1 . . . DI G TAL PULSE DETECT

FI ELD OF THE | NVENTI ON * This invention rel.ates to conputer
syst enweosy2Bwyie particularly to data storage and dat ROToUS3704284i on
devi ces within such conputer systens. Evén nore 5 particularly, the

I nvention relates to apparatus for detecting pulses resulting frombit
transitions within a data streambeing read froma recordi ng nedi um of a

data storage device or pulses in data being received froma data
comuni cat i on devi ce. - DIGITAL PULSE DETECTOR
) : FIELD OF THE INYENTION

This invention relates to computer systems and more particularly to data

storage and data communication devices within such computer systems. Even more

5 particularly, the invention relates to apparatus for detecting pulses resulting from bit
transitions within a data stream being read from a recording medium of a data storage

device or pulses in data being received from a data communication device.

BACKGROUND OF THE INVENTION

In a computer data storage device, data is typically stored on magnetic media
10 by reversing the magnetic flux at each "one" bit location, and maintaining the same
flux direction at each "zero" bit location, called NRZI recording. When these flux
reversals pass a read head they cause a voltage change in the read head. The voltage
from the various flux reversals along.a data track appears as a varying signal level on
the output 'ofl the read head, with the voltage caused by each flux reversal appearing
15 as a positive or negative voltage pulse. These pulses must be detected by the
electronics co'nnecfed to the read head, typicallv by detecting the peak of each pulse

to determine the pulse location. . |

Similarly, the voltage from a data transmission line appears as a varying signal
_level on the input to a data communication device, such as a modem, with the voltage

20  of each bit change often appearing as a positive or negative voltage pulse.

In order to separate the voltage pulses. from noise in the signal‘,-the voltage
may be compared to a predetermined threshold, and only peaks whose magnitude
exceeds the threshold are considered to be possible pulses. If the peaks are too small
with respect to the threshold, the signai gain must be adjusted higher, and if the peaks

25  are too high the gain mu.;t be adjusted lower. To properly determine the gain setting,
pulses must be detectcd so that the gain adjustment can maintain the proper level for
a pulse pcak

Because the rotational speed of a disk may vary, a phase locked Ioop is used

to synchronize a detector to the times of the pulses. The peaks of the pulses caused
30 by bit transitions must be detected in order to correct for any timing deviations.
Several methods have been used to detect the pulses and thus the transitions

within the data. In the prior art, peak detection circuitry has ordinarily been analog
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10 It is thus apparent that there is a need in the art for an improved apparatus

which digitally detects pulses at the earliest possible time after the peak of the pulse

occurs. The present invention meets these and other needs.

SUMMARY OF THE INVENTION
1t is an aspect of the present invention to aetect signal pulses caused by bit
15 transitions within data being read from a data storage device.
It is another aspect of the invention to detect signal pulses within signals
received by a data communications device.
It is another aspect of the invention to detect the pulses using samples of the
signal wherein one of the samples occurs at a peak of the pulse caused by a bit
~20 transition. :
Another aspect of the invention is ‘to detect such pulses using samples of the
signal wherein samples occur on each side of a peak of the pulse - and wherein no
sample occurs at the peak.
A further aspect is to detect a pulse within one half to one and one half
25  sample periods from the peak of the pulse.

A still further aspect is to use signal level moving averages of two samples for
detection.

The above and other aspects of the invention are accomplished in a digital

pulse detector that uses four samples of a read signal to detect a data transition as

30 soon as one sample beyond the time of the peak of the signal level at the bit
transition. The pulse detector detects peaks by sampling at the center of the peak or

by sampling at each side of the peak. The pulse detector detects pulses while

tracking, where the pattern of pulses is not known in advance, or while acquiring
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.SHEET rules are summarized in Table 2.
5 In an alternative embodiment, the detector uses a moving average of two
adjacent samples, as well as individual sample signal levels, to perform the detection.
The alternative embodiment uses the sampled signal levels directly to determine peaks
in side sampled acquisition mode, and in center sampled tracking mode. In the other
two of the combinations, the alternative cmbodirﬁent detector uses two-sample moving
10  averages to determine peaks. The ﬁreamble pattern for acquisition in the alternative
embodiment is restricted to be a repeating sequence of alternating polarity pulses with
a period of four sample intervals. This is more restrictive than the pattern handling
capability of the ﬁrst-cmbodiment, however, it permits the alternative embodiment to
perform earlier detection of the pulses in the side sampled acquisition case and it uses
15  simpler rules in acquisition. The detection rules for the alternative embodiment are
summarized in Table 1.

Both embodiments avoid using a signal threshold to qualify the pulses during
acquisition. This aspect prevents the gain at the beginning of the acquisition from
affecting acquisition, since the gain may be incorrect at the beginning of acquisition.

20  During tracking, where the pulses may be more widely separated, a threshold is used

to qualify pulses. This qualification prevents the detection of small noise-induced
pulses as data pulses.

BRIEF DESCRIPTION OF.THE DRAWINGS
The above and other aspects, features, and advantages of the invention will be better
25  understood by reading the following more particular description of the invention,
presented in conjunction with the following drawings, wherein:
Fig. 1 shows a block diagram of the invention and the environment of thé
invention; ' _
Fig. 2 shows a block diagram of the circuitry that provides data samples to the
30 ' : invention; |
Fig. 3 shows a block diagram of the digital circuitry of the read channel

containing the invention;-

h Fig. 4 shows a signal waveform and illustrates center sampling of the pulses;
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i n nature, while digital--detectors have ordinarily been sequence detectors

such as those inplenenting the Viterbi nmethod, disclosed in
Appl i caw@r3@ee4ial Nunber 07/ 852, 015, filed March 16 19T/ USS3/B4238ar d
T.. Behrens, Kent D. Anderson and Neal 4 dover, entitled "Method and

Apparatus for Reduced-Conplexity Viterbi-Type 5 Sequence Detectors",
. which is incorporated herein by reference for all that is disclosed

- and taught therein. However, nost digital pulse detectors analyze the
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DESCRIPTION OF THE PREFERRED EMBODIMENT

The following description is of the best presently contemplated mode of
carrying out the present invention. This description is not to be taken in a limiting
sense but is made merely for the purpose of describing the general principles of the

10 invention. The scope of the invention should be determined by referencing the
appended claims.

