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1 DATA TRANSM SSION This invention relates to data transmssion and in
particular to data transm ssion in which a multi-level representation of a

digital sign nsmtted. 5 Digital data repre gnal
t hat has beeﬁbqggé%?ged in both time and anplitude. The dig?&@%iﬁgP t hus
approxi mates the actual value of an anal ogue signal. |If an anal ogue signal

is digitised, the range of the anal ogue signal is divided into a nunber of
| evel s e.g. 16, the anal ogue signal is sanpled at set intervals and the

appropriate | evel at that instantéggugghghgh@§§8g8|nce only 16 levels are
used, 10 the level which is clos | level is chosen. A
signal that is reconstructed fromt hi s digital data resenbles but is not
exactly the sane a the ol At i na na |taI data, a
signal is represenfﬁl‘eds By g’l‘ Jat %‘?\g" 5“5\?'°BUF§'£,' rRPy"é uarpiq gt 5 v
pul se for exatrphsmussubnmwlan!pbmmﬁ-lml uepmsbnﬁtng-naﬂahgnal&igniﬁsaﬁﬁkm&téée

reater th hal f t he Ie JS repr esent ed by
g 1. A0 will resul ir](;eur??g;geﬁpﬁ E 19%‘ WAt Eﬂ%P in:hth tma end Thys

a series of oamplitadel Ziheodigital qatmdmsedpprimnraeqsrndmdf hmuar ofgamahaleg@al , a
receiver need lgﬁ 2o % ngl%] %Qr %§ﬂ9 d%%%% %r}axtqheﬁofttwg anaqogue smnap:s dmged

usual | y done si g
into a number of levels e.g. 16, the anllogue signal is sampied at set intervals and

the appropriate level at that instant is determined. Since only 16 levels are used,
10 the level which is closest to the actual level is chosen. A signal that is
reconstructed from this digital data resembies but is not exactly the same as the
original analogue signal.
in binary digital data, a signal is represented by O or 1, a O being a O V
puise and a 1 being a 5 V puise for example. If a sample of an input signal has an
15 amplitude greater than half of the maximum range, the signal sample is
represented by a 1. A O will result from samples having an amplitude less than
half. Thus a series of ones and zeros is produced.
To reproduce the original signal, a receiver needs to know the threshold
between the two levels. This is usually done by the transmitter signaliing to the
20 receiver the maximum range of the signal, the number of levels and the spacing of
the levels e.g. if they are linearly spaced etc. The receiver then determines the
" threshold(s} and decodes an incoming signal. In practice, in a muilti-level system
there are distortions in the signal due to the response of the network, namely
overshoot and ringing. The instantansous level of any received sample is not only
25 dependent on the transmitted sample, but on the recént previously transmitted
samples and possibly the subsequently t&ansmitted sampll_e.or samples.
According to the present invéntion, there is prdvided a data transmission
system comprising:
a transmitter having means to _éncode an input signal to form coded data,
30 each element of said coded data having one of at least two discrete signal
magnitude levels, the encoding mea"n; jincluding in the coded data a periodic

training sequence of data; and



20 receiver the maxi numrange of the signal, the nunber of |evels and the
spacing of the levels e.g. if they are linearly spaced etc. The receiver
then determ nes the threshol d(s) and decodes an inconming signal. In

practice, in a nulti-level systemthere are distortions i W&?@qﬁ}o%@l due
to the resp¥®¥58#7t he network, namely overshoot and ringing. The

i'nst ant aneous | evel of any received sanple is not only 25 dependent on the
transmtted sanple, but on the recent prgviously-transmtted sanples and
possi bly the subsequently transmtted sanple or sanples. According to the
present invention, there is provided a data transm ssion system conpri sing:
a transnitter havihiPcvanio rerebigcthscceded dgsatand; gndhethesiorintheowseiverht a, 30

each el ement yghingefuérRE @ ARbea BéLigk 8P fhrédhoRis th B th¥BistHeBCGlS 151 gnal
magni tude | evels, the encoding neans including in the coded data a periodic -
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t he received training sequence, to adapt a threshold or thresholds to allow’
t he di scret ed¢Repdence; gn the dynamic conditions of the transmission link between the

transmitter and receiver.

Preferably the training sequence comprises at_least two elements, the
receiver including means to monitor the effect of at Ie':a___'_st one of the elements of
the training sequence on another of said elements of_--t'he training sequence and

10 adapt the threshold(s) accordingly.

Thus the effects of the transmission jink on groups of elements is
accounted for. .

The invention also relates to the transmitter and ' 5_ receiver,

The invention will now be described by way of example only with

15 reference to the accompanying drawings in which: ' )

Figure 1 shows a data transmission system acc_o'l_j_ding to the invention;

Figure 2 shows an example of the line fori-;i_:_a_t of coded video data
transmitted by the data transmission system of Figure 1; | :

Figure 3 shows a transmitter according to the invention;

20 Figure 4 shows a receiver according to the invent‘iqn;
Figure 5 shows an example of the contents of a buffer after eleven lines of
' the training sequence have been received; -.

Figure 8 shows an example of a set of thres}hg_l_ds, generated from the
contents of the buffer as shown in Figure 5; and :.

