d
i gnal . the TBCBrELLAPEISSEE; haYenretndd Eaie: RELFHP ARCAITI 9% W ch
t he del ayed 25anenissnonfpate amt dio/edledatadescoraiupts onohduthedlda achat
receive 1o Uk PQQQY{: aEgr i AEEQRdeMREE 5 '}S\Miltcr&ctcr&@sr %%elt\ﬁ%d p%q'h? ¢ BB her

signal i's conducted t e receive unit
havi ng det ec‘ElF%ncﬁﬁ&ns?ﬁ R fewkebii ﬁQeer@a@ras ngy bet Iﬂétpé'ééll@ééldat@@t%al

aﬂd ][reans reﬂ@@ﬂsb\ﬁe ém&%&ﬁ@ed%&@ﬁl%\t& Op%‘ﬁ"cii'.rscrbf h%hég(‘cf‘dﬁ/a?f um%‘ti fgom
the first node e. and to sen copmand to_effe

sw tohi g ort trefrbeysBbe FooR v s e nrhit "rerant iogorpooekebl Lebrd:

The out put of suchAmcqmﬂxnglsothhe mnwemmtemrmmi?b iiﬁbeﬁVﬁﬂﬁerEOMAﬁh
det ect edy 5The, ap I e I.n ich a hi ree
of int egr| ty a]t%;g*én %Irl} red£8¥1§g¥|s§§ ncAe thé”afnsg'll&- of fqgadc ’f
tel evi si on c#ransr&b%hnﬁradéﬁaat sageilsdiom receive unit, the transmit

unit comprising a buffer for generating a delayed version of
a data signal to be transmitted, the transmit unit being
switchable between a first mode in which the data signal is
20 transmitted and a second mode in which the delayed version is
transmitted,
the receive unit comprising a buffer for generating a
delayed version of a received data signal, the receive unit
being switchable between a first mode in which the delayed
25 version of the received data signal is conducted to a receive
unit output and a second mode in which the received data
signal is conducted to the receive unit output, the receive
unit further having detection means for detecting errors in
the received data signal and means responsive to such
30 detection to switch the receive unit from the first mode to
the second mode and to send a command to effect swifching of
the transmit unit from the first mode to the second.
The output of such a system is thus not interrupted
when an error is detected. The system is applicable to any
35 field in which a high degree of integrity of data is
required, for instance the field of broadcast television or
computer data transmission.



<2- The transmssion path may conprise two or nore

separate transm ssion |inks, the conbined capacity of the transm ssi on

| i nks being greater than the maxi num capacity of the data traffic to be
transmitted. Preferably, the capacity 5 of each transmission link is

I denti cal . In one preferred enbodi nent of the invention, one back up

link is provided for each required ITrfk 7.e. double the maxi mumtraffic
capacity. is avail able. Al ternatively, one back up link may be

where nkn. In this case,é%%q capacil rov _ 1)/ N tines the
capacity of ®RBarpiR, t#rnsmiwsion chpaksiy tde t¢embired ugappraksyamk t hhe

tra{lsm;c ssit ﬁntkaagﬁlisgion wanlgit_s@:ltng_greater trgr?ft@zref‘?h‘klﬁ.muhhéa?ﬁﬁﬁg§gyf
uni urther, inpc)Judes 15. nul tipl exing means, for I pl exin e data
signal to be{:he &?Eﬂéﬁ¥?%gﬂca k@bﬁ??&%“&&ﬁ&%‘nc?ﬁggﬁﬁagﬂygn frcapacity

i nformati 6n of ewmht&mamsmﬂﬁﬁﬂdﬁibnnkiﬁhsﬂﬂuhﬁ{Falﬁcetﬁednétpf@ﬁéﬂﬂe&
neans for de ' Lng .t ' | recejv QVer e trapsygi ssion
ks, our | raHREREREAL de (R (A, d ol B S1pk' Ty pepliflad 23k
mul ti pl exed ®¥eR rRauirgAsAilodi dneli floskdied the mawimun ftadffic chpacity,
the data sigpgl é&é&fﬁblé.theAlteQﬁBE&&éQ&;fPﬁﬁéraﬂ§@kt1HP'§ih§ t pagsnpit ed

continuously over a single transnission According to a

further aspeRFOBtdefie SRRt iRRAWLSE Mipksd F M APt UPngl skt £°Fi ghal
conpri si ng gﬁ@@ﬁﬁtéaglﬁnﬁ wlg@i'@.yﬁd'x.VE:Iiﬂ thﬁf casldat alaai @é@éciﬁ?Lﬁﬁéh}l&éd
transmtting,..,,ekthey t ata_sig or_the, del ayed version thereo

exani ni ng ag'?”éjc':lei \l%ad {J"é‘fréf/sr? g%éf“efo&%eerr%?gafc’g efat i MY a]?‘”d'gdelW &y the
versi on of t¢epaettived Hheabscynup dndkselasd: ibhel ytr3hsouitgmitan gl mks hics
the received; gghej shgnal or the del ayed version thereof wherein, in

normal operation, the data signal’ is transmtted and the del ayed version
of the received datBrefermallnal | theut fyRosmEM t henkkceifiatheit dmelydesn

error isi1s mmeleChPexifgneicagisd FMmaadtiplekingt thiee ddedssighhng tf Bbe
transmitted and control data including alighment information

e R .

over the transmission links and the receive unit includes
means for demultiplexing the data signal received over the
transmission links. During normal operation, the data signal
20 preferably is multiplexed over the transmission links and,
when a fault is detected, the data signal stored in the
buffer of the transmit unit is transmitted continuously over
a single transmission link.
According to a further aspect of the invention, a
25 method of transmitting a data signal comprising generating a
delayed version of a data signal, selectively transmitting
either the data signal or the delayed version thereof,
examining a received data signal for errors, generating a
delayed version of the received data signal and selectively
30 outputting either the received data signal or the delayed
version thereof wherein, in normal operation, the data signal
is transmitted and the delayed version of the received data
signal is output from the receive unit and, if an error is
detected, sending a command to effect the transmitting of the
35 delayed version of the data signal and outputting the
received data signal.