Fig. 1 shows a block diagram of the invention and a typical environment of
the invention. Referring now to Fig. 1, a computer system 100 contains a processing
element 102 which communicates to other elements of the computer system 100 over

15  asystem bus 104. A keyboard 106 and a display 108 allow a user of the computer
system 100 to communicate with the éomputer system 100. A memory 110 contains
programs and data which cause the computer system 100 to perform operations
desired by the user. :

A disk data storage system 112 is connected to the system bus 104 for storing

20  data and programs within the computer system 100. A disk controller 114 within the
disk device 112 communicates to the system bus 104 and controls the operations of
a disk drive 118, possibly in conjunction with a local microproceséor (not shown)
within the disk data storage system 112. The disk drive 118 performs the storage
function, typically storing the data on magnetic media. A bus 116 connects the disk

25  controller 114 to the disk drive 118, specifically co.nnecting to a write channel 120 to
write data onto the disk through write heads and amplifiers 128. When data is being
read from the disk through the read head and amplifiers 128 the data comes back
through the read channel 122 which contains the pulse detector of the present
invention. The read and write heads may be physically the same heads. The data first

30  passes through the analog section 126 of the read channel 122 and then through the
digital section 124 of the read channel 122 before being sent on the bus 116 to the
disk controller 114. After being processed by the disk controller 114, the data is then

__sent over the system bus 104 to the memory 110 where it is processed.
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be used in any other device that must detect pulses within a signal.
Fig. 2 shows a block diagram of the analog circuitry 126 of the read channel
122. Referring now to Fig. 2, when a read head is passing over a track of the data
10  storage medium, it picks up a signal which is amplified by a preamplifier, not shown.
After this preamplification, the signal 201 is passed to a variable gain amplifier 202.
The signal is further amplified by the variable gain amplifier 202 and passed through
an analog equalizer circuit 204, which filters the signal as desired, for example, so as
to remove unwanted high frequencies and shape the remaining spectrum, to an
15  Analog to Digital converter 206. The A to D converter 206 converts the analog signal
into a digital value, providing six bits of digital information in the preferred
embodiment, and then the data is passed to a register/de-multiplexer 207. In the
preferred embodiment, the digital section 124 of the read channel 122 processes two
samples in parallel. To create these two samples, the register/de-multiplexer 207
20  stores every other sample taken by the A to D converter 206. After the second
sample is taken, the data from the two samples is passed to the data bus 230. The bus
230 is clocked by a single half-frequency clock signal.
The timing necessary for converting the data, also called taking a sample, in
the A to D converter 206 is supplied by a variable frequency oscillator 222 which is
25  controlled by the output of a digital to analog converter (DAC) 220. The input to the
DAC 220 comes from the digital section of the read channel 124 as timing feedback
signal 234,
The gain of the variable gain amplifier 202 is controlled through a gain
feedback signal 232 which originates in the digital portion 124 of the read channel
30  122. The gain feedback signal 232 is input to a summing junction 210 which has a
coarse géin control value as its other input. The coarse gain control can be set by the
disk controller 114, or a local microprocessor within the disk drive (not shown), to
provide a nominal gain level which is then adjusted up or down by the gain feedbéck

oo .. Signal 232. After being summed with the coarse gain control value, the feedback
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pul ses is not known in advance, or while acquiring “ '

3 timng lock on the signal in a preanble, where the data pattern is

fixed. Thus the ., pulse detector provides four conbinatigns of detection
to detect in tr a&lgliliﬂés §Gpt to a digital to analog converter 212 and then to a filter 214. Because of

the nature of digital to analog converters, the output of the DAC 212 may contain
glitches when it is changing values. Therefore, the filter 214 may be necessary to
remove these glitches in the feedback signal. After being filtered, the signal is

5 converted to an exponential value by the exponential.converter block 216 and then
connected to the variable gain amplifier 202. This conversion makes the small-signal
gain control dynamics independent of the input signal amplitudc.

Fig. 3 shows a block diagram of the digital section 124 of the read channel 122
(Fig. 1). Referring now to Fig. 3, the digital data signal 230 from Fig. 2 is input to a

10 delay circuit 304 and a digital filter circuit 302. The digital data signal 230 is also
input to a multiplexer 306 whose output is connected to a second multiplexer 310 with
an output that feeds the pulse detector 312 of the present invention. The output of
the pulse detector 312 is connected to a gain control circuit 330 which provides the
gain feedback signal 232 that connects to Fig. 2. The output of the pulse detector 312

15 . is also connected to a timing recovery circuit 328 whose output 234 connects to thel
digital to analog converter 220 of Fig. 2. The output of the pulse detector 312 of the
present invention may also be connected to a sync mark detector 322 and an RLL
decoder 320, as shown in Fig. 3, or a more sophisticated data detector (not shown)
may be connected to the sync mark detector 322 and the RLL decoder 320. The

20  output of the RLL decoder 320 and the sync mark detector 322 are connected to the

_ disk controller 114 (Fig. 1) through the bus 116.

