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ri\qw Bescription Met hod and Arrange%t for Dect)dl n&hﬁ#‘%%n%H§E§§ad f§%'m
a I\/agnetlc Data Carrier The invention relates to Eggegegﬁgu@ga@a 4
era

signals that are read froma magnetic data carri g r asZar
carrying magnetic stripe (magnetic card), with t gfng of * Bq%?g';%’uc %ad'Z"'
rgwing(g} - E@f@dr 5‘%‘% p@?ﬁ?l g

head. Further- nore, the invention reta es to a
coded in F2F manner contained on a nagnetic dat
670 a nmethod and system for decoding tipme-varyi ng..twa-frequency (E2E)
coherent phase-data, such as dat a 3¢2%¥iPeiQBripe on a nagnetic
stripe-bearing nmediumis known which includes detecting flux intervals at
the beginning of a it .cell such data. T is had_fu I ncl udes the
timing with a c|ock%§FH§auﬁ4§ 5%r§?%9?%ﬂ5tﬁ°5f Seef lﬁng? cell, digitally
determ ni ng the av&igpallseRead diren & ddagnehict Dathi Carelies |nnediately
precedi ng the cell being neasured and digitally deter- ninipg whether or

not another flux reversal lies at or near the m d-point of the bit cel
bei ng decodedThBegmmgptlon relates to a method for decodlng F2F

signals that are read from a magnetic data carrler,

preferably a card carrying magnetic stripe (magnetic
card), with the help of a magnetic read head. Further-
more, the invention relates to a device for decoding
signéls coded in F2F manner contained on a magnetic
data carrier. |

From US-A-~ 4 626 670 a method and system for decoding
time-varying two-frequency (F2F), coherent phase-data,
such as data from the stripe on a magnetic stripe-bearing
‘medium is known which includes detecting flux intervals
at the beginning of a bit cell of such data. This method
further includes the timing with a 510ck or' counter ‘of °
the length of such a bit cell, digitally determining the
average length of at least the two bit cells immediately
preceding the cell being measured and digitally deter- '
mining'whether or not another flux reversal lies at or
near the mid-point of the bit cell being decoded. Besides
the fact that this known method differs structurally from
the method used in the present .invention, it seems also
to be very sensitive to misinterpret amplified noise or
signal distortions that indicate cell boundaries where no
cell boundaries are provided.

From US-A- 3 959 626 and US-A- 3 947 662 a method and
‘apparatus is known:for reading F2F coded data. The method
and apparatus include means for simultaneously or sepa-

. rately accommodatlng both varlable velocity scan or
distorted receptlon condltlonseln .the coded data or other
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the fact that this known nmethod differs structurally fromthe nethod used
in the present invention, it seens also to be very sensitive to

m sinterpret anplified noise or signal distortions that indicate cell
boundari es where no cell boundaries are provided. From US-A- 3 959 626 and
US-A- 3 947 662 a nethod and apparatug Fs known for reading F2F coded dat a.
The met hod and apparatus include neans for sinultaneously or sepa- rately
accommodat i n bpt .variable velocity scan. or .orted r t.ion.conditions
in the code n%tﬁ%rg%ﬁ §§i°6é§ tfan§&%¥ﬁﬂ<§%934ié) qﬂ&%ing of
transition:ﬁgpﬁ&&ednlmabcxacoFﬂeQuéndycwarlﬁk&qmenmm\tranﬂmnnﬁedn
transmtted : -5

quency- dlsté$$%£ %#%n%%? %Hg&%&?g |§8%%§8E os%gb g'%%&%p |n12|ng the
re-scanni ng guercyoihstertedr tnansmitltgdoﬂaltg ishimaden s sidiedwnd

appar at us f%r#emlelﬂgféﬁéeeé -88hHAE G thRR-HoE MR RIRSEGRD d¥ Pheor

present inve
F2. This known method and apparatus follows a different

solution than the one presented by the present invention.

In the European patent application EP-A- 0 441 280 (IBM
Docket CT 989 001, US serial no. 477,320, filed in the
US on 7 February 1990) a method and apparatus for decod-
1ng two~frequency (F2F) data signals is described. There
a two-frequency data signal, also known as a bi-phase or
F2F signal, is accurately decoded by sampling the signal
and digitizing the samples to provide a series of digital
values representing the signal. An intelligent digital
filter manipulates the digital values to decode the
signal, by detecting the peak in the sample of the signal
and decoding the signal by analyzing the location and
amplitudes of the peaks. Only peaks which are outside
a guard-band may be detected. If the signal can not be

- properly decoded with a wide guard-band, the guard-
band may be repeatedly narrowed, until a minimum guard-
band is reached. Bits are identified by comparing the
displacements between peaks to a bit cell width. An even
number of displacements indicates a "0" bit, and and
odd number of displécements indicates a "1" bit. Once a
bit is decoded, the bit'céll width is incremented by a
predetermined amount if the decoded bit cell width is
narrower than the current bit cell width. If no peaks
are found with in a maximum allowadle bit cell width,
this area is delimited as bad. An attempt is made to
decode the bits in the bad area by analyzing all peaks
without regard to a guard-band. After decoding, the bits
are converted into bytes. Parity and longitudiﬁal re-
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InﬁthefEuropean patent application EP-A- 0 441 280 (IBM Docket CT 989 001,
US serial no. 477,320, filed in the US on 7 February 1990) a nethod and
apparatus for decod- ing two-frequency (F2F) data signals is described.
There a two-frequency data signal, also known as a bi-phase or F2F signal,
Is accurately decoded by sanpling the signal and digitizing the sanples to
provi de a series of digital values representing the signal. An intelligent

G2t | AL Mneb ol gttt bt 2t ibing
I ng p I, sanp) e. ¢ Si | decqdin e _sigpal by
anatyzing the KSCRGIRE aMABAPIIGRREIRS t $e§§g¥a§ﬁﬁysaggﬁg Wﬁﬁg%eare
gutsgdg a gﬁar bl 2 dxemygrfﬁ aﬂaﬁéiﬁrflﬁiedIéiaéﬂi‘%lsjagnﬁhdieat&dt, htephazar | y .
ecoded wt a W de .quar.d- band., ..t uar d- an I al e roweaq,
SR E. g e e o e W R R R e s A
" the di spl acenentendietGeaash - peplkacement bean cehénwbdt hinifdadedn aturdher of

di spl acenent s ifxdigat "Qe b u f +displ.ace
i ndicates a " 1%%@1 %S?crgs a%i%ﬁé%aggcg?)%f]e%?g?ﬁgﬂb?tggégﬁ t?\‘/ledfaﬁ&%s @%]’
increnented by keqematunrsadabiaounthis incalbeodegodet degmadsddsignals,
narrover than tihe TN PidifRdtent thdendd 8P Pe2ksS in signal decoding

than the present invention.

The signal guality of F2F encoded data is often bad. So
for example a frequent usage of a magnetic stripe card
in financial applications, for example for cash feeding
at cash issuing terminals, or'payments at point of sales
terminals or payment at gasoline stations or use in a
telephone cell for paying the bill, impacts very much on
the -signal quality of the magnetic stripe card. Therefore,
amplitude fade and jitter may effect retries -to read the
card which still more degrades the magnetic stripe. It
very often happen that sometimes the data on the card
cannot be read any more. The experiences show that for
bad cards different effects are mainly reasonable for
the reduced quality of the read signal. Those signal
distortions are fading, jitter, signal drop-outs or so- -
called glitcﬁes which represent additional spikes in

the digitized signal.

It is the object of the present invention to present a
method and a device which is able to recover the correct
signal as far as possible even under very difficult
circumstances of weak magnetic signals and signal distort-
ions within the digitized signal.

This Sheet Has Been Reﬂlaced

e 991 03 AR




arfe foand with in a maxi num allowable bit cell width, this area is
delimted as bad. An attenpt is nade to decode the bits in the bad area by
anal yzing all peaks wi thout regard to a guard-band. After decoding, the
bits are converted into bytes. Parlyy‘@ﬂd | ongi tudi nal re- GE 991 033 3
dundancy code checks are used to correct bad bits. During decodi ng, many

I ndi cations of a degraded signal nay be obtained. If a degraded signal is

i ndi cat ed, tﬁﬁlgoeb eeeplafsewﬁ A idilyfesh t&défébﬁéoéfeSAEGth)QGéSuEELQper' y

read. Card repl acenent can then he initia I st I Signa
degr adat i on BEAYPE PHe e dnyEptaion ddbsingh e abeatur e %ailg 88WB decode

degraded si gpal $hel indeldedient #dtRyEHndRideTb@rclaims.i N signal decoding
than the present invention. The signal quality of F2F encoded data is often

bad. So for exanple a frequent usage of a magnetic stripe card in financial
applicationsFutahemxamphmﬁagecusﬂddvaibpmpnuscasé lasdi dgwhein khks, or

paynents at 98 ?% % v%gg%itéy | s or paynent at gasoline stations or use
in a tel ephotie A5t payi ng € bill, inpacts very much on the signal

quality of the magnetic stripe card. Therefore anplitude fade and jitter

may effect rehrigs FRIRAAddHAhWHGLISdAd 40ER: H89b2denet ha-Mmagnetic
stripe. It very often
vention will be described in connection with examples

shown in the accompanying drawing, in which
Fig. 1 shows a magnetic stripe card with three tracks;

Fig. 2 ~ shows the track-structure according to ISO
{International Standard Organization)

Fig. 3  shows a typical read decoding circuitry which
is used in the prior art and signals pertain-
| " ing to different stages;

Fig. 4 shows schematically the phase definition of
an F2F encoding technique;

Fig. 5 shows in Fig. 5A to 5D four different dis-
' tortions in the discriminated signals as there
are jitter, glitches, fail-outs and fading;

Fig. 6 shows a further example of a discriminated
signal containing different signal distortions;

Fig. 7 shows the symbol set for the F2F encoding
technique;
Fig. 8 shows the state diagrém for the F2F coding
technique;
_—
GE 9%1 033 This Sheet Has
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happen that sonetines the data on the card cannot be read any nore. The
experi ences show that for bad cards different effects are nainly reasonabl e
for the reduced quality of the read signal. Those signal distortions are
fading, jitter, signal drop-outs or so-called glitches which represent
additional spikes in the digitized signal. SUMARY OF THE INVENTION It is
an object of the present invention to aneliorate one or nore di sadvant ages
of the prior art. According to one aspect of the present invention there is
di scl-osed n&Ehad Por debowbng P2Bcki dnabzatmhaf akezKhmmbdingnmehtmghetic

data carrier with the QﬁhmeEhéngg&”ﬁh'%cﬁ%Qﬂ' reagﬂby saﬁgﬁaagnetlc

follow ng steps: a) anplif ylng t anal og S|gna
readi ng head usi ng an ARBERELER:of very high gain; b) discrimnnating said
anal og signal by applying a clip level to generate a received digital

signal (r(t)). out of sal d anal o n C) estimatin the se of said
digital sig re?ﬁtlv 8P8Sat Begtgh%c%eﬁéﬁgﬁ@@ &mﬂﬂséiﬁ ?éi%?%n val ue)
for determning the entioh efbthecphhstegeﬂmamb&E§hdwﬁ|1nunxyhim;erval
and d) correlating said received digital signal against all possible synbol

conbi nations during a correlation interval, wherein said 4 correlation
i s performedfigt h1Bver FhppEngnsy esampleqadntde, Rhverd aspiimation est f or

one bit, to consider ngegbRaafRdl WiRRS thy ihelsuding JvEmRd &t lncdk £cedi ng

correlatlon
porating the minimum distance approach;

Fig. 11 shows another example of the phase estimation
in accofdance with the present invention
following the decision criteria approach;

Fig. 12 shows schematically a blockdiagram of a matched

filter bank and a maximum selector used for

signal correlation;

Fig. :13 shows scﬁemat;cally different egampleé for
values in the symbol correlation stage;

Fig. 14 shows schematically a simplified version of a
matched filter and a correlator;

Fig. 15 shows schematically the multiplication of two
functions depicted in time diagrams;

Fig. 16 shows schematically an example of the over-
lap estimation; and

Fig. 17 shows schematically an example for the oyerlap
requirement in the signal correlation stage.
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results’. According to another aspect of the present invention there is

di scl osed device for decodi ng signals coded in F2F manner on a nagnetic
data carrier conprising: A) a reading station including a magnetic reading
head for reading magnetically recorded signals to generate anal og head
signals; B) an anplifier station wth ésvery high gain for anplifying said
anal og head signals; C a di scrim nating and integrating station for

enerating a ScLi nate d b|n Ioo S D) a referenge tinme
gcqui siti gn_ s€ Fgg @P gﬁ% ’\7% %%r%‘%tje#‘f SR PP e Pal ue; E)
a phase esti natsngvenfathlotapfpiacwanmt mg:aﬁda T ororecdiming o4 magnhetiel |
begi nni ng ”OEW::?%FQ $H3h T dd ri?ravcg! &, Addd 2 W PYeS ?ﬂ%ﬁi?t iﬁ”

station for correlfating_the received bjnary si gnal stream
9§eafor.

possi bl e synmpréoﬁﬁtﬁétll o i imagne s it ish Sais antexamelep

generating a ﬂﬂb.gnéi:ﬁ.%a@at\éh&fai'ﬂe&alcﬁl WY LI ghd DO 88t &ABoGBAL @i NS
an overlap decoder for correlating the signals under inclusion of previous

correlation results. According to still another aspect of the present
i nvention t heryph&adjlgclo@sed mm;ﬂmcf Qrdedmmiida;:ﬂF csa:grmaas dheararg read

froma magnet | ta.c e na | ¢ reading._head
conprising t hﬁﬁﬂﬁ'ﬁ §\ﬂ % telp’s tth% E}Cf)% ﬁ'&‘fr}% glg %‘5' sflgnj‘gf‘g?8§gg%y
sai d nagnetlcapp&dcaGlW@@dnmmmqiky1anﬁr&ckNZLﬁthanqnai@engminatbﬁ with
di scrimnatin | gs@nalog I Nl o} rate a
recei ved di gi ?ﬁm g%g X (l%) out %ﬁgjgl lg%a?;gé o &lﬁ:ie? Eg§?§a§l ng the
phase of sai ddsngmmatﬁdgmth d an Blgo b deit r‘éﬂe‘i*éﬂ%eo{éotﬁt save
(start-up ti n%héabu%)ref&r ﬁ%r%é&t{ﬂ&g dd& e%lofefmhpiecethetaaaan%at e an
estimation interval; and correlatuuﬁgs idreceived €+§Ptal gnal,
agai nst al | pbB&i BRSts Y f%ﬁWrﬁ;@PQﬁNr ?BﬁlpﬂtBP%E
i ntegrating orBerefore, in banking applications the track 3 is malnly
exposed to the identification card readers and therefore

is the most probable source for producing bad 51gnal
quality.

i )

As already said, on:the track 2, denominated with 3 in
Fig. 1, it is never written-on. If the gquality on this
track decreases by ény interfering electromagnetic
signals, then a refresh by overwriting this track, is
never done to get back a sufficient signal guality.

