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1 METHOD AND APPARATUS FOR RECOVERI NG DATA. SUCH AS: TELETEXT DATA ENCODED
| NTO TEHEY | GNALS SPECI FI CATI ON Background of .the Inve

pr esent |né§ﬁ§?%ﬁ relates to digital conmunication systens aﬁ%h?gs§gﬁﬁp46
particularly concerned with a nethod and apparatus for recoverdng SN y2L
data whi ch has been encoded within a‘serial 5 waveform The invention
is particularly suited for the recovery of sg-called "teletext" data
encoded into certain lines of a standard tel evision broadcast signal. The
general problem of accurately reconstructing 10 bi nary data encoded
within a serial waveformis one which has been faced and solved in many
ways over the years. These waveferns nay be generically categorized as

sel f-cl ocking and non-sel f-cl ocking. A self- clocking signal carries
"extra" information enbedded 15  wthin its waveform which may be used
to stinmulate and synchronize a circuit to extract the data portion of the
wavef orm Non-sel f-cl ocki ng waveforns, on the other hand, carry only the

data itself; clocking information nust be derived indirectly in-this case.
20 Exanpl es of sel f-cl #BIHAD ANL I HPRARATES, JOREREGPERIPEM and
(2,7)RLL codes widely used in tR&IfagSHCHE ASTELETEAT DATZ, ENGODERCSt er

encodi ng comonly used in | ocal TATS, TES YESTONTRIGNALSenent ati on of these
schenmes is exenplified by the W91/ 04619
PCT/ US90/ 05346 2 Manchester scheme, shown in Fig. 1. In Manchester

SPECTFICATION
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Background of the Invention

The present invention relates to digital
communication systems and is more particularly
concerned with a method and apparatus for recovering
binary data which has been encoded within a serial

5 waveform. ' The invention is particularly suited for the
recovery of so-called "teletext" data encoded into
certain lines of a standard television broadcast
signal.

The general problem of accurately reconstructing

10  binary data encoded within a serial waveform is one
which has been faced and solved in many ways over the
years. These waveforms may be generically categorized
as self-clocking and non-self-clocking. A self-
clocking signal carries "extra" information embedded

15 within its waveform which may be used to stimulate and
synchronize a circuit to extract the data portion of
the waveform. Non-self-clocking waveforms, on the
other hand, carry only the data itself; clocking
information must be derived indirectly in " thHis case.

20 Examples of self-clocking waveforms include FM,
MFM, M2FM and (2,7)RLL codes widely used in the
magnetic media industry, and Manéhester encoding
commonly used in local area networks. The
implementation of these schemes is exemplified by the



<decodi ng, the received state of a particular encoded , binary bit is
det ernined by t'he direction of a waveformtransition at the center of a

"bit cwd91/0461900sitive’S = going transition indicates apdyf/usetfbs
negative going transition indicates a "0". The guaranteed presence of a

transition within each bit cell constitutes the extra information required
far self-clocking, in that the presence of this transition can be used to
synefironi ze 10 a clocking circuit. However, in order to represent

consecutive identical bits (i.e., 00 or 11), a space for an extra
transition nustMaREhesRY cBCheRqecRhPHE 18eFigr" L addt Manrhesh®T ng whi ch

the wavef or m c@ed®iifd), t@hétﬁeééQVlaaugtﬁtét of BNpasiticulBInesaé@r 15
this transition .effect.l veI¥§ Sﬁgces th valkﬁgle ba dwi dt h_ of the channel

carrying the I\/&’r’?ﬂ?é%‘fet? | 8?‘7@195 Lo} oL AgayetpEm
other cited schamsitilgeaththbacdntdirhofmpatbily cear.ly! .ng mrmmﬁrbs!

i acent i ts. ORGSR AR OSPASRECE Mo aP & Jnedr S ing
Non- Ret ur n-t o- Zmans:‘d:idﬁRZlndncates acHofre, E‘Itnev\ngwalralﬁt;e& p:témexbcr:@aof
st at f t..th I
centor 25 - & Yeffettion withih bRRE B BRaT Whsrittiad wiocetfra "
bit cell boundamfmmatmm rsqun.negenﬁeralsalnfecgo@ﬂmtg% iof gt pluei cul ar
density of suc@utésaémé'gﬁsthpstersﬁ&ae%hogaw B %lé%*a B £ £ O

the 30 short-to-nedi umterm accurac st abi transm ssiton and
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(an return to its previous state. The space reguired for
15 this transition effectively reduces the available
bandwidth of the channel carrying the Manchester data
to one half of its potential. Some of the other cited
schemes reduce the bandwidth impact by varying amounts
. by reducing the density of required transitions within
20 groupings of adjacent bits.
The most common and simplest non-self—clockad
scheme is Non-Return-to-Zero, or NRZ. In this scheme,
- shown in Fig. 2, the binary state of a particular bit
U ~ 1s determined by the'signal level at the nominal center
25 of a bit cell. Transitions between signal levels occur
at bit cell boundaries; there is, in general, no
guarantee of any particular density of such
transitions.
Data extraction from such signals relies on the
30 short-to-medium term accuracy and stability of
transmission and reception oscillators. If both
transmitter and receiver are initially synchronized and
use relatively accurate oscillators for their basic
timing, then they can remain synchronized for
35 relatively long strings of bit cells. The required
initial synchronism is commonly achieved by a training
pattern transmitted at the beginning of a message (an
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arbitrarily long streamof data bits). This pattern, called a "preanble"

or "clyb1/o4grd N' typically contains a maxi mal transition m .suc.h_ as
alternat?ng- s and Os. The receiver analyzes the 5 ﬁ@wﬁ

sequence to determne the optinmal sanpling point for each bit cell; thIS p&
nom nally the center of the bit cell. The receiver then "l ocks" to thisy ’
sanpl e point and relies on the stability o8 its oscillator to assure that™
each succeeding bit cell is 10 sanpl ed near .its optinmal sanpling p0|nt
Cearly, the HHMbHUnanmiyagenbemmream;qffdatalbntsi t' h®hdsc waamemnd

stability of tégiiggeévhgge?m%1€uu3¥nﬁéi§§¥tf@%nggqscg&bggg&ﬁ SSevera
a

approaches to extractin rom sel f cke el f-cl ocked -
seri al data:ﬂ?@%ﬁ@laﬁeaknewnmaitﬂﬂanﬁlt1¢mmﬂemﬁnQYphauehl@@ked | oops,

-high speed di gii#drR2ERhbNY. Cladfek Phase wl L?éé@ﬂeragﬁgﬁ.g%%golﬁfee

adj ustnment. A phase-lock&d loop circuit involves varil a
frequency osciFiEHrrWArdR FeREMGIteAekemming ﬁhﬁn?ﬂtﬁmﬁlc@mmpﬁmnqmase

rel ationship qﬁsmnfbbeeaeaeuo\ﬁed cd1analepg i@%&uiﬁah?f th'?ee aézl ator.
The desired fre gd pgg re estabjlshe in the oScillator during
the preanble pﬂ)ﬁtf’?} aCPeceiv (ﬁ’ez§e°e VRIS St "kegksCi touithdscont | nue
to adjust the smupléapoinduanﬂg ﬁeilei.ekitcfh gmé me%ii?? a\zsm&e Tlhe i

di sadvant ages ude .t he nee 0 al,og an
digital ci ?cwéfgr ff%%g%# % sm P %‘b‘é‘?ﬁ??hﬁgcgﬁ& Fleg‘:}rs 1%nd -
sonet i A 30 samnﬂédlnear d&sl@@tmmakasﬁﬁp&ingwpeﬁntaptaﬂeamawgetﬂexﬂ<
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wavef orms. A second appr oac use hjgh requency sang
serial wavef ordRe Q$EP%EéEYv9ﬁ §h35recekx&ﬂq|%ﬂ%rtr@9§mé tnygbﬁysumg

control |l ed, opseiErFatbrs. _
Several approaches to extractlng data from self-
15 clocked or non-self-clocked - serlal data streans are
known in the art, including phase-locked loops, hlgh
speed digital sampling, clock phase adjustment and
_data phase adjustment.' '

A phase~locked loop c1rcu1t involves a varlable
20 frequency oscillator which ;s controlled so as to
maintain a_conétant phase relationéhip-between the
received signal and.the output of the oscillator. The
desired frequency and phase are established in the .
oscillator during the preamble portion of a received _\?
25 message. Some circuits continue to adjust the ” |
oscillator_during-the data portion offthe'méssage. The
disadvantages of phase-locked loops include the need
for mixed analog and digital circuitry, significant
sensitivity to operating conditions, and sometimes
30 difficult design trade-offs betweéen capture ranae, lock
~acquisition time and allowable phase jltter,
particularly when handling NRZ waveforms. '
A second approach is to use high freguency
sampling of the serial waveform. The receiver's
35 oscillator, typically crystal coﬁffclled, operates at a
multiple "n" of the received data rate. A typical
value of n would be at least eight. Sampling of the



nult}ple "n" of the received data rate. A typical value of n would be at
| east eight: Sampling of the WO 91/ 04619