The pulse detector 312 of the present invention is designed to detect pulses
using one of two types of sampling methods, selected by the user. The first detection
method is called center sampling wherein one of the samples taken will arrive at or

25  very near the center, or peak, of a pulse. The location of the sampling is controlled
by the timing recovery block 328 of Fig. 3. In the other method of sampling, called
side sampling, the timing recovery block 328 will adjust the timing of the VFO 222
(Fig. 2) such that two samples are taken wherein one of the two samples appears on
one side of the peak of the pulse and the other of the two samples appears on the

30 other side of the peak. The user of the system determines whether center sampling
or side sampling is used by setting a bit in a control register through the interface 116
(Fig. 1).

For either center or side sampling, sampling can occur at two different times

___within a data record being read from the disk media. The first time sampling occurs
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acqui sition node, usi ng(mther center or side sarrplfi—ng in either node. The
detection rules are summarized in Table 2. 5 ° In an

al t er w0 937239odi nent, the detector uses a noving aver ageP6T/Ws3/04234

adj acent sanpl es, as vvel | as individual 'éarrpl e signal levels, to perform

t he detection. The alternative enbodi nent uses the sarrpl ed signal
|l evel s directly to determ ne peaks I n si-de sanpl ed acqui sition node,
and in center sarrpl ed tracking node. In the other of the
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A1rst embod merpiieft 2 el ddfnfioh ' e e B4 gain,  SRAL detd fy Beiny™®
perform earls er trahsfeemii a)ch,ffefent hmdplsl wsed farithd pudsesdeatiertaracabled ttkaahqg,lsmct ideta

e ooy o P R AT A Sk B Ry o1 ot 7 ol es T
Bot h enbodi rrent S avoTherdfor€)ghe paisg daiecton of shtoprdsdnd inveatiod i designpdi ks Gtect
during q¢i|3|t|on Thi s aspec}. . preyents the %aln at the beg| nning of
the acqui siti onPyics nder four sapagate Bﬂﬁ#‘é‘gﬁui i Fondifign is qequisition mors usipg
incorrect at thgdba@iphnlnfe Scond licghikitiBA mode using center sampling, third is tracking

10  mode using side sampling, and fourth is tracking mode using center sampling.

The pulse detector analyzes the current sample of the amplitude of the signal
as well as the previous three samples of the signal arhplitude. Using thése four
samples, Table 1 shows equations for one embodiment of the pulse detector, and
Table 2 shows equations for another embodiment.

15 In Table 1, y, is the current sample, y,, is the first previous sample, and y,, is
the second previous sample. The third previous sample is used only through the
moving averages, (1+D)/2 (described below). The equations of Table 1 will be
further described below with respect to Figs. 5 and 6. Also, the equations of Table
1 show pulse detection of a pulse whose peak occurs at time y,, for center sampling,

20  orbetweeny,, and y,, for side sampling tracking mode, or between y, and y,, for side
sampling acquisition mode. The circuits of Figs. 6-8 processes two signal samples
simultanedusly. The equations for the second sample are the same as the equations
of Table 1, with one time delay. Thus, for example, y, in Table 1 would be replaced
bY Ya Yaa Would be replaced by y,,, and y,, would be replacéd by y,a.

25 Fig. 4 shows a signal waveform of an isolated pulse axid illustrates center
sampling of the pulse. Referring now to Fig. 4, a signal waveform 402 is shown having
a positive level above a baseline 404. Four samples of this waveform have been taken
with the sample identified by reference 412, y,, being the most recent sample. Sample
410, y,., is the sample just prior to the most recent sample, sample 408 is the next

30  previous sample and sample 406 is the oldest of the four samples shown. A threshold
value 414 is also shown and the signal value of sample 410 must be greater than the
threshold 414 for the pulse to bé detected in tracking mode. Negative pulscs would

appear as a mirror image of Fig. 4.

e e—m - Figo 5 shows a signal waveform of an isolated pulse and illustrates side
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20 During tracking, where the pul ses may be nore w dely separated, a

threshold i s used “to qualify pulses. This qualification prevents the
detecti O®OB/23841 | noi se-i nduced pul ses as data pul se®CT/US93/04234
BRI EF DESCRI PTI ON OF THE DRAW NGS TBe above and ot her aspects,

features, and advantages of the invention wll be better 25 under st ood

by reading the follow ng nore particular description of the invention,
presented in conjunction with the follow ng drawi ngs, wherein:

"Fig. 1 shows a bPuepingof ghepylsst Referringwnom todfig-nd sighal veaveform1fRris shewnt #se

i nvention; ositive level fablve % SANE 565. PFOGH safhbRE 2wl WRhGhE Thblst Fecehfhat
provi des data saﬁpl es to tahe 8 I nvent 1 on; ,
Fig. 3 shows a bFampe being samplo£516. hSamjile) F@&is the sampie previos torthe mastireshit H
|CIOPLSIt P;tngst Egnit g\r/tﬁggl.rlefp rl?'rﬁwéio%sf saﬂ?(lae ?:)ntﬁjl sggxg!:ei §]4 is4 tlﬁ:hcﬁéf@t 8t ﬁ{egf'a@l' sé'x\@ﬁﬁg s%rd%and
: 5  These samples are also identified by the reference y, through y,;. Also, a threshold
512 is illustrated, and sample (¥, + y..) /2 must be greater than the threshold 512
to be considered a pulse during tracking.