25 Figure 7 shows an example of a Iook-up-t_'afﬁl_'e generated from the
thresholds of Figure 6. |

As shown in Figure 1 the digital data transmi;;_é_-__ign system comprises a
transmitter 20, a receiver 30 and a communications lmk40 Data is transmitted
from the transmitter 20 to the receiver 30 via the comfﬂy_nications link 40 which

30 may take any suitable form. For example the communi:t;'ﬁt:iib_ns link 40 may be part
of a Public Switched Telephone Network (PSTN), a dedif: ted line such as provided
by an integrated Services Digital Network {ISDN), a radib_,_ nk coaxial cable, optical
fibre etc. o



be distinguishable fromeach other. Such a systemallows the receiver
continually to adapt the threshold(s) in 5 dependence on the dynam c
conditions of the transm ssion |link between the transmtter and receiver.
Preferably t{gd#sgiepi Ng sequence conprises at |east two el ep@pé&Ronoidis
receiver including nmeans to nonitor the effect of at |east one of the

el ements of the training sequence on another of said elenents of the
trai ni ng sequence and 10 adapt the threshol d(s) accordingly. Thus the
effects of the transm ssion |link -on groups of elenments is accounted for.

The invention al seof Ghatraivd thpheest rtﬁ@%@té ttr%ﬁsrﬁﬂgoﬁ sélgﬁag# Y& 'be J&%nb{&éent hon

w Il now be described by way of exanple onl erence
acconpanyi ngefraiPntie Transmissen °F|Qj\§? ereareserms aavdi&t)a'ﬂ!alganshiowv@rnﬂwst em

accor di ng tosnbélﬁ-ohmé%vph%ne e %r/esy% d&h% gandmit Rufi-Rlell BSit 'f&gafm"at of

coded video data transnitted ta transm ssion syste ure 1;
Fi gure 3 sh&%"ﬁ"?’rﬁ&hé’ﬁ??’f“@?'°’é@&€fr@n AGaleayet Wanspissian | linkne g2cable modemSFl gure

4 shows a b emgherdit rateCieletdBetvitesNe i nvention; Figure 5 shows an exanpl e of
the contents of a _huffer after eleven |lines of the traini ng sequence have
been recei ved: The data transmission system to be described is’ su;table or distributing

digital television signals to customers over an analogue hybnd fibre-coax network.

In order to use existing analogue network mfrastructure, the digital signals must be

capable of being transmitted over the existing network in the same way as an
10 ordinary TV channel. _

The digital signal must therefore occupy a similar bandwidth to the
ordinary TV channel (6-7 MHz). It must also ‘look’ like 'a TV signal in terms of
amplitude and have reguler ‘line’ sync pulses at 1 5’2_6325 kHz, as some dc
restoration in the network relies on this. Signal to noise:‘hatio is around 50dB and

15 there are non-linearities such as differential gain errors.éﬁ_‘_d_ sync pulse clipping to
overcome. -

In order to aobtain reasonable capacity |mprovements over analogue,
sufficient digital capacity to carry four multiplexed MPEG video streams of
acceptable quality were desired.

20 The invention uses multi-level coding, whereby serial digital data is split
into symbols of n bits. Each symbol is then coded as Qﬁe of 2" discrete levels
" within the active video region. i

By choosing the symbol rate to be 6.756 MHz the minimum pulse width

encountered is 1/6.75x10% i.e. 148 ns. This should pas ; 'fhg;'ough the bandwidth of

25 the system without too much degradation. Given the s _t___e_fm signal to noise ratio,

it would be reasonable to expect to be able to recover éi t distinct levels, giving

three bits per symbol (i.e. n=3).

Experiments have shown that it is not really | éssary to maintain any

frame timing as all clamps and dc restorers in the systemi:use only the line syncs,

30 and black levels. This means the frame timing ca_n_i ted and a continuous

stream of active ‘lines’ used. This increases the data thro ighput and simplifies the
transmitter and receiver design.



Figure 6 shows an exanple of a set of thresholds, generated fromthe
contents of the buffer as shown in Figure 5; and 25 Figure 7 shows
an exanpl e of a | ook-up-table generated from the thresholds of Figure 6.

As shown in whHonéRsrl the digital data transm ssion system gegiabfifigss®
transmtter 20, a receiver 30 and a comunications |link 40. Data 1 s

transmtted fromthe transmtter 20 to t4he receiver 30 via the
comuni cations |link 40 which 30 may take any suitable form For exanple the

comuni cations link 40 nmay be part of a Public Switched Tel ephone Network
(PSTN). a dedi cat By choosingsalolasees cluck\ratest 1% Mz, teatibgavdilable & sdnasting Di gi t al
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data, in PparnADCsl an Heossed ma veatl asgeasonable rspesd lagial ogue transm ssion |ink :

e.g. cable m)demsA diagram of the waveform to be transmitted is shown in Figure 2. It
consists of a synchronisation (sync.) pulse 2 having a standard width and
amplitude, repeating at 15.625 kHz. This is preceded and succeeded respectively
by a front porch 4 and a back porch 6 to allow readily available TV sync puise

10 separators and analogue to digital converters to be used.

After the back porch 6 is a start pulse {S) which is used by the receiver to
determine the best sampling position. There then follow eight symbaols, five of
which form a training sequence (T} which step through 2 set sequence over a
number of lines. The first of these symbois (M) is a marker to aliow the start of

15 the training sequence to be determined. The exact nature and function of the
training sequence will be described later.