PCr / US9g, data stream produces a sequence of n val ue | SRR
peri od. wépraié@??é-associ ated ‘w'th the oscillator deteérnine tﬁ’e(pﬁ@(sg{"%oéﬁ‘%f

bit periods. by detecting transitions between consecutive sanpled values (1
->.0°5 or 0 ->1). Such transitions mark either the center or the
boultdary of a bit cell, depending on the codd ng used. and the data pattern
transmtted during the preanble. Upon detection of a preanble transition, a
count er whi ch i slatackededn phodhcegls fr epguencex2f In W@lues pearobits

forced to a presedyyahue apdohien aklapadedy iy ik dbeifoueber s

designed to inplenent a drvision ratio ,. an rggg;les once per bit
period. Thus, afdefe¥xminenthealoraidomn iofhbid mewriqds by deteahingg

sequence is |lockeshndi©ibh8 bBERRYR cRPideRutivve samlvéd ovalaed {ay-begused
to determne appropriate tinmes to extract .a data hit.., Sone gﬁstens conti nue

to adj ust ® he cARMt? Ny sthuentichatangitdons Aisilere e WRenCeREREI PFrons
are detected. Thilfe abb@MGatyaski BObAt @1 ,! Gdpdrictineney €hef toehyeen

transmtter and receiver 20 oscillators. The | O | sadvapt age of the
sanpl i ng approad‘?’??i R tEPF daggi pasterle ﬁﬂ%%dg%ﬁ?glgﬁﬁr to

achi eve accept alpredmisbé Ut | Uponhaeteatiilom @ fhiggipregeaisl s etirahsieien, Far
instance, to handle 5.7 25. . Megabi nd..dat.a, w t = e ling
oscil I ator must %%‘5?3?’15 gglﬁg. 8° _chegg%%sg: edﬁ%tﬁ’fgq‘?%ﬂég 8§gﬁ1iigher
cause si g fi cantatprrciscébrpedbiters, preseddivajue rnditthes ahlowed| bgic
fam l.ies that d, essi | SiSd 1400, s tantial 30
el romagnet i cnpyéljréjgs#%ﬁ's. &‘E\%eﬁgg}l’%ﬁ\ﬁ gtges,aﬁrﬁéé& sgg }l?ﬁfglelrﬁgggl lé,llt ion of 8
cl ocks per bit iQ9Y%§b¢ﬁara;ép of n, and recycles once per bit period.

Thus, after the initial transition is detected, the
counting sequence is locked into the received serial

15 waveform and may be used to determine appropriate times
to extract a déta bit. Some systems continue to adjust
the counting sequence based on the counter value when
transitions are detected. This allows tracking:of long
term frequency drift between transmitter and receiver

20 oscillators. ' |

The major disadvantage of the sampling approach is
that it requires a very high speed oscillator to
achieve acceptable resolution when sampling high speed
U serial data. For instance, to handle 5.7

25 Megabit/second data with n=8, the sampling oscillator
must operate at 45.6 MHz. Clock speeds in this range
or higher cause significant practical problems,
including limitations on the logic families that may be
used, excessive power dissipation, and substantial

30 ‘electromagnetic emissions. Even at this rate, the
sampling resolution of 8 clocks per bit is marginal for
precise data recovery. Sampling multiples of 12 or
more are clearly preferable, but may be untenable due
to the high oscillator frequency required.

35 ~ The third approach mentioned, clock phase
adjustment, is less commonly used, bﬁt is quite
powerful. It is exemplified by the Intel 82C501AD



precise data recovery. Sanpling multiples of 12 or nore are clearly
preferable, but nmay be untenable due to the high oscillator ftequéncy -
requbp giﬂﬁﬁ . The third approach nentioned, clock Erase adgustnent
S Iess connnnly“used but is quite pomerful It is exenp?
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PCt / US90/ 05346 5 serial Ethernet interface chip. In this schene, the phq@g&
of a receiver oscillator free-running at she basic bit frequency is '
adj usted through a set of discrete values to correspond to the incomng :
serial 5 9avdRdr Bthemnet nintexfaoacchippalni thishesoheaid, aims out put
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(or delay line ta |nC| al di sadvant age [ g difficulty of
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hi gh speed digit sanp e req cor-""respondi ngm
hi gh oscil | at®® %?ﬁﬂﬁéﬁcffaﬁ?%uﬁﬁ%%FﬁﬁdeFaP point, based on further

data transltlons. Resolution: avallable with this
technique is limited only by the’ maximum practlcal
15 number of d;scretesphase steps (or-delay line taps).
Its principal disadvantage is the difficulty of .
lmplementlng precision delay llnes in d1g1ta1
integrated circuits.
o The fourth approach, and the one used in the
20 . present invention, is data phase adjustment. This
.approach somewhat'resembles‘theFCIQCk phasé adjustment
scheme described above, exéeptzthat it-uses a delay
line to provide multlple dlscrete values of data phase
rather than clock phase Data phase adjustment
25__. provides the functlonal equ;valent of very high- speed
_ digital sampling without the requirement for a cor-
respondingly -high oscillator frequency and admlts of a
certain degree of tolerance in the delay ‘line.
The data phase adjustment approach is- known_from
30 U.S. patents 3,908,084 and 4,012,598 -- both issued to
| Wiley and-ipcorporated herein by reference. Briefly,
as the approach is preferabiy implemented_in the
present invention, the incoming data signal is fed to a
multi-tap delay 1line, respeetive-outputs of which are
35 connected to corresponding_inputs*bf'afclqcked regis-
ter, the outputs of which are inxtufn;connected to
corresponding inputs of a second register. - At any



* certain degree of tolerance in the delay 1ine. The data phase adj ustnent
approach i's known from 30 U. S. patents: 3,908,084 and 4,012, 598 - - both
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approach is preferably inplenmented in the present invention He |ncon1ng
data signal is fed to a multi-tap del'ay line, respective outputs of which
are .35 connected to corresponding inputs of a clocked regis- ter, the
(ﬂﬁputs of which are in turn connected to dbrrespondlng i nputs of a second
register. At any WD 9104619
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i ncomi ng si gnal® a;ﬁﬁ?ﬂ%@s%ﬁﬁ?a?eﬁpﬁﬁ PFm&W%/QHﬁ9 ABhEGSic rekent thet ween

successi ve tapsimfividude! samplegs. répeesentddly the agilicroPutpeit s are
examluujgcw the clock run-in, or e to dete%g1ne mhlc out.put

i ndi cat es the(ﬁﬁﬁﬂW%ﬁﬁxfiﬁn%;t?gnngggﬁ Sﬁ?&ﬁﬁﬁe Yy eoutput
which marks th@letlraanss,na:mmeat betwamcsu::eemmhmgans tafe wesidelhyganpl i ng

poi nt is deternj; a tﬁ@gg1
af orenent i oned eylﬁﬁ 6&18& gﬁ%nfgggg% ta phase aggus nen% approach
on the assunptit@e wlock I¢mwlnh@rnpwﬁﬁab1§|ﬁQmﬂﬁtaﬁmﬁnﬁ Yich eitput

determ ned durijig itdi&d Ooke ' 88t Pr8hcB' 6%”*&' R riahsiRS Pl | B pSRAIPAE "on

poi nt fQr_ accurate data recovery. In practice, however, this assunp I on
often dd&s not Y& (Pumﬁer%%c‘f’o?‘ﬁﬁkﬁf thesteansdtion, A% QUtBMe data 20

wavef or m bet webrdesmaneing | €6 Bhd ahslmaelehm@nnd:q:*omtstia@ce in the
t Bhet ext appllggn(n1the dat JE carrier along with

t he renai nder ﬁ%ﬁ?%?ﬁ%ﬂﬁ% dﬂsgangﬁF E?%Font Jﬁﬁ 8 be routed

Both of the aforementloned Wiley patents implement
the data phase adjustment approach on the assumption

15 - that the nominal bit cell center point as determined
during the clock run-in or preamble is the optimal
sampling point for accurate data recovery. 1In
practice, however, this assumption often does not hold.

Numerous forms of distortion may affect the data

20 waveform between its generation and its reception. For
instance, in the teletext application the data is
modulated onto an RF carrier along with the remainder

_ " of the television signal. This signal may be routed
. ] over satellite links, and through multiple modulations

25 _'and demodulations before being delivered to the final
receiver through aerial or cable distribution systems.
Each of these steps causes distortions of the final
received waveform, the most significant of which is
group delay distortion. ' ,

30 Group delay distortion is caused by nonlinear
phase delay characteristics in components-such as
amplifiers and filters in the distribution path. The
effect is to cause high and low frequencies to be
delayed by different amounts.  Since the spectrum of

35 the waveform includes many frequencies, the effect of
the varying delay is to distort the received signal.



over satellite links, and through nmultiple nodul ations 25 and |
denodul ati ons before being delivered to the final recelver through aerial