In accordance with the standard values set by the Inter-
national Standard Organization (ISO), the bit density

on track 1 is 210 BPI (bits per inch), on track 2 75 BPI,
and on track 3 210 BPI. There are low coercivity cards
with about 32 000 A/m (400 Oerstead) for the most appli-
cations used, but there also exist high coercivity cards
with about 480 000 A/m (6000 Oerstead) for certain
applications.

In Fig. 2 is a typical track structure in accordance to
the 1SO standards shown, starting with a field 5 con-.
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the correlation interval (T) the product of a possible synbol conbination
(ui(t))--a sanple--and said received digital signal (r(t)) [err] 4a
whereby this integration results in a nunber, performng this integration
for all possible synbol conbinations, and selecting the maxi numresult as
the one coming closest to the real synbol? ~According to still another
aspect of the present invention there is disclosed nethod for decodi ng F2F

signals that arg d f ti.c _dat ' i th the h
et SR I YRk ol KIAME DR 8,
anal og signal reentdiningdtimegsdaint ofadiesgavea Sl isigreEl anfplIowed obyvery
hi gh gain; b) disgLiq [ sa) s | I ' ' |t
generate a recelyadcd, ERpLR0 U Tl Back) AR Wited, Tg ali! 1O
estimating the Phadsd &F Sanldowed o Wigemd ofl mgssage BOMEcField Beference

point (start-upghisR Y3l g8l 1cwedd®hedlfiNd bh%cﬁfﬁﬂfixgg Bide CRAgER

generate an estipation interval; %Pd di correlating sald received, digital
[

si gnal agai nst @f| Tg69¥ApFRaL F2e st Fisii 4 ¢ ks a49218n
interval by nuliipiglagcbn®aindmd) Syndnronizat(ildn Ards hary hegn@asaof the

sare s gnal Vevel ol 1706, brab 0T W Al S 1 S, LEhLEe

cal cul ati ng t heisdi §pacenenought fou iabwuthd0® fdies.unction is on the sane

| evel with that
In Fig. 3 a typical read and decoding circuitry is
schematically shown. A magnetic head 11 reads the tracks
or one track respectively and acquires the analog signal
at a level of usually several millivolts. 0ld heads may
cause glitches in writing the signal on the card. They
also produce amplitude fading. The signals detected by
magnetic head 11 are amplified and past through a low
path filter in the amplifier station 12. The amplifier
increases the input voltage of usually several millivolt
to a level of about 5 volt. The included low path filter
removes high frequency interference. In box 15 above the
output line of amplifier 12 an example is shown represen-
tative of the analog head signal. It shows positive and
negative rectangular peaks arranged on both sides of the
groundline. ' '

The low path filter included in amplifier 12 can be
optimized for optimum filtering. This requires expensive
hardware including analog digital converter and digital
signal processors. In most cases it is not supportable
to implement sophisticated filter algorithms into‘the

. amplifier. Therefore, typically a sharp analog filter,
for example a four-pole filter, will be used. The filter-
ing in the amplifier will not be considered further more
in connection with the present invention.
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time where the function is on the different |evel [err] DESCRI PTION COF THE
PREFERRED EMBODI MENTS In the following the invention and details of the

i nvention will be described in connection with exanples shown in the
acconpanyi ng drawing, in which Fig. 1 shows a magnetic stripe card with
three tracks; Fig. 2 shows the track-stgucture according to |SO
(I'nternational Standard Organization) Fig. 3 shows a typical read decodi ng
circuitry which is used in the prior art and signals pertaining to.

di fferent stagae, sEb@al4a$iiﬂl&SJ§iﬂ'hQﬁR1i:@ﬁi&é’ré@@:ﬁ@ﬁ@tﬂ@ﬁinttiénlﬁfman F2F

-odi tech Fi h t o 5D f t
i stortTons | Kot REREASR: i idicaveditha Jiattinmiatfe thereh ThFefchcs,
fail-outs andgkattomg; TﬁegdM&cﬂmmmnatdnugémﬁram@smtheodlgluakcfonmnafed
sional contai phadaflanly AHou 0%l bakelly WSiofles drshotBybicagubol set

for the F2F encodlng technrq e state diagramfor. the F2F
- codi ng techni §getor and an 1mplemented hystere51s to avoid transi-

tion noise which is generated at the switching level of
the discrimination. There very small signal noise may .
generate the causes for output toggling. The discrimi-
nated signal shown schematically in box 16 above the
output line of station 13 is input to station 14. This
station 14 forms the decoder which decodes the discrimi-
nated signal into a stream of "0" and/or "1" resulting
in the desired bit stream.

In connection with Fig. 4 the F2F encoding technigque and
the related phase definition is shown. In the F2F (fre-.
quency - double frequency) coding technique a bit cell is
defined to be of the same length for both a "“0™ and a
3%, This is shown in Fig. 4. Within the bit cell of a
“"i" a polarity change of the signal indicates the informa-
Eion wiv, Regarding the bit.cell for a "1" it can also be
interpreted as if the frequency of the rectangular wave
is changed to be-double as high for the "1" as for the
"o", Fig. 4 shows three bit cells "O0", "1", and “O". Each
bit cell describes one bit having regular phases TO each.
The term phase is also used as the time value between two
bit value changes. Independent from the acquired bit, "O“
or w1", the phase will be the value between the reference
for an acquired "O". This is always the length of a bit
cell for a “"0" and "“1". The shown time TO can be seen as
the phase for each bit and the phase is equal to the
length of a bit cell.

In connection with Fig. 5, consisting of Fig. 5A to 5D,
four different signal faults or distortions at the level

GE 991 033



-5- Fiyg. 9 shows a bl ock di agram of the decodi ng nmethod and mechanismin
accordance with the present invention; Fig. 9a shows in a block diagrama
possi bl e realiza- tion of the phase estimator shown in Fig. 9; Fig. 10
shows one exanpl e of the phase estimation in accordance with the present
invention incor- porating the mnimum 8istance approach; Fig. 11 shows
anot her exanpl e of the phase estimation in accordance with the present
invention follow ng the decision_criteria approach; Fi.g. _12_ . shows

schemat i cal | Pfa W0 dFugrainated Fhopptdare| geFchgsrdandPaFidxi min

sel-ect or used ifttersiigansail ehlel s ofitEed. i33indikavedsbyehki edey

Shows. SchematiPRaE ¥ 5 TR cHRG cPRREH SPPGeRaPenehs Farar Bif SoiL
correl ator; MOy ikb shahowedchibdlntreghtg tbethel tviapluec &fli.oByofcthaio
same time variation 4T the time value T2 of the first
half of the second bit cell "1" is lengthened. In the
discriminated signal each acquired Eime value may have a
certain jitter distortion. As jitter is the time differ-
ence between an acquired time of two adjacent flux
transitions and its default value in relation of the
default value is defined. This is also known as the
relative error of the time acquisition. Obviously the
default value is different for a "O" and a "1", by
definition of the F2F decoding method the default value
for a "0" is twice the default value of a "1". Jitter may
be caused by wear-out read/write heads, inhomogenities in
the magnetic card material, amplitude fades and diffract-
ions, peak shift effects, or other factors. The peak i
shift effect describes the effect that reading bits cells
with higher density result in a signal appearing such
like as those bit cells having slightly expanded into
areas of lower density or with other words: short time
value become larger and large time value become shorter.

In Fig. 5B so-called glitches 17 are contained in each bit
cell, one in the first "O", one in the first half of the
"i" and two in the third bit cell, again a "0". Those
glitches 17 are small peaks within the acquired signal.
They a mainly caused by a write operation for a machine
with a wear—-out head. Sometimes also the design of a
- high amplifying analog circuit may cause glitches if the
magnetization of the card is noisy.

Fig. 5C shows a fail-out or drop-out 18. Those fail-outs
or drop-outs may result from an amplitude which is to

GE 991 033



fEinctions depicted in time diagrams; Fig. 16 shows schematically an
exanpl e of the over- lap estimation; and Fig. 17 shows schematically an
exanpl e for the overlap requirenent in the signal correlation stage. GE 991

033 -6- First for a better understanding of the invention and its
overall application, a card 1 contaiaing |a magnetic stripe with three
tracks 2, 3 and 4 will described in nore detail. This magnetic card 1 is an

exanmpl e for a magnetic data carrier on which F2F-signals are encoded.
Typically ons@® it ke jakanired aox obf cowd ax motear dosebutaven fAux 1,

three tracks yrndig f hrd mdd “f’ék%éﬁlé@@' %ﬁg #895. n&\paglel ¥a9q - b&ﬁ% 2,

the one denomnated with 3 in Fig. 1,71s rea e the Sob6-ca
track 3, den&¥ AHCORIrMEs are r'F}FEF grost severgoddfterkaons o8 $hee card

current transactinyy dﬁ;@cﬂ‘ qm@ﬁ@&@l t#ige dehfofhathenl ashtBBREBE the

transaction frO”Eﬁ.”ﬁﬂ?%; %ﬁ%ggloé) formatlon exceeds the system
imminent redundancy then the error probability for the
decoded bit is 0.5.

Fig. 5D shows the fading phenomena. In fading the phase
changes during acquisition of the signal. That means
for the example as shown in Fig. 5D that the second and
third bit cell "1" and "O0" are shorter than the first
bit cell. The fading effect is typical for cards being
encoded manually, that means that the card is wiped
through a reader by the hand of a user. If this wiping .
operation changes the velocity and those changes cannot
be eliminated by the encoding system, then the bit
density on the card varies and so does the phase.

H
The above mentioned’ faults in the signal, as there are
jitter, glltches, fail- outs and fading, pose error
problems in the decoding. It is the objects of the
present invention that the error probability due to those
faults and distortions in the decoded signal will be
minimized. It is a further aspect of the invention that
the system redundancy shall be used to recover lost
information.