There then follow a number of valid data symbols D. Each is nominally
148ns wide and is represented by one of eight distinct levels, nominally 0.1V
apart. The valid data can be split up into blocks to allow the addition of a block

20 based forward error corrector (FEC). One overhead in systems which use block
based FEC is the need to add framing bits to define the block boundaries, and the
hardware at the receiver to search for and lock onto the framing. This is not
necessary in this scheme as the data is already divided into ‘lines’ which can be
further subdivided into blocks.

25 The choice of error cotrector block size and total number of symbols per
line depends on the required bit rate and the correcting power of the FEC.

The proposed system uses a BCH (Bose-Chéudhuri Hocquenghem) forward
error corrector and divides the line into 17 blocks of 63 bits. Each 63 bit block
contains 21 3-bit symbols, consisting of 19 symbols of data (57 bits) and 2

30 symbols, of check bits (6  bits), giving a payload bitrate of
57x17x15625=15.140625 Mbit/sec. ' _

For the sake of having 2 ‘round’ bitrate, the last block has three symbols
which are not filled with data, giving ((57x17)-9)xi5625= 15.00 MHz. It is feit



5 higher bit rate teletext services. The data transm ssion systemto be
described is suitable for distributing digital television signals to
custorrers over an anal ogue hybrid fibre-coax network. In order to use

exi sting anajwpaygezaet work infrastructure, the digital signacaierssbreee
capabl e of being transmtted over the existing network in the same way as
an 10 ordinary TV channel. The digital sfgnal nust therefore occupy a
simlar bandwi dth to the ordinary TV channel (6-7 Miz). It must al so ' | ook’

like a TV signal in terns of anplitude and have regular_'line" sync pul ses
at 15. 625 kHnat His isoreeagenables rage intp omhich fous MPRG gpeaded IV eharpgistgansbe Si gnall

to noi se rathgt,b@xﬂmmq&mg q],§ tytﬂé?FﬁarﬁuEﬁ non-linearities such as

differential galn errors and s se o ping to overcone. In order to
obt ai n reasonabl e T8 F5Eiis 939% @fv@mﬁﬁtlsg evebn imerrerga@ach bioek.c ineprdetitagi t al

capacity to &aﬁéevtﬂeomemwa bf hfuidle-Mrro¥d 60 sphb&id e Qira@(‘csem 3Bl Ragual ity

wer e desired he invention uses nulti-level coding, whereby
seri‘al di & t%maq;m igvels ’%Pﬁ?ﬁef‘t Pis patePaYGIRsondy one bt differengeh synbol is then

coded as one of 2[g glanthis of %@trkﬁéfﬁih%r YoliQisRowR &n ’nghké’@ WileRandtiten. By
choosing the synbol rate to be 6. t he m ni num pul se wi dt h encount ered
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The phase locked loop (PLL} and clock generator 201 . generates the 6.75MHz

symbol clock locked to the 15MHz data bit clock.

10 The incoming binary digital data is split into 3-bit symbols by a serial-in-
paraliel-out {SIPO) shift register 202 and stored in a first in, first out (FIFO) buffer
204. The FIFO 204 buffers the symbols between the t:{:ntinuous input data rate
and the ‘bursty’ line and block structure. The symbols are read from the FIFO 204
and BCH FEC check bits are added by FEC encoder 206. At the start of each line,

15 the sync puise, black level {i.e. front porch and back porch), start pulse (S) and
training sequence are added by a unit 207 under control of a control block 208.
The data is then Gray coded and converted to an 8-bit representation 210 before |
being presented to the digital-to-analogue converter DAC.212. A certain amount
of pre-compensation can be added at .this stage to help reduce overshoot in the

20 newwork. This effectively reduces the rise-time of the edges within the signal. The
analogue output of the DAC 212 can then be transmitte_d across the network in
the same way as a normal TV channel. An analogue pest filter can be added if
necessary to band limit the signal to suit the network.

A biock diagram of the receiver 30 is shown in Figure 4. A sync.

25 separator 301 extracts sync. and black level pulses frbfn'the incoming signal. A
PLL and voitage-controlled crystal oscillator (VCX0) 302 generates a line locked 27
MHz clock. :

An 8-bit ADC 303 digitises the incoming signél"_i_ﬁto an 8 bit signal. The
ADC 303 has an on-chip clamp and automatic gain cont_jél {AGC) which uses the

30 sync. and black level pulses. The effect of the AGC is tﬁt_':___'_.;'_set the digital output at
the base of the sync. puise 2 to O and the black level ('i;e._ 'é-h'e level of the front and
back porch 4 and 6) to 63. A nominal maximum level \ndeo input of say 0.7V is

then given a level of 213. As the AGC gain is calculaigd using the sync. pulse



25 the system w thout too nmuch degradation. G ven the systemsignal to

noi se ratio, it would be reasonable to expect to be able to recover eight
distinct levels, giving three bits per synbol (i.e. n= 3). Experinents have
shown that iywolesséa@i really necessary to maintain any frampchjdBeitheds 2l !
clanps and dc restorers in the systemuse only the line syncs, 30 and