Figé. 6, 7, and 8 show a high-level logic diagram of the pulse detector 312 of
the present invention. Referring now to Figs. 6, 7, and 8, signais 610 and 632 are

10 received from the register/de-multiplexer 207 of Fig. 2 through digital data signal 230.
As discussed above with respect to Fig. 2, the analog section 126 sends two samples
at a time to the digital section. Signal 610, also designated y,, is the digitized value
for the signal level of the most recent sample. Signal 632, also designated y,,, is the
digitized value for the signal level of the next prior to the most recent sample. In the

15  preferred embodiment, these two signals are each six bit digital values stored in two’s
complement number representation, with one of the bits being the sign bit. Signal 610
is fed to a multiplexer 608 and signal 632 is fed to a second multiplexer 640. These
multiplexers are controlled by an exclusive-OR gate 606 which has two signals 602 and
604 as its inputs. Signal 602 determines whether the pulse detector is in acquisition

20 or tracking mode, as described above, and signal 604 determines whether the pulse
detector is in center or side sampling mode, as discussed above. When the pulse
detector is in acquisition and side sampling mode, or the pulse detector is in tracking
and center sampling mode, signals 610 and 632 will be selected by the multiplexers 608
and 640 respectively. When the pulse detector is in acquisition mode center sampling

25  or in tracking mode side sampling, the multiplexers 608 and 640 will select signals 631
and 639 respectively. _

Signal 631 is called a (1+D)/2 signal and is formed by adding signal 610 to
signal 632 in summing junction 628 and then dividing this sum by two with a divide by
two circuit 630 to produce signal 631. The summing junction 628 is a six bit add

30  circuit and the divide by two circuit 630 is a shift. The signal 631 represents the sum
of the y, signal and y,, divided by two, therefore, it is the average of y, and y, ..

- Circuits 634, 636, and 638 produce a (1+D)/2 signal for the previous samples.
That is, delay circuit 634, which is a set of D flip flops, is used to delay the y, signal

oo 610 by one clock cycle (two sample times), so it becomes signal vhieh is sent to
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4 Fi g 5 shows a signal waveform and il |l ustrates side

sarrpl | ng of "the pul ses; - Figs. 6, 7, and 8 show a high-Ievel
| ogi ¢ ?f t he puI se detector of the PCI‘/US%?@Q@R
i nvent | on or the equations of Table 1; gand Figs. 9, 10, and 11

show a hi gh-level |ogic diagramof the pul se detector of the 5
present invention for the equations of Table 2.
the summing junction 636. Summing junction 636 sums y,, with y,, and divides the
result by two to produce the average at signal 639. As disclosed in Table 1, these
(1+D)/2 signals are used in two of the four cases that the pulse detector can decode.
After passing through multiplexer 608, y, signal 610 is sent to Figs. 7 and 8
5  overy,signal 613. This signal is also delayed by delay circuit 617 to become vy, , signal
614. In addition, y, signal 613 is connected to a sign-bit circuit 616 which extracts only
the sign-bit from the six-bit digital value. This sign-bit is connected to an exclusive-
OR circuit 618 along with the other bits of the digital value 613. Also, the sign-bit
616 is connected to another summing junctidn 620 along with the output of the
10  exclusive-OR circuit 618 and a threshold value 656. The circuits 616, 618, and 620
convert the value of y, to an absolute value, that is, y, is negated if it was originally
a negative value to produce a positive value and is unchanged if it was oﬁginaﬂy a
positive value. The threshold signal 656 is then subtracted from the absolute value
to produce a non-negative value if the absolute value of y, is greater than or equal to
15  the threshold. The summing junction 620 produces a negative value if the absolute
value of y, is less than the threshold 656.
The output of the summing junction 622 is passed to another sign-bit circuit
624 which extracts the sign bit from the result and inverts it. This will indicate
whether the absolute value of y, is greater than or equal to the threshold value 656.
20  The inverted sign-bit is then sent through a delay circuit 626. The output signal 627
of the delay circuit 626 has a value of one if the absolute value of y, delayed by one
clock cycle, that is,|y,,|, is greater than or equal to the threshold value, and is zero
If it is less than the threshold.
In a similar manner, y,, signal 642 is sent to a sign-bit circuit 644, an exclusive-
25  OR circuit 646, and a summing junction 648. The output of the summing junction 648
indicates whether the absolute value of the y,, signal is greater than or equal to the
threshold value 656. This result is passed through a sign-bit circuit 650 and then
inverted to indicate whether the absolute value of y,, is greater than or equal to the
- threshold value 656.
30 Fig. 7 shows a high-level logic diagram of the section of the pulse detector 312
that detects pulses during data tracking. Referring now to Fig. 7, comparator circuits
702 and 704 compare the results of the last three samples taken of the signal. Y,
signal 613 is the most recent sample, y,, signal 642 is the previous sample, and Ya2

--siena] 614 is the sample prior to signal 642. The outputs of the comparator 702 and
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DESCRI PTI ON OF THE PREFERRED EMBODI MENT - ~The follow ng , )
description is of the beast presently contenpl ated nbde of carrying out

the presepd o464t i on. This description is not to be taken i pa/Us93/ ke
sense but 1s nade nerely for the purpose oftodescri bing the general

principles of the 10 invention. The scope of the invention should be
determ ned by referencing the appended cl ai ns. : Fig. 1
-shows a bl ock diagram of the invention and a typical environnent of

the invention. Ref7drdregommstddaord Gumber of ANDDgstesrandydelaynoirbOils e fmplemsntathe
processi ng el eppnt 102 whjch co nicates to other elenents of the
conput er syst em 10€RKREcqpations shawninakablg L 104, A keyboard 106 and a

di splay 108 al | ow a USEAN®S gdd'P0GAMRHiRS whether a pYSliRPULRs BeORIHLIHNE Al(Rith
with the conputer system 10%). A nmenory 110 contains progranms and data

whi ch cause the cohppedsatdims o). 1Qutpub736ef compareins 782 is@rlagical one ifyesis jastthep
t he user. ' Ve : L t 0

system bus 104 5f orl"&t%) F ;Abr}'gb\é(l? 466033:9 g‘bg%gg?ro%gl? %ﬁg%lévﬁ&t Fﬁf ?‘ﬁig ']%g ntg%h g“r‘" Thée
system 100. A di sksigmistaro ANEedidgethdrtviithrthe nverted sign ofi th& sigmal lavel dfyR, to produce