35 del ayed version of the data signal and outputting the recei ved data

si gnal . According to
a still further aspect of the invention, a receiver conprising a buffer

for generating a del ayed version of a received data signal, the receiver
bei ng swi tchabl e between a first node én_mhich the del ayed version 5 of
the received data signal is conducted to recei ver out put and a second

node in which the received data signal is conducted to the receiver

output, the recei V?\chd:’:rcfSil [ 1 fﬁ%“*m JoLRHel 0 TS 0k ndel aGkinRd of, T OF S

in the received data | ¢ means responsive to such detection to
switch the B0 FeEeivex feemPrheirgr & RBffero % g8B8XEtIBde 2ndeld¥&dynal

a _rlelmolge tL s g el dﬂf) raﬁSQ'_@éeﬁ.k)é_ddaaatﬁi E'Bgnal, Eche reldiGiet D@e’(i@xgg
sti urt her aspect. of. the inventio appar at.u r transnmtting.a data
si gnal corrpﬁ‘&%#%%f?%‘?weenf%rttlg’é’nr}'er"éﬁq%d’hwgﬁlciyé%‘e\/&g PF % rRd Fat a
signal, aSlfindhe pleeedivdddamal sigheli hg ¢dmddeat ed stqgrealresred veonbudiput

i nformati on Quer _at transni,sSd,on L Ln it Chd ans, for
determ ni ng a\(}\}ﬁec o%é‘fe%gadg'\\ga&esi gﬁal%ﬁ'ﬁaeh th%ru%%fh&.ee% \éﬁtt% ggl g a&qg%t he
del ayed ver fanfusftedidqihe recsiygezl ontpud, behe rzarsd ver Fuskde nyhayh ng

the transm $dtttdbn | Hkns for deted¥iiLrabb¥r§0Rn Ans 0PEYEL 6841 @At om
the transmt | it to the receive unit 1s cayried over the tag@%g)%%;on

path by theS§ i 3R PRt FRIPORT LV Bt RetlicRnEetarsire F8 &
transm ti@d.redéevasisef romntthd fdaishl hb@et tonthe peednd aidde 2md a0 sdgnader

an alternatiyve.. 1.SS].0n. h. e.lpyvent | wi |l now be
further desi _ee"[(fat{)%/n%mgiﬁ%&t?@é%x%%pf%s%%?ytﬂ/_\ngt%é?%f%r ﬁ%le to the
acconpanyi ng draw Agsonding Wei @hstill furthegj gepect o &hechangntéon,
di agram of g ala dJANEE Sl i S HNARTeOdigHa 1l @R isI¥Y e BUEfer
Figure 2 is an exanple of the fram ng structure ‘used gn each, of the
t ransmi ssi or‘foﬁ'at Hgn@papp@gr eal;delaye version of the data signal, a

15 multiplexer for multiplexing the data signal and control
informatidon over at least two transmission 1links and
switching means for determining which of the data signal the
multiplexed data signal or the delayed version of the data
signal is to be transmitted over which of the transmission

20 1links.

Preferably control communication from the transmit
unit to the receive unit is carried over the transmission
path by the insertion of control data between the data to be
transmitted. Reverse control communication is preferably

25 carried over an alternative transmission path.

The invention will now be further described by way of
example only with reference to the accompanying drawings in
which:

Figure 1 is a schematic diagram of a data transmission

30 system according to the invention;

Figure 2 is an example of the framing structure used
on each of the transmission paths of Figure 1;

Figure 3 is a timing diagram of the operation of the
data transmission system shown in Figure 1;

35 ' Figure 4 is a block diagram of the system of Figure 1
in a normal state of operation;



Figure 3 is a timng diagramof the operation of the data transm ssion
system shown in Figure 1; 35 Figure 4 is a bl ock diagram of the
system of Figure 1 in a normal state of operation;

~4- Figure 5 is a block dia%rgmof the systemof Figure 1 in
a fault state; Figure 6 is a block diagram of the system of
Figure 1 when a fault has been repaired; 5 Figure 7 is a bl ock
di agram of the sys Bl gur as 4 | A@P t ' i

o astanli shea: . FEGuTe 5943 Brock i 39N ofPEhE PIRcER O% Plenze Tuni
of a dat &7 PardAHls iR &8sst em as shown in Figure 1; Figure 9
is a detailed di agraguele & R8Cai ¥eodRki Hiabraml@fd@dha tKaRed 8% PAguypst am as
shown in Fi%,re 1; Figure 10. shows a second enbodi ment of a

pr ot ect ed n 2 SAEMBAS R FIRAEFRY nvent i on: Figure 11 is
a timng 8i agram f sigulre Ji dsabsbdbckhdiagramsoéntbe Byghee of; Fagdres 1
Figure 12 s i.r [ TRy . a3 pLot . System according
to the inve%t%}l\?)lr?%éﬂ &Mé%@a é)rla’?l%nji[és)s%;én%s e%]d'as shown in Figure 1
conprises a data tFagsFesS$ ds tor slehail athidiagraeebdabbrapenit upifti oft
data swi t chigng 24Nt s mif ¥i o P K s WHSwH e #OFDg@Agcast unit or
satellite studio, and a transm ssion data transm SSi o

A . path_. 8.
receive unit 4 is FO8HEEd Jpdbule etalgﬁé flitaﬁ§ﬁf“s§éoﬁ BECRI¥CIHRLY Qgcﬁnd :
data swiiChidagacaramsmissifon dysiemces ahdvcei rBigure 1; The
transm ssion path §.conprises li_nks 12 .14 ' y ha
significant differ gﬁ%@%’gi nlstf)a?#‘]g\?senat hsse.(mﬂd D?J?lgﬁax\ﬂ%(rﬁga{pfop%régf%ﬁ?tte e
data fromt datl sus tan taddording centthe 6iawentidni pl exed bet ween both

links 12 and 14, sejgurkhal e LiiGhidg/ @il hk #&r Otneasgha DK b Rakved.
As shown in Figuré 2, control "data are carried transparently in 30 the
spare data SF§EETPE Fd Uikt 1374 he exanpl e shown, 32 bits are used

for the tgansmi ttedigakra Lol noks dPirdidMbodiment of a protected data
system according to the invention. -

A data transmission system as shown in Figure 1

comprises a data transmission transmit unit 2 located between

a first data switching centre 6, for instance an outside

20 broadcast unit or satellite studio, and a transmission path

8. A data transmission receive unit 4 is located between

the transmission path 8 and a second data switching centre,
for instance a TV centre.

_ The transmission path 8 comprises two links 12, 14

25 which may have significant differences in path lengths.

During normal operation, the data from the first switching

centre 6 are multiplexed between both links 12 and 14, so

that the effective data rate of each link is halved. As

shown in Figure 2, control data are carried transparently in

30 the spare data slots of the links. In the example shown, 32

bits are used for the transmitted data followed by 32 bits

for the control. The control data comprises error checking

bits 30, a parity bit 32 for extra protection, a frame

alignment word (FAW) 34 so that the data on each link can be

35 aligned at the receive unit to be 180° out of phase, a

multiframe alignment word (MFAW) 36 to indicate the start of

a multiframe and the link in use and a receive unit control



f.or the control. The control data conprises error checking bits 30, a
parity bit 32 for extra protection, a frane alignnent word (FAW 34 so
that the data on each link can be 35 aligned at the receive unit to be
180[err] out of phase, a multiframe alignment word (MFAW 36 to indicate
the start of a multiframe and the link 3nuse and a receive unit contro
- 5- word 38 for communication between the two units. The control

data nmay not occupy the entire spare capacity. The fram ng structure
will depend wAréhédnfebesomnuni eiion hekwernite ddvo uniﬁﬁansﬁhesbgntsyiten1

and the infoggRehi RAYPERY JRUPJ¥ELhe 2ntire spa¥e WPES | of phfesdahing

transm ssi on system of Figare 1 wll now'be descrlbe I n nore detal
with refereng8iTucturg wildraepend o t#ﬁgﬂHﬂ?@?’§H%%én$ﬁe1P|ﬁhﬁgpﬁ?t?ﬁﬁed