bl ack levels. This neans the franme tim ng can be omtted and a conti nuous
stream of active 'lines' used. This increases the data throughput and
simplifies the transmtter and receiver design. WD 97/ 50247
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avai l able TV_sa I ng_cl qck recovery. chi an ~used to provide a
reasonabl y I%W'thr?@gmf’ﬁ"ﬁbe'qh&&gaicq/%ﬁkc'%ﬁ‘egﬁ%zf%‘ver. The signal can be
over sanpi ed at t hilegica3®s iwhicte faliomisnthet ABCIIOR coragink ianstapp mathing.whigteadi | y
avai |l abl e vi deo_an

wel | as reasﬁéwg?érgtgggiﬁtrggﬁﬂ%g (§?laft§§$¥f r"t{)'? E??ngﬂ%}'ﬁ%gt 3 e;J §g'§ %St ted
i s shown i5n e goursied. aftdr hoving Hassedf throByahé Qibtwaiki and (thy Nsas) saHIplikg 2
having a st aé‘é’s%o% |stI t%LDn 22 C%he sample closest to its peak. An inverted version of the
clock can be used if this gives a better sample position.
The training sequence will now be described._' The training sequence is
1024 lines long and occupies five symbols at the sta_rf of each line between the
10 start pulse S and the valid data symbols D. The first éYmbol {M} in the sequence
indicates the start of the training sequencs; it is high (l_.evel 7) on the first line of
the sequence and low {level O) on all the other lines. "_.\"he next three symbols T,,
Ta. T3, symbois count through a sequence of all the possible combinations of eight
levels for the three symbols {8° combinations), line by line, with the last symbol T4
15 low (level 0) or high (level 7} giving 2x8°% i.e. 1024 combinations, occupying 1024
lines {approx. 65 mSec.)
At the receiver, the Ieyel of the fourth symbol T3 in the training sequence
of each line is sampled and stored in a FIFO 306. Thus after 1024 lines the FIFO
306 contains examples of all levels of the fourth symbol with all combinations of
20 the two preceding symbols T,, T, and the succeeding symboil T, being low or high.
Figure 5 shows an example of the contents of FIFO 306__ after 11 lines of data. A
microprocessor 308 calculates a set of seven decision thresholds for each of the
combinations of preceding and succeeding levels and generates a look-up-table
{LUT) which is stored in SRAM 312. For example, samples 1-8 in the FIFO 306
25 represent the levels of the fourth symbol of the training_;:_iata, Ta, when both of the
preceding symbols Ty and T, and the succeeding;symb:ol Ta are at level 0. The
microprocessor 308 thus cailculates the seven dgcisi&r@' fchresho!ds to be applied
when the preceding two symbols are zero and the sucdééding symbol is zero. This
is typicaily achieved by setting each threshoid for T, halfway between the two
30 received training levels i.e. threshold = L1+[(L2-L1)I2]_where Ly and L, are the
received levels for successive T; symbols. Figure 6_ §_ﬁows an example of the

thresholds for this example case, as stored in the rri__iéquprocessor'_s RAM, 310.



anplitude, repeating at 15.625 kHz. This is preceded and succeeded
respectively by a front porch 4 and a back porch 6 to allow readily

avai l able TV sync pulse 10 separators and anal ogue to digital converters
to be used. WQ¥S024e back porch 6 is a start pulse (S) whiebricBYMAGE by
the receiver to determne the best sanpling position. There then follow
ei ght synbols, five of which forma traimng sequence (T) which step

t hrough a set sequence over a nunber of lines. The first of these synbols

(o o o 5 BB Do B okl B AL e | e
descri bed | atieFigurBh&ramdtsharas ftah SNy 31rber of vali df dat ahtsygilt)g![ |Sn([:)t Each
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10 embodiment). A notional threshold is set midway between the maximum and the
minimum. If the value of the subsequent sample is above this threshold, the value
of the subsequent sample is considered to be high; if- the value is below, it is
considered to be low. Inputs b and ¢ can be taken as. latched outputs from the
LUT 312 as then they have been quantised and are onl'.y:-three bits each, reducing
15 the required LUT size. _
In practice the LUT comprises two banks:- ‘of SRAM. Once the
microprocessor has calculated a LUT and written it to the SRAM, it ‘pages’ that
LUT into the real-time data path. It then performs the wﬁele cycle again, capturing
a new FIFO full of training data and recalculating a set of _fﬁreshoids. These can be
20 averaged with the previous set to reduce the effects of ‘random noise and a new
LUT calculated. This is then paged-in in piace of the previous LUT. The process
repeats like this as fast as the processor can perform the"tasks. Thus the system
adapts to the response of the communications link 40- and tracks any long term
changes in the response. _ |
25 As a further enhancement, the microprocessor_-__réqh: use the samples stored
in the FIFO 306 to measure the pulse response of th.

k. The pulse response

may indicate that the level of any sample is more déf t__lent on the subsequent

sample rather than the sample two-previously, which m. happen if the bandwidth

of the communications link is low. The training seque': can then be sampled at

30 its third symbol rather than its fourth and the input to the'LUTs can be changed to

input more bits of the subsequent sample rather thah_ﬁ-fhe two-previous sample.
The processor would then have samples of all the co inations of previous and

subsequent samples and could generate LUTs in a simiia_r- way.