G Sk drfve 116, pok B STE BB AR RGTRAT b ROy A RE AR BiRel e
shown) AND gate 708 determines whether there is a negative pulse at time n (with
the peak' at time n-1). Output 738 of comparatér 702 is a logical one ify,, is less than
10 Y., and output 742 of comparator 704 is a logical one if y,, is less than y,. ‘These
| signals are ANDed together with the sign of y,,, to produce a logical one from AND
gate 708 if a negative pulse is detected at time n.
| AND gates 716 and 718 determine whether a pulse is detected at time n-1
(with the peak at time n-2). Output 736 of comparator 702 indicates that y,, is less
15 thany,,. Output 740 of comparator 704, after being delayed by delay circuit 710,
indicates that y,, is less than y,;. Signal 744 indicates that y,, is negative, therefore,
the ANDing of signals 736, 748, and 744 indicate there is a negative pulse detected
at time n-1. : _
Signal 738 indicates that y,, is greater than y,,. Signal 746, the output of delay
20  circuit 712, indicates that y,, is greater than y,;. By ANDing signals 738, 746, and the
inverted signal 744, AND gate 718 indicates that a positive pulse is detected at time
n-1.
The output of OR gate 714 indicates that a pulse, either poﬁitivc or negative,
is detected at time n, and the output of OR gate 724 indicates that a positive or
25 negative pulse is detected at time n-1. AND gate 720 determines whether the
magnitude of the pulse at time n was greater than the threshold value and it also
determines whether the pulse detector is in tracking mode. AND gate 726 determines
whether the pulse at time n-1 was greater than the threshold and whether the
detector is in tracking mode. Because of the recording code used in writing data to
30 the storage media in this application, a pulse can never occur at time n and also at
time n-1. Therefore, the outputs of and gates 720 and 726 are cross-coupled to AND
gates 728 and 730 to prevent detection of pulses in both locations at once. Thus, the
output of gates 728 and 730 will indicate that a pulse occurred either at time n or at

e+ ... time n-1 but not both. These outputs are connected to the circuit of Fig. 8.
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within the disk data storage system 112. The di sk dr+ve 118 perforns the

st or age function, (typl cally storing the data 'on magnetic nedia. A bus
116 copperysokhe disk 25 controller 114 to the disk dri VRCIVLE93/04234
specifically connecting to a wite chanihkl 120 to wite data onto the
di sk through wite heads and anplifiers 128. Wen data is being r ead
fromthe disk through the read head and anplifiers 128 the data cones back
through the read channel 122 which contains the pul se detector of the

pr esent i nventKigr shﬁm ar lightl lewablogicidiagrdne afl shenmttibe of tyss pula¢ Idytecttne

sanme heads ata. fir ses throu h the sect i an 126,0
.the read channg}'lq 'ﬁ’leﬂue 75[ Hbe actqwggﬁﬂheqf’ﬁt ons S ownéﬁ (}aP T8R! 'f?4m8?e t he
read channel 12Refbeingrfovd&d Mg S8 Nignah 601 éndicates1viether bhexot the detctf is in

controller 114. After being processed f he |sk ontroller 114, the dat a
Jis then SAEAYisiHOR mdge 59%%%3@0&6&0% %éncﬁé%w T S

processed. 5  extract the sign bits from the values y. and y,, respectively. These two sign bits are

exclusive NORed in XNOR circuit 808, whose output indicates whether the sign of

Y. is equal to the sign of y,,. Circuit 810 indicates whether the sign of y,, is not equal

to the sign of y,,. If both these conditions are true, the output of AND gate 816 will

indicate that a pulse is detected at time n (with the peak between time n and time n-

10 1) in acquisition mode. This output is ORed with output 732 from Fig. 7 which

indicates whether a pulse is detected at time n in tracking mode, therefore, signal 824

indicates whether a pulse is detected in one of the modes at time n.

The sign-bit output of circuit 804 is delayed one clock cycle to indicate the

sign of signal y,;. This signal is exclusive ORed with the sign bit of y, , by circuit 814,

15  whose output indicates whether the sign of y,, is not equal to the sign of y,,. The

output of exclusive-OR circuit 810, after being inverted at the input of AND gate 818,

indicates whether the sign of y,, is equal to the sign of y,,. Therefore, the output of

AND gate 818 indicates whether a pulse is detected in acquisition mode at time n-1

(with the peak between time n-1 and time n-2). This output is ORed with the output

20 734 of Fig. 7, which indicates whether a pulse is detected in tracking mode at time n-

1. Therefore, output 826 indicates whether a pulse is detected at time n-1, either in
acquisition or trécking mode. |

Figs. 9 through 11 show a circuit that implements the equations of Table 2.

- This circuit, and the equations of Table 2, provide an implementation of the pulse

25  detector that allows the preamble section of the data to contain different types of

patterns. For example, the circuit of Figs. 6-8 works well for a preamble having a 2T

pattern, which is an alternating 1-0 pattern (10101010...), where a 1 indicates presence

of a pulse, a zero indicates absence of a pulse, and pulses alternate in polarity. The

circuit of Figs 9-11 allows a 2T pattern, a 3T pattern (100100...), and an 4T pattern

30 (10001000..). Thus, the circuit of Figs. 9-11 and equations of Table 2 are the
preferred embodiment and the best rﬁodc. '

In all cases except side sampling acquisition mode, the equations of both

Tables 1 and 2 detect pulses with the same latency. For side sampling acquisition, the