'?[1 Canﬁﬂ mbbutlon systens. Each of these steps causes wcéi/ggéwg%o

e final recelved waveform the nmost significant of which
di stortion. 30 G oup delay distortion is caused by nonlinear phasfb
del ay characteristics in conponents such as anplifiers and filters in thegﬂg-
distribution path. The effect is to cause<shigh and | ow frequencies to be
del ayed by different anmpbunts. Since the spectrumof 35 t he wavef orm

i ncl udes many Mbe@ugmmtxnulimlyffEhe phnthe- contaﬂmsﬁ#zﬂncipil&ﬁlﬁhert

the received s 6
beT Lesor 0es4e 3 Shlest pfa£ fagendy &8mPﬁ’e‘e’r‘Eﬁ' oF 2p%, BOFLien 0F tBPy the
hi ghest frequeﬂ@?ﬁﬂﬂﬂxnﬁ#n%eo¢1hﬁ¥n9§ivgoﬁ 6f ande Ohss Axpe the nfastest

alternating |' pogdl e ﬂt@qéi@léﬁgtsﬁt aBORREZD R4, an%ﬁn&ﬁ%&ﬁfgﬁ&‘o

code. her i ons of ssa &aln consi der ab

| ower fr quenc%he . cq?EP%@fEBPsgge g ¥ Borey of skWe®%¥ on is thus to
perturb the datfa-etthm:ytlmmpmémeen I\IRKebetffeeh:I ofa\qmod;rml ir nom nal
positions (as rned fromithe glogk, Al ta 10, dependent -
(frequency depgﬁ'ﬁgﬂrt% 18 h‘ésrgg ﬁFrEPFQn#"F gﬁg‘abmtfb%%nd hi gh
signal |evels befwesre NRbrbitecelhsnaway fuemt thed rdeywmmidialy positionat a -
content of the (a0tRlceriey f&nn«eﬁana&oe&n&%-gfmb'i&x Gpidatglertved from

nar

t he cl ock run- n phase ordi L mal i ng point"’
for acht8ving ﬁ%ﬂ%ﬂﬁﬁﬂiﬂkﬁﬁﬁ?“%%%ﬁrQeyengﬁﬁﬁﬁrVan tﬁ@lq“ﬁﬁﬁﬁ » The -

present invent tﬁan&rﬂ:\djdi% wembﬂdlaﬁdaﬁapn&ghusltﬁals@e&féqué;hem@@éI mlqy
sanpling poi nt t%e:.r néj:?{z?ai’h&%&%% stggpenaei%%v%rry tﬁ'}/ tfa\ta
content of the signal. Thus, the’ nomlnal-center of bit
cells derived from the clock run-in phasé-ordinarily is
15 not the optimal sampling point for ach1ev1ng maximum
_recovery accuracy.. '

Summarz of the Invention _
- The present invention prov1des a method and
_apparatus for selecting- the optlmum sampllng p01nt of a

20 data phase adjustment recovery system.--'-

- Conceptually, the optimum sampling- polnt ‘could be
analytically determined. The dlfflculty.ln d01ng this
is that group delay effects vary greatly between
different cable systems or broadcast transmitters,

25 different receiver units, and'evéh-different'Customer
_locations on the same cable system.’ Therefore; the
approach taken in the present invéntioh'is to determine
the optimum sampling point by Statistical-means on a
site-by-site basis. More particularly, the optimum

30 sampling point is determined as that which yields the
minimum- so-celled "bit error rate""(BER), which indi-
cates the average number of 1ncorrectly received bits
per received data blt. ' _

Briefly stated, in accordance w1th the preferred

35 practice of the invention, the nomlnal sampling point
(register'output) is determinedufrom'the clock run-in,



Cbhceptually, the opti mum sanpling point could be analytically determ ned.
The difficulty in doing this is that group delay effects vary greatly
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pasis. More particularly, the optinmm 30 sanpling point is determ ned
as that which yields the mninumso-called "bit error rate" (BER), which
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data bit. Briefly stated, 1n accordance wi.ith the preferred 35 practice
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det er m ned usqrﬁ%j %% ﬁ%ﬁoéaﬁﬁ%%ﬁg 65Fﬁ&9%$H €CQﬁ%£§Echﬁgg ﬁﬁl?ng
poi nt (é%lect@wmwgﬁpmmmlngtpumpersofnanMEntmmhnietﬁerstldlmectlon each
time held for ﬁn;ﬁro%eméﬂ’érfﬁpﬂﬂg' BIMUERRS: Ylard.Nee W Ieddigte s NO

i mprovenent in t error rate. irst increment does not result
in an |nprovedﬂ&ﬁemﬁﬁ%rd¢%§enoth§e§aﬁﬁl#ﬂga@bﬂﬂpﬁqyﬁduﬁkﬁmﬁxéqun t he

opposi te directdt, fEpen éﬁ'ﬁpﬂ@ﬂbnﬁblﬁ%”ms' G dinftin e itﬂ‘etlbéto%Qos:Ltee”or
rate conpari soj. repeated_unti g no_ i np enent .i,s obtained. |f ere 1's no

i mprovement i FF T HeTOR FERR; BRe Pﬁ@lﬁa FAMPLIRSA BRI HoiaR i ¥he neibpt i mum
Brief D&scriptampemfrate Evmpangsohheepeated ambil Indeimjessvénest nbse
fully 15 er t egen AEGRMENY, awi ngs in
wkich: Fig. 1% aﬂgél%gr afrr\%o h%ﬁgeégrr% arypg?ﬁ% -C ockgg %Nai]%é orm
direction, the nominal sampling point is the optimum.

Brief Description of the Drawings
The invention will be described more fully
15 hereinafter with reference to the accompanying drawings
in which:

Fig. 1 is a diagram of an exemplary self-clocked
waveform;
Fig. 2 is a diagram of a non-self-clocked waveform
20 -- in particular a non-return to-zero waveform;
Fig. 3 is a block diagram of a waveform capture
circuit for use in the invention;
2 Fig. 4 is a block diagram of a data extraction
circuit in accordance with the invention, incorporating-:
25 the waveform capture circuit of Fig. 3;
' Fig. 5 is a schematic of a slightly modified-
implementation of the circuit of Fig. 4;
Figs. 6 and 7 are schematics showing details of
the data sampling logic of the circuit of Fig. 5; and
30 Fig. 8 is a schematic showing a processor and
associated components for controlling the selection of
the sampling point.'

Detailed Description of the -Invention
The present invention will now be described with

35 respect to embodiments particularly designed accurately
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Fig. 2 is a diagramof a non-self-clocked waveform 20 -- in particular

a non-return to-zero waveform Fig. 3 is a block diagramof a waveform .
capt urg, (Egpﬁué for use in the invention; .[Fig. 4 is a block diagramof a
data ext ‘circuit in accordance with the invention, iREHUS904534§ 25
the waveformcapture circuit of Fig. -3; Fig. 5 is a schematic of a slightly-

nodi fied inplenentation of the circuit of Fig. 4; Figs. 6 and 7 are ~d
schematics showing details of the data sang}ing logic of the circuit of =
Fig. 5; and 30 Fig. 8 is a schematic showi ng a processor and
associ at ed CONRYEALS-4 O | h p0|nt
Detai |l ed Description oé EQF%&%%!& (E)i%t hglf))?deg’{nét %ﬁ%ﬁ%nﬁ% *‘iﬁ%

descri bed with i¥Ferval &ﬁe%tanéaeﬁbasell@mssl%mmbm yau'ehogghdlt

accurately WQﬁk!Qﬂﬁ parent to those skilled in the art
PCT/ US90/ 05346 .9 to ex%%%ct tel etext data fromthe vert?ca Elthe

interval of stAAEHY REIRGIRIGH Qfgﬁaﬁslnﬁﬁﬂﬁiﬂﬂ14¥evm¢#edﬁr9§§&Yent to

t hose skisl |ed|apgﬂmca51e1hareléeehasaatﬁmﬂyndadaa(ﬁ tiyez | FyeRALORtar e

.nmore broadly 5 '@fﬂi Tel ete %ai 39 in NRZ.format at

5757272 megabld AT S RS LER PRE BRRPICLdTh SR OSAh h A62 PEGLRR | ng

l's and O s as mtl'i Aok alm:ernapjmgn’ml'e ahidg 0'3 H0\ws sk eFphai N

dat a- phase- delg& : wavef orm capture circuit for practice of the
he

i nventi on. 3 circuit, the video signal carrying the data is
first "sliced" thro@HG€13eﬁhﬂvﬂcénceupapéﬁcW'@ahaﬂnhdséﬁdeiaylanea

serial diogital vﬂé@é@‘ﬁﬁncaﬂ'ﬂhfe"‘éiﬁéﬁﬁ.@ fsrpm%%%g] hﬁ ”3;4, viRkgohar

digital delay 15 The seyeral  outputs. of ne are
si mul t aneousl y Ebﬁﬂﬁwﬁﬁqh 3 FLEFULEr RPep 19%5(%ﬂ5ﬂﬁ} carrylng the

data is first “sliced" through a reference comparator

01rcu1t (slicer) into a serial digital waveform. This
waveform is passed through a multiple tap digital delay
15 line. The several outputs of the delay line are
simultaneously captured in a register Rl by a ciociing
signal C operating at the basic bit frequency. ' The
parallel outputs of this register'represent the time
history of the serial waveform during the course of the
20 previous clock interval. - ' '
In this example, the outpﬁts of an ll-tap delay
line, plus the undelayed signal, are captured by bit
rate clock € in a twelve bit register, whose outputs
are T0O, TOl, ... , Tll. The contents of register R1
25 are transferred to register R2 on the next instance of
C. For the U.S. teletext application, the bit rate
period is 174 nanoseconds (ns).. Dividing this into
twelve equal intervals yields a tap spacihg'of'14.5 ns.
TOO reflects the state of the serial waveform just
30 prior to the clock, TOl its state 14.5 ns prior to the
clock, TO02 29.0 ns prior, etc. Thus,'register Rl's
contents constitute a sampling of the d1g1ta1 waveform

o/

at 12 times the basic bit rate. This is equlvalent to
the results from a 68.7 MHz sampllng clock, and yet the
35 highest frequency used is 5.72 MHz.
Register R2, by the same ana1y51s; conteins a
sampling of the waveform one bit period earlier than



ssignal C operating at the basic bit frequency. The parallel outputs of
this register ;epreSent the time history of the serial waveformduring the
course previous clock interval. In thls exa uts‘
of an T I)t%lz&ﬁ’é?ay i ne, plus®the undel ayed signal’ are cggkﬁ’@g@ﬁ#‘?
rate clock Cin a twelve bit register, whose outputs are TOO Td,