error corrector and divides the line into 17 blocks of 63 bits. Each 63 bit
bl ock contains 21 3-bit symbols, consisting of 19 symbols of data (57 bits)
and 2.30 synbols of check bits (6 bits), giving a payl oad
biitrate ofyweaoidedxl 5625 = 1 5.140625 Moit/sec. For the yahmspotofsring a
‘round' bitrate, the last block has three synbols which are not filled with
data, giving ((57x17)-9)x15625=15. 00 .1t is felt WO 97/ 50247

PCT/ GB97/ 01660 5 that this is a reasanable rate into which four MPEG
encoded TV channels can be nultiplexed, giving the required quality per
channel . The FECTihe thegshijtied Sfbit eymbals iang tiereinveise i Graprooded jand gastedol ock.
In order t f i I S s are
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10 The inconing bi nar ygli Qiebtaas Bath Reglsedspl it into 3-bit synbols by
a serial-in- parallel-out (SIPO r 202 and stored in a first
in, first out (FIFO buffer 204a”ﬂmun|‘ﬁmlg buffers the synbols between
the conti nugiseideidst data rate ' l'ine and bpotipstoiset ur e.
The synbols are read fromthe FIFO 204 and BCH FEC check bits are added by
FEC encoder 206. At the start of each lipie, 15 the sync pul se, black |evel
(i.e. front porch and back porch), start” pulse (S) and trai gence
are added by a unit 207 under control of a controlff AJRecHata i s
then Gray coded and converted to an 8CRAIMS eprese L chgfore bei ng
presented to the digital-to-anal ogue converter DAQL212. _/ = -
pre-conpensati on can be added at this stage to hel p.reduce overshoot in the
20 mnetwor k. 1.Thi s Datd wensmigdign systlero @eompliging:i se-ti ne of the edges within the
signal. The analo t t c # { Cross
the network in thg%g%%t\?\%} hagsnga'nﬁ%rgﬁg e%%%)j Erpnn&:t]fggﬁaﬁ] ‘éﬁ%%‘%‘“ﬁ%& filter
can be ad&ecdedch eiementsaf yaldocw-'bAdddManhawmm@nslanaﬂ lgast swiot distretensionelr k. A
bl ock di agr ej. e n

separ at or 38@’@ rggf‘éﬁiy{rﬁé Enc%g B m%ER "E" ses’ ?F%Pfﬁb\tda% 3 ?:gr?cd'c
si gnal . A PLuaiaind sewlenaegef dasat arl | ed crystal oscill ator (VCXO 302
generates a line |0 I t

i nconming signal int %@gﬁeﬁz%?étéég%g{g\g d%ﬁ &A%R%A%tﬁég%gﬂégﬁ tég%c
automatic g dirginipg Fequsince. AcEHanig gtne.ﬂg:%ortqheesholds to allow the discrete levels to

10 be distinguishable from sach other.

np and

2. A data transmission system as claimed in ciaim '1 wherein the training
sequence comprises at least two elements, the receiver mcludtng means to monitor
the effect of at least one of the elements of the tralmng sequence on another of

15_} said elements of the training sequence and adapt the thre_s___t_l,.old(s) accordingly.

3. A data transmission system -as claimed in claim 1:-__:'_o'ir 2, including means to
generate a look-up-table according to the levels of the eiements of the received
training sequence and the associated adapted threshold‘s)_.E

20
4, A data receiver comprising:

an input for receiving input data, each elem_ent of said input data

representing one of at least two discrete signal magnituq;e'levels, said input data
including a known training sequence, and o

25 means to adapt a threshold or thresholds to allow the discrete levels to be

distinguishable one from another.

5. A data receiver according 'to claim 4, wherein" the training sequence
comprises at least two elements, the adaptive threshold means including means to
30 monitor the effect of at least one of the elements of the training sequence on

another of said elements of the training sequence an “adapt the thresholdls)

accordingly.

s



30" sync. and bl ack | evel pulses. The etfeect—of Be—A to set the

di gi tal output at the base of the sync. .ptl+il§93&ﬂ£&fd#/€8 EEENt e bl ack | evel

(i.e.,the level of the front and back pg 3} A nomi nal

ITB.XI mum | evgl i nput of say 0.7V i : As the

AGC gain is ?J’é@?gt ed using the sync. pulse V\D 97/ 5024@89%3%60

PCT/ (B97/ 01660 6 height, any clipping of.the sync. pulse by the

transm ssion network will alter this nohfnal maxi num height. The ADC is

cl ocked at 27 MHz. Logic 304 which follows the ADC 303 contains a state

machi ne whi @ seancdes réapivet Iaecozﬂ:agttopuldrmes of S) inefudeg reearis toi gwe&yme pul se

2. The star ro ter vi_n ssed t ugh the

net wor k andtkﬁl%ql é X\éé‘)kf'é% 185 t(?gl itéogg Vs hte E'eerr?%a'éss ?Be eser‘ec € c I'(a)'s'é‘gt to

its peak. ArseqtmneeBedithaeasooatedfadammhmstmwah be used if th| S gives a

better sanple position. The training sequence will now be described. The

training sequence is 1024 lines |ong and occupies five synbols at the start

of each | Bné&.bet whedatd mandrbittes baving medape t& eacwtiet dancinpail sighall ad forsy cdelds D.

The first sy [.hdicates the- of. the training

sequence; i tzﬁp eﬁ(:Me!é(vanrt f&? %ﬁ%%@? Eé!ajtaf ﬁ?‘g'?g Fnlwen 8?%* ?eta?'tr {wo drscre?e signal
magnitude levels, the encodlng means including in the coded data a periodic

training sequence of data.