signal s ﬁtahbﬁlhéamtyslt@ni aadarwhet heforeRiti®ibdiny clieridsd.a to

be transnmitted is i dlcated gn The data output .10 fromth
transmt Buffer 22 T2 HRGRY °? #g? ata  trgngmissin ﬁXﬁtPV aPE

the signals Bégurevérwilhkne® heddé$nk1bed in mespedétatl ywhth sefereac¥
and VI are 1og aiLaued si9gahs pigQHLPY!SLEQE BheOPIRPLGCOECERL Y1 Ghat BC

receive unit ese signal s are denultipl exed rma con uous
signal VII. a5 Yhe| tzaasmitdamdite 2t Rad fha rereiie dinigtut4.of The datei te

buffer 47- reﬁée%trla‘iﬁ'nﬁitét@a &siemaféaw& bgsayﬁgrm oytfu;rrh%f aattat hgutgaei ve
|an M 0 he data
Tl

unit 4. ures 7 | oc
t ransni s$i%nfE§8t e“r‘ﬁ% %n pp gg?ﬁ 22§y Fetedy Phosigaat ahSni t
unit 2 is |ISngnahseﬂIasandnpv|&meu;hb1ngnuﬁ§ sentbuoivieer 123kand andwigk 29

having a sigpgl g%&aei%sp afla s:.%r?%ﬂl@r%%(d FEoat&Sehd Satllded &fonals

illustrated as co denu XEer
switch 48 aneufput fé@@l@klﬁmm¢%¢ QNECQKIIY 0 th@n@@ﬁeanWNmmtiéondTheaﬁs

as shown 'ngﬁﬁﬂHrQre4demuﬂﬁT§¥H£Eh arbPmbg EB%Q%%hkh%déliﬁ%ﬁJW&& to

t he smﬁt%g 29 and i s al so stored e transmt buffer

transmt YR 2ndrdE (ARROYS kb QGPHﬁIﬁﬂﬂ%&%SOPﬁEanégmqﬁfcﬁﬁ%ﬁhﬁﬂ
control infoswBfénnd pveespotbi velyhendrRndehstedthé kSsdPting output of

the receive unit 4.
Figures 4 to 7 show block diagrams of the data
transmission system as shown in Figure 1. For simplicity,

20 the transmit unit 2 is illustrated as comprising a transmit
buffer 22 and a switch 29 having a signal multiplexer 20.
Similarly, the receive unit 4 is illustrated as comprising
a2 signal demultiplexer 21, a switch 49, a switch 48 and a
receive buffer 47.

25 Under normal conditions, as shown in Figure 4,
incoming data to be transmitted I is input to the switch 29
and is also stored in the transmit buffer 22 of the transmit
unit 2. The multiplexer 20 multiplexes the incoming data and
control information over both of the transmission links 12,

30 14 (as indicated in Figure 3 by the signals III and IV). At

- the receive end, the data output from links 12 and 14 will be
delayed by the respective path length of the transmission
links. The data on the transmission links therefore is
aligned (signals V and VI) by alignment circuitry (not shown

35 in Figures 4 to 7) and the integrity of the control data
checked (as will be described below) before the transmitted
data is demultiplexed from the control data by the



30 14 (as indicated in Figure 3 by the signals Ill and V). At t he
receive end, the data output fromlinks 12 and 14 wll be del ayed by the
respective path length of the transm ssion links. The data on the
t'ransm ssion |inks therefore is aligned (signals V and VI) by alignment
circuitry (not shown 35 in Figures 4 to 7). and the integrity of the control
dat a checked (as will be described bel ow) before the transnitted dat a
is demultiplexed fromthe control data by the

- 6- demybmbpke %x%lr 031 9884} VT 2P AHPUO tU‘%hbeESbéévaUf:ﬁSfer
47 (signal VIII he data_is out put fromthe rece| ve buff gna -

IX) and t hend?r bpiERate¥I{d) t he léi%cqﬁ)"randsaﬁb‘é:ﬁ’é’ttu reg the §e§ﬁbm ]PH ERGure
1. 5 (igaallapk) afigutBedtrdndmiltted o Mkl Gpkeodtdgdappaeatus LONk
12 will not reacg t he, re%%l ve Urllt and | oss of alignment Is detected at
the receive Ofi ¢t P¥8t 9IRSt “signal V). The receive unit 4 signals
this fault5 to the t¥F&inanfaulihi ¢oc@urs i kimkai2erthe debbiyiplexed datgponds

by switching; i gyt he &,{F{IS,%? i@aéwfff 8 eﬁv-g‘%%ltth‘inﬁni’y%ﬁ' Bkeéffflgnment
Br

conti nuous data (S5i tore e transmt
re-transmitt&d Gﬁtecqei%ka‘m gesgdyepypmtantseg | hiend ioff cFrJfﬁHJonV)as

I ndi cat gdbat TheNeeBe@ireSugnal 4! ¥i Ibﬂsbtlﬁigrﬁdulﬁoﬂbl ﬁhegﬁﬁgnsﬂﬂtauhStthfS
recei ve Yy t he eceLve unli ter er, an e swtc

T hee s ok, YREGhY TP b p R ety %ﬁ%ﬂ%ﬁéﬁ)ﬂ& R 4 P E DS HER b
buf fer 420atbaffrerF2@nd tThus thet namsitipédxedafdontifsiopsaldatdy (signal

directly con t h u f t [ t K ']gg}? : own
in Fi gu?/e f“g"} %cé&t‘%d 1%u§h§ait§%}xss%t Fa@nﬁ%clgdygl g% |§-1|< 1 mulﬁtﬁadsﬁﬁ
correct operhinln dd,|i mrereded r &t orfepme allgnme%usllpﬁ%ﬁ%ﬁ% i sas

provi ded by Raipgted Bl kemef BOWE sildilr a8EI Verndidut fetdiE, té&@@ﬁﬁoﬂé"t
and no |ntev\’ag€t|pn in the, transm ssion of data occurs. In_the

exanpl e sho A EFgheeeived, Byshhe Fegehbre IYHE & affex & @sell&rye(?zata’?‘?ne
G Thisliss theeswetcht 48hofr &b receiwdNiunity ddypomile by Bymwéhrohdugpl ¢xed
data over liQ&i%gh£58n1out the receive buffer 47 at-time F and the
retransmitted traffic (signal VI) is directly conducted to
the output of the receive unit (signal X) as shown in Figure
5. Continuous data 1is transmitted along link 14 until
20 correct operation on link 12 is restored.

Thus protection is provided by 'moving’ a buffer from
the receive unit to the transmit unit and no interruption in
the transmission of data occurs.

) In the example shown in Figure 3, transmission on link.