TI¥+ The contents of register R1 25 are transferred to reglster R2 on
the~next instance of C. For the U S teletexd application, the bit rate
period is 174 nanoseconds (ns). Dividing this into twelve equal intervals
yields a tap SDRQIngw&&hb%ﬂéfEthKK)tiﬁlep&elhbe thet eoatattenated al

waveform just 30

cl ock, T02 29. OCHEtﬁqF%tr)lr"’{ é%lg érp‘f’h%% %%5%%8 ;Fagi%gng‘éntsnc%oﬁ{s Soclr %}p ;he
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contains & sanpﬁuh}qﬂln9Kpa%anaph$one bit period earlier than
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positions, say T(i) and T(i+l), indicates that T(i) is
the nominal boundary of a bit cell. All further data

transitions should then occur in the near vicinity of

T(i). The nominal data sampling point (the center of

the bit cell) would then be at T(i+6) or T(i-6), i.e.

half of a bit interval separated from the boundary.

The central 12 bits of R (TO06 through T17) may be
considered as the "active region" for transition
analysis. The active region is the span of positiens
where a transition point will be detected. Detecting a
transition at. T(i) requires analysis of positions j '
less than i, as well as positions jJ greater than i.
Thus positions T00 through TO5 are available for
analysis for a transition near T06, as are positions
T18 through T23 for transitions near T17.

The actual number of required positions below and
above the active region depehds on the number of
consecutive 1's or 0's required during transition
detection. In the degenerate case, where a'single 0 or
1 adjacent to ("followed by") a complementary value is
sufficient to declare a transition detected, only a
single bit is required on one end of the active region.
Thus the minimum size of R is 13 positions for the 12
times sampling described above.
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posi tions, say T(i) and T(i+l), indicates that T(i) is the nom nal boundary
of a b|t cel |. further data 15 “transitions should then occur in the
near of T(|) The nominal data sanpling point (the center -of the

bit c& ’kﬁ%?d then be at T(i+6) or T(i-6), i.e. half of Q’&»"‘Wﬁ‘?ﬂﬁ%m

separated fromthe boundary. The central 12 bits of R (T06 through T17) nay
be 20 considered as the "active region” for transition analysis. The4{ L~
active region is the span of positions whgre a transition point will be
detected. Detecting a transition at T(i) requires analysis of positions j
| ess than i, as welthesopesationsof gheawawetflma:m icapture cik¢siP0sht aons

TOO through T o] | ysi td ar, 7106, as
are p05|t|onsq%?%ﬁg%rou'%g£§3 % éh anéit?b S néarﬁﬂﬁﬂ ﬁ#ibgg 5F= nimber
of required p@é‘etﬁwcbémp@hmea’so?é the dovendicayi ofhkepawtipubnothe

number of 30 Rl a@ﬁ‘wtﬁfé/ecbmﬁlﬁédoaﬁdr aent! e @Jrﬁz‘%é{@{@ﬁt'on
detectlon he degenerate case, where .a_single O or 1 adjacent to

("fol | owed bde§§Qﬁ9ﬁﬂ§ﬂﬁwﬁQ@9 ValBemP§té@#ﬁﬂﬁﬁﬂﬁ?ﬂ?fQﬁ%ﬁQu%PaSGlaﬁ§|t|on
detected, onlynd $tﬁq:hﬁ: b{¢app éQQﬂhéedpQﬂnﬁ'les%&Q)J.qfn oot | vernegi on. 35
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context is s illu a .pr odi ment of the

I nventi on. &Mﬁéééhﬁtﬁﬁp 8B arghsgn§§ﬁe&s ﬁ%:§ﬁ1eéa %F?ran5|t|on 5

det ect 30 and pnaiﬁxpnixnnnlﬁméxes reaordedednt @ Qanynegxﬁtemtpuks(tap) as

the optimal s I t. -
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control signal associ ated begl ns searc
wavef or m t r an®PANGE qﬁﬂ?V%%ef¥§dePECF§énS#F§°n P°1nt- This value

of 6 is added as an initial tap.offset to the tap
_ registericontént to control the tap multiplexer. The
15 initially selected'butput.df-the multipleXér is thus
'thé value of the waveform at the nominal data sampling

B

point, and is captured in a data sampling flip flop.
The basic circuit shown in Fig. 3 uses an'll-ﬁap
delay line to achieve a 12 times sampling rate with a
20 clock equal to the bit rate.. It is possible to achieve
the same effect with a 5-tap delay line using a clock
of twice the bit rate. The advantage of this approach
is that delay lines with fewer taps are more commonly
available and are 1éss expensive. .Furthermoreg if the
25 delay line is external to an integrated circuit (IC)
which implements the remainder of the circuitry, fewer
pins are required on the IC to bring in the delay taps.
As was discussed earlier, the nominal sampling
point centered in the bit cells during the clock run-in
30 may not be the optimal sampling point during other
| portions of the incoming serial waveform. 1In
accordance with the present-lnventlon, this is
accommodated in an adaptive fashion by programmatically

, varying the tap offset to values other than nominal (in
35 Fig. 4, to values other than 6).
In brief, the present process: of determining the
optimal tap offset Value is based on the execution of a



.10 position in RI/R2 is recorded in a tap register. As noted above,
the nom nal sanpling point would be 6 tap points renoved fromthe

transi {,i int. This value of 6 is.added as an initial t t hei
tap regkgpbaﬂﬁg%tent to contirol the tap nultipl exery" The ?gnﬂﬁﬁiﬁq9#¥aﬁlly
sel ected output of the nultiplexer is-thus the val'ue of the waveformat the
noptnal data sanpling point, and is captured in a data sanpling flip flop.
Thd-basic circuit shown in Fig. 3 uses an 3i%-tap delay line to achieve a 12
tinmes sanpling rate with a 20 - clock equal to the bit rate. It is

possible to achp :?d@r&iﬂelﬁaaﬁp%f:%%dﬁ kb iHD- itsﬁpaﬂfééh(edllﬂ@ ﬂheng a cl ock
of twice the b|t at e. g advant age of, th| oaqg S gglg¥ klnes
“with fewer tapstetetRtEedn ﬁnﬁﬁF?vﬁg zﬂf??%a I %é %S|ve °

. Furthernore, ifeadie ﬂélev;sdehaylhenas:ana&xzedﬂbycthslpnm@gsaOEdforrCU|t

(1C which inpl tg I nder of the circuitry, fewer pins are
required on thé£$§£t %Q?r&% n the delay taps. As was_di scussed earlier,
t he nomi r&l sanpllngTﬁphnﬂléEnt§ﬁ§Gﬁhﬁ tasi ok dihe hine gftAdtel ock

run-in 30 n@ynPRinberiBe @RtiedRicYAENA bR dtichIréd@e st hetgperti ons
of the incom ng serial waveform _In_accgord t he pres | ntion,
this is acco %angncaﬁe§AaptP%e%M§ﬁﬁ<§?W§%?ﬁ%) R PER F9e§a¥sﬁng the.

tap offset to vgiglﬁ&loq{iaultbamatmaialﬂwu Ivit efr@r Yate®h YBEREs ot her

than 6). In bri ent PrOcsss of £
of f set val ue |S%Bja§é Et&‘?e&?[rl Tof % g’élé%?%ﬁ% gvé’Pngalqu}nﬁQr
PCT/ USOQ ®5346 df pnograacntﬁyarplcm.m«lam dits peraceceivedt dateel et ext

data recovery uit ha g igerd SAC [ n S
analyzed by thg$%§oce§s§Psﬁo?ldata |nte€%r%? f%fé%&@}§ gg%%g F?F certain
bytes of the |ipEesentainvention might Ix 10 ; Or one’ lncorrect

bit in 10° (100,000) received bits. The goal of the
tap offset selection process is to minimize BER.

15 When the teletext receiver is initially tuned to
the desired television signal, the processor sets the
tap offset value to the nominal bit cell center point.
After determining the BER for a substantial number of

_ lines of data, the processor increments the tap offset

20, . value and determines the BER for an'equally large group
of lines. The old and new BER are compared to deter-
mine if the new tap offset setting is an improveﬁent
over the old. If so, the process continues with

k/' successive tap offset increments and analysis until no

25 improvement in BER is obtained. At that point;'the tap
offset value giving the lowest BER has been determined.
If the original increment does not yield an improve-
ment, the tap offset value is returned to its nominal

- value and the selection process is repeated, except
30 that the value is decremented rather than incremented.
The process described above may be repeated on a
continuing basis in order to track variations in delay
distortion over time. - These may occur for many
‘reasons, including temperature variations and changes

35 in television station or cable head~end equipment. The
continuous adaptation process involves occasionally
incrementing the tap offset from its previous optimal



contain error detection and correction codes (e.g., hamm ng codes).