10 8. A data transmitter according to claim 7, wherein at least one element of
the periodic training sequence represents, in turn, each of the discrete signal

magnitude levels.

.9, A data transmitter according to claim 8, wherein the periodic training
15 sequence comprises at least two elements each of which, in turn, represent each

one of the discrete signal magnitude levels.

eet Has Been RTIlaced :

i
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t he sequence and low (level 0) on all the other lines. The next three
synbols T[err], T2, T3, synbols count through a sequence of all the

possi bl'e conbi nati ons of eight |evels for the three synbols (8[err]

combi nati ons)wobiisees7by |ine, with the last synbol T4 15 | opeticayfidisdd) OF
high (level 7) giving 2x83 i.e. 1024 conbi nations, occupying 1024 |ines
(approx. 65 ntec.) At the receiver, the level of the fourth synbol T[err]
in the training sequence of each line kg sanpled ahnd stored in a FIFO 306.
Thus after 1024 lines the FIFO 306 contalins exanples of all |evels of the
fourth synbol wth all conbinations of 20 the two precedi ng synbol s
T[err], T2 and the succeedi ng synbol T4 being | ow or high. Figure 5 shows
an exanpl e of the contents of FIFO 306 after 11 lines of data. A

m croprocessor 308 cal cul ates a set of seven decision thresholds for each
of the conbi nations of preceding and succeedi ng | evel s and generates a

| ook-up-table (LUT) which is stored in SRAM 312. For -exanple, sanples 1-8
in the FIFO 306 25 represent the levels of the fourth synmbol of the
training data, T3, when both of the preceding synbols T[err] and T2 and the
succeedi ng synbol T4 are at level 0. The m croprocessor 308 thus cal cul ates
the seven decision thresholds to be appl i ed when the preceding two synbol s
are zero and the succeedi ng synbol zero This is typically achieved by
setting each threshold for T3 halfma qst en the two.30 received training
levels i.e. thregtotd—=tferriy+[(L[err L[err])/i}—mhe*frtfe++] and L[err]
are the received|l ¢cessive T3 synbol 9. Eigure 6 shqws an
oxampl'e of the THANSMIFTER y RECEIVER

— ’/ — —
40 30

20

ol i i|VALID DATA BLOCKS/SYMBOLSI|ZZ 8 DISCRETE
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thresholds for this exanple case, as stored in the mcroprocessor's RAM
310. WO 97/ 50247 '

PCT/ GB97/ 01660 7 The m croprocessor then uses this set of thresholds to
cal cul ate a Lwb9rsssshown in Figure 7, and stores it in SRA 7/01-'33(? LUT
is then used to performthresholding of the valid data Din'real tine. The
8-bit input data is applied to the LUT 312, via input a. The previous 5 two
sanpl es of the input data are input toi4[nns b and-c respectively. The

| evel of the subsequent sanple of the i %ut data is input via input d. This
input d is a sinple high/low indication derived fromthe sanple before the
one presented to input a of the conparator 312. For valid data, the
succeedi ng sanple may have any val ue between the maxi mum and the m ni num
(213-and O respectively in thigg 10 enbodi nent). A notional threshold is set
m dway between the maxi num andthey m nimum |f the value of the subsequent
sanple is above this threshol val ue of the subsequent sanple is
considered to be high; if the M&ue is below, it is considered to be | ow.

I nputs b and ¢ can be taken as‘ztl%ﬁ:hed. outputs fromthe LUT 312 as then

t hey have been quantised and a(? only three bits each, reducing
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15 the required LUT size. In practice the LUT conprises two banks of SRAM
Once the m croprocessor has calculated a LUT and witten it to the SRAM it
"pages':- that LUT into the real-tinme data path. It then perforns the whol e
cycl e again, oapemsozdrg a new FIFO full of training'data and peggbswiéol N9 a
set of thresholds. These can be 20 averaged with the previous set to
reduce the effects of random noi se and a new LUT calculated. This is then
paged-in in place of the previous LUT. i@i process ‘repeats |Jj ke this as
fast as the processor can performthe t S. ﬁﬁus te sy&cefh adapts to the
response of the conmunications |ink 40 and t E@ks UFY | omgn ©er m changes in
the response. 25 As a further e e ni rocessor can
use the sanples stored in the FIFO 306 response of the
| i nk.- The pul se response nmay indicate t of any sanple is nore
dependent on the subsequent sanple rath ‘plé tfwo- pr evi ousl vy,
whi ch may happen if the bandw dth of tH s ligk is low The
trai ni ng sequence can then be sanpl ed 4 T | rather than
‘changed-'to ipput nore bits of

its fourth and the input to the LUTs can bE& _
t he subsequent sanple rather than the tmogsréVious‘sanége. The processor
woul d then have sanples of all the comjingilons of ‘prewpus and subsequent
sanpl es and could generate LUTs in a si m'I@ y. @
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WO 97/ 50247 PCT/ GB97/ 01660 8
The threshol ded 3-bit synbols are then inverse Gray coded and passed