25 12 is restored at time G. This is detected at the receive
unit by the reception of multiplexed data over link 12 from
the multiplexer 20. The path length of the repaired link may

be slightly altered with respect to the original owing to the
repairs carried out, in which case the intermittent data

30. (signal V) will be out of alignment with the continuous data
' on link 14 (signal VI). The signal V on link 12 is realigned
to restore the delay on the link 12 with respect to the
signal VI on link 14 (time H). Once alignment is restored,
the receive unit signals to the transmit unit which, after

35 delay indicated by D,, places continuous data on link 12 and
switch 49 directs the signal (V) on link 12 to fill the



the nultiplexer 20. The path length of the repaired Iink may be slightly
altered with respect to the original owing to the repairs carried out,
in which case the intermittent data 30. (signal V) will be out of al i gnnment
Wi th the continuous data on link 14 (signal VI). The signal V on link 12
is realigned to restore the delay on the link 12 with respect to the
signal VI on link 14 (time H. Once alignment is restored,  the receive
unit signals to the transmt unit which, after 35 delay indicated by

Dlerr], placescegnbl Wﬁxdatfr % |éﬁ'&w&21ﬁm?1gur§v"'6t ch R dyLads §Peis

[ | k 12 to fill ‘th
?;9na v Ogéhég bﬁﬂﬁéﬁtk% P§§1§90Wﬁdﬂﬁaﬁﬁguﬁi d- The buffer 47 is

filled over the peromdelﬂﬁechﬁﬁﬂeby4ﬂ is filled, tK&C@utﬁ@tb@ffﬁmfﬁgri$7

' hed to th t
Fecetve un t LEatt stonkchad o ihe, el e e RRRei e’ tAiE LY wars Th s
fact to tie Flgureaﬂ§mandn¢he rﬁbeeweaudakawIEhgﬁmlsrah$s1Eaumttdesn@nds
by restori ngtyahyfni%r %%ffu' tiexed Q?élaagprb t’i'x‘é Jt‘}ra(rféﬂi'j; '%mtD[P&?&%‘é'

Vi This is received at the receive unit
COI)’lt i nuous d8Yare8kePFAhBgs Wuﬁéetrﬁénwftﬂ@ée@ﬁdl@aﬁw@m;im i14 tHeime K

al i gnment of ohi §kgA41WrLh. r epRestié orééékved aézthé FESOVE ALt NP dotefNCe
real i gnnent |s.achie uni t nals he transmit unit to

d,
pl ace unbuff&r 8§13y 5, ItFBP§§88°H§t§ gﬁ FPHﬁl én&qﬁ Tafriditesh on
resunes 10 linki tatedth}y Nhe hslgnment bifgliaks 1shadstn respedietiitd | Bink

di agram of thg léaﬂégkbred (Q?h% %& OQ%%CE%Q§Q#% %ﬁﬁ)ttna(ﬁk?veﬁn the

transm ssion transm I'ses a tra
FI FO buf f er rece%&ﬁaﬁpétoﬁlgmﬁﬂﬁn§hﬁ t!ﬁﬂﬂmaﬁtPext]tp[@ﬂﬁpﬁ-Mnﬁuffqremrth

of data for multigléeRreanmaetaONofduning a1 $Wahahi orRPer apbeariWher xﬁéssf ]12

and t[err] 2 t an§3155|0n del ays on the two transm ssion
and 14 and t?b?éﬁc? e?hgyf tt detection time of the receive un|t 4. A

frame andsmul tifrarfiqligrmehowsoadngescdetail@d diagean' &f ahet Hﬂa&f&dnit

Do g worEotl AR WA LD Lo calll VALSIELALS dllems

unit 2 comprises a transmit buffer 22. This is a FIFO buffer

capable of storing at least 2(t,-t;) + t,,, worth of data for

retransmission during a switching operation, where t, and t,

20 are the transmission delays on the two transmission links 12

and 14 and t,,, is the fault detection time of the receive

unit 4. A frame and multiframe alignment word generator 23

generates a fixed pattern frame alignment word (FAW) which is

multiplexed into the outgoing data under direction from a

25 control unit 24. In addition, two multiframe bits (MFAW) are

attached to the FAW for link alignment purposes. The first

bit identifies the start of a multiframe to allow

synchronisation. The second bit identifies the link in use:

it is set to one on link 12 and 0 on link 14. The duration

30 of the multiframe is greater than (t, - t;) to allow the

receive unit 4 to establish the path length difference
between link 12 and link 14.

A control code generator 25 receives instructions from

the control unit to generate various control words for

35 forward communication to the receive unit. These are

interpreted by the following receive unit 4 and acted upon

accordingly.



25 control unit 24. In addition, two nultifranme bits (MFAW are attached

to the FAWfor link alignment purposes. The first bit identifies the
start of a multifrane to allow synchroni sati on. The second bit
i‘dentifies the link in use: it is set to one on link 12 and O on |ink
14. The duration 30 of the multifrane is.ggeater than (t[err] - tf[err]) to
all ow t he receive unit 4 to establish the path length difference

between link 12 and |ink 14. A control code generator 25 receives
instructions from A tfierstOnmiekipliekelr0 PeNendidR atheuscamttsl ofor dhef or

35 forward ¢ ni.cati.qn 0 the .receive,, unit These__are
I nterpreted 5§gg%glf&qﬁ)'%é{r%%g?b%fﬁﬁ?f 5h3n8a§8t§ :hﬁnFran%E%Eﬁﬁ?néry.
A first nulttpeefeam@éandnuul tificameninfbroatihs fromcbheralignimeng4yord

[ tipl ' : ; .
mul t1 pl exes Pgﬁqutt%rt Q P& A4 apRpan %éggll’aeﬁg%gt %?nét%%aiﬁﬁ%m t#£5R®he

information fromthe alignnment wor . e recelve_unit
control siPnEPEtEPdMade IRRIFAGUT 2ddePHERBFAREr t9, IHRUFS ndfrmo26Db.

Olﬁt putSf_26a, A26:ar.i_tclh szsvu;%:;h aspwhllhyg%rﬂeddry_mtebot e tipi: _so%ﬂblﬁlstﬁﬁom
t he Irst .pultip er straig t hrough .to t'he transm ssion . |inks
5% 14, Honethrs bt S areet (AR Besnl oWt (hafoddly Eo2VHE SPrft mie gl 08
traffic Il nhynks passéd.t oHowevernksndeeefd@l i gondstibhs anliv¥® vraFffare