Anal ysi s of these bytes produces the signal quality netric called "bit-
err oy, y ER) which, as stated earlier, indicates the average nunber 10
of ?ﬁ'&%ﬁ@é? % received data bits per received data bit. PEYAHSODARS3HER for
tel etext recovery using the present invention mght be 1 x [err] or one. -:
I ncorrect bit in 105 (100, 000) received bits. The goal of the tap offs#f
selection process is to minimze BER 15, When t he tel etext “
receiver is initially tuned to the desired tel evision signal, the processor

sets the tap phiget anal detednlifiimPHatndi BERCEL SRBEBROIGH - After.
determ ning the BER for a sybstant]al nunb | i nes of data, the

: Tber  of _ _
processor i ncYRRERPEAr he Ifag o hmppved, \ENGeNgHdVAd e fisnd ke R f or
gn equal Iy Iangehgewuppaﬁ:ﬂumf ffes.If.. et pl thandabnaw BERdee em@ia dédfhﬁ&nl'd
eter- mne i p : S [ | SNy LMRLOV nt over, the o
If so, the pr%%%sérggﬁlp?‘l%uggﬁﬁﬁﬁ“ s%i%e@g?véEgabsgafggﬁ (ﬁ’iérrerﬁ%a’%-'d
anal ysi% untiifnan2improviemerdy e moted BEehesdebrameated Atalneatispoint,
the tap offs bais .he {ouk t-ﬁﬁ%g Scheen deter o sdw g e
original i nc?%?rgeﬁitqg_og \ér}g%ni/i elidp\a@ijﬁrp_ pvge._ﬁﬁggt ,Qs't_ %%ﬁ?.‘?pggffesle hé\/lta]tl ue'is
returned to | 4irAGRLAR, FReuElshPRINR| b8t Fehapnedess i's repeated, except
30 that the vatggsLssd@pr lﬁgyi1@IggmeﬁgembigggﬁqEthﬂ. The process -
descri bed abovg nmay %'re%§?§g§§%£?$ qggéinughg_ggsis in order to track
variations in %Fﬁée81§98--“ et OFhESECRBYF CoZEGPVASY NPT éhsons,
i ncl udithg t enpetapudeleyr ldmnieons 0wl ohahigs 85is a sampdlimeg gate station
or cabl e heads elHhE \ G d s, ad t§ prQce i.nvol ves |
occasi onal | yd?ﬁiclg%rrgﬁ? ng%{e.ﬁe ﬁ-g;ea of f sﬁ?%%#i ?g#%rg\glgdus%g’pt& ?‘r#a“{)c _u
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val ue and detenpbigRgai FilkerBERdA4TMERAed SEhmitt trigger UOS.
This sliced video data is also passed through delay
15 lihe U09, which has five tap pointszequally spaced at
| 15 ns (the precise desirable'delay-would be 14.55 ns,
~but 15 ns is well within acceptable tolerances). The
five delayed versions of sliced video are inputs to
. gate array U02 (V0-V5). A crystal oscillator X2
20 | provides'the precise receiver timing-required in order
to extract data from the video line. ' In the present
example, it operates at twice the NRZ data rate (2 x
5.727272MHz = 11.454544MHz). o
Gate array UO2 also receives an'input“fromfa video
25 sync separator (SYNC) which is used to establish a

timing reference for finding the various portions, such
as clock run-in, of the horizontal video lines in the
_vertical blanking interval (VBI). It also receives
inputs (SERCLK and SERDAT) from*a'pr0céssor'U11“in Fig.
30 8, and these are used to 1oad operatinq'parameters,
including tap offset value, into U02. . '

U02: generates a number of outputs, including SETHR
which is used to provide a timing pulse for setting the
slicing reference voltage, various status signéls which

35 ‘go to the proceSsor Ull (FULLJ,'EMPTyi, VBI' and
PACKET), and address, control and data signals for a 2K



rworsened. If it is inproved, the new value is taken as the new optinum |[f
not, the value‘is decrenented fromits previous optimumand the BER is

det er Mg in, 5 - if an inprovenent is noted, the nent ed ‘val u
is the neapg%@?%uﬁi I f no inprovenment is found in ejither gF&t@#ﬁ@ﬁ 05346 c f
old optimumis retained. Figs. 5-8 depict, in schenatic form the
afﬁ?enentloned enbodi nent for teletext recovery using a lo 5-tap del ay
i, U02 in Fig. 5is a sanpling gate arddy connected to a 5-tap del ay
line U09. An input VOO,receives sliced vjdeo input nal " VDATA"

through a filte¥ §4§F€Eécaﬁamauéﬁﬂﬂh%cqr*ixﬂﬁe@D@s ?hngQIFEESrVi &F dat a

is a: Iso passeg d&t@ughtﬁ‘ebﬁyedl‘:'from theeyBHI, Wwhi ch has five tap points o
equal |y spaced at 15 Cli e _14.55 ns, but
Fi8ech SUEUE o HRAGR S B £V S0k eBis  GaBs AR o

15 ns is well within a pt a nces
sliced video ar@MDn§&O§32é,guhéqhw%§/aXMBWth\Qﬁ theclytehl805¢|ﬁhmndw'xz

20 o 1 DrEVi deSok NerPEBELaE el coRNKElpdd il FGHUESLeLBOLT AR Q. ext I act

data fromthe vid I ne 6 ent exaqg operates at twi ce the
NRZ data rate (@oRtainedoipnfiés M‘ #5450 ANEHROM ePEﬁ??ﬁ?SOJGZUéﬂ-so

receives an Inpélénéfembatnbdeap%ffsetsm&@pfﬁaé&te(ééfm vbhchni s used
to establish a timng reference for findin Q,the various portions, _such as

clock run-in, ofFERE FSrW%BHF&Fevﬁﬁﬁaqq ed hie %%??Fcﬁ?tﬁﬁankpﬂé
i nterval (VBI) déteﬁiniﬁeée&ﬁlevb‘itl Wa&' (SRRCLIBERY 1SFRBAddihgORuAerous

e U B arieo h 1150 4 508 b B CHEEBL 10
om_ut S, |hncl lud:r:a'ngEdHEowlgad:le larnaqewa:m guridb\byleper formning pakrerf or '5
do 10 the procchBivEF pRLE Lomiigne YrleHiagh Boed BRBLSehbh dnd
control and datgpgrgqangnfgpdgszK (The error analy51s and determlna-
tion of BER may be conducted using conventional methods
15 well known in the art and thus will not be addressed in
detail herein.) Based on the number of bit errors
detected within this data, Ull determines a bit error
rate for the current setting of the tap offset. By
sequencing all reasonable tap offset values through
20 U02, Ull determines the best compromise tap offset
' value and sets this value into U02 for use in actual
operations. In addition, Ull stores the optimum tap
offset in nonvolatile#EPROM memory UO06. Thus, when the
1,/ ) data receiver is turned off and then on again, the
25 previously determined optimum tap offset is available
without going through another training session.

Figs. 6 and 7 are schematics showing pertinent
details of gate array U02. Fig. 7 shows the 3-bit tap
offset value register and Fig. 6 shows the core logic

30 used in selectlng the tap point for sampllng the
incoming data.

The tap offset value reglster of Fig. 7 includes
flip flops U909, U910 and U916. These flip flops are
part of a shift register which is loaded by the

35 processor Ull through SERCLK and SERDAT signals.. When
the processor shifts in a complete new value into the
registér, the bits that are left in U909, U910 and U916
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static ram Ul5 which is used as a FIFO menmory for data extractéd from the

VBI . ﬁﬁ%ﬁ ows the processor Ul -- in this case an Al M- ch -
is a nme le/r&mé the Intel 8051 famly 5 of processors% for
“processor. Ul is contained in Ul6, a- 16K x 8 EPROM Processor UII o
controls the tap offset value in gate array U02:in order to minimnize the'g;
received bit error rates. Ul determnes 18e bit error rate (BER) by i

readi ng nunmerous 10 (e.g., thousands) of -lines of data fromthe FIFO .
coupl ed to garepresmntithantesiredr tapnoddsetr oralawml yssisnvaluesiag the

I ncl uded errog. q:'; etétzis%an% &gérggé#gg Bﬁgeﬁrso(ﬁé%'f d s anal ysi s and

determina- tiohn e con usi ng -conveértional ® met hods 15
wel | known in the aRth ngusowi £0 Fég. b6, addriss Sdns WHQRTU408r ars. )