t hrough the BCH FEC detector/corrector 314 which corrects any single bit
errors in ecawmo®soB7t bl ock. The data then passes through aPCHGBI?®BEE0Er Si ON
FI FO 316 and is re-clocked out by control 318 at a continuous 15.0 MHz.
This is passed to an 5 MPEG demnul ti pl exer/decoder for decoding in a
conventi onal manner. 25201 WO.doc 9-CLAIMS 1. = A data transm ssion
system conprising: a transnitter~havinéV§eans to encode an input signal to
formcoded data, 5 each elenent of said coded data having one of at |east
two discrete signal nagnitude Ilevels, the encoding neans including
nmeans to generate a predeterm ned training sequence of data having

el enents assum ng said discrete

Fig.5.
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| evel s; and a receiver having decoding nmeans to receive said coded data and
to 10 conpare it with a threshold or thresholds to allow the discrete

| evel s to be distinguishable fromeach other, said receiver further having
threshol d ang d29) neans operable on the basis of the reeeresambce ni ng
sequence to apt said threshold(s). 1 5 2. A data transm ssion system
as in claiml1, wherein the tralnlng sequence conprises at |east two

el ements, and the thresh tatio ans includes neans to nonitor the
ef f ect of at | east one of w_éfenentgy f the tralnlng sequence on anot her

of said el-ea

accor di nglly SQ@Qﬁde \ datrecefingsni dsi oRrespingn “as in c@%ﬂ‘-‘ﬁ*ﬁﬂz in which
the t rans&n tteQ-erEO'ar rampged QWP@bnsm bf sal reshaldsi ng
sequences |each 8t whichlconprife®s a pllural i thrlof ejelrents. each assun ng
one of said discpete | eyels, successie ones pf said s ceps cyseking
t hrough di b i td anQan said_di d) V7. jﬂggnd ?5 datia
transm ssion syspemas iin claig3 in ﬂhich thge transim tthere f of s g7si gnal
havi ng a e e ; - et
training $equenc®, a pldralityOof elerfents ofQ sai d clpdatr datal ard&
synchr oni garton ™
) v 0 thr 4 141
thr 5 163
thr 6 185
: | the 7 207
0 0 0 ) thr t 77
S othr 2 99
thr 3'
Flgl7u
Level of Current symbol Level of
level's" current symbol
' n
_ (LUT output)
succeeding | preceding | preceding
symbol n+1 | symboin-2 | symbol n-1 3
0 0 0 ssthr1 0
thr 1 < s<thr2 1
thr 2 < s<thr 3 2
thr 3 < s<thr4 3
thr 4 <ssthr s 4
thr 5 <s<thr6 5
thr6 <ssthr7 6
s> thr7 : 7
0 0. 1 0
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pul se having an anplitude |ying outside te range of said discrete Ievels

~30 5. A data transmi ssion systemas in any one of the precedi ng cl ai ns
Tn which the threshol d adaptation nmeans serves upon receipt of said

trai ning sequence to calculate thresholds therefromand to store said

cal cul ated threshol ds, and the 25201 WD doc 10 decoding neans is
connected to receive, via delay neans, a feedback signal of at |east one
-previously decoded el ement jahd to chodBlAIMS f erent .ones of said cal cul at ed
t hreshol ds in dependence upon said feedback signal. 5 6. A data
transm ssion systemas in claim5 i'n which the decoding neans is al so
connect@d tolrecei lé\edaiaftemh‘missim dysemraimprisgigng an_estimate of an as yet

decoded el ement, id ch f. threshol d al so depe
A dat s transm soi of o rith il Mepikf Enclaecah RRAP aon Rdcfen ot

means i s ih eéch fetarneraf o slambk:edmi tdatd taginpeord ed atcmrsdltm@ tdiscPete dsignal

- cal cul ated tm Snlt\?clled( ?e)vels, the encoda tga rrneegr(?sI V?nrclucd?n d Imselaltrls(';J to generate a
predetermined training sequence of data having elem_e_:r}_ts assuming said discrete
levels; and -

a receiver having decoding means to receive said coded data and to

10 compare it with a threshold or thresholds to allo.v_'\'/_. the discrete levels to be
distinguishable from each other, said receiver further having threshold adaptation
means operable on the basis of the received .train'i_ng_' sequence to adapt said
threshold(s). “

15 2. A data transmission system as in claim 1, wh'er-ein the training sequence
comprises at least two elements, and the threshold__i_-_:__adaptation_means includes
means to monitor the effect of at least one of the}“{'elements of the training
sequence on another of said elements of the traini’h”_g:_.sequence and adapt the
threshold(s) accordingly. -

20
3. A data transmission system as in claim 2 |n whrch the transmltter is
arranged to transmit a plurality of said training sequences each of which comprises
a plurality of elements, each assuming one of said dlscrete levels, successive ones
of said sequences cycling through different combinatic‘ri_s_:-:'_of said discrete levels.

25
4, A data transmission system as in claim 3 in whrch the transmitter forms a
signal having a periodic structure, with each penod thereof containing a said

training sequence, a plurality of elements of said ccded.:-"' ata, and a synchronisation

pulse having an amplitude lying outside the range of sai discrete levels.