In the F2F coding scheme the symbol set shown in Fig. 7
is used as valid signals. In the upper-most line two
possible symbols for a "oV are shown consisting of a low
level signal and a highwlevel signal of the frequency F.
The two symbols for a "1%" are shown in the lower line,
namely a low level followed by a high level of the second
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Therefrore, in banking applications the track 3 is mainly exposed to the

i dentification card readers and therefore is -the nost probable source for
produci ng bad signal quality. As already said, on the track 2, denom nated
with 3inFig. 1, it is never witten-on. If the quality on this track
decreases by any interfering el ectromagpetic signals, then a refresh by
overwiting this track, is never doné to get back a sufficient signal
quality. In accordance with the standard val ues set by the Inter- national
St andard CrgamraanHCXIZE)andhe bighdkesélyfonlbmaﬂkbyiasIhu)IE%erits

per i nch), on 210 BPI. There are | ow
coercivity car )ﬁgﬁout 35?%‘816&2?% ?400 Cerstead) for the nost appli-
cations used, but there al so exist high coercivity cards with about 480 000
A 'm (6000 Cer siypashlg f og &eai@gfmappélsﬁéwnﬁhlbﬂ Ehdws? the il track

structure in accordance tq the_ 1SO sfandards shown, starting wwth a field 5
con- GE 991 o#fates for the F2F coding scheme. In the upper left corner
in box 19 the symbol UOR is shown representing the signal
value U for the bit value "0" beginning with the raising
edge. A transition to a "“1" is possible from this symbol
going to the right hand upper corner box 20 showing the
symbol U1F representing the "1" starting with a falling
edge. This symbol can be repeated in itself to show again
a "1v. From there continuing in the.clock-wise direction
the next transition might be a "0" shown in the bottom
right box 21 and indicated by the symbol UOF
the “0" beginning with a falling edge. From there the next

. It shows

transition with the value "1" is shown in box 22 and
indicated by UlR starting with the ralslng edge for the
representation of a "1". Agaln this symbol can be re-
peated in itself with the next value for a'“l“ Going
from box 22 to box 19 the trans1tlon is possible from

Uir t0 Upr
is indicated by the double arrow line "O" that following
the symbol shown in box 19 the symbol shown in box 21
can follow or- vice versa.

with again a "0". It is also possible as 1t

Regarding the possible transitions it is obvious that
UOR to UOR’ UOF to UOF' UOR to UlR’ UOF to U1F and U1R
to UOF' UlF to UOR’ U1R to UlF' UlF to UlR’ are transi-
tions which are not allowed by the definition of the
F2F encoding scheme. This is a system redundancy which
may be used for symbol recovery. The present invention
uses an overlap estimation technique to reflect these
margin conditions, and knowing the 'forbidden' transi-
tions allows a more sophisticated decoding method.
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-F- tairning synchronization zeros. Then follows a field 6 containing the
start of nessage SOM signal, followed by a data field 7 containing the data
to be used. The data field is followed by the end of nessage EOMfield 8
which is followed by a field 9 containing the | ength of record character
LRC. The last field 10 is again a fiel dZontai ning synchroni zati on zeros.
In the data field 7 of track 3 with a bit density of 210 BPI, there is
space enough for about 700 bits. In Fig. 3 a typical read and decodi ng
circuitry i s EdHendt SBaWSy thgofeVigenddhaqae g withdshenpresgaks or

one”track respagbhtalon Fod AeWHAieYy IymNA CbdedNBh RbFamhaner ghausually
sever al n1II|voIhs. A d _heads may ca seé%{ltches Ln witing the signal on
the card. The¥eafs&XSModuBRoaRasLc @(ﬁ’&af ot S rh ST nd| BagBeEdred

magnetic headcatrdes adphitf bedaamagmesiid @l aasogheehhihi Figr ian the

ceveral ‘mitl | vBntateiny &, HRpe ti A Ol s AR Rt Ot A R saen Bl Ty o)

removes hi gh fre@bdscygand dr fisy aead im ahward wdadert hnot shown in
more detail, by a magnetic head 91. The signal read by
the magnetic head 91 is amplified and passed through a
low path filter in a station 912. The amplifier is of
very high gain to amplify also the very low signals into
a region where it still can be recognized as wvaluable’
contribution in the signal scheme. In box 915 above the
output of amplifier station 912 is shown schematically
the analog head signal in its amplified state. This
signal is applied as input to a discriminating and
integrating station 913 for generating a discriminated
signal that looks binary. In box ‘916 above the output of
station .913 this discriminated signal is shown schemati-
cally. In the time acquisiti&n_station 917 the default
value for the expected phase is derived. The phase de-
signates the time'which passés from the start to the end
of a bit cell. This time is the same for a coded "“0" and
1" by the definition of F2F. Out of this a reference
phase is extracted which is'uséd as start-up time value
for the phase estimation which is performed in phase
-estimator station 918 to which the output of station 917
is input.

During the phase estimation two different reference
phase values might be used, namely a fixed and a vari-
able reference phase. In the fixed referenced phase
the value for the reference phase will not be changed
during the whole phase estimation and it is therefore
equal to the start-up value. Using a fixed reference
phase is denoted as time-bound method. In applying a
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outputs line of anplifier 12 an exanple is shown represen- tative of the
anal og head signal. It shows positive and negative rectangul ar peaks
arranged on both sides of the groundline. The |low path filter included in
anplifier 12 can be optim zed for optimumfiltering. This requires
expensi ve hardware including anal og-ditgi tal converter and digital signal
processors. In nost cases it is not supportable to inplenent sophisticated
filter algorithms into the anplifier. Therefore, typically a sharp anal og
filter, for exbhpbiearebarepsPePhAFLethewVRLUSe afsddie 95e99%8d ing in

tp PgSZrTI i fi e}Bh&‘!;é' cnah eg aep&na@.hgdobumhaeradmraq l;macgmrmtu@rbm th the
n |nve

gnal anp I|f| and f db
station 12 |E ﬁFttBr§F§§§8ﬂ b3 |ﬁ@ﬁ& ﬁgs§ (%ﬁﬁmﬁ%ﬁ gfgn |¥te-
grator. The ﬂsstheﬁenﬁatrer abdeetat adapte tdi dibealf ddimy off ttiee etmt og i nput.

It normally copsistagf aql geeh aribeaOk¥itehd FAE Y Shbisteqcsi s 10

avoid transi -
as last window method.

The signal output from the phase estimator station 918 is
input to a symbol correlation station 920 for correlating
the received binary signal stream with all possible
symbol combinations based on the estimated phase for
generating a bit stream. This output bit stream might be
input to a bit recovery station 922. The output 923 of
the bit recovery station 922 contains the correct data
stream that is ready for interpretation.

Flg. SA shows in a block diagram a p0551b1e reallzatlon
of the phase estimator 918 shown in Fig. 9 On an input
line 950 of a summing point 951 the received signal r(t)
including the values for example Ti-2' Ti_l,'Ti are
applied. The received signal represents the time which
was measured between adjacent flux transistions. At the
output 952 of- summlng point 951 these values are accumu—
lated through a delay modul 953. This delay modul (z~ )
shows on its output 954 always the input of the preced-
ing clock. Thus, at this output 954 the sum of the last
recent incoming values Ti-l’ Ti-2’ ... are available.
The accumulated values Ti’ Ti-l’ ... are sent to a sub-
stractor 955 over line 956. At this point the accumulated
sum is compared with the length of a reference phase
Tref' The output Ami from substractor 955 is applied to
an absolute value calculator 957. Over line 958 this
absolut value ]Ami) is applied to a comparator 959. In
this comparator 959 a comparison is made between the
acgyal phase difference IAIi] and the preceding phase
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tifon noi se which.is generated at the switching | evel of the discrimnation.
There very small signal noise may generate the causes for output toggling.
The discrim - nated signal shown schematically in box 16 above the output
line of station 13 is input to station 14. This station 14 forms the
decoder which decodes the discrim- mated signal into a streamof "0"
and/or "1" resulting in the desired bit stream In connection with Fig. 4

t he F2F encodln t echni que an1 the rel ated phase definition is shown. In
the F2F (fredi geﬁéylcs% fer éfcfuéﬂ”&ﬁ/)n%dﬁi’gl% e@%nlm'-nfl alpi greareri s
defined to bahah the @&@&rﬂo@sgtdgzé qrmbotq 6\: é}'i @rwh@c puld8i $si s shown in
Fig. 4. Wthin the bi.t C%b of. .a .1l 331 y cha 0 éfe sign ﬁl

i ndi cates t hESPRFGERL Fppliedy ?hf% VR tRg can

al so be inteoptpued 982 iifs &m@1bumnunﬁnvaﬁuéfufrtm&amgu@mmlmﬂae t&mehanged
to be double g " bi t
cells "0", Ygiu ESO'%] gag?hnﬁa C{ﬁo esccrlf eesnt(:)ne Br?fggx\?ﬂ Efne'gﬁl ar
phases TO cavnl Ige mn@% an Jdae 860 heets e dalay mgduéen t wo
bi't value chgggeto \Ideparipie VAN It A3fimEfbdt (rande 8f the he phase

wi Il be the value betweenthe reference
system. To this delay modul 863 the current absolute

value IAT | is input and output of this delay line is

the preceding phase difference ]AT. , which is applied

i- 1]
as input to the comparator 959.

The resultlng correlation interval length I on line
962 is 1nput to an estimation time wvalue generator 964.
In this estimation value generator 964 there are three
possibilities for generating the estimation value -

Tref
method in which the estimation value T

. In box 965 there is indicated the last window
ref I In box
! 966 there is indicated the .time bound method 1n which

the estimation value T is constant. In box 967 there

ref
is ‘indicated the method in which by a Kalman filter the
ref = f(In), that means that the

estimation value is a function of the actual correla-

estimation value T

tion interval.. The output T ¢ Of the estimation value
generator 964 is applied on line 968 to an adder 969
which inputs its output to substractor 955. To start
the system, once in the beginning an initial reference

phase value T is applied to adder 969 to the system.

After the firzzaZEOCk this value is set to zero to allow
the self-adaptation of the unit. Then either the refer-
ence value is constant when the time bounds criteria
is used as indicated in box 965 and the new phase is
supposed to be a constant value. If the last window

- method is used, as indicated in box 966, of the esti-

mation value generator 964, then the new estimated value
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fér an*acquired "0". This is always the length of a bit cell for a "0" and
"1". The shown tine TO can be seen as the phase for each bit and the phase
is equal to the length of a bit cell. In connection with Fig. 5, consisting
of Fig. S5Ato 5D, four different signal faults or distortions at the |evel
GE 991 033 -9- of the discriminatedl8ignal are discussed. In Fig. 5A
jitter is shown. This jitter is indicated by the tine value dT by which the
phase length of the first bit cell_"0" is shortened_ with regard to the

val ue T1. By katthemeXxt BhaseiutidnbaTsehetei evapgt agubplt paes r st
half of the sfrandndars cehé Vdluésof etigéheéuedent ncbheellassbhmi hdlegd si gnal

the time di 11 e BERdesiahe oath shfrhed of i fatiipameRpofeyx o
transitions adke tz Kelmamt £idter, i nayehblownaohorkepdetiskt es&lima- s
defined. This.ich BH%KIVHcEfmiA§ next reference phase. This is

indicated by box 967 of the estimation value generator

964. Also possible but not indicated in Fig. 9A are

non-linear methods which seem to be appropriate for

the new reference phase.

The phase estimating station 918 shown in Fig. 9 in-
cludes either a minimum distance estimation circuit or an
optimum phase estimator. In the following the two differ-
ent approaches of the phase estimation either with
minimum distance or with an optimum are explained.

Generally it has to be observed that in order to be'able
to read even low amplitude cards tﬁé read amplifier has
to be designed with a rather very high gain. Low ampli- _f
tude cards are those with a smal; magnetization resulting
in an electrical signal on the magnetic read head which
might be at about 4 % of the nominal value. Very high
amplification of amplifier 912 should allow cards at a

5 % magnetization, referred to the nominal value, to be
discriminated correctly. With this background of very
high amplification the probability for glitches increases
tremendously. This is due to the noise and small peaks
which will be amplified until saturation and therefore
cause glitches in the discriminated signal. A typical
incoming signa1 that includes glitches could look as that
shown in Fig. 10. The signal depicted contains four
glitches 17 indicated also by arrows. The typical problem
with phase estimation is to determine where the end of
the bit cell_is. Glitches 17 might appear as bit cell
boundaries. In Fig. 10 in the first line the estimated
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rélative error of the time acquisition. Cbviously the default value is
different for a "0" and a "1", by definition of the F2F decodi ng nethod the
default value for a "0" is twice the default value of a "1". Jitter may be
caused by wear-out read/wite heads, inhonogenities in the nmagnetic card
mat erial, anplitude fades and diffractl6ions, peak shift effects, or other
factors. The peak shift effect describes the effect that reading bits cells

wi t'h higher density result in a signal_appearing.such |ike as those bit
cel |'s havi ng PRAShtYS SXPEFRERA | Y 0SBREASVRF 160k r LdBRSH ¢ YrEeTReAT bt her
\lNor"cFi_s: sgoBrt tthait'f‘ alféiim;é:).?ﬁl)ili@el;ﬁé 0@ép ESEed avBEChI mﬁc%aa!ae la&m@rrwl | aah@d er.h
n Fig. sqQ:.call.ed glitches e ntained in e [ e one.in the
ot Soms ol mirh 94 59 %~ off, FBS. TLRE eRegBhnehht PRtveell enh |
again a "0". tHiosk pllase hsstimate elinal frgeakef i ahdnthkefaddingeddiegnal .
They a mai nl QHﬁg : ' p | a Lhe W t - out
head. Soneti iéefg a s%%%r?%&#gﬁc}gf fzaﬁ‘g‘ﬁ jé%fof'i ?;?%gggngﬁ%éﬂglﬁquw e may
cause glitchédstanar tmdree i zefebanee Phaseavalis Agigy. iR dnddcadieshs a
La' : T?Ugeo\r,\hﬁifcxﬂ:l{ﬁéttméa?e P&OR€ch athe OBbRLR! pHASRE- BYLEmARYE 1854 hnld A¥RAN
itu [ is to '
P falling edge of a signal after the third glitch 17 a
second minimum time distance value to the reference phase
is indicated by Aminz‘ Indicated in the bottom line of
Fig. 4 between small vertical lines which do not necessari-
1y coincide with the phase estimate lines in the first
line, there is indicated a correlation intexrval Il. This
correlation interval is used later-on with the symbol

correlation.