-eecee ... equations of Table 1 detect peaks one sample sooner that the equations of Table 2.
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The di sk controller 114 _.al so connects to other circuits, not shown, wthin
t he di sk drive 118,i such as a circuit which noves the read/wite heads
over thavewosfass of t he data storage nedia. © - PATYUSR423dt
shown in Fig. 1, -the pul se detector of tH& present invention can 5 be
“used to detect pulses within data received froma transm ssion |ine, such
ras a tel ephone line or local area network, in a data conmunications
receiver. It may al so be used in any ot her device that nust detect

pul ses wi t hi n a Howswdr, the equations of Tabléﬂgarezcoshmt ia the @oloudt eflatencyin both

anal og oir oul Y och B bl Sl BRLnERAMEL: wih 1neLaRs B GRTCHRY BOMAA Bty 2

orage ne

"picks up a si gnathevﬂbtenby nsaczquxsiuohlmotid)xy ame pamplepshofter thannthe lsﬂenwynm tracking
_After this prearTBlI idfication, the signal 201 is passed to a variable gain
“amplifier 202. ode.

5 The equations of Table 2 show detection of a pulse at time y,. As with the

circuits of Figs. 6-8, the circuit of Figs. 9-11 processes two signal samples
simultaneously. The equations for the second sample are the same as the equations
of the first samplc shown in Table 2, with one time delay. Thus, for example, y, in
Table 2 is replaced by y,,, V... is replaced by y,,,2., etc., for the second sample.

10 Referring now to Figs 9-11, Fig. 9 shows a series of comparétors, 912-922, that
compare the values of y,, ¥, Yo and y,; and compares y, and y,, to the threshold
value. Most of the comparators have a delay circuit, 924-938, on their output to also
provide a comparison of Y., Va3 Yas @Dd ¥,s. These circuits thus provide all the
inputs necessary for the equations of Table 2, and the equivalent equations for the

15  second sample as discussed above.

Fig. 10 implements the equations of Table 2 for the current sample, and Fig.

. 11 implements the equations of Table 2 for the first previous sample. Therefore, in
the following description, Figs. 10 and 11 will be described together.

In Figs. 10 and 11, NOﬁ circuits 1002 and 1102 determine if the absolute

20  value of the signal is greater than the threshold. As shown in Table 2, this
comparison is done in tracking mode, but not in acquisition mode. Multiplexers 1020
and 1120 select side or center sampling mode. Multiplexers 1008 and 1108 select
positive or negative pulses in center sampling mode, and multiplexers 1018 and 1118
select positive or negative pulses in side sampling mode. NAND circuits 1004, and

25 1104 implement the equations for center sampling positive pulses, and NAND circuits
1010 and 1110 implement the equations for center sampling negative pulses.
Multiplexers 1006, 1106, 1012, and 1112 allow a user to select one of two equations
during center sampling. These equations are shown in Table 2, equation 3, for
positive and negative pulses of center sampling. This providés flexibility to the user

30 = of the circuit. NAND circuits- 1016 and 1116 implement the equations for side
sampling, positive pulsc's, and NAND circuits 1022 and 1122 implement the equations
for side sampling, negative pulses. Condition 3 of Table 2 may be omitted during

tracking mode when condition 4 is used.

S Because data recorded on a magnetic storage medium is recorded using small
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The signal is further applified by the variable gainaanplifier 202 and
passed through an anal og equalizer circuit 204, which filters the

si gnaW@93/2@%41Ired, for exanple, so as to remove unwaRCEAUBIHA4234

f requenci es and shape the remaining spddtrum to an 15 Anal og to Digital
converter 206. The A to D converter 206 converts the anal og signal

into a digital value, providing six bits of digital information in the

'preferred enbodi ment, and then the data is passed to a

regi st er / de- manegnsisdiasing abernating ndr-south pohpr @e signddetesisd by teeead hpad willgi t al

paral 1ol To ciuap HeFe RGN Touler ol SURIRERELY Thoretore TBF R ERuMigpals

.

stores every o:teladz ﬁrwamagnemmoﬂdmgtme}ilm,t thclhquammm raf &rabRed. andf £ eoultd er

second i ke t he ta fr the, two sa es | S

The dat a bus 250 FRsTsl 6 Beralt"iS Rt Bnly| £ The st S oBRRTtec R, B fhency
cl ock signa . previous pulse detecta'd[]eThis dbuld p&awmmonhbnommﬁnyng t he data,
al so call ed taki ng D.co verter 6 is su

lied
by a variable fr equ gé@u% F‘FS&PB?d zzaremﬁx wrﬁérreésem M?qto?ﬁo the Wssﬁg

out put of a di gvélon @w'ﬂnﬁé»oge ﬁ}%ﬁéﬁﬁk@'&ha& %Caspé’&s)ef thBSnveRBd hive Bebf fully
DAC 220 cones fromthe digital section of the read channel 124 as tlmng

f eedback achigvgiAndAByill be understood by thoysekiling in the aftnidatmapy Phangesminn
anplifier 202 pshsfr8tidnUndeSkchity And RyidelP Biffdring embodiments and applications of the

10  invention will suggest themselves without departing from the spirit and scope of the
present invention. The disclosures-and the description herein are intended to be
illustrative and are not in any sense limiting of the invention, more preferably defined

in scope by the following claims.