3). R %é?&&f‘f‘é‘éé’d%%&@kc”&if xgg%rsgelﬁé%%&ftﬁéntﬁiegqglrﬁcs (sbLom
the receive unit via an alternative trahsm ssion pat an
communi cdtlesshEPRLEhEI&oAnfol VULt Figure 3). Referring now to Figure 9,

the data transm ssi®ngdach@8@lyV@oWtirlol4 Wit ULES rackiaeB aAdtal¥ENdignals
det ection an f# mheeI,Sénchronlser unit 40 for, each transm ssion |Iﬂk
12, 14. EAERMURPE #BC8EVECERITNE AP 41 HrRati e bEarerygsian Pathe

i ncom ng datandi gomhanti bhtesdwiYhattiepasntsod aindral24o a control unit
FAW are | ndi cat ed (s arng, How' LB, (EFByre L1 IShED aabh) ¥ adlalidi il
det ect ed lISherécahte unit gdneinclwedels, aal fyanentalsigrolenini datiectipn sasd
40a, 40b flywheel synchroniser unit 40 for each transmission link 12,
14, Each unit 40 detects the frame alignment words (FAW) in
the incoming data signals III and IV and passes a signal to
a control unit 41 to "indicate whether the FAWs have been
20 detected. Errors within the FAW are indicated to an error
estimator unit 42. Once the units 40 have detected the frame
alignment words, alignment synchronisation pulses 40a, 40b
and the data signals 45a, 45b are input to respective control
field handlers 43 which demultiplex the rest of the control:
25 field from each of the signals 45a and 45b and establish
multiframe alignment by means of the multiframe alignment
word 36 (as shown in Figure 2). A flywheel mechanism
provides error resilience. A multiframe alignment
synchronisation pulse 43a, 43b is sent to alignment circuitry
30 44 for subsequent link alignment purposes. Any errors within
the multiframe signal are indicated to the error estimator
42. Loss of multiframe alignment is also signalled to the
control unit 41. The control field handler 43 sends the
demultiplexed receive unit control words 38 to the control
35 unit 41 for processing.
If any unknown receive unit control words are detected
an error signal is sent to the error estimator unit 42.



and the data signals 45a, 45b are input to respective control field
handl ers 43 which denultiplex the rest of the control 25 field from each of
t he signals 45a and 45b and establi sh mul tiframe alignnent by neans of
‘the nmultiframe alignnent word 36 (as shown in Figure 2). A flywhee
mechani sm provides error resilience. 9 - A nmultifrane al i gnnment
synchroni sati on pul se 43a, 43b is sent to alignnent circuitry 30 44 for

subsequent |jink alignment purposes. Any errors within the multifrane
signal are i hBFeaEPedviBRiRe i of ravei mtynmeny) worgdss ofhfy| Fekhfeame

al i gnment | sabl gAméh@napateet s hehe ELPAr Fidld tafld. thedheeeeiieoluhiel d
handl er 43 send ' ' control words 38 to, the

. _denultipl d s ' 3
Control 35 URPPEROL 5t opPERcats MY TnditRed d bho BRenS pe PLOSKOE B
control wordé42arwhileheoirds a ate@isioon sagintd theseeiverd tiyheofertloy error

estinator5unéﬁd4§i?nals the coptrol unit, 41 accordingly. - Errors
within the frame alfi gnment words, the nultiframe al’i gnnent patterns,

the data field and THR 3dcEmentygircuitepm4 ois prprerted ovith theidakad
to the errorseghales9a, Ussh fromidachhisba MBIEE SndleEhs| KN GSmdk (h\RLses

verity of the error 5 and signals t .cqntrol It 41 accordin .
isl'ﬁ\é a: i énrren%r%'f'r%? 5P %P salpﬁ’%égéfﬁ“@’g'g% X941 glgslra %atasfﬁﬂﬁl °‘g%§;"ﬂ]5b
from each data &ligneddtohehat gnfrertte potises 1inkf bgnmmiehasc @ roldfnahilc
deru | PR Tl OMARe ey CALHERLL 0 | ale oLyt e

link by means of a dynamc 1 circ
The alignnefrculteyrtdi eoynig thenrumber ofimysten clotkmelark froma

froma § €8 CbOBkLS b Ibede B AUhbi ti 2PBmaY BYNcHHoM st o IPflse
43a fromone, i

£3a 1o oneya e di G Tl Lt Bl SRR OIS B S o SRR AL O
nul tifrane s43ishfpoinsaheonthersaink 4. Compering- thie ount Rl athde
L dont 189 Wi hBlaa, pdEhbEReRET ISR SRR AL SN e e
rel ative dellgngg¥f @fentbe Téme, ldmis t kent vioe ddiderdtirfied 2a@dhaze deday
al i gned, theyiptdidhcdtGhpPPEENT PRLL & NSm WHd idhorter of the twd links
is delayed in the dynamic buffer by an amount equal to the
relative delay difference. Thus, once the two data streams
20 have been aligned, the multiframe alignment patterns within
the control fields of the two links are staggered by the
length of one control field. The dynamic buffer is chosen to
be of sufficient length to cope with the maximum expected
path difference and also the relative drifts between the two
25 clocks due to temperature fluctuations. For fibre in the
ground, the variation in delay due to temperature
fluctuations is 80ps/kmoC. Assuming a length difference of
300 kiloﬁetres and a temperature difference of 250C, then the
maximum delay drift would be 600ns, which is eleven 17. 5MHz
30 clock'cycles. '

A demultiplexer 50 accepts the two aligned data
streams V, VI together with markers indicating data/control
fields from the alignment circuitry 44 and demultiplexes the
data and the control fields to recover the transmitted data

35 signal VII.
The receive unit 4 further includes a receive buffer
47 which has the capacity to store at least the same amount



the control fields of the two |inks are staggered by the | engt h of one
control field. The dynam c buffer is chosen to be of sufficient length
to cope with the nmaxi num expected path di fference and also the relative
drifts between the two 25 cl ocks due to tenperature fluctuations. For
fibre in the ground, the variatiom fh-delay due to tenperature
fluctuations is 80ps/knferr]C. Assumng a length difference of 300

kil ometres an t emperature differenc err]C_t t he maxi mum
el 2y clr 1t SoulEtBesB00HE, CHRRSI THakRi 2 5\AgEHOLEPodR AR Rt |
A denul ti pl exteircibOofic thpet silgmalisvv,al VOned ¥afais shpeantoVih¥l rewgeitveer
w th marker n n el f 1 I gnprnt, cir try
44 and dew%dfﬂggéétﬁgggggégﬁam%’ trﬁeffecr(;%n%r%ol imélf%'gr?éo ?egtg)vte’r tk'llg'}a
transmitted ltﬁﬁ%}% kuffesr 4 is followed bYha setkeheddrthaly ifsyopemated

includes g nacekye BdAEFo1 uA{tWich hag t8gprapacat Yilth st;-eferéhcéeae%
t he sane amount 10 dat a

as the trandmiquaRA f2rt927, Khenspdifoly nftBhi dbsthe rﬁﬁﬁéﬁeopuﬁl‘fé |4§7nal S
V, VI or Vllan& thpuiwiochhrgreaebfiethe rbuf:éﬁsmas‘cdasaathedayv\nsmtrcen‘ eygence
to Flgure53 ve b owed

that is opera"'%cq'ldgs 5h me'ﬁaen%%'g%f% €° Q{,Lgﬁ éZrﬁpLQEFalﬂﬁegﬂé fa"ﬁé %‘erence
to Fi gur éheg smtchmg swi T ﬁgmeuuSOftmm oEcdihge switehing of &he t he

swi tchi ngoi R Qfnduiee NQLEAES MR 3 L o8 JRR& Ly Suh T 8h f‘ﬁ theOEEHhémt unlt
si mul taneously to avoid corruption at the_instant he sw t chi S The
°§3€1 ch

sane is true of thé &FanRdfidy Bpritnheonrgrel anddt ‘b@rffﬁ!PJ-EE SRETuRd

24 in the traidontddl unit 41, tré\nﬁmﬁesr&étuﬁntc@@ﬁféplsmélé&la/wmph
comruni cat es w th control un s,via