30

B. A data transmission system as in any one of th breceding claims in which
the threshold adaptation means serves upon receipt of_ -.-sald training sequence to

calculate thresholds therefrom and to store said calculated thresholds, and the

T oser
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an input for receiving an input signal inpbuding coded data, each el enent
-of 15 said coded data representing one of at |east two discrete signa
magni tude | evels, said input signal further including a predetern ned
trai ni ng sequence, and decodi ng neans to conpare said coded data with a
threshold or thresholds to allow the discrete | evels to be distinguishable
one from another, said receivera%frther,havjn a store containing

i nforrmation JEEPTHMESNE & GOestRst 1 1RCRE: Yi8 BY¢@Rs.oh ipadhpeis pignal of at
adaptati on nwass dneepHrdUicush) deBBddinTldmétt BRE HoCEROYR AifidteRi Hhes CHURTRE
and said sequence-describing information to adapt said thres olgs. 9.
dat a recei vefalgulaied threghelds in dependence Heon paif fperpaskgigmate conprises at 25
| east two el enents, the threshold adaptation nmeans including nmeans to
monitor the effect of at |east one of the elements of the training sequence
on anot her® of: sai dAciaAgFANSMisiarheysterniasi in ¢laimoB ém e theademodinghmeans is i
. thresholds a r&f 0 onpi i as:ho..clatm8 or 9 in . whic
t he threshol gﬁgdﬁ?{ﬂ g%%égnébsbecewg?ng%og?@%ggusp%{lal’r g%'}é_ pa{n %%aﬁrg%ﬁedo{ i %eélh
sequence to uadengded elemanssirindehicheaisf ¢choine efnttirdsholt @is@ depérdiscal cul at ed
threshol ds, and the decoding neans is connected to receive, via delay
means, a feedback signal of at |east one previously . '

- 7. A data transmission system as in claim 5 or 6, wherein the decoding

10 means is in the form'of'a look-up table generated according to said calculated
threshold(s).

8. A data receiver comprising:
an input fdr receiving an input signal including coded data, each element of
15 said coded dafa representing one of at least two discre_té signal magnitude levels,
said input signal further _including a predetermined training sequence, and
decoding meah_s to compare said coded data with a threshold or thresholds
to allow the discrete levels to be distinguishable one from another, said receiver
further having a store containing information describing said predetermined
20 sequ'ence and threshold adaptation means operable on the baéis of the received
training sequence and said sequence-describing information to adabt said
threshold(s). '

- 9. A data receiver as in claim 8, wherein the training sequence comprises at
25 least two elements, the threshold adaptation means including means to monitor
the effect of at least one of the elements of the training sequence on another of

said elements of the training sequence and adapt the tﬁre‘,shold(s) accordingly.

10. A data rec-eiver as in claim 8 or 9 in which.the threshold adaptation
‘30 means serves upon receipt of said training seque_ncg to calculate thresholds
therefrom and to store said calculated thresholds, and the decoding means is

connected to receive, via delay means, a feedback signal of at least one previously

———— .

I s o
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25201 WO.doc 1 1 decoded el ement and to cheose different ones of said

«cal cul ated thresholds in dependence upon said feedback signal. 11. A
data transm ssion systemas in claim10 in which the decoding nmeans is 5

al so connected to receive a feedforward signal, being an estinmate of an as
yet undecoded el enent, upon which said choice of threshold al so depends.

12. A data recejver as in claim10 or 1 1, wherein the decoding neans is
in the form GECAITDLEIEMETt 13N &0 shpeseatibterentceonasi af) seid salcdlatedl thresttadds in

threshol d(s) depéhdehice upoh sl RedBRRSYal.€r havi ng means to encode an input
signal to formcoded data, each element of said coded data having one of at

| east two discrete signal magnitude | evels, the encodi ng neans incl udi ng

neans to gengnate 1 J; [.nj ce pf ta hayi ng el enents
Rsouni ng Sai d i sorera RSt 0 SRR Pl Risnithl Rer v eor =
transmit ad plalpoatonnectdd taireteiveaa feedfoseardesiges, eainh af ewliinate 6PERrdsSest a

.plurality of Sy h assumng one of said discrete |evels, .
successi ve 0H§é§o¥ l&sieﬁle %‘gqﬂ%%"cg 'Cé%&'ﬁf]ﬁw'?wgﬂﬁﬁg}ﬁ?‘f?'é?@ﬁPe%npu nations of
said discrete |levels. 20 14. A data transmtter as clained in claim13

in which the transmitter fornms g signal haying a periodic structure, with
each period t1her eo? éﬁﬁtraci:erwq{gasdn §<lﬂ%ﬁ 10 or 11, wherein the decoding means is in the

form of a look-up table generated according to said calculated threshold(s).
10
13. A data transmitter having means to encode an input signal to form coded
data, each element of said coded data having one of at least two discrete signal
magnitude levels, the encoding means including means to generate a
predetermined training sequence of data having elements assuming said discrete
15 levels, said transmitter being arranged to transmit a plurality of said training
sequences each of which comprises a plurality of elements, eadh assuming one of
said discrete levels, successive ones of said sequences cycling through different

combinations of said discrete levels.

20 14, A data transmitter as claimed in claim 13 in which the transmitter forms a
signal having a periodic structure, with e_ach period thereof containing a said
training sequence, a plurality of elements of said coded data, and a synchronisation

pulse having an amplitude lying outside the rénge of said discrete levels.

AMENDED SHEET
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trai ni‘ng* sequénce, a plurality of elenents of said coded data, a
synchroni sati on pul se having an anplitude |ying outside the rang SéaC&]?
di screte | evels.
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