The minimum distance method starts at any known bit cell
boundary and integrates or adds respectively the in-~
coming time data Ti, Ti+l, Ti+3, until.thé distance, that
means the absolute difference, between the integral and
the reference phase is at a minimum. For a correctly
coded card this is typically the case after one or two
acquired time data values, one if "O" was sent, two if
"1" was sent. The reference phase may be changed to the
actual measured value in accordance with the last window
method or.kept constant by definition within time bounds.
The thus estimated phase locks to the most likelihood
incoming phase. The risk of dropouts is essentially
reduced by the high amplifier gain. Fig. 10 shows how the
boundaries of the correlation interval Il are estimated
with relation to the most likely flux changes in the
boundaries of the reference phase. The acquired sum of
the integrated time wvalues Ti' Ti+1
correlation interval. After .the phase has been estimated

.+« 1is named the
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GE 991:033 - 10 - small to be acquired or if two or nore consecutive
flux transitions are not recogni zed any nore. Those fail-outs or drop-outs
are the nost severe distortions on the card as they inpact inmediately the
i nformation content of the signal. Lf.the loss of infornmation exceeds the
system i mm nent redundancy then the error probability for the decoded bit
is 0.5. Fig. 5D shows the fading phenonena. In fading the phase changes

during acqui sy iéyhg t ' . t xanpl S 0, in
Fig. 5D that§?%e sec%%dégﬁgbgﬁﬁbdwgpﬁ'ggf "fiﬂgﬁﬁhﬁgf areigﬂ%r?gé than the

first bit ceéft9- 1he fading effect is typical for cards being encoded
manual |y, that nmeans that the card is w ped through a reader by the hand of

a user. |If t$%$ Wi pi ng_oper ati on changes the vel ocit aqf i hose Ch@ﬂ es

cannot be el TRY THRIMYY GHE CBRESIPRG 5, SHPATER MECHTE HorkPtyABhSt he

card vari es andesviglate’ iheepitads. of more than one bit cell. There-
fore dropouts cannot be handled correctly as always the
closest flux change is used.

In a further embodiment of the phase estimation in the
sense of an optimum phase estimator, an acceptance
criteria for the closest bit cell is added. Thus, the
estimation interval is enhanced to multiple bit cell
.length. If the minimum distance is greater than the
acceptance range than the minimum distance for multiple
of the referenced phase will be used as minimum distance
criteria. ' |

Fig. 11 depicts the phase estimation with decision
criteria. In the upper line different reference times

" R(j) are shown of which a sum is formed. In the signal
line the time values T(i) are shown. Underneath between
lines different values of AT are shown of which four are
larger than the decision bound b which forms the accept-
ance criteria, and-oﬁly one time difference value for the
minimum distance AT is shown to be smaller than b. The
decision rule for this optimum phase estimator is that
the sum of the acquired time T(i) that is measured
between two adjacent flux changes is to be compared to
any sum of the referenced times R(j) until the difference
between these two sums is less than a decision bound b.
The example shown in Fig. 11 demonstrates that the final
correlation interval has a length of 5 bit cells. The
minimum distance is calculated £ive times but only the
last time the decision criteria AT<b is fulfilled to lock
the phase estimation. The values R(j) for the appropriate
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The abeve nentioned faults in the signal, as there are jitter, glitches,
fail-outs and fading, pose error problens in the decoding. It is the
objects of the present invention that the error probability due to those
faults and distortions in the decoded signal will be mnimzed. It is a
further aspect of the invention that™ tHe System redundancy shall be used to
recover lost information. In the F2F coding schene the synbol set shown in

Fig. 7 is used_as valid,signals. l.n the upper-npst |ine two possibl.e
synbol s for HSEETERCE ?ﬁﬁﬁ%%ﬂéﬁﬁ%ﬁhrﬁfcﬁ éb??ﬁ&?%v% EPSnHPgﬁﬁdm8dﬁth

| evel signal anfi thaldr dgugenerfatehdoyt v stymiboteréonsad" i #he ebtimakkr t he
| ower |ine, w I ' I f_t cqond GE
001 033 | fLORUCHET I AT SHAHLT dociy hee 1, U5 tpd, ) SECRSTEH 1 of
t he frequencgrikerig mights he maerg anitiehbvio wietermhnesthaefdiltesr ent
states for tharEaEterdifRd IHRLPendrhtith WPk (S $IbucOifCh110ws to

correlate even dropouts.

The symbol correlation is done in the symbol correlator
920 as shown in the arrangement depicted in Fig. 9.

After the phase estimation has been performed, a set

of correlation intervals Il’ ceey In is available. Now
with the enhanced decoding method of the present in-
vention a correlation between the received signal r(t)
and possible symbol sequences is performed to maximize
the correlation and thus to determine the symbol. The
possible symbol sequences are shown in Figﬁ 7. In Fig. 12
a matched filter bank is shown containing a set of
filters of which four filters 121, 122, 123 and 124 are
shown, indicating the bank of matched filters. The
outputs of these filters are input to a maximum selection
device 125, and on the output 126 of this device the
maximum output Umax is given. The received signal r(t),
of which an example is shown in Fig. 6, is the signal
read actually from the card and already discriminated

to a binary level. With Ui(t) in the different filters
121 ~ 124 there is indicated in each case one symbol out
of a set of symbols which might have been sent. As it is
unknown what was actually sent, all possible combinations
have to be generated and tested in the matched filters.
For one bit cell the set of possible receptions is
identical with the set of symbols shown in Fig. 7. For a
test length of more than one bit cell any allowed combina-
tion as shown in Fig. 8 of the possible symbols have to
be tested. With t the time parameter is denoted. With T
the length of the estimation interval is indicated. The
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I n box: 19 the synbol UOR is shown representing the signal value U for the
bit value "0" beginning with the raising edge. A transition to a "1" is
possible fromthis synbol going to the right hand upper corner box 20
showi ng the synbol Uerr] representing the "1" starting with a falling
edge. - This synbol can be repeated indtelf to show again a "1". Fromthere
continuing in the clock-wise direction the next transition mght be a "0"
shown in-the bottomright box 21 and indicated by the synbol Uerr]. It

shows the " Qbﬁbaghmml\d tf@ ad aiadengﬂ@gﬁrﬁmid&erﬂntéfvaarﬁas long]
transition wt e " 1s _shawn an cated by Uerr
starting wt hthf;ctl]’ﬁe gﬁ’é’lec‘f@és fagrqutlﬁeedr gd:ro StFHh ébf gweyer, ’@B{En this
synbol can benualbeyrealtfe@ymﬂpqlt swinfoiwiatianse ttte>he vabdreelated 14"abGatng
frombox 22 t h | | [ rel_with
hgan e or B vs vfler e W (R dE Al Shidud bRl ELCN
line "0" that SP@II]C@ﬁ nFhereignepola mhlfe tmsqgm‘ﬁ%r@hbbasSh@m in box

21 can foll ow he‘f'a%&’??s%hé?‘iﬂﬁs@ f&ﬁﬁf‘aﬁl%%@'@lféé@?'&é@@ﬁbéd' S
obvi ous t hat bFrr] to U.err] eréﬂtCJLJg%¥% err %frri U[e
to Uerr] andTBPelie yadu& rfix ‘J{ﬁ]_”é’r s ey qthdf%r ]]‘et'lﬁa ghie t

to Uerr] , ahiatersad.-

In the enhanced decoding method of the present inven-
tion the result which is being calculated by fiitering
the received signal r(t) with the matched filters is
maximized for all possible symﬁol combinations during
the current test interval length and a following inte-
gration. This method is known as symbol correlation and
known as the optimum demodulator in the maximum likeli-
hood sense. ;

In Fig. 13 the symbol correlation is shown for a signal
received in the interval Il as shown in Fig. 10. Under-
neath this signal there are shown the four possibilities
of the F2F symbol set as shown in Fig. 7 and on the
right hand side the correlating values k are indicated.
That symbol with the highest correlation degree, k = + 8
in this case is supposed to be the syﬁbol that was sent.
In the shown example of Fig. 13 it is the positive wou,

Signal correlation may be used to measure the degree of
similarity of signals. As larger as the the result of
the correlation is, as higher is the probability that
the incoming signal is similar to the matched filtex
function. Therefore, the matched filter box shown in
Fig. 12 can be ;eplaced by the arrangement shown in
Fig. 14 right hand side, that nieans by a multiplicator
141 and an integrator 142. The multiplicator multiplies
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ti ons .which are not allowed by the definition of the F2F encoding scheme.
This is a systemredundancy which may be used for synbol recovery. The
present invention uses an overlap estimation technique to reflect these
margi n conditions, and knowi ng the 'forbidden' transi- tions allows a nore
sophi sticated decoding nethod. GE 991 033" - 12- Fig. 9 shows the device
I n accordance with the present i nventi ®f Tor decodi ng signals coded in F2F
manner and read froma magnetic data carrier. Such a nagnetic data carrier

m ght be a magnetic card 1 as. shown.in Fig. ont ai.ni tisGe Stri

wi th differerft®® tiinefion o G5 958 6h0 wefhud, ERRTIA BT O RS bt ot |
shownt in Tgor atlrcbiy aave byo ]?con:gelbate apasndlogThégpiadndher dad Joynulel -

magneti ¢ hea | Ss i fj S t u a s fuy tseg |
station 912upﬁ%§%§%)lf¢%rtﬁg %¥8Q§?y§ﬁ?éhgg§i%h$os§ ap?bqéf?bjﬁieICe?y

| ow si gnal s iperfcrmediaventthe estimptiopapnkervadodni Z&e FEIH T o

signal is integrated in integrator 142 to calculate the
final signal si(t).

If there are binary signals then the calculation may
still be simplified. To guarantee signals with the same
energy, binary signals with the signal level +1 and -1
are considered. This is shown in Fig. 15. Fig. 15 shows
in the first line the signal 1 ul(t) with indicated

. positive and negative levels +1 and -1. Exactly under-
neath this signal 1 there is shown in the second line
the signal 2 u2({t) also depicted with the positive
signal +1 and -1. These two signals are multiplied with
each other and the result s(t) is shown in the third line
of Fig. 15. Underneath that an estimation interval Ein T
is indicated together with the time values tl1l, t2, t3,
t4, and t5, the different positive and negative time
values for the multiplication of signal 1 * signal 2. 1t
is known that the result of a multiplication of signal 1
and signal 2 always is a "1" or "-1" at any point. The
resulting function s(t) is a "1" where both functions
ul{t) and u2(t) have the same level and the resulting
function is -1 where the functions have different levels.
The following intégration may also be simplified as it is
just the differenée of the time values where the signals
are equal and where they differ: '

S s{t) dt = €1 - t2 + t3 - t4 + t5
T

What the above said shows is that for binary signals the
multiplication and integration of the functions to be
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gontri,bution in the signal scheme. In box 915 above the output of anplifier
station 912 is shown schematically the anal og head signal in its anplified
state. This signal is applied as input to a discrimnating and i ntegrating
station 913 for generating a discrimnated signal that |ooks blnary I n box
916 above the output of station 913 thhg discrimnated signal is shown
schemati- cally. In the tinme acquisition station 917 the default value for
t he expected phase is derived. The phase de- signhates the time which passes

fromthe stardotveléiee@ndanf ba Etbméﬁhbus19|%ﬂﬁpﬂiﬂf&df“Tﬁé”Ebfﬁél@tﬁ@ﬂed

"0" and "1" def t f -

extrggted mh|%%%¢§£u§§hgg§£ogg?td&%EFFﬁgcﬁaPSet#ﬁﬁa ine 3 nC%%sfaﬁﬁf:zn

whi ch is perfiheefunotpbnsearst omathe shakti Aevels widchvtilcdt titiene wrplie of

station 917 i, ﬂgu% ggglggeﬁgggig_g§%i %E%E’Eﬁp different reference
e use i Xed an

phase val ues m nanely a avari- able reference
phase. In the flxed ref erenced phase the value for the reference phase wll

not be changeth daésgashee Whota eﬂaseo%%umb?p A dilndd fhes&iore equal

to the start- qg val ue. ,Using a fixed _reference
ctlon with the matched filter bank shown in Fig. 12

for the received signal x(t) have to be calculated as
much correlations as there are numbers of possible symbol
sequences within the estimation interval. Under con-
sideration of the state transition as shown for the
F2F coding in Fig. 8, this number increases nearly
exponeﬁtially with the base of two. Therefore,.at an
estimation interval length of ten bits, already 1024
correlations, have to be made for ten bits to determine
the correct symbol sequences.

i _
If ¢ denotes the length of the estlmatlon interval in
bits, then the number of correlatlons per blt is 2¢
lelded by c.

Fading may be misinterpreted if it is not considered
while the reference symbol set is generated. Therefore
the phase of the reference symbol should be adapted to
the actual estimated value. The correct adaption of the
reference phase is essential for the quality of the
correlated signals.