I
O e et A o b AR, B EhUoReRRl. PRt Ui o,
shown in Fi A& &) sifowrhel rmprithgunes &) ek rohie prietvidusn tifansvd tdatneit 2 in

transm S§5OQ@E&J{: transm:.ss:.&g ng descri bed enbodi nent of the

I nvention provides a protect ta system between two points. One
back up link is prd®ede@dboye cdercridedm sobedimemt (pffothe invention
provides a protected data system between two points. One

back up link is provided for each transmission link (1 for 1
protection). Alternatively, one back up link may be provided
20 for multiple transmission links (1 for n) or m back up links
for n active links, where m<n. For instance, Figure 10
shows an arrangement for the transmission of two data signals
D1 and D2 between two points, three transmission links 13,
15, 17 being provided (1 for n where n=2). A transmit .
25 buffer 227 ,22" is provided in the transmit unit for each of
the incoming data signals. The transmit unit also includes
a switch 29 and a multiplexer 20 as described above. The
receive unit comprises a demultiplexer 21 and a switch 49 as
in the first embodiment described above and a receive buffer
30 47', 47" and a switch 48’ , 48’ for each of the data signals.
In normal operation, as shown in Figure 10, the two
data signals D1 and D2 and the control data are multiplexed
by the multiplexer 20 and the framing structure is as shown
35 in Figure 11, with each link carrying two frames of data for
each control frame.



protection). Alternatively, one back up link may be provided 20 for
"multiple transm ssion links (1 for n) or mback up |inks for n active

| i nks, where nxn. For instance, Figure 10 shows an arrangenent for
the transni ssion of two data signals D1 and D2 between two points, three
transm ssion |inks 13, 15, 17 being-ptovided (1 for n where n=2). A
transmt 25 buffer 22',22" is provided in the transmt unit for each of

the incomng data signals. The transmt unit also includes a s_vvlt_ch 29
and a mnul ti pl exer a3 dayditi wsgugsSovan onghef theeddinks,usiay coimki $3s a

demul ti pl exeendldand atgmacw%o% of ithd %Jéfv’r‘é ﬁf@f@tér?ﬁ' d@i-crhﬁfﬁ
above and a [eceive b %(% 47", 47" and a sw tc 48 f'or eac

the data signal §°F Fupt FEEPE Whéh& AP %&1% is ¢eRekedo,
the two dehe segaalve [ﬂll&l’ldl@i’laﬂ.ﬂd tbhe:ueorﬁnrani_sndad auarte wgﬁéé)éﬁeﬂhe

by the nulsti n fr str re i as n

1{ with gacﬁéﬁ %gF? pEs r‘-tehwo %ﬁr;%%l gﬁ%#lﬁr?o?z é@?ﬁ %?F#‘?ﬁﬂ‘g
If a fault o@%ﬁ?sl%ntbﬁesmtthéo | inkeltipyekedk figom theth'efﬂarsi 22 00eelrin
both of the ¢RECtws Behbaind ' 1idits 317 andCehll tURLIde Iudib Ay 195, | 1

the control Ia iis detected, the T'eceive unit Signals e transhit
unit to rese‘ﬂzl t h@8*® 5 %H%’é‘?%?‘éﬁlirn FﬁétFPaﬁsmCtu%ufPlér352’2't°h2§" 4he

buf f er ed c«:lnt:anueus r adustre t b@@tllﬂlﬁ]&' ttol eed tffﬁhemﬁf;;féabua%ﬁgiﬂa%@r
t eive Quffers
Synchr onogel g g EnAudeetd 002 colfa ([ GaHe | Teapintngd e o

synchr onousl che
conti nues t wnhﬂ@nﬁbpefe tmmiughefdmeen@ettans:mq bufber 4 mbsodimaset, t he

remai ni ng | igSs1 agh c{ibg ve with reference to the 1 for 1
enbodi nment , u?fl? f%gf t ?gaggnded Once nul ti pl exed data

i s detected on the or’fcfﬁjl“'t“}tilﬁltﬁi‘ed datg ighdetpptedepndthiat foR 4y nkdilgk | s
al igned wi thi3hetwatanBbfooreh@athheh L¥Akl hBKkEs AhkiQwRIICE RS NG dTRAR-{ OF

the gss&pl I hté/ otherCh%w%ed Eakh Iengigwggceesgéll_ggd n?at\)é)ge fo-l_:r.he the
possibility of a changed path length as described above. The
receive buffers 47 need to be switched in and filled before
normal operation resumes. Thus, the receive buffer 47’ is
switched to link 13 and unbuffered, continuous data from one
20 of the incoming data streams is transmitted on link 13 to
fill the first receive buffer.

Once the first receive buffer 47' is full, its
contents are output to the subsequent apparatus. The receive
unit then signals the transmit unit which responds by

25 switching out the transmit buffer 22’ and placing continuous
unbuffered data from the other data stream on to the link 15
which previously carried the buffered first data stream. At
the same time, the receive unit switches in the second
receive buffer 47" and this is filled by the second data

30 stream. Once this buffer is filled, the receive unit signals
the transmit unit to send multiplexed data.on the third link
17. This multiplexed data is aligned with the data on link
13 and 15 and then the receive unit signals the transmit unit
to place multiplexed data on links 13 and 15. The data at

35 the receive unit is processed in a similar manner to that
described in relation to a 1 for 1 embodiment i.e. the



receive buffers 47 need to be switched in and filled before nor nal
operation resunes. Thus, the receive buffer 47" is swtched to link 13
and unbuffered, continuous data fromone 20 of the inconming data streans is
transmtted on link 13 to fill the first receive buffer. Once
the first receive buffer 47" is fwliy ~its contents are output to
t he subsequent apparatus. The receive unit then signals the transmt
unit which responds by 25 switching out the transmt buffer 22' and pl aci ng
continuous demilitifglososhr daintbiffeamthlecretbévedadatatimoonidss tonsitd thiemt 15
whi ch previ ri t red fiyst stseam At t he sane
tinme, ltohe rg%:éz%secﬁ%i%g%{‘/\ﬁ%%z&sg%% %h%géé%%o?\gaé&dr%%éi ve buffer 47" and
this is filled by The stcamngassirsgtyreemnfi tlpcaulifiiplanederdatar wildd,

the receive jid + #RakesignelCabbaRalhly H81 thé OneEBéh o4 i ikhiax G dalad 20N
the third_|ink 17., This nultiplexed data is aligned with the data on

li nk 13 FRPrERLSRE QTS HRM Te®hit signals the transmit unit to
pl ace nul ti pl exed #agaren 12i Bhows3 aaffidrther Eéhdodamenat oF5 theeinheeatienunit