Based on the ByErecpinidngrahsy dereatadtht Bt vy dlales ULl gfigter i nes

a bit error e current settin set quenC| ng

al | rea8onabl @SCK fand capteset ktheuyRdedayed @i&cﬂﬂlvkﬁﬁ@rﬂaﬁés t he

best conprom g§ongd Cgﬁéeﬁhé’afi'@eaaél%ba Vs ivHgIo s r\FﬂiéQ?déeé use.in
act ual operatlons In addltlon stores the optimumtap offset_in

nonvol atil e EﬁﬁéuﬂnﬂnyﬁN u¥5NRh9ﬁlpﬁé A A8AAYeQ) t ur FRE of f
and then on a@a uxtéh? dbta 1sp16aaeasb.ntdetfar1@ rfqtbpwtummmMSOfsirset I's

schemati s ShoBh I GeerEkter 8P HIsE e PRAta o hens, S50 ReRkeEne
3-bit tép offgﬁ:ﬁkﬂpﬂfldﬁps¢erreapoﬁdgt06rdgmateﬁsaRiw&ndd@?c(ambelt useg'_
V1o ol 0oVASH 3 SRl LaBRTEh B8R ol iyt aeg] 22! o
flip flops ar@prﬂPQﬂU%P§#ﬁ$@ VéQPSPéﬁ5wﬁﬁﬂ¢§@?ﬂﬂiﬁﬁxFQ@e¥h%r355 - o
processor U | pultye@gir<ROX and CERROT1Ib0RYpTresdtften 3 @ar@;ﬁpéeﬁé%ﬁhlfts |
in a conplete %ew‘éﬂﬁgiéEEQNﬂg bit cell interval (VF is the Q '
15 outputs, while VFN is the-Ql outputs). ‘The selected
- one of these sample points is chosen by multiplexers
U406, U407 and U409 to provide the 51ngle data value
which is clocked into data sampllng fllp flop U408 and
| thence into the remainder of the circuits of the gate
20 array through signal. VDATAN _ S
Multlplexers U406, U407 and’ U409 are controlled by
the output of a four bit adder 1mplemented by half-
adder ﬁ43l, full adders'U432 and_U433 and exclusive or .
gates U434 and U435. The adder generates the two's | o/
25 complement sum'of sign extended three bit values. The -
two values which are added are the value of the tap
offset VSOFFSET<0:2> and the.value VS<0:2> contained ih
'a three bit register consisting of JK flip flops U426,
U427 and U428. VS<0:2> is an encoded value based on
30 the position in R of a transition detected in the clock
run-in portion of a received teletext line and is thus
indicative of the nominal center of the NRZ bit cell.
Thue,.if VSOFFSET<0:2> has the offset value associated
with the nominal bit cell center, then-theimultiplexers
35 U406, U407 and U409 will choose'the:nominal bit cell
center as the selected tap. Different values of
VSOFFSET<0:2>, as loaded by the-processor, cause the



‘register, the bits that are Ieft Ln;L90§; UQIO and U916 WO 91/ 04619
PCT/ US90/ 05346 ‘15 represent the desired tap offset value. This value is

sent twdogo4revi @ signal bus VSOFFSET<O0: 2>. Referring now | | ?‘&LI i
fl ops U400- U405 are cl ocked by the doubl e frequency oscill§?§76§g°?§ al 5

‘OSCCLK) and capture the undel ayed sliced video data (VONp) and the five
del’ayed versions of video data (M Np - V5Np, with V5Np being the nost

defyed). The captured data=is | oaded intdé flip flioéps U440- U445 by the
next OSCCLK. As will ‘be apparent, these two groups 10 of flip flops
correspond to gegecteds tRp 4ol e gdjweted viiohtgpsuthats arecleairi itey or

enbodi ment) . JHEePULRALS lﬁg%gﬁggﬁgéggg 440- U445 concat enat ed toget her
as buses VF<O Il > an& VFNS§€I > represent sanpl e _points of a conplete

NRZ bit cell interv&he VB0 heregister iguipitialippfetorrers mte the

outputs). Thepeghinniad OF tHe td1asek SARL Bn POy N Ssig§nahoegn
g Uiog Uit PPy hass ?2 dat a vg%ggﬁﬁ%%: i's

mul tipl exers 06, . nd U409 to .provide {he single

cl ocked ?nto Yatégﬁﬁgiﬁﬁgﬂq[}WIQﬁﬁaIKEPEF%P?ﬁeﬂgetpﬁtSaFﬁeaFgﬁﬁhnder of
th86ci rcgi ts grtigglgat ee2@ JKl lﬂrir;gyfldr;p'WB-StﬁnfﬁhdeD&EéNthMﬂ tt'ré;@ exers
U406, U407 an are contralle the output of a four t adder

i npl ement ed byl REEF- 154§8ATGENT %ﬂ"%/ aao%%tr% gﬁ%’is huotuds Lhe &LCeS ve or
gat es U434da3de,85_. dahe axiquul e ernteE<d hlBli'WO'Wh25e U4zsggaldew)t iﬁum of
si gn extende it v es. .| al ues ' _ ed .are _the

val ue of the téﬁ)g‘%?fa ge% V%ayﬂféé‘&&@sw t%%gﬁméf?/siggég'cé‘ﬁfiai&%é&'i n a
three bl® regiB4d4.cofbese gates Bed |orgdnipsd R6suth2HaandrU4a8to
VS<0: 2> is an a . : osijign_tn R of a

t raddsi tion detgggggsgﬁgt e%ég%z%#%%l%%srt%gﬁvgf aargggli\ggd teletext line
and is thus intF2BELEdOR meg@shdhatalokdser cdatr was RREobWhidel newer

data is one. When this occurrence is noted between
successive taps (outputs of successive flip flops), a

15 rising transition is detected. The NAND/AND gates are
structured to generate outputs corresponding to the
position of a detected rising transition (i.e., exactly
one of these gates will generate an active output when
a rising transition occurs). The NAND/AND gate outputs

20 are then passed through an encoder consisting of NAND
gates U422 - U424.  The encoder produces a three-bit
value corresponding to the position of the detected
rising transition; this value is used to set the

\_/ appropriate bits of register VS<0:2>. The setting of

25 any of these bits or the detection of a transition
which is encoded as "000" is detected in NOR gate U421,
whose output is used to reset flip flop U425, thus
indicating that the nominal bit cell center has been
captured in VS<0:2>. '

30 It should be noted that the data sampling flip
flop U408 is clocked by OSCCLK, while incoming sliced
video data should be sampled only.every other OSCCLK.
Accordingly, the output of U408 (VDATAN) is held

_ unchanged every other OSCCLK by the use of multiplexer

35 U410 and flip flop U419. U419 is held in its cleared
state by flip flop U425 being set. Since U425 is set

by T42 and reset by the first rising transition, U419



Thus, if VSCFFSET<O 2> has the offset val ue associated with the nom nal bit
cel l center “then the multiplexers 35 =~ U406, U407 and U409 Wil | choose
the n 3’8/9%15 cell center as the selected tap. D fferent &I yes: of - :
VSOFF as | oaded by the processor, cause the 6‘4@&‘9"’53“6 -
PCT/ US9Q) 05346 16 sel ected tap to be adj| usted to taps that are earlier or =

| ater than the nom nal center. The VS<0:2> register is initialized to ze‘r@'
at the beginning of the clock run-in by a srgnal T42 generated 5 e
timng logic in other portions of the gate array. T42 also sets JK f||p
flop U425 to i wdildabe thedd tdleeded cantilethehrigihgr tratmtitioransition in

5 R U e Vo W Sy el
organi zed in sUéI%%rﬂ?@r?érnSastQ doeagbgnwithr parhgOSCEAK t | @S n VF

rising transi thﬁ&tm&éﬂ"@4ﬁ d@éu@'@éanwsdé@hot\m'ﬂo%@%o C{?&@e |§none
When this occurrence i s noted between successive ta out puts of

successi ve fliphel QSSCLE, oprle attey @a€RaRSFCLEWH The
NAND/ AND gat es coreesipond Weh t'@rﬂ@@ﬁtﬁéﬁ edtnrirence,’ esiwrﬁa Mbld 16e

position of a detected ri |t|on tI one of these gates
wi Il generate BRSYOMFe V (ﬂﬁt t e °Ppgéﬁ§et Pﬁﬁg 5?/1 occurs). The
NAND/ AND gat e out puts 20 Although ttl:lea pasendibhr hagh beere uxteriwadsint i ng

cor respondi ng ESTPREEHS 24&%%@#‘2% £ PEBPEEERAC it e S 4 AL v o
is usedlfo set btehap@pmamr ito ctlbse skilbgdstivrths<@ar2> thatheraeidusng of 25

any of these bj a d.as w
"000" is det ect':ie1 é@f%}&%@% &%osgéoﬂtigak(e?'gwuﬁqo rese ip fl o\r')')
U425, thus .ndpeamltaﬁatdswménmrem icel | center has been |

I claim as my invention: ' I



P
fcaptured in V&0 2>, 30 - It should be noted that the data sanpling
‘t1ip™lop U4d8 i s clocked by OSCCLK, while incomi ng sliced _
shoul d ,be sarrpl ed only every other OSCCLK. Accordingly, L"Hmmmjmwmw)w -
(VDATAN) i s hel d unchanged every ot her OSCCLK by the use of *mufti'pl &xers 35
W10 end 4liimld 3l op U419. U419 is held in its cleared state by flip flop
UJ 5ferng SerSince U425 is set by T42 an@greset by the first rising ~
tra¥sition, U419 W91/ 04619 :

PCT/US90/D5346 17 wil beméehddcbearedouerihgtdetalenagdedadnlalnnneccurs
Once the gl ear S i g 9 044204l th
cach CBORK TR CREbTto-paLE B Eingl . BobbElethq i HBHLE ol ehid 91%5%%

the 0SCOLX cyclto aa tmul c’ﬁamsdﬂnmhinﬁ withddedayciponements befween;

occurrencg, iﬂ“%ﬁébéﬁ%ibétéueﬁﬁﬁéoﬁﬁatahﬂé BﬂaiﬁereﬂaﬁivEetGBEEbK S
Al t hough the invention has beéen descrl in cinnectlon with certain

preferredsenbodﬁﬁﬁﬁ?§°n ?fwﬁlpiﬁoce BS EBﬁaF gnaly PHERBLEING ed in the

art that gariougespeceioe rradlbyedad £gnals8och dneadén.ag 1ine datphts to
principles described her