On the background of the aforementioned conclusions it
is reasonable to keep the estimation interval length
as small as possible. On the other hand it should be
large enough to eliminate dropouts and glitches. Using
the phase estimation as explained earlier in the de-
scription the estimation interval is already determined
by the length of the correlation interval as a result
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phase ts denoted as time-bound nethod. In applying a GE 991 033 - 13 -
vari abl e reference phase the value of the referenced phase changes
dependi ng on the actual phase value of the |ast processed bit cell or
several bit cells. It is therefore able to adapt to the fading of the bit
cells. The use of a variable referencg phase is denoted as | ast w ndow

met hod. The signal output fromthe ph Ze~estimator station 918 is Il nput to
a synbol correlation station 920 for correlating the received binary signal

streamw th p [ y : l.nati_o based. on the estinat phase
for” generat i%&g gﬁ% g%’rgggmggﬁéhfnégggbﬁu?xsb?%ns%féeg;rﬁe% gj}f# Jbsé "fl%g}t 0 a bit
recovery starpbnreasonihdeoticpwor¥2@ish ahe elsitimadciowerineexvabno2?2

contains they&per eahndeba BikeamnyRat is ready for interpretation. Fig. 9A-
shows in a block diagram a possibl'e realization of the phase estimtor 918

shown in Fig. 9. On an i nput
A - further improvement in signal decoding as proposed by

the present invention is done by using an oVerlap de-
coding during symbol correlation. In this overlap de-
coding the previous correlation results are used for
-correlating a subsequent signal. In connection with

Fig. 16 this is described in more detail. Thus, the
bounds of the estimation interval reflect the margin
conditions that are defined for the F2F coding scheme
by the transition state diagram as shown in Fig. 8.

To reflect this the correlation is done with overlapping
symbol sequences. The uppermost line in Fig. 16 shows

a signal sequence and the indicated estimation inter-
vals 11, I2, and I3. The middle-line shows a signal in-
cluding the two estimation intervals I1 and I2 as the
minimum interval length for the estimation interval 12
and the bottom line shows the minimum estimaﬁion interval
length for I3 consisting of the length of I2 and I3. This
is an overlap estimation with overlap o(i) = 1. Fig. 16
shows the estimation pattern for two bits in the esti-
mation interval I2 and I3. To do the estimation for I2
the test péttern for I1 is used to get same weight into
the inpegral. This method allows to consider the margin
conditions. The number of bits which will be considered
from the estimation before is called the overlap length
of(i) and may even depend from the signal itself. The
example shown in Fig. 17 demonstrate why it is advisable
to use this overlap.

Fig. 17 shows in the uppermost line a received signal
r(t) with which contains a glitch. The interval to be

estimated first is the interval I2. If is estimation
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lsi ne 950 of a summi ng point 951 the received signal r(t) including the

val ues for exanple T[err], T[err], T[err] are applied. The received signal
represents the tinme which was neasured between adjacent flux transistions.
At the output 952 of summ ng point 951 these values are accumu- |ated
through a delay nodul 953. This delay gpdul (z[err]) shows on its output
954 al ways the input of the preced- i ggcrock. Thus, at this output 954 the
sum of the last recent incom ng values T[err], T[err], ... are avail able.

The accunul at; eLk] ] re sen sub- stractor 955
over |ine 95§%d£/&lt1é]h?§l§;§| %{1 ?V%-Lgé%uﬁlfjl gt( Jéz su% [ étcg"n‘%éllsedl%?‘ﬁe]f he
| ength of a riét 8es¥pBal] inThheomigdieFdineTwould freomecdded act or

955 is appli e txe aﬁh@bsméaﬁg aahme C:é}hiubét aéc%éd Oﬁf alé %o%ﬁ:{f fhis
absol ut vaIu erQ%E%erré% {S Iled to ar at or . t
conpar at or st LiRE anneves ﬁptﬁ 1&cru&h &Hﬁ&amﬁqﬂ%rence
[‘err] T[err] zthhrmn¢wmed0ngrbhpsw1I£ B8lp8d8ormed ¥ér the length
including interval Il and I2, then for the interval to
be estimated I2 the most probably symbol would be a
"O0". As can be seen in the first estimation no overlap
is assigned. The glitch at the beginning of interval I2
causes the wrong correlation result as a correlation
for the interval I2 is actually the highest estimation
a "1". However, regarding the margin conditions as de-
fined in the state diagram of Fig. 8 such a symbol
sequence is not allowed according to the nekt probable
symbol would be that estimated in the second example.
This can.be easily acquired if the overlap-length is
greater ithan zero.
With overlap length o(i) being an interval which cor-
relates symbols beyond the interval to be estimated,
the margin conditions are included into the symbol cor-
relation and thus the error probability is decreased
for the redundancy caused by the definition of the F2F
coding scheme. It can be shown that for a very high
overlap length the error probability will be a minimum,
the calculation effort on the other hand a maximum.
Therefore, a trade-off between calculation effort and
error probability has to be done. In practice an overlap
length of o(i) of 1 or 2 is sufficient and a reasonable
value. |

Coming back to Fig. 9, the symbbl correlator station 920
correlate the poSsible symbols with the sequence of flux
changes within the correlation interval I. The length
of the correlation interval is at least the length of
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difference [err]T[err]. If the new value of [err]T[err] is greater than the
previous one [err]T[err] then a clock pulse is generated and applied on
line 960 to switch 961. On the output 962 is the current value of the
accunul ated time values as an estimate for the current correlation inter-
val I[err]. The clock pulse on |line 960 sets ‘a delay nodul 963 to the

hi ghest val ue in the nunber range of 24he system To this delay nodul 963
the current absolute value [err]T[err] is input and out put of this delay
line is theggrecedlng ghase difference [err]T[err], which is applied as

i nput to t heh@oRBErAEPIoBHaSERe e J15IMG, F o QU TkaR PRt datORengt h

I[err] on lile 862rélatipnt inkeaRvalSiShall o grEatet UhHe RIS OEnd64. In
gener ati ng 1HECcEeTHEREER- PRS- Thdr ARCTITES £ odE Ador e PTAUERAL od t he
| ast wi ndovimetpbalseninberiaflh&ocegstmimiten thel fmviieraf thd [@veflapn box
ToCTe ptehetial. e bhbespabay atdnatalh Uy e on, v e
Kal man fil tke swepesedntipi be estdaates: correchlwr fheraefere reble that the
estimation ygt#e14€idn! B9RbOIAN 180 RE W1 U ¥l the length of

the new phase to be estimated. The correlation value of

the preceding cells, the overlap cells, may be a start

value for the integration which is performed for the

symbol correlation. This method reduces the calculation

efforts for an overlap correlation indeed very much.

The symbol correlator station 920 shown in Fig. 9 outputs
a bit string to a bit recovery unit 922 where the bit
string is checked for errors. If only one bit error
exists, then the result of XOR sum of all characters
which are formed by the bit string including the length
record character LRC itself should be used to correct the
specific character with the wrong pa&ity. This is done in
the following way:

the XOR sum of all characters is calculated by the
following formula:

Xsum = SOM & Chrl © Chr2 & ... & ChrN @ EOM & LRC.

The notation ® stands for an XOR function.
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fion jnterval. The output Tref of the estimation value generator 964 is
applied on line 968 to an adder 969 which inputs its output to substractor
955. To start the system once in the beginning an initial reference phase
value T[err] is applied to adder 969 to the system After the first clock
this value is set to zero to allow the self-adaptation of the unit. Then
either the refer- ence value is consta@B8 when the tinme bounds criteria is
used as indicated in box 965 and the new phase is supposed to be a constant
value. |If the last wi ndow nethod is used, as indicated in box 966, of the
esti- mationOngl ghagesdea saso@ncaurdiendd widvh estpami eyl eator &3991 033
- 15 - f or bHheynexe a@%m%& bengetedSddie %ﬁ;ﬁ ?’iarh%fnﬁe tQgL rmeans
the value of the current correlation inter- err ng a nore

sophi sti cat eBuLpLeEr AFg EAdE: 1i ke a Kalnan filter, may allow a nore
precise estima- tion of the incomm ng next reference phase. This is

Correct Character = Defect Character ® xXsum

e.g. 00100 00110 - ® 00010.

At the output 923 of the bit recovery unit 922 then
the corrected data stream is present which is ready for
interpretation. '

Thus, the present invention provides an advantageous
decoding method and decoding arrangement for signals
which may contain in its digital form a lot of distort-
ions that are open to misinterpretation, to decode them
icorrectly. Thus, even very worn-out magnetic stripe cards
can stili be read and may not be rejected by the reader.
This in practice a very important contribution in the
sense of user friendliness.
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.1 ndigcated by box 967 of the estimation val ue generator 964. Al so possible
but not indicated in Fig. 9A are non-|inear nethods whi-ch—seenrto be

appropriate for the new reference phase. The phase esti

shown in Fig. 9 in- cludes either a mninum distance esnn'mmn Il“lmllﬂm
an optinum phase estimator. In the fﬁﬁlomnng the two differ-cent #ppsoathes
of the phase estimation either wth nimum di stance or with an optinum are
expl ained. Generally it has to be observed that in order to be able to read
even | ow anplitude cards the readc?gg fier has to be designed with a

rat her very high gain. Low anpli Scards are those with a small

magneti zati on resulting in an el ectrical S|gnal on the magnetic read head
whi ch mi ghtq be 4+ % n I tion
of anpllfler 91 ﬁgu d a |%§F8§?§§ 9?%2 é%ﬁ%gﬁé |za€%;¥b%§§%$§%dgto t he
nom nal val ue, tma%@e§¥§c¢ﬁﬁﬂn§§§§l§§nr@@ﬂﬁ?ra tﬁtQﬁEﬂtﬁﬁ%xﬁxmmd of very
hi gh anplificat I;@@gﬁéelerseﬁkzpbst )(mE@he‘i' lct @a&% ) NGFiRaS &Shd NEEBHASESLY -

This is due to the nojse and L ﬁg h wi‘ll be anplified until
saturation and t%%?%?B%E Esaééng| £Res in the di scrimnated signal. A

typi cal

comprising the following steps:

a) amplifying the analog signal read by said
magnetic.reading head using an amplifier of
very high gain;

b) discriminating said analog signal by applying
a clip level to generate a received digital
signal (r(t)) out of said analog signal;

c) estimating the phase of said digital signal
relative to a certain reference point {start-up
time value) for determining the end of a bit
cell to generate an estimation interval being
used as one component of a correlation inter-
val, and

a) correlating said received digital signal
against all possible symbol combinations during
said correlation interval.

2. Method as in claim 1, wherein said phase estimation
in step c) is performed by either

cl) a minimum distance estimation using a reference
phase as start point and determining that flux
change that comes closest to the reference
phase as the end of the bit cell

GE 991 033 ThszheetHasBeenR[i aced
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I ncom ng signal that includes glitches could | ook as that shown in Fig.
“*The signal depicted contains four glitches 17 indicated_aLsefby’anﬁﬁE;—The

typi cal problemw th phase estimation is to deternine ““r““
bit cell is. Gitches 17 m ght appear as bit cell bound Wﬁ“‘w
the first line the estimated GE 991 033 - 16 - phase cndrcat ed® by
smal| vertical lines. Underneath that23 signal line is depicted which
includes time values Ti, Ti+1l, and so on. In the |ine beneath that between
the third phase estimate line fromleft and the falling edge of the second
glitch 17 fromleft a first mninumtpP¥e di stance to the reference phase
value [err]mnl is indicated. Furthernnre bet ween the forth phase estinate
line and the fall%ﬂg edge of gﬂ after, the third glitch 17, a second
mini num tine di sthte EBt%Bth AEPePENIBAIHATE YSING AR AT IR ] .

I ndi cated in the bottOhmteﬂeamfoEISevéertWEQﬂd%mﬂ|1eﬁ§ﬁhtiﬂ whis which

do not necesgarl- the sum of acquired time values (T(i)) - measured
between two adjacent flux changes - is compared
to any sum of reference time values (R{j)) until
the difference between these two sums is less
then a decision bound b, i.e. an acceptance
criteria for- the closest bit cell.

3. Method as in claim 1 or 2, wherein said correlating
in step d) is performed by

dl) integrating over the correlation interval (i)
the product of a possible symbol combination
{ui(t)) - a sample - and said received digital
signal (x(t)) . ! '

S uilt) * r(t) at
T

whereby this integration results in a number,
perfoiming this integration for all possible
symbol combinations (u0 and ul for F2F are
sufficient),

and selecting the maximum result as the one
coming closest to the real symbol, i.e. has the
maximum likelihood with the latter.

4. Method as in claim 3, wherein in selecting the
maximum result the absolute value of the correlation
is selected.
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l,y coi,ncide with the phase estimate lines in the first Hne—there+s

i ndicated a correlation interval 11. This correlation in '
| ater-on with the synmbol correlation. The m ni nrum di st anHmm mm!lE H“lfat
any known bit cell boundary and integrates or adds respecklvely Isn- *
comng tinme data Ti, Ti+1, Ti+3, until the distance, that neans the
absolute difference, between the integmnal -and the reference phase is at a
m nimum For a correctly coded card this is typically the case after one or
two acquired tine data values, one if "0" was sent, two if "1" was sent.