s processed J 3 3l WhieAhaR8"RELal R L0R0n oy ESR dORS Jod SRS 1UhE0 63, 1
demul ti pl exdrd (Conffioesl ) heeamsui gty dat anumberi taf cefstiionsnt = Impathdsto
formthe da ' q £ T, 1671 68 &4 "4 PRl ke
mul ti pl exed aﬂgéﬂvq\ﬁrft Ia]a‘%e]eth%gnlg'e 58& aﬁ d%gac%or i ng t?% t%te nurrberyt of

links t k0 d@thens stakkmsshBn sPbt eAchompatdan a receive wpyhrd 28dsiRows
a further eriedisimd Wit he aryesbn®dctedi IinVéghes hendathet BaARETEIGNAN
Y5t em SO AR LS St e hbbaebd sk SRTHA Bl TR s e,
pl ur al | ty of1210 dwtmrr&ttait\'reirus_aﬁal fat e aYs tsdmt maw lae_rpneiri/éedmit 4 and a
o vt ot a4 SRSl KRR LHBGAThArS! Ut es X BRES |
for n sykSemhesp Ba Figuned2, in which Rindar enesoshohe stegiomsr 72 can
embodi ment, +HaMshd’t t A dffinakd cH)OWEH) Fetidi®ihdy Iramftiechs@aley odae 9fy the
stations 72i%%1uding a receive unit 4. The transmit unit 2 of the

originating station 72 switches to fault mode if any of the

remote receive units 4 signals to the transmit unit 2 that a

20 fault has occurred. Normal operation is resumed once all the

receive units 4 are realigned.

The system of the invention may also be used with a
single transmission link between the transmit unit and the
receive unit. If an error is detected in the received data

25 signal (say V), for instance as shown at point A of Figure 3,
the delayed data from the transmit buffer 22 is transmitted
on the same transmission link, so that the data indicated at
point F occurs on link 12. The transmit unit 2 then signals
the receive unit that unbuffered data is to be sent (H in

30 Figure 3) and the receive unit switches the received data
signal to the buffer input as well as the receive unit
output. Once the buffer is full (after period J), the
receive unit output is returned to the delayed version (IX)

output from the buffer as indicated.



transmt information, the remaining renote stations 74  including a
receive unit 4. The transmt unit 2 of the originating station 72
switches to fault node if any of the renote recei veunits-4-signal-s-to-

the transmt unit 2 that a 20 fault has occurred. Norrral
resunmed once all the receive units 4 .afg realigned. n[mu] .ﬂﬂ ',””mem
of the invention may also be used with a single transnes

between the transmt unit and the receive unit. If an error is d_etected

in the received data 25 signal (say V), gnstance as shown at point A of
Fi gure 3, the delayed data fromthe transmt buffer 22 is transmtted

on the sane transmssion link, so that the data indicated at point F

occurs on |ihk 12. Ahdata ansaasmissior dtesi dimdsising e €000 vy Wit

h buf f t n.30 Fiqure 3 the.re ve unlt
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the buffer as i ndi cat e

1. A dat at®% aﬁgﬁf*‘ég‘%an ugidt Rfichpristrhpkl @ rhesveenup first modef gin

transmtti n@vmmtmsimf digrall e(q?i e ﬁﬂhhsﬁﬁl):tehhgnd5at§%ﬁ§ﬂ(i@|. Tn)lé%@f tlaI( 2)
| Si 2 r n e er.si

datn s onal VRS Fperdhr eea FREEon YRy 1o hERRY AU pei g swi t chab o

bet ween &9first nodéhe nreceiwki ainitthe (dat &ampgﬁa;h.r(g ) ai ouffasn(4ved o a

second node éé‘neratzi’%i@cg &Qfa?gha¥gg ??Esbgnz %Qz}p&%e&ir gy tt%fr‘fallo the

the receive unit rs generating a
del ayed ver ST¥ffo¥e QurkEcpPotag davatghghhe bsﬁveen ar é@@ﬁ\te modiet ilpeiwhg ch

swi t chabl e bﬁwveaalaybar Sﬁef@ﬂ@n' MI#)i CHf the! el A¥QU Q4RSI Q:[‘%ﬁéi() d‘g
the received da%% condycted to a receive unit outplt an

second node T t%@er"@d'é’evé‘&l&apatgflﬁn%?dl 3 3RTRRA1RAS 41 which

recei ve u&ltthq_recelved data signal is conducted to the receive unit

output, the receive unit further having detection means (42)
for detecting errors in the received data signal and means
(41, 46) responsive to such detection to switch the receive
unit (4) from the first mode to the second mode and to send

20 a command to effect switching of the transmit unit (2) from
the first mode to the second.
2, A data transmission system according to Claim 1
characterised in that the transmit unit (2) further includes
multiplexing méans (20, 26) for multiplexing the data signal

25 to be transmitted (I) and control data including alignment
information over at least two separate transmission links
(12, 14) and the receive unit (4) includes means (21, 40, 43)
for demultiplexing the data signal received over the
transmission links (12, 14).

30 3. A data transmission system according to Claim 2
characterised in that, in the first mode, the transmit unit
(2) is arranged to transmit multiplexed data over the
transmission links (12, 14) and, when a switching command is
received, the transmit unit is arranged to transmit the

35 delayed version of the data signal (II) over a single
transmission link.



output,.the receive unit further having detection nmeans (42) for
detecting errors in the received data signal and neans ~ (41, 46)
responsi ve to such detection to switch the receive uni

first node to the second node and to send 20 a conmmand to H“l““"l “Ilwm ull
of the transmt unit (2) from the firgy oode to the second L

data transm ssion system according to Caim 1 characterl sed I n
that the transmt unit (2) further includes mul ti pl exi ng neans (20, 26)
forI mél tipl lem ng ths data 6rgnshighiba byst?ansaebtaﬂngl roaoUagant|ob data
i ncluding a e over at |east two s rate_trans |on
ke "0 2 BRR ac s eriid AL R S Aeq e, il o CRE £ tarFERSTE T

for denulti pperdng t#m-ti@hangl gpatnanécé:lwdme)vaanhmt uniZndid)sseeer | anks

(12, 14). 3048 i 2SS ?q:q, system according to CIaim 2
characterise |felrtnﬁ§lve 6 flII’S r‘réJ the transmt unit

(2)
arranged to fransnid %FﬁlEF%R%Elﬂﬁ%ano%1§$t?ﬁeaccofﬁihﬁgnfgsﬁﬁlﬁ an?%a{-Ti
14) and, when ac&wi4 Cbﬂagaéﬁaﬂ‘lﬁaédl Sin thReel zfﬁd %ﬁ&}?ﬁiﬁmtlﬂimﬂs | re
arranged to Lrabomt (e 30 ol 2420 Y “Rulet "SR A1 o L Ly
4. A dat aretrafseids tioot raysimn aheodateg stign@lai m 1, 2 or 3

characterisegd in that %@S £§§§é¥§sé‘£‘é{x %g%télﬁ Qéééﬁgfﬂgt??ean SSPdcf‘ams

swi t chi ng conirand to € transm
transm sdi®n2pdich. 4 haracteriged dmartitsingd sysarsmibgeben; dgntk@ adyeof