A bt b of SerEvRpensLag, dndhEn el e Yas ek Reans, g ing, gne
signal, c®npri sshgthepsdrrespohdinggregister meansnoutputspademay {ine with

del t t ti t
the s "Sorar TEIIESata sppbEEA3 bSInG, Bitinblihg"therbats LEoH | VO
del ayed ¥9 gnal sther imitial aqampla&mupp&n'é.t@eteminéngesgenbﬂﬁgerm s of a
regi st eryjreans, y € €5# | file O8Rtracted data, changing the selected

/ 12 register means output and determining the corresponding
13 bit error rate, and retaining the output selection
14 which yields the lowest bit error rate. |
1 2. Apparatus for recovering data encoded in a
2 non-return-to-zero signal, comprising a multi-tap delay
3 line with delay increments between successive outputs
4 that are small relative to the duration of a bit cell
5 of the signal, register means having multiple inputs
6 and corresponding outputs, the respective inputs being
7 connected to corresponding outputs of said delay line,
8 means for selectively extracting the data from said
9 outputs of said register means and for detéermining the
o/ 10 bit error rate of the extracted data, means for
11 selecting one of said register means outputs as an
12 initial data sampling point for data extraction, and
13 means for changing the selected register means output
14 for data extraction and retaining the output selection
15

which yields the lowest bit error rate.
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8 7 of ‘the Ctortespdndi ng.regi ster neans outputs as—a#s—9 Htat uata
'sarrplln.g poilnt, extracting the data from 10 thelnltlal a ,
determining the bit error 11 rate of the extract '“m ‘ﬂ Iuﬂg H‘Lt he

sel ected 12 regi ster neans out put and determ ni n g 13~
bit error rate, and retaining the output selection 14 V\/mch yi el ds the /\
| owest bit error rate. 1 2. Apparatus for recovering data encodé
ina 2 non-return-to-zero signal, cor‘rpt‘?l'smg a multi-tap del ay 3 lin

wi th delay increne tween succes oyt p 1€ o3
rel ati vefto t he dur tlgﬁ ’5?85 ?ccégﬁﬂﬁg E& #‘l&'?ﬁg g'l'g g?treﬁ. . rreans
havi ng ndil ti pI@amgﬂ,ng; ncluges tncrempnbﬂnggtbet peﬂ.epmﬂenegslp&em ve

i nputs bging peand €d to corresponding outputs of said delay line, 8
means for sel ectlvely tracting the data fromsaid 9 out puts of said
regi ster neans and for determning the 10 bit error rate of the

extracted data, neaps f@rmdfhod acteeding eeecniiﬁaad whehelier tHeans

ooane T chnftected tediateh pafiE, bPERRE Bk IRbreReRedd bR O N9 1S
extractidn andfimhldﬁ.r@ptimofrmtthelénitballeata sampi inige pédnthe | owest
bit errof ratqmn&l no i:‘.npdrovemsn@ in/piEt ofcfﬂtg' gﬁ E%h@’e%@ 1, wherein .

said 2 changlng I'n es Increnenting the selected register means
output. 1 . A nmethod according to Caim 3, wherelnthez

sel ectedvregi ster r&ansnau&tmbd | sccopdatngntedclain 3, whebledin idi mection

fromth |n|t| 0 u ' rqye t in bit
error rate is ac%l eveda?qpiﬁ b1 éP%of} z'&ate ﬂéchgggJ‘r' §¥‘ gﬁé aim4, \J
wherein 3f no initia} iinerement im saidcfivst r#@ectiaohu thed sedecheds
initial 4ncrenpfidtesdhdhns 'Ghtphe eLsi %r&ﬁénﬁébeiheﬂn“o Pos'":‘.%ﬁ' ster

et sarbl{ ng GAFRELTR o EheuATEEE) nc smmpl iy pRint! SRt ne
improvement in bit error rate is achieved..

6. A method according to Claim 1, wherein ths
selecting of the initial data sampling point includes
detecting a transition in the signal at one of the
register means outp_uts and__ sele_cting another output of
the register means corresponding to substa’ntiany one-
half bit interval from the output at which the
transition is detected. '

~N oW

7. K method according to Claim ¢, wherein the
register means is clocked so as to achieve a sampling
rate which is a multiple n of the basic bit rate of the
signal, and the transition is detected based on
analysis of at least n + 1 output’ samples from the
register means.

N N W N

8. A method according to Claim 7, wherein the
transition is detected based on analysis of n + m
output samples from the register means, where
m is substantial'ly equal n/2.

oW N



e

“6 |nprovénent im bit error rate is achieved. 1

“according 'to daim1l, wherein the.2 selectlng of the | .
sanpl {ng point includes 3 detecting a transition in the si ﬂ“ﬂﬂﬂ mlmj I!II :

the 4 regi ster neans outputs and sel ecting another out

regi ster neans corresponding to substantially one- hal f bit |nterval
ffom t he output at which the 7 transi 6cw1|s detected 1

fethod according to Caimé6,. wherein the12 reglster nmeans i s clocked so

as to achieve a sanglin [ hg ic bit
rate of ?he 4 g?gna rat?%QQﬁeéﬁgfﬁgoﬁoﬁgfgi# Hﬂg%%i%

anal ysi s2of atchapging and xetaini Bﬁﬁm#@%sfinﬁluﬂeSGEGGRSrGQESter means. 1
8. A metgod acfﬁéﬂéﬂﬂnéfhéjﬁhéﬂEE1&@€§&'fe fﬁtgr meah&2BRtpuen fFor det ect ed

based on analysis of n + HL? out put safp es fromthe register neans,
where' 4%  mdata sxtEastisny equal n/2. 9. Apparat us

according to Claim2, wherein said 2 changlng and retaining neans

el ey e T oy o AREECES LOSoREng L8 RN, o RrtiE Sl
wherei n 8ai d 2incrememting means niawnsementsnehessemecteuerequtegw st er 3
Teans Oufpul ifegnd | itpglt £k d PuLECaiFEctIbh! SholAthie* 1n1£14TP ARG POI N

until no i npr ovenent erro
Appar at & accAPHIRG mmnw htee elmprevement  in; hitoexwen: rA%ey t

error rase i s fshacybsvvéd, t he 3 initial increnment in said first
direction, said 4 I ncrenmenting neans increnents the selected register 5
means output in a second direction fromthe initial 6 data sanpling

paint until no inprblencApparatus accordimg tor@laimsi@ghivbereéinlif
12. Appagat us 36 CoRgtSvehént fi Bfe SPFOF! Fatéd! fis achieved on the

3 initial increment in said first direction, saia
incrementing means increments the selected register
means output in a second direction from the initial
data sampling point until no improvement in bit error
rate is achieved.

N oy o

12. Apparatus according to Claim 2, wherein saiad
register means comprises first and second registers,
said first register having inputs connected to
corresponding outputs of said delay line and
corresponding outputs connected to corresponding inputs
of said second register.

O U bW N

13. Apparatus according to Claim 2, wherein said
selecting means includes transition detecting means
connected to the outputs of said register means for
detecting an output of said register means at which a
transition in said signal is indicated, and means
- responsive to said transition detecting means for
setting the initial data sampling point based on the
output indicating said transition.

O N o WD
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14. Apparatus according to Claim 13, wherein said
2 setting means sets as the initial data sampling point




2 reglster means cenpri ses first and second registers, 3 — sard—first

o reglsber.haV|ng I nputs connected to 4 correspondl ‘
delay line and 5 correspondi ng out puts connect edl'ﬁﬁ mrmﬂmguﬂg [ nputs
6 of said second register. 1 13. Apparatuscaccor

2, wherein said 2 sel ecting neans includes transition detecting neans
connected to the outputs of said register gﬂans for 4 detectlng an

out put of said register means at which a 5 transition in said signal is
i ndicateds and ERARMtdUt Jieml iﬁéﬁ'ﬂe&ﬁérﬁbﬁéé dﬁasﬁgl ae rreans for

7 setting the niti aI data sa ntg lﬁfﬁ' ni aseg}og Sﬁ g

i ndi cati nd sai dsubstantiad gLone al 9@%5? &i AYPY Clalm .

13, whereisn saldnaicatﬁﬁﬁtsatnrtk!ﬁsitidnas the initial data sanpling

poi nt 21 3 an out put of said register neans corresponding to 4
substantially one-half bit interval fromthe output 5 i ndicating said
transitiold 1 ~15.15.A methodicf crembnyr@atat QnGQGGGedlnl f nonon- 2

return-t0-2ero ia@ngln-+e i gﬁgh a tap
del ay. |In622WIth§l(?qﬁQﬁly |ncLgegr:#e"rsltélg%li éé@grib cessive 0O tgtesst ?lare
small rel &ive e #hawti-tap :ﬂ#kﬂi’ 01‘-1%13 Hﬂ-t’éeﬂ’lﬁy #ﬁﬁrﬁ?‘ £8. between: i ng
6  respgctive s%@c”aé.eéiv% Hipu & éﬁ@tokei-étyshant pelativet €o’the

correspondi ng i nputs of reg| sel ec one the
corr espon® ng régﬁ c}h{ s°%n iﬂ\g}r aPy¥ g&?&tgaﬁm ing
point, extgacti &estdatﬂaﬁ@ déméd) sigﬁ&nbslmtthé delayi bdnpooatputs to

- elenm 50 930 RS e upiegaEs Fertifel haRnhtoabTbBc iRl Rhe)d

data recowery aeofurthey cmsmmdinq\gremmpmam outputeceasoAMhi ch

/‘

j.-‘.

yi el ds the best 1%@&16%% oilnt extracéﬁng fneciaed #eear di ng
ﬁggflﬁgfﬁ%?’ wh%gg n¥¥1a1 sam f% g&n€c gegermgningeaaiggrgg%vggkeCted

11 accuracy for the extracted data, changing the selected

12 register means output and determining cor:esponding

13 data recovery accuracy, and retaining the output

14 selection which yields the best data recovery accuracy.