The ref er encebphasMehhgdbaschangagone oife Acting IemRs2 pdiveteEni 8aid
accordance with th  ndo d LQr :kept t ant, by definition
within tine boundsso#ﬁéi?ﬁﬁagﬂeg{lr%?g’ddghalisge%eorc R ost 11 kel i hood
i ncom ng phase. The risk of dropouts is essentially reduced by the high

amplifier gain. Fig2)10mghevp1henqt kech fi f e L. on
igPervaI 1 are esti%ated mf?h?re?aQﬁbn ?gﬁﬁigﬁ%g%(#?ké§§(§FL§£%hanges I n

the boundaries of the rBtBRE¥cE1ERALS ofhdbhecfamecsianabflevrel i htLgPkh: ed
time values T[err], T[erl) to. foEmnanenitide siem=al atd Of) j Nte4v@l enfbger the

phase has been eStimategignal being integrated over an estimation
interval (T) by simply calculating the differ-
ence of the time where the function is on the
same level with that time where the function is
on the different level

S s(t) dt = £1 - £2 + €3 - t4 + t5
T

6. Method as in anyone of the preceding claims,. wherein
said correlatibn is performed with overlapping f

symbol sequences, overlapping at least for one bit,

.to consider margin conditions by including immediate

preceding correlation results.

7. Method as in claim 6, wherein said correlation
interval (I) is greater than just the last estimated
phase and includes at least the immediate preceding
estimation interval. :

8. Method as in claim 6, wherein the result of the
previous correlation is used as start-up value for
the integration which is performed for said symbol
correlation.

9. Method as in anyone of the preceding claims, wherein
the length of said correlation- interval (I) is at
least the length of said estimated phase.

-
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GE 991 033 - 17 - the synbol detection will be performed in station 920
of Fi’g. 9. The nini mum di stance phase estimati on net hod“m“ m m'ﬂs

estimate intervals of nore than one bit cell. There- Il Imuﬂmt
be handled correctly as always the closest flux change i$ used. I"n & *
further enbodi ment of the phase estimation in the sense of an optinum phase
‘estimator, an acceptance criteria far the closest bit cell is added. Thus,

the estimation interval is enhanced To ﬁurtlple bit cell length. If the
m ni nrum di stance is greater than the acceptance range than the m ni num

i stance o1 191 a Refp8a, 580ah R ER SR 8 gR 8RT o i IF \HAATHRC) sT cov

criteria. In the uwbere&nnthdlléagthtofetheeestimaumoﬂ%mﬁtermabhnmm of

which a sumis forpggdsehNtbN8o9b8M8bveral possible symbol combination
thus covering a wider correlation interval of
several bits.

11. Method as in claim 10 or anyone of the claims 1 - 9,
wherein .in a banking application after a symbol
detection of a bit stream a bit recovery is per-
formed, uéing the Length Record Character (LRC)
together with the Start of Message (SCM), the End of
Message (EOM) characters, and an. additional odd
parity bit.

12. Method as in claim 11 or anyone of the claims 1 - 10,
wherein the result of the parity check calculation
and/or the LRC check calculation serves as a deci-

! " sion criteria to repeat the phase estimation and
correlation with a modified procedure and/or
parameters.

13. Device for decoding signals coded in F2F manner on
a magnetic data carrier such as a card (1) contain-
ing a _magnetic stripe with several recordlng tracks
(2, 3, 4) (magnetic card) comprlslng

A) a reading station including a magnetic reading
head (91) for reading the magnetically recorded
signals to generate analog head signals (915);

B) an amplifier station (912) with a very high
gain for amplifying said analog head signal;

This Sheet Has Been Reﬂlaced
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Jine the tinme values T(i) are shown. Underneath betMEEn‘frnes-dfﬁﬁerent

“val ués of AT are shown of which four are | ar ger than t
which forns the accept- ance criteria, and only one t| mlﬂqgmw
for the mininmumdistance [err]T is showm to be snaller t an si on
rule for this optinmum phase estimator is that the sumof the acquired tine
T(i) that is measured between two adjagent flux changes is to be conpared

to any sum of the referenced tinmes R(j) until the difference between these

two suns is |ess than a decision bound b. The exanple shown in Fig. 11

denonstrates that dyhe f4 nedsoOimpating dnd eiﬂ@égfaelﬁgl @Fa;gttﬁ&lf (21t
cells. The nlnlnun1d|s%g$ce I S calculat five frnmes_but only the last tine

the decision criteria [ 98858t *Qﬂf?l ¥§F¥%W+B€Fe§hén9h§§9a€§i|natlon
The values R(j) for théogkimmprsigrealsH 90d) P33 - 18 - reference phases
shoul d be a function of the noise nodel and could be generated by a

structure used in the estimat- :
~ D) a reference time acguisition station .{(917) for

setting a fixed or variable start-up time wvalue;

E) a phase estimating station (918) for estimating
the correct end of a bit cell beginning from
said start-up time value, and

F) a symbol correlation station (920) for correlat--
. ing the received binary signal stream (x{t))
with all possible symbol combinations (u, (£))
based on said estimated phase for generating a
bit stream.

14. Device as in claim 13, wherein
said amplifier station comprises a low.pass filter.

15. Device as in claim 13 or 14, wherein
said symbol correlation station contains an overlap
decoder for correlating the signals under inclusion
of previous correlation results.

16. Device as in claim 13, 14, or 15, wherein
said phase estimating station includes either a
minimum distance estimation circuit or an optimum
phase estimator.

17. Device as in anyone of the claims 13 to 16, wherein
a bit recovery station (922) is provided for recover-
ing a miss-read bit from the correlated bit stream.

—_—
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Jon theory, for exanple Kalnman filter
nore critical to determne the filter paraneter for the
but it allows to correl ate even dropouts. The synbol co ﬂﬂum H |n
t he synbol correlator 920 as shown in the arrangenent depicte
After the phase estimation has been perfornmed, a set.of correlation
intervals I[err], ..., I[err] is availgple. Now with the enhanced decodi ng
nmet hod of the present in- vention a correlation between the received signal
r(t) and possible synbol sequences is performed to naximnm ze the correl ation
and thus to det.er PeRd ddaas Vi Wnydhe @Psﬁh@@153(:“@01353%6“@6&;)&&%1%@0\/\“
in Fig. 7. In Fig a mat ched félter banktéé shoin con %§ﬁn8 ﬁé%; of
filters of which Fb GG FQr 199termining othe (aYshity (Ofh £T8ES i ng
t he bank of nmat chedtfa ldmi s. 1ﬂ7mhen¢mmﬂﬁtpf1$hbemoﬁlhteestaia input to a
maxi mum sel ecti on 25 h IL.Ge the
nexi num out put U[gﬁaﬂégié- St é?r%%g?éféa ? Q%F# hgégwée
exanple is shown|panamthrS4s t he signal read actually fromthe card and
already discrimnated to a binary level. Wth Uerr](t) in the different
filters ' '
19. Device as in claim 18 comprising a compare station

for determining the decoding quality of all con-

currently applied stations each having used modified

parameters for finally selecting the best decoded

signal.

- This Sheet Has Been RTlace
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121 - 124 there is indicated in each case one synbol out of a set of
‘synbols whi ch ni‘ght have been sent. As it is unknown what was actual l'y
sent, all possible conbinations have to be generated and tested in the
matched filters. For one bit cell the set of possi bl e receptions is
identical with the set of symbols shown in Fig. 7. For a test length of
more than one bit cell any allowed compina- tion-as shown in Fig. 8 ‘of the
possi bl e synbol s have to be tested. Wth t the tine paraneter is denoted.
Wth T the length of the estimation interval is indicated. The GE 991 033
-.19 - optimum woul d be to have theapemralcati on interval as |ong as the
signal was acquired fromthe card. However, the nunber of synbol

conbi nations to be correlated is about 2[err] whi ch exhausts any capability
of the calculation re- sources. Therefore, a variable test interval has

peen ge”Efatﬁ%%h&{iefBE SO P EYe A3 MANEADE IRAT T Red dDPiLLnEoyal e

[err] denot'es e-variab
decoding F F signals read from a magnetlc data carrier is
provided. The signal read from the card by a magnetic
reading head 91 is amplified by an amplifier 912 with a
very high gain, discriminated in a discrimination and
integration Station 913 to receive a binary locking
signal. Out of this digitized signal in a reference time
acquisition station 917 a start-up time value is set and
a phase is estimated to determine the correct end of a
bit cell in a phase estimating station 918. In a symbol
correlation station 920 the received binary signal is
correlated with all possible symbol combinations based on
the estimated phase to create a correct bit stream. This
bit stream might be -processed- further byia bit recovery

i station 922 providing a corrected bit stream ready for

interpretation.

_—
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infereal. In the enhanced decodi ng nethod of the present inven- tion the
resul.t which is being calculated by filtering tthe received sirfgnal r(t) with
the matched filters is nmaxim zed for all  possible syntyol.: conbi nati ons
during the current test interval length and a fotlowng intes gration. This
‘method is known as synbol correlation and known as the optinum denodul at or
in the maxi mumlikeli- hood sense. In fje. 13 the synbol correlation is
shown for a signal received in the intekal 11 as shown in Fig. 10. Under-
neath this signalthere are shown the four pogsibilities of the F2F synbol
set as shomm.in/ﬁnghmﬁanoqmmkheﬂﬂ%gmyjhgnQ/.$d% the correl ating values k
are indicated. [Thdt}i$mirdotsoviireds 2 hid | Hil bihH$t) I ElgFr<d ation degree, k = + 8 in
this case is sUNPATANNAG 158 Trees SYWHOMWMMN\Wgs 4sent. I n the shown exanpl e
of Fig. 13 it i Tt S el ation may be used to
measure the degree of simlarity of signals. As larger as the the result of
the correlationfis, as higher.is.the probabilijty that the incom ng signa

is simlar to tlhhe matched filter function. Thdrefore, the matched filter

box shown in
| FIG. 1

5 6 '
SYNC. ZEROES| SOM DATA EOM | LRC | SYNC.ZEROES '
000000000000 11010 XXXXX XXXXX XXXXX lilll XXxxx 00000000060000 F , G. 2
,15 ,16

1 l .
12 | 13 14

FIG. 3
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"Fig= 12 can be replaced by the arrangenent shown in Fig. 14 right hand
side, that nmeans by a multiplicator 141 and an integrator 142. The

mul tiplicator nmultiplies GE 991 033 - 20 - 'the function r(t) and the
second functi-on u[err](t). so if they have to correl ate--an anal og si gnal
the full multi- plication of the signal r(t) and the signal u[err](t) is
performed over the estimation interva /7. The resulting signal is
integrated in integrator 142 to calculate the final signal s[err](t). If
there are binary signals-then the calculation may still be sinplified. To
guarantee signals wpih tWe samp enengy, binary signals with the signal _
| evel +1 and -{1 are consijdered. Thig is shown ijn Fig. 15. Fig. 15 shows in

the first |ine-the-signah 1 ulft)—with indicat gsitive and negative
| evel s +1 and 44:—Emc—t—+>y+u-ﬂelem—neét<-h—_t-hies pgnal 1 theF',eg S 410\/\/11 in the
i Ti've _

second |ing/ tHe signal 2 ‘w2t al so +th the pos

' 9 " ‘9"
—//

e e _ FIG. 5A
l g1 g | 191 | |
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'signal +1 and -1. These two signals are nultiplied with each other and the
result s(t) is shown in the third line of Fig. 15. Underneath that an
estimation interval E[lerr] T is indicated together with the time values t1,
t2, t3, t4, and t5, the different positive and negative tine values for the
mul tiplication of signal 1 * signal 2. It is known that the result of a

mul tiplication of signal 1 and signaB/Z always is a "1" or "-1" at any
point. The resulting function ﬁ(t) isa"1" Je*both—“unctions ul(t) and
u2(t) have the sanme |evel. andﬂ he resultin ndtion is|%l where the
functions have differ®if Tevels. |The jplﬂﬂ atfon may al so be

sinplified as it is yus1 the alflerenée of ‘ IgiJes where the
signals are equal and wijere they({di ffer: [ef =tl-t2 +t3 - t4 +

t5 T What the above sail shows id.hat for ignals the
mul tiplication and integratison of the functions to be GE 991 033
IOI Iol . Iel
2 v oA

T FIG. 8
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5

- 21t correlated can be trenendously sinplified. The correlation result is
just the difference of the tine valuées where the functions are on the sane
|l evel with that tinme values where the function levels are different. In
accordance with the correlation explained in con- nection with the matched
filter bank shown in Fig. 12 for the 4 é2eived signal r(t) have to be

cal cul ated as nuch correl ations as there are numbers of possible synbol
sequences wWithin the estimation interval. Under con- sideration of the
state transition as showi“for the F2F coding in Fig. 8, this nunber