N
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f eedback signal 232 which originates in the digital —portion 124 of the read
channel 30 122. The gain feedback signal 232 is ‘input to a summing
juncti ony@38/Mmbich has a coarse gain control val ue a®gIVeSe3/04234

i nput. The coarse gain control can be set 14y the di sk controller
114, or a local mcroprocessor within the disk drive (not shown), to
provide a nom nal. gain |level which is then adjusted up or down by the gain

f eedback signal 232. After being sumed with the coarse gain control
val ue, the feedback Table1 . 6
Acquisition Tracking
Side 1) SGN(y,) = SGN(¥,.) Ya sequence is filtered by - |
Sampled 2) SGN(¥,.) F SGN(¥,.) (1+D)/2, then fed into

Center Sampled tracking
pulse detector

Center Y. sequence is filtered Pos Pulse Neg Pulse

Sampled by (1+D)/2, thenfed . 1)y,, > Thr 1) Yoy < -Thr
into Side Sampled ' 2) Vo1 > Yoz 2) Yo1 < Yoz
acquisition pulse 3 Va1 >V 3) Ya1 < Yn
detector

where Thr is the Threshold value

Table 2

Positive Pulse Negative Pulse
Slde 1) Yn < Yn-z 1) Yn > Yn-z
Sampled 2) Ya3 < You 2) Ya3 > You

3) Yn-d < Yn-2 3) Yn-4 > Yn-2
Trk Only 4)y,, > Thr 4) «y,, > Thr
Center ' 1) Yn < Yn-l 1) yxl > Yn-l '
Sampled 2) Yoz < Yau 2) Yoz > Yaa

3) y n-3 < Yn-z 3) yn-J > Yn-z

- or or
y n-3 < Yn-l Yn-J > yn-l

Trk Only 4)y,., > Thr 4) Yoa > Thr

where Thr is the Threshold vaiue

THIS SHEET HAS BEEN
REPLACED
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signal is sent to a digjital to analog converter 21 nd then to a filter

214. Because of - the nature of digital to anal og converters, the out put
of t hgoD323042 may contain glitches when it is chandgrOLyUSSBIMG234
Therefore, the filter 214 may be necesdéry to remove these glitches in

the feedback signal. After being filtered, the signal is 5 converted to
an exponential value by the exponential converter block 216 and then
connected to the variable gain anplifier 202. This conversi on nakes the

smal | - si gnal gain control dynam cs independent of the input signal
anpl i t ude. Fig. 3 shows a@LAKMSdi agram of the digital section
. 124 of the read channel 122 (Fig. 1). Referring nowto Fig. 3, the

digital data swamak cRigedigE-om Fig. 2 is input to a 10 delay circuit 304
and a digital filter circuit 302. The digital data signal 230 is al so
input to ajmul{i Rllﬁffs%rde@ﬁ)r%f’éée& p(%{tlsekﬁl £ e Gubadsi &lasﬁg? ARE detector
mul tiplexer 310 w't an out put” that feeds the pll se detector 312 of
the presenty |r%§{5trm . The out put of the pul se detector 312 is
connect ed to a gdin €ontrol circuit 330 which provides the gain

f eedback signal 232 1 Pff‘atlo QJl'agggJaﬁa&@eﬁExg{or conlé}%ng%ﬂ% 2 téhﬁ ‘&gﬁg'g%os o

detector 3I2 15 is a onn over Clrcul
out put 234 connects to t q&log converter 220 of Fig. 2.

The out put 4of t he pul se \@foegca%?ntﬁ%'cigﬁ‘ﬂn%xg Him pr esent i nventi on may

al so be Cor‘5ne0t ed tat 12ast oné dats sktoggcta ?ggtisft)er c%%%ec cij tS'an output of said analog to

6 digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;
8 at leést one comparator connected to said data storage registers, and
9 - connected to said output of said analog to digital converter, for
10 comparing said stored digital sample value and a current digital sample
11 ' value from said analog to digital converter;
12 at least one data storage register connécted to an output of each of said at
13 least one comparator for storing a result of said comparing;
14 | first logic circuit means connected to outputs of said at least one comparatox"
15 and outputs of said at léast one data storage register for iﬂdicating a
16 pulse at a first previous sample time if a value of a second previous
17 _ sample is lower than a value of said first previous sample, a value of
18 a third previous sample is lower than said value of said.second
19 previous sample, a value of the output of said analog to digital
20 converter is lower than said value of said first previous sample and the
21 value of the first prev‘ious sample is norinegative; and
22 . second logic circuit means connected to outputs of said at least one
_23. comparaior and outputs of said at least one data storage register for

M T RS BEENJ
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decoder 320, as shown ifi Fig. 3, or a mor e sophi sti;Cat ed data det ector (not
shown) be connected to the sync mark detector 322 _and. the
WO 8B 20

decoder Y9 out put of the RLL df}e coder 320 and the QAES%{WM
detector 322 are c_onnect ed to the di'sk controller 114 (Fig. 1)

t hrough the bus 116. ‘The pul se detector 312 of the present

I nvention is designed to detect pulses usi ng one of two types of

sanpl i ng mnet ds sel ected.b i rst det hod IS
cal | ed cent era sanpl i ng V\herl%&{%au&ﬁ@p(‘)‘getah B'ésé% OUS ¢ zﬁt‘w’ 1§a5a}l?er9€'3

25 .very negr the center, uls an of the
sanpling is gs)nt rol | ed pre “‘E‘V SFWB etlf ﬁf berrtg%'ﬂ’/?-ﬁ e BF ﬁg)r%\?oqg,sgmpg