1 . 16. A method according to Claim 15, wherein said

2 | changing includes incrementing the selected register

3 means output. : : - :

1 17. A method eccerdinghtogclain-16,”whe:ein the i;)

2 selected register means output is incremented in a '

3 first direction from the initial data sampling point

4 ~until no improvement in_data_reeovery accuracy is

5 achieved.

18. A method according to Claim 17, wherein if no
improvement in data recovery accuracy is achieved on '
the initial increment in said first direction, the
selected register means outpnt-iS'inerementediin an
opposite direction from the initial data sampling point
until no improvement in data recovery accuracy is
achieved.
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3 means output. 1° 17. A nethod according to O ai m 16, Wiere

the 2°. -sel ected regi ster neans output is incremented i '
directi.on fromthe initial data sanpling point 4 unti ”m m!!g" Mﬂmul n
accer g

data r'ecovery accuracy is 5, achieved. 1 . 18. A*neth

to Claim17, wherein if no 2" inprovenent in data tecovery accuracy is
aclfieved on 3 the initial increnent in first direction, the 4
sefetted regi ster neans output is incremented in an 5 "opposite direction

fromthe iInitial datasanmi intgthhed ndeCordingttd Chailmplsyewharein thiea

' ' . h di
Lo G ai o, wnBkieRting £ LR riad gats srmpitag Gofit hoiige
includes 3  ddesecting a reransitionninithei ghanalt abnenes ofhEhe _
register pgeans Qdbdteranibaif %ﬁ?@té“&ﬁ@%epéé@ﬂhgo_inéthert Batpaei diee’

means corresponding to ,substanti al one- 6 hal f ™ bi nterv fromthe
out put at5WhichtpﬁengisqﬁQNEﬁiqﬁ) exregpending o sugsgangéeiax RBerod
aCﬁQrdi ng tst-o.CJI _hiam.f%%iﬂ/\/flﬁfﬁwihﬁfﬁom the?bﬁtlputnatpﬂh%ehgth_ekeg_ so as tof
achi eve a_sanplin rate ichis.,amltiple n of the basic bit rate o
the 4 ignalFrgﬁﬁifﬁé”{Hﬁ%gﬁ???ﬁF?g'detected based on 5 anal ysi s of
at least n + 1 output sanples fromthe. 6 regi ster neans. 1 21.
A net hod gccording tgaCl ai | e Skhi 00w t ed
based on g'nal ysis of %r?'+ r%g %tesﬁ%ag%%?ggof?%%fﬁh?(e{g}Pg?gr Brre%gr?s,
wherein 42 m regdgderameans yi%cﬁf&’ck%dnﬁ‘z.a& to achieveza sappdingus for
ref?ye[I ngdd?t ar%'%“eoﬁlﬂli_dw i t?ah %ul"eibl xetﬂraftenégbasiegnit, r&QEPb'fS'I:ﬁtQ at
mul ti-tap del ay I ne el a repents, befween sucgcessive outputs
4 \_that 4are sﬁé‘ﬂF‘arlel QHQ/%% ?W%ﬁ#g‘?ﬁ‘oﬂgo‘%eﬁeﬁ{‘,\é\gcgf‘ﬁeé on  of the
signal, r&gisteanmysishaf gt MedsPln +npudatput samples from the

6 = register means.

1 21. A method according to Claim 20, wherein the

2 transition is detected based on analysis of n + m

3 output samples from the register means, wherein

4 m is substantially equal to n/2.

1 22. Apparatus for recovering data encoded in a

2 non-return-to-zero signal, comprising a multi-tap delay
3 line with delay increments between successive outputs

4 that are small relative to the duration of a bit cell

L/' 5 of the signal, register means having multiple inputs

6 and corresponding outputs, the respective inputs being
7 connected to corfesponding outputs of said delay line,
8 means for selectively extracting the data from said

9 outputs of said register means and for determining data
10 recovery accuracy for the extracted data, means for
11 selecting one of said register means outputs as an
12 initial data sampling point for data extraction, and
13 means for changing the selected register means output
14 for data extraction and retaining the output selection
15- which yields the best data recovery accuracy.



.6, and corfespondiﬂg outputs, the respective Il nputs being 7 - connected

to correspondi ng outputs of said delay |ine,

extracting the data fromsaid 9 out put s of sal d rgmmmm&mua]m for
det er'mi ni ng data -10 recovery accuracy for the extré&cted 'datha, Snedns for
11 selecting one of said register means outputs as an 12 initial
data sanpling point for data extraction, 4H$13 means for changing th
sel ected regi ster nmeans output 14 for data extraction and retaining
out put sdl ection 1523. wippasdtisisacterding tat@latmo22; ywheraincgaid 23

1 23. éﬂﬁq (¥¥%£H r a
changi ngzand rc 5’? lr#\e'?‘atdralls e rl[J%es meansn%’lg‘g]'%agE ﬁléﬁgéeﬁgﬁtl ng the
sel ect ed3r egi sEBFTRBERS e gplected gegleter mepnp output for g4

Appar at ug accoadtagem&ﬁadnﬂaﬁﬁs mhereln said 2 I ncrementi ng neans
increnents the selected register 3 means output in a first direction
fromthe initial data 4 ~ sanpling point until no inproverment in data -
recoveryl5 accuikdoy - idppaxatns@dcegording to QBaimAabaruhesetncsaﬂdng to

Clai m 245 wher ¢hprkhehting'hddHl MidRilerts (¢ SETAUELY PEGULEEY IS

achi eved on 3 the 1nitrral. i ncrement 1n sa rst directi sai d

i ncrenenBi ng nBEARS; ARERW N & Lixgt Gixeceipnfron the m‘eﬁﬁgiﬁhtﬁﬁﬂl n a.

second durect l eambmaigt PR iint irdi® no rb;h.eomalm nmma?a #@éweﬁy

| mprove in_data 7 recqve ccuracy is achieved
Appar at u acco?ﬁFHﬁaFg dsyj %gf&éﬂi erein said 2 regi ster means conprises

first and second registers, said first register having i-nputs

connecteg to 4 ? IS %{%ﬁtﬁg&ﬁ 3{-&1 éfifﬁ(é e"ﬁé@?ﬁs‘a{lﬁ secow

correspondlng outpu S “con corresp ng 1 nputs
register2 1  nho improvemanty G XRWVREY ACFRrary 2is wehieviedaon 2

sel ecting nEanﬁhé”ih!%@%ﬂ'ﬁﬁaiéméﬂt(Kﬁfﬁ&id&ti@@@Sdirection, said

4 1ncrementing means increments the selected register
means output in a’se¢6nd_dire¢ti¢n=from-the initial
data sampling point until no improvement in data
recovery accﬁ?acy is_achieved,.
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26. Apparatus according to'Clain'zz, wherein saiq
register means comprises firstgand-second registers,
said first register having inputs connected to
corresponding"outputs of said'délay line and
corresponding outputs connected to corresponding inputs
~of said second register.
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27. Apparatus accordlng to c1aim 22, wherein saia:
selecting means includes transition detecting ‘means
connected to: the outputs of said register means for
detecting an output of said register means at which a -
transition in said signal is indicated, and neans

 responsive to said transition detecting means for
setting the initial data sampling point based on the
output indicating said transition. -

0 < o0 it W N

28. Apparatus according to_dlaim 27, wherein said
setting means sets as the initial data sampling point

N
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+ 3 connected to the outputs of sa{d'regigper means for 4 detecting an
out put of 'said register neans at which a 5  transition i i ) i -
i ndi cated, and neans 6 responsive to said transition d(“""nl" Hl“mﬂﬂ '”“Ir

7 setting the initial data sanpling point based on the*8 ¢ butputs *
indicating said transition. 1 24§ 28. Apparatus according to daim 27,
werein said 2 setting neans sets as the initial data sanpling point

af=6ut put of said register .means corresponding to-substantially one-half
bit interval fromthe output indicating said transition. 5 29. A nethod of
recovering data substantially as hereinbefore described with reference to
t he acconpanyi ng drawi ngs. 30. Apparatus for recovering data substantially
as herei nbefore described with reference to the acconpanyi ng 10 draw ngs.

an output of said register means corresponding to
substantially one-half bit interval from the output
indicating said transition. '

5 29. A method of recovering data substantially as
hereinbefore described with reference to the accompanying
drawings.

W .30. Apparatus for recovering data substantially as
_ hereinbefore described with reference to the accompanying
10 drawings.