I ncreases nearly exponerggza wi--A—t-hebase—of two—TFheref or e~ 9% an

estimation interval length of T RALUMAR FIETERAYT Hﬂ?.Af(po;]re i ons have to
be made for ten hits to deternine the correct sy skquehces. If c

denotes the |engtti€bf the esti ion i val ip bits h, t he_nunber of
correlations pef bit is-2c g,y gﬂggvhgﬁﬁ dinﬁﬂnhy 5@"%3 nterpreted if}it
IS not consider¢d while t9867reference synbol set Is enera/,dgsgherefore
t he phase of th¢ reference syrrabﬁ%%lﬁl. We addfere=inl -
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t he This Shead Hae Béen®apised val ue. The -correct adaption of the reference phase is
essen uality of the correlated signals., On the background of
t he conclusions it is reasonable to keep the estinmation
interv I"'engl’h"as small as possible. On the other hand it should be |arge
enough to elimnate dropouts and glitches. Using the phase g * mation as
explained earlier in the Fe- cripti%ntheiestimationinter is al ready

determ ned by the Iengtﬁ f the corr | atiorn i ;erval as a result GE 991 033

- 22 - fromyt he phasejegt] mat can bdg sgen ilt is anyway not
reasonabl e to work—wi{h Lnter re than ten bit |ength.
A further ihiovém%m i njibi ag[priopose¢d by the present
i nvention i 2 by  brst er| ap’ de- #ng dl-ng synbol correlation.
In this overlap de- coding th'el@'revi ousidsrrelation results are used for
: AMIN 1 AMIN 2
- ' k11— | FIG. 10
= R(J)

< R(j-4) »|< R(j-3) »|< R(§-2) »{« R(j-1) »|« R(J) »
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Correlatin Su s?g%gnt signal. In connection with Fig. 16 this is

descHhi t “MiEtai | . Thus, the bounds of the estimation interval
reflei “ onditions that are: defined for the, F2F codi ng schene by
the t di agram as shown.in Fig. 8. To reflect this the

correlation is done with overl apping synbol seque%g§§L The uppernost |ine
in Fig. 16 shows a signal sequence and the indicatéd estimation inter- vals
1, 12, and 13. The niddli-”ine ﬂhoﬁt a signal in- cluding the two :
estimation intervals 11 andil2 a8l the mininuminterval |ength for the
estimation interval 12 and the bottomline shows the m ni mum estimation
interval length for 13 codeisting—es{the length of 12 and 13. This is an
overlap estimation with overlap o(i) = 1. Fig. 16 shows the estinmation
pattern for two bits int = ion interval 12 and 13. To do the
estimation for 12 the test] pattern for 1 X774 &ised to get same weight into
the integral. This method allows to consider the margin conditions. The
nunber of bits which will |be conside[ed fyomghe estimation before is
called the overlap |length ' y even depend fromthe signal itself.
The exanpl e shown in Fig. AZ-denonstrate why it is advisable :

= 4

FIG. 13
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fo Gse this overlap.iFig. 17 shows in the uppernost line a received signal
r(t) wwth which contains a glitch. The interval to be estimated first is
the interval 2. If is estimation GE 991 033 = - 23 --is done with an
overlap of o(i) =0, it nmeans no over- lap, then the signal in the

m ddl e-1ine woul d be decoded in |2 that neans a "1" will be decoded. If as
shown in the bottomnost line an overlay»(i) = 1, that means with.one bit
overlap will be performed for the length including interval 11 and |2, then
for the interval to be estimated 12 the nost probably synbol woul d be a
"0". As can be seen in the first estimation no overlap is assigned. The
glitch at- t he begi nni ng ?f interyal 12 causes the wong correlation result
as a correlation for theli-htdr¥&il--I>lis actually the hi ghest estimation a

"1". However, regarding Iﬁé;zfjﬁin ﬂjnditions as de- fined in the state
di agram of Fig. 8 such a]syntol

FIG. 16

[--11-]--12-|

Iy
I

FIG. 17

Lo



igquence is not allowed-according to the next probable synbol woul d be that
stimated in the second exanple. This can' be‘easily acquired if the overlap
lkength is greater than zero. Wth overlap length o(i) being an interval
hich cor- relates synbols beyond the interval to be estinmated, the nmargin
conditions .are included into the synbgl7cor- relation and thus the error
pr.obability is decreased for the redu éancy caused by the definition of the
F2F coding schene. It can be shown that for a very high overlap |ength the
error probability will be a mninum the calculation effort on the other
hand a mexi num Therefore, a trade-off between cal cul ation effqd, and error
probability has to be doR€7-w]practice an_overlap Tenginjg (|%? of 1 or 2
is sufficient and a reasonabl e [VALMANEIRT®B: bdest £ !Rig. |, the synbo
correl ator statiom,Q20 correl afe—ttepossToiesymbors—w th the sequence of

fl ux changes w t pi-A—the——ecorretqtTIME BOWRDSAl | .'Tcrélihe doastgt
correlation intefval is a§ égzﬁig{h04+eﬂgth -of—=—994—033
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CLAI MS 1. Met hod for decoding F2F signals that are read froma nagnetic
ta carrier with the help of a nagnetic reading head, conprising the
ﬁollomnng steps: a) anplifying the anal og signal r ead by said magnetic
«readi ng head using an anplifier of very high gain; bB)  discrinmnating said
anal og signal by applying a Clip'reveb/yo generate a received digital

signal (r(t)) out of said anal og signal; q) estimating the phase of said
digital signal relati o aFcqual refe enge point (start- up time val ue)
for deter [ @l celll jo ¢enerate an estimation interval;
and d) I I against all possible
synbol co wherein said correl ation
1s perfor bS, 0 | appi ng at | east for

one bit, to consider nargln cl udi ng i nmedi atel y precedi ng
correl atiop results. aMEST i n

y&wm d
erein p
estlnatlonlln step cb |s perﬂﬁFﬁﬁa nlnlnun1 stancéﬁzgtldgifon using a

reference phase as start point and determining a flux change that cones
cl osest to the reference phase as the end of the bit cell. 3. Met hod as
in claiml, wherein said phase estimation in step c) is perforned by an
opti mum phase estimation usin ﬂﬁ estimation interval of several bit cel
| engt hs in which the sum of ag% Ped time values (T(i))--nmeasured between

< 44 GT@RQ%-F R j-2 »|«Rj-1 >« R »>

P ITi-7 T;i—G —_] Ti-4 ——]Ti-z Ti-1 T1i —

two adj acent
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fui_l Ix-t v
r(t) - | o (%
//J23
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//—125
1124
fu, Ix-t > .
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;conpared to any sum,of ‘reference tinme values (R(j)) until the difference
.- petween these two sums is |ess than a detision bound b. 4. Met hod as in
.~claim1, wherein said correlation interval (1) is-greater than just the
“vlast estinmated phase and includes at |east the i medi ate pr-ecedi ng
- estimation interval. 5. Met hod as gppclaiml, wherein the result of the
previous correlation is ys tart-up value for the integration which
is perforned for said syEEFI coﬂrelktion. 6. Met hod as in claiml,
wherein the | ength of sale corr€élatton interval is at |east the | ength of
- said estinmated phase. 27 7. Method as in claim1,- wherein the length _
of the estimation intervit—rnidrodes a plurality of possible synbo
conbi nati ons. 8. Method as in claim1l, wherein in a banking application
after a synbol detectiOQlof a bit srreagkg4git recovery i-s perforned, using
the Length Record Characjer (LRC) tlogether with the Start of Message (SOM,
the End of Message (EOM. characters, and an additional odd parity bit. 9.
Met hod as in claim8, mhtrein t he rFsuI§=QI8the parity check cal cul ation
and/ or the LRC check cal j rves as a decision criterion to repeat
t he phase estinmation and | at i with a nodified procedure and/or
paraneters. 10. Device fpr degodi ng si ghad s4coded in F2F manner on a

magnetic data carrier _ _
' k=-4 : .
L 1 FIG. 13

a4 .
r't sit rt t si't |
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‘conprising: A) a reading station | ncl.uding a nmagnetic readi ng head for
readi ng magnetically recorded signals to generate anal og head signals; B)
.an anplifier station with a very high gain for anplifying said anal og head
signals; C a discrimnating and integrating station for generating a

di scrimnated and binary |ooking signal; D) a reference tinme acquisition
station for setting a fixed or variable33tart-up time value; E) a phase
estimating station for estinmating the correct end of a bit cell beginning
fromsaid start-up tine value, and F) a synbol correlation station for
correlating the received binary signal stream (r(t)) with all possible
symbol conbi nat MBFHOD WND ARRANGEMENTIFOR DRRDBINGN RSP SIGNAIer ating a
bit stream wherein sal ﬂpaﬂpﬁbmg,( MA%NEQ‘TC?&TA%' Ri ns an overl ap

decoder for correlating e signal s under i nclusion of previous correlation
results. 11. Device as in claim10, wherein said anplifier station
conprises_a low pass filter. 12. Device as in claim10, wherein said phase
esti mat | ABSTRAGHNn i ncl udes a ni ni num di stance estimation circuit. 28
13. Device as in claim10, wherein said phase estinmating station includes
an optinmm
P A method for decoding F2F signals as well as a device for decoding F2F signals read from a
magnetic data carrier is provided. ‘The signal read from the card by a magnetic reading
head (91) is amplified by an amplifier (912) with a very high gain, discriminated in a
discrimination and integration station (913) to receive a binary locking signal. Out of this
digitized signal in a reference time acquisition station (917) a start-up time value is set and a
phase is estimated to determine the correct end of a bit cell in a phase estimating station
(918). In a symbol correlation station (920) the received binary signal is correlated with all
possible symbol combinations based on the estimated phase to create a correct bit stream.
-This bit stream might be processed further by a bit recovery station (922) providing a
corrected bit stream ready for interpretation.

Fig. 9
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.‘phase estimator. 14. Device as in claim10, further conprising a bit
recovery station for recovering a mss-read bit fromthe correlated bit

. stream 15. Device as in claim10, further conprising a device for
determning the quality of the decoded data and, if the quality is below a

certain standard, starting decoding again with nodified paraneters. 16.

Device as in claim15, further conprising a conpare station for determ ning

t he decoddurglanesatodeyclcksibte wsed aacomedt badeyipl | Bdrisg decating, cmaty balicatignsis ed

nodi fied paraneters for finally selecting the best decoded signal. 17.

Met hod f off dedegtaded FigRals mgpiabes obtattedar d raed@gradadnslanaiagnmdmatmtthedmstu er

with the help of a nagnetic readi hg head, rising the foll ow ng steps:

a)  anpl FIHRHEF tsh@tlé’f%ﬂl sgersﬁ»gsraplgﬂ@awerswr NB’ Feagnefard rPE’&E‘F‘H@fltWéadh%l ng

lif f I
2ppl v ng B dnieics g %rg%%gﬂsap signal i C&@S‘tl&?éaefqipsépma”aseé’ eSies of
Col ot v TitealaBi dif b ablSieehdE bfacd MerRl S rcflws A il pftnog 2.
det erm ni aémdg&gmgg th%nlﬁlé %?%#tlﬁw%n sher ate an estimation interval; and

corre I'ng sald receiv glta signal against all possible synbol

conbl nations gy | ?i{%ﬂfﬁ?&?’ﬂyf %sz%ggé%pyals B¥teh B nggs;s d}ge le b uent

correlation inte pro possi b corml nat |

(ui (1)) - -\ »ap@BPhSnagietic S@ipd dafs @i ¥ifishcilll @ppladatidhs] Tet eﬁdrﬁﬁl):)fof @ash]feedmg at

cash issuing terminals, or payments at point of sales terminals or payment at gasoline
stations or use in a telephone cell for paying the bill, impacts very much on the signal
quality of the magnetic stripe card. Therefore, amplitude fade and jitter may effect
retries to read the card which still more degrades the magnetic stripe. It very often
happen that sometimes the data on the card cannot be read any more. The experiences
show that for bad cards different effects are mainly reasonable for the reduced quality of
the read signal. Those signal distortions are fading, jitter, signal drop-outs or so-called
glitches which represent additional spikes in the digitized signal.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one. or more disadvantages of
the prior art. '

According to one aspect of the present invention there is disclosed method for
decoding F2F signals that are read from a magnetic data carrier with the help of a
magnetic reading head, comprising the following steps: a) amplifying the analog signal
read by said magnetic reading head using an amplifier of very high gain; b)
discriminating said analog signal by applying a clip level to generate a received digital
signai (r(t)) out of said analog signal; c) estimating the phase of said digital signal
relative to a certain reference point (start-up time value) for determining the end of a bit
cell to generate an estimation interval; and d) correlating said received digital signal

against all possible symbol combinations during a correlation interval, wherein said

This is the replacement sheet
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whereby this integration results in a number, perforning this integration
for all possible synbol conbinations, and selecting the maxinumresult as
the one com ng closest to the real synbol. 29 18. Method as in claim17,
wherein in selecting the maxi numresult jhe absolute value of the
correlation is selected. 19. Method for decoding F2F signals that are read
froma magnetic data carrier with the help of a magnetic reading head,
conpri si ngotrektibalis peifognesk itk overlapping §¥mboY sétichdts, 8Verlapgingi 4 N&st fitashebY
sai d magnetic reading head using an anplifier of very high gain;
di scri i ndit, ntp sahsidemmargins comditionsy bypicinding amaiedjatdly visrecdding oerehitiona
received digital signal (r(t)) out of said analog signal; c) estimating
t he phaser‘éﬁm@ai d digital signal relative to a certain reference point
(start- up ting vg{ue) for determining the end of a bit cell to generate an
ng 2o

estimation i nt¥ee gneffer aspset @f WEiRTEsCaRImYCRtiaN: theea)isidiselosed davigeafor
mut i yi Ao RBE ksl %R, in F2F sy 06 o Bl ke TS OIS oA Agal

reve o EMBRL P ALl i

di ff er encgignbis'thGehdrd analog head signals; B) an amplifier station with a very high gain for

amplifying said analog head signals; C) a discriminating and integrating station for

generating a discriminated and binary looking signal; D) a reference time acquisition

station for setting a fixed or variable start-up time value; E) a phase estimating station

for estimating the correct end of a bit cell beginning from said start-up time value, and

F) a symbol correlation station for correlating the received binary signal stream (r(t))

with all possible symbol combihations (ui(t)) based on said estimatéd phase for

generating a bit stream, wherein said symbol correlation station contaiins an overlap

decoder for correlating the signals under inclusion of previous correlation results.