C ai ns 2 bQo%QBar anh?éféeH le&ufaﬁét tAe LAGRBEL SO0 ddritfiBi s Aldh 1links
provi ded, where n eaua S ynber of_ transm ssion |inks required to

transmit theFBFBRLTERGAD trans@lt thﬁ dat2 61874 ssi on system according to
any of d ai ns. 10 2 A O méthodr aoferﬂmﬂ;mrtthha; a+JdaHfansmgleoncd>mpkssﬁﬂg

provi ded, V\/n quals t er _of.tran n li.nks r UI

Pransm i nodtapaeEli,R ‘el QAP Vot bh e (o Bakh, 4 1 tErehd

conprisii® trgesawmisting aud:éieasyelthe/edst@nsugnaldatra tshegrwel,am e\cers'laby
thereof, examining a received data signal for errors,

generating a delayed version of the received data signal and
selectively outputting either the received data signal or the
delayed version therecdf wherein, in normal operation, the

20 data signal is transmitted and the delayed version of the
received data signal is output from the receive unit and, if
an error is detected, sending a command to effect the
transmitting of the delayed version of the data signal and
outputting the received data signal.

25 8. A method according to Claim 7 wherein, during normal
operation, the data signal and control information are
multiplexed over more than one transmission link and when a
fault is detected, the delayed version of the data signal is
transmitted in a continuous manner over a transmission link.

30 9. A method according to Claim 8 characterised in that,
in order to resume normal operation, the data signals
transmitted over the transmission links are aligned and, once
alignment has been achieved, the transmission of multiplexed
data is resumed.

35 10. A method according to any of claims 7 to 9 wherein the
receive unit signals to the transmit unit over an alternative

transmission path.



15 transmitting either the data signal or the del ayed version thereof;

exan1n|ng a received data signal for errors, gener ati ng-

version of the received data signal and sel ectively out pat,mmﬂmma"lm”m
the received data signal or the del ayed version thereof wherean,t I' s

normal operation, the 20 data signal is-_tignsmtted and the del ayed ver5| on
of the received data signal is output fromthe receive unit and, if

an error is detected, sending a conmand to effect the transmtting of
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over a transmssion_ |ink A net hod accgrdi n

char act eri%sed?i n t ht meth°fin aGrcd’é'rdltn@ s ARY nﬁ%agfﬂﬁrzzt |t(9n lq Hehenehn
signal s ttnesaah:taedlqvm tilge ﬁﬁmuﬁmmdemmnre:mmrm@mdlmme

al i gnment has been ach| e the hansm 1 é? [
resuned. 35 "18% qr‘f’éiﬁo& ac doF cP ng c#?)Star(r)f"yns%'?"gm]'é'ﬂIoi %\}q%tr:%?‘né?he
receive unittsagaah$ thet datiar sdgmal.unit over an alternatlve

transm ssi on,ypat h. I 1
1B¢ A recelv r c rising a buffer (47) for nerating-a
A met hod according to any ﬁs 8 0 wherein the d ]glsa?a si gna ?IS

transnittl®d 8¢&pryYed meafﬁemnsgfo@ mem@eved difer & iEnRral She Hee FRATHRY
transm ssi Onbéiﬁljs sadena3l d GetwddraN$NEiréBemgakain Whilch ﬁleaelayéd

met hod accor di n of /71p t he dat
transmtted 3%E lﬁﬁq&%ﬂ ﬁﬁgs%%nr??ﬁkgeg &hﬁheﬁégﬁ%q&a 9 %:%efro of
transm ssi onrécakseu:eqult:pad aod a seaondi rofbeinavhichgbhe. receil@ed data

recel ver, SoMBkAkN % PRbLELLET) do!CAEN RIS, JHBRL S R calonyaL o

recei ved da e recerver (2 e between a fTiIrst

mode in WS cﬁuthbeaehayém degecsion (me)a)nsOf(‘ita%e fax defrtng er¥ees I8

conducted tOotRe received data signal and means (41, 46) responsive to
such detection to switch the receiver (4) from the first mode
to the second mode and to signal a remote transmitter to
resend the data signal.

20 14. A receiver according to Claim 13 wherein the receiver
is arranged to send the resend signal to a remote transmitter
via an alternative transmission path.

15. A receiver according to Claim 13 or 14 further
including means for aligning and demultiplexing data signals

25 received over at least two transmission links (12, 14)
wherein, in normal operation, the data signals transmitted
over the transmission links are aligned and, once alignment
has been achieved, the demultiplexed data is output.

16. Apparatus for transmitting a data signal comprising a

30 buffer (22) for generating a delayed version of the data
signal, a multiplexer (26) for multiplexing the data signal
(I) and control information over at least two transmission
links (12, 14) and switching means (29) for determining which
of the data signal (I), the multiplexed data signal (III, IV)

35 or the delayed version of the data signal (II) is to be
transmitted over which of the transmission links.



receiver output and a second node in which the recei ved—data sighat—is

conducted to the receiver output, the receiver 15 further ' i on
means (42) for detecting errors in t he received data-sii mgjlﬁu mn!ﬂj“'
(41, 46) responsive to such detection to switch the re " .

the first node to the second node and g@ -signal a renote transmtter to
resend the data signal. 20 14. A receiver according to Caim 13 wherein
t he receiver is arranged to send the resend signal to a renote

transnmitter 17. vi a AppagtataishaacverdiagsticsConipathé whekrgin in meugmiader
according toefd@idn, 13ndr st:ch iHd hfkans | D€ Ui Non JERNS. S OF Al s3I 410

and denultlpIeX|n data si na S recelved over at |eaSt two transm ssion
links (12, BMltip %lﬁa Pn°ﬁ8Fmﬁhﬁnﬁﬁ%ﬂﬁﬂiﬁs%9ﬂa%&ﬁ%ﬁs?bﬁal§4) and,

transmtted whezQVaBrsvhhﬁcﬁi Sdbnd i ild NHecalvaed)| Itgfeecéwubmqw:eneansgrﬂﬁant

h b hi d h d t t t f
transm t 1 Prg I s'?anﬁ?é’%#ﬁ%eﬁpﬁggéigase%u?#g%easzf T
del ayed verwﬁmﬂ(ﬁvétmachungle sranshissionl 1ipkexer (26) for nultlpIeX|ng

t he data signal (1) and control information over at |east two

transm ssion i nks (12, 14) and switching nmeans (29) for determ ning

whi ch of the data signal (I), the nultiplexed data signal (IIl, V) 35
or the del ayed version of the data signal (I1) is to be transmtted over
whi ch of the transm ssion |inks. - 16 -
17. Appar atus according to Caim 16 wherein in normnal operation, the
swtching neans is arranged to transm t mul ti pl exed data over the

transm ssion |links (12, 14) and, when a switching command is received,

the switching means is 5 arranged to transmt the del ayed version of the
data si gnal (I'l') over a single transm ssion |ink.