According to still another aspect of the present invention there is disclosed method

for decoding F2F signals that are read from a magnetic data carrier with the help of a

magnetic reading head, comprising the following steps: a) amplifying the analog signal

read by said magnetic reading head using an amplifier .of very high gain; b)

discriminating said analog signal b}.r applying a clip level to generate a received digital

| signal (r(t)) out of said analog signal; c) estimating the phase of said digital signal

relative to a certain reference point (start-up time value) for determining the end of a bit

cell to generate an estimation interval; and d) correlating said received digital signal

against all possible symbol combinations during a correlafion interval by integrating over

the correlation interval (T) the product of a possible symbol combination (ui(t))--a

sample--and said received digital signal (r(t)) -

jT ui(t) *r(t)dt
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EMhefe the function is on the same level with that tinme where the function
Is on the different level [err]s(t)dt =t1-t2+t3-t4+t5. - 28 - 5. Method
as in anyone of clainms 1 or 2, wherein said correlation in step d) is

performed by d2) nmultiplying two signals (ul(t),

of the sane signal level (+1 or -1) to f8rma third signal (s(t)), said
third signal being integrated over an estimation interval (T) by sinply

cal cul atl Rencrbiy fid il era@ilf festfs In\P nbmbE, PoRbAE s UnEE1aADn | for pFik?l?l]é

| evel

with that” tine

ere the function i diffefent |eve

dt = t1 -s§mbol dornbindtibng, i seléeting théinaRikR® rdsltAB ¥ 6ndtorhit@ d6REC he

clains, wherein said correlation s performed with overl appi ng synbol
sequencesreabywmnbelppi ng at | east for one bit,

According to still another aspect of the present invention there is disclosed method
for decoding F2F signals that are read from a magnetic data carrier with the help of a
magnetic reading head, comprising the following steps: a) amplifying the analog signal
read by said magnetic reading head using an amplifier of very high gain; b)
discriminating said analog signal by applying a clip level to generate a received digital
signal (r(t)) out of said analog signal; c) estimating the phase of said digital signal

a
S

relative to a certain reference point (start-up time value) for determining the end of a bit

cell to generate an estimation interval; and d) correlating said received digital signal
against all possible symbol combinations during a correlation interval by multiplying two
signals (ul(t), u2(t)) as binary signals of the same signal level (41 or -1) to form a third
signal (s(t)), said third signal being integrated over an estimation interval (T) by simply
calculating the difference of the time where the function is on the same level with that

time where the function is on the different level

[ stydt=e1-12+13- 1415,
DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following the invention and details of the invention will be described in
connection with examples shown in the accompanying drawing, in which
. Fig. 1 shows a magnetic stripe card with three tracks;
Fig. 2 shows the track-structure according to ISO (International Standard
Organization)
Fig. 3 shows a typical read decoding circuitry which is used in the prior art and
signals pertaining to different stages;

Fig. 4 shows schematically the phase definition of an F2F encoding technique;

This is the replacement sheet
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to consider margin conditions by including i medi ate preceding correlation
results. 7. Method as in claim6, wherein said correlation interval (1)
is greater than just the | ast estimted phase and includes at |east the

i medi ate preceding estimation interval.,8. Met hod as in claim®6, wherein
the result of the previous correlation is used as start-up value for the
integration which is perfornmed for said synbol correlation. 9. Met hod as
in anyone of tHig. 3 elownli iy Rig.ab5Hs 1o e feirndiffegert edigbitions inaihd @@érﬁzﬁhﬁ%e'don
interval (1) is at least the length of said estimted phase. - 10.
Met hod as signals asi thers ase jitten; @lieches, falleoud aidnfadiig; 9, wherein the Iength of
the estimation_interval is chosen to cover several possible synbol

combi nati on t H§- 6 shews ?u@11'&11%eﬂémpb(ﬁfraedléﬁrimmatedtscgnahtomialnsg\thfeﬂenbsrgnal

distortions;
Fig. 7 shows the symbol set for the F2F encoding technique;
Fig. 8 shows the state diagram for the F2F coding technique;
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11. Method as in claim 10 or anyone of the clains 1 - 9, wherein in a
banki ng application after a synbol detection of a bit—streama bit recovery
is per- forned, using the Length Record Character (LRC r
Start of Message (SOM), the End of Messgge (EO\/) charaé““mnﬂgm“mu ln
additional odd parity bit. 12. Method as in claim 11l or =angone o* the *
claims 1 - 10, wherein the result of the parity check cal cul ati on and/ or

t he LRC check cal cul ation serves as LI&IMS sion criteria to repeat the
phase estimation and correlation with a nodified procedure and/or

par anet erb. 1Sletipdvior aletadingl Febdsignpls thgh atesread dieuin ianmEgeticedatre carvier awith
magnetic data carrier such as a card (1) contain- ing a magnetic stripe

wi th sevethghelpeeior maggetwrr&@mg fead, 3‘;—011141)}131(11811@?1&110@/1%15@95 conprising A) a
reading station i readi ng head (91), for reading the
magnet i cal y fmléf?/ '?’eagﬁlagsﬂa%f oy Said ra%%neaa PAMRE Leadrising %rgwyhﬁg)

an anplifi ation (912) wth a very hi gh gain for anplifying said anal og
head si g Very&l thgal

b) discriminating said analog signal by applying a clip level to generate a received

digital signal (r(t)) out of said analog signal;

c) estimating the phase of said digital signal relative to a certain reference point (start-
up time value) fof determining the end of a bit cell to generate an estimation interval;
and

d) correlating said received digital signal against all possible symbol combinations
during a correlation interval, wherein said correlation| is performed with overlapping
symbol sequences, overlapping at least for one bit, to consider margin conditions by
including immediately preceding correlation results.

2. Method as in claim 1, wherein said phase estimation in step c) is performed by a
minimum distance estimation using a reference phase as start point and determining a
flux change that comes closest to the reference phase as the end of the bit cell.

3. Method as in claim 1, wherein said phase estimation in step c) is performed by an
optimum phase estimation using an estimation interval of several bit cell lengths in which
the sum of acquired time values (T(i))--measured between two adjacent flux changes--is
compared to any sum of reference time values (R(j)) until the difference between these
two sums is less than a deciion bound b.

4. Method as in claim 1, wherein said correlation interval (I) is greater than just the
last estimated phase and includes at least the immediate preceding estimation interval.

5. Method as in claim 1, wherein the result of the previous correlation is used as a
start-up value for the integration which is performed for said symbol correlation.

6. Method as in claim 1, wherein the length of said correlation interval is at least the

length of said estimated phase.
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;'GE §91 033 -30- O a discrimnating and integrating station (913) for

generating a discrimnated and binary | ooking signal W mlr“mm“la
reference tinme acquisition station (917) for setti ng“ ﬂ‘\l I abl e
start-up tine value; E) a phase estingiing station {9%8) Lf of e%tiating
the correct end of a bit cell beginning fromsaid start-up tine value, and
F) a synbol correlation station (920) for correlat- ing the received

bi nary siGnal Msthodaas (n claim & wherdin the denighi of dheriestimatiorbintenvabincludes a
(u[err](t)) based on_said estimted phase for generating a bit stream 14.
Devi ce asPiuralidy of ppssible gymabel gombinationsrp| i fi er station conprises a | ow pass

e g RS A%yl £ T o it el Shel 4 ool SEEhSS b
a bit stream a bit. recovery is performed, using the Length Record Character (LRC)
together with the Start of Message (SOM), the End of Message (EOM) characters, and
an additional odd parity bit.

9. Method as in claim 8, wherein the result of the parity check calculation and/or the

LRC check calculation serves as a decision criterion to repeat the phase estimation and

correlation with a modified procedure and/or parameters.

10. Device for decoding signals coded in F2F manner on a magnetic data carrier

comprising:

A) a reading station including a magnetic reading head for reading magnetically

recorded signals to generate analog head signals;

B) an amplifier station with a very high gain for amplifying said analog head signals;

C) a discriminating and integrating station for generating a discriminated and binary

looking signal;

D) a reference time acquisition station for setting a fixed or variable start-up time

value;

E) a phase estimating station for estimating the correct end of a bit cell beginning

from said start-up time value, and

F) a symbol correlation station for correlating the received binary signal stream (r(t))
' with all possible symbol combinations (ui(f)) based on said estimated phase for

generating a bit stream, wherein said symbol correlation station contains an overlap

decoder for correlating the signals under inclusion of previous correlation results.

11. Device as in claim 10, wherein said amplifier station comprises a low pass filter.

12. Device as in claim 10, wherein said phase estimating station includes a minimum

distance estimation circuit.
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decoder for correlating the signals under inclusion ofprevious—cortetat
"results. 16. Device as in claim113, 14, or 15, wherei m
estimating station includes either a mninum di stancelm n II Tm lt or
an optimum phase estimator. 17. Device afg in anyone of *t ckalms s *to 16,
wherein a bit recovery station (922) is provided for recover- ing a _
m ss-read bit fromthe correlated bit stream - 31 - 18. Device as in
anyone of 1Bne R¢vi¢enas iraclaimi 40 wivpreins said phasbesstinmtifig istatioh dnclidésrm dptémum
quality of the decoded data and, if the quality is below a certain

st andar d, P?P%QSFIH&tQIeCOdl ng again with nodified paraneters. 19. Device as

I n claim Lisin are station for determ ning the decoding
quality of aI %6‘?‘? ascﬂ‘r&@ APisheT comprisingom BitSaevery sfatign for secoering ed

par amet er §n1§§)fe b'?ﬁrgl)ﬁ tﬁg rrefaﬁ'a% blps%‘ best decoded

15. Device as in claim 10, further comprising a device for determining the quality of

the decoded data and, if the quality is below a certain standard, starting decoding again
with modified parameters.

16. Device as in claim 15, further comprising a compare station for determining the
decoding quality of all concurrently applied stations each bhaving used modified
parameters for finally selecting the best decoded signal.

17. Method for decoding F2F signals that are read from a magnetic data carrier with
the help of a magnetic reading head comprising the following steps:

a) amplifying the analog 51gnal read by said magnetic reading head using an amplifier
of very high gain; '

b)  discriminating said analog signal by applying a clip level to generate a received
digital signal (r(t)) out of said analog signal;

c)  estimating the phase of said digital signal relative to a certain reference point (start-
up time value) for determining the end of a bit cell to generate an estimation interval;
and

d) correlating said received digital signal against all possible symbol combinations
during a correlation interval by integrating over the correlation interval (T) the product

of a possible symbol combination (ui(t))--a sample--and said received digital signal (r(t))
[ witty*r(ar

whereby this integration results in a number, -performing this integration for all possible
symbol combinations, and selecting the maximum result as the one coming closest to the

real symbol.
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18. Method as in claim 17, wherein in selecting the maximum result the absolute value
of the correlation is selected.

19. Method for decoding F2F signals that are read from a magnetic data carrier with
the help of a magnetic reading head, comprising the following steps:

a) amplifying the analog signal read by said magnetic reading head using an amplifier
of very high gain; '

b) discriminating said analog signal by applying a clip level to generate a received
digital signal (r(t)) out of said analog signal;

c) estimating the phase of said digital signal relative to a certain reference point (start-
up time value) for determining the end of a bit cell to generate an estimation interval;
and

d) correlating said received digital signal against all possible symbol com:binat_ions
during a correlation interval by multiplying twd signals (ul(t), u2(t)) as binary signals of
the same signal level (+1 or -1) to form a third signal' (s(t)), said third sigilal being
integrated over an estimation interval (T) by simply calculating the difference of the time
where the function is on the same level with that time where the function is on the

different level
fTS(t)dt =t1-12+13—14+15.
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METHOD AND ARRANGEMENT FOR DECODING F2F SIGNALS
READ FROM A MAGNETIC DATA CARRIER

ABSTRACT

A method for décoding F2F signals as well as a device for decoding F2F sigﬁals read from a
magnetic data carrier is provided. The signal read from the card by a magnetid reading
head (91) is amplified by an amplifier (912) with a very high gain, discriminated in a
discrimination and integration station (913) to receive a Binary locking signal. Out of this
digitized signal in a reference time acquisition station (917) a start-up time value is set and a
phase is estimatgd to determine the correct end of a bit cell in a phase estimating station
(918). Ina symi)ol correlation station (920) the received binary signal is correlated with all
possible symbol' combinations based on the estimated phase to create a correct bit stream.
This bit stream might be processed further by a bit recovery station (922) providing a
coﬁected bit stream ready for interpretation.

Fig. 9
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