In the other t hod of sanpl si de sampling, the timng
recovery bl o@gE328 wil adjau%ﬁh%c af}i‘m PR§Vigps f%ﬂvmrz%zr than said yaiyg;of m!d

such that twg_sanples are taken wherein one of the two sanPI es appears dn
"one side of #e peak of thseemdpsevions sampleoa yaue of the putpuhel spithanaleg taysligitat s
on the 30 ot her side of the peak. The user of the system determ nes

whet her cent@® sanpling  convertsr isgrdetes thaplsaidgvalue afseid firyt previoinspmepldiand i n

a control register through the interface 116 (Fig. 1).
For either c@fter or side shepiluagf thedirpd pragossasampbcismegativewo di f f er ent
times within a data record being read fromthe disk nedia. The first

time sanpling occurs

1 2. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2  comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at controlled sampling times;
5 at least one data storage register connected to an output of said analog to
6 | digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;
8 at least one comparator connected to said data storage registers, and
9 _ connected to said output of said analog to digital converter,. for
10 . comparing said stored digital sample value and a current digital sample
11 value from said analog to digital converter;
12 at lca#t one data storage register connected to an-output of each of said at
13 least one comparator for storing a result of said comp.aring;
14 first logic circuit means connected to outputs of said at least one comparator
15 : and outputs of said at least one data storage register for indicating a
16 pulse at a first previous sample time if a value of a second previous
17 sample is lower than a value of said first previous sample, a value of
18 a third previous sample is lower than said value of said first previous
eet Has Been Replaced
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7 - Is called acquisition, because it occurs n the gain control
and‘tinmng control are acquiring the gain and timng rel ationshi ps of
t he pulws?slgghls occurs when the read head i s passi ng prmUSesid4234
portion O 2he data record which always fras a known data pattern to
facilitate acquisition of the timng and gain. Wen data is being 5

transferred, a different node is used for the pul se detector,-called
tracki ng, since data

19 sample, a value of the output of said analog to digital converter is
20 lower than said value of said first previogs sample and the value of the
21 . first previous sample is nonnegative; and

22 second logic circuit means connected to outputs of said at least one
23 comparator and outputs of said at least one data storage register for
24 indicating a pulse at a first previous sample time if a value of a second
25 - previous sample is greater. than.a value of said first previous sample,
26 a value of a third i:revious sample is greater than said value of said
27 first previous sample, a value of the output of said analog to digital
28 converter is greater than said value of said first previous sample and
29 the value of the first previous sample is negatiQe.

1  3.. The pulse detector of claims 1 or 2 wherein said first and second logic circuit

2 "means further comprise:

3 a first threshold comparator connected to said first logic means for comparing
4 said value of said first previous sample to a predetermined ihreshold
5 value and allowing said indication of a pulse at said first previous
6 sample time if said value of said first previous sample is greater than
7 » said predetermined threshold value; and
8 . a second threshold comparator connected to said second logic means .f01_'
9 ~ comparing said value of said first previous sample to a predetermined
10 - threshold value and allowing said indication of a pulse at said first
11 previous sample time if said value of said first previous sample is less
12 : than the negative of said predetermined threshold value.
This Shoet Has B;Re eed o [ms s:gf&ggg BEEN
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has an irregular and a @riori unknown pat'tern of pulses. .

i

Therefore, the pul se detector of the present invention is designed to
det ect WO 934289des under four separate conditions. The firstPCHRHI3/04234 S

acqui siti on node using si de sanplingl8the second is acquisition node
using center sanpling, third is tracking 10 node using side sanpling, and
fourth is tracking node using center sanpling. The pul se

detector anal yzes the current sanple of the anplitude of the signal
as wel |l as thd prévilbepulstdetectonnbhilaisns df orthiurshieyoemprising: i t ude. Usi ng t hese -

f our sanpl es, Table 1 shows equations for one enbodi nent of the pul se
detector, and2 Tablthir® logio viscuitmasisommnéaed an @ubpits ofrisgid i cveiparatd’S and
In Table 1, y[err] is the current sanple, y[err] is the first previous
sanple, and Y[3rr] is otitpets D s2id glupaliey ofxlasa serape eegisidre fdrhihdichtidg @\iulies
"sanple is used only through the novi ng averages, (1+D)/2 (descri bed
‘below). The equations of Tabd &idlsesbid pleious samplé tikdehieh vARSQiskRIGhRE Rkt h
respect to Figs. 5 and 6. Also, the equations of Table 1 show pul se

~detection of & pulse whose pagie RAGHEShER atvalil of[s8"skconl pré@BLanpRRlalR
20 or between y[err] and y[err] for sidg sarrplingstrélckpirng rmoalle, or allfd

~between y[err]gand y[err] fgfash@gh pr¢viousss%§9§¥ﬁ) glgévﬁﬂkﬁa%i §a§i&)0?lﬂp%?'sa§h§ﬁrd

circuits of Figs. 6-8 processes two signal si mul t aneou

The equations-for the second 3RPLedAL Gnd Q@alﬁ@maﬁsﬁégﬁeﬁ&%asta}ngfésis lower than

8 said value of said second previous sample and the value of the éecond

9 o previous sample is nonnegative; and
10 | a fourth logic circuit means connected to outputs of said comparators and
11 outputs of said plurality of data storage registers for indicating a pulse
12. : at said second previous sample time if a value of said third previous
13 sample is greater than a value of said second previous sample, a vaiue
14 of a fourth previous sample is greater than said value of said third
15 previous sample, and a value of said first previous sample is greater
16 than said value of said second previous sample and the value of the
17 second previous sample is negative.

1 5. The puise detector of claim 4 wherein said first through fourth logic circuit means

2 further comprise:

3 a first threshold comparator connected to said first logic means for comparing
4 said value of said first previous sample to a predetermined threshold
‘5 value and allowing said indication of a pulse at said first previous
6 sample time if said value of said first previous sample is greater than
7 said prcde'termined threshold value;
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of - Table 1, with one ti(ms del ay. Thus, for exanpl e,(’y[err] in Table 1 would

be repl aced by y[err],y[err] would be replaced by y[err], and y[err]
woul dydaszfaphpced by y[err]. 25 Fig. 4 shows apgwso3eaesf or m of
an-isolated pulse and illustrates cent &9 sanpling of the pul se.
Referring nowto Fig. 4, a signal waveform 402 is shown having a
positive | evel above a baseline 404. Four sanples of this waveform have
been taken with the sanple identified by reference 412, y[err],

bei ng the Bost recensecondiphreshdihiepinparator connecddli toy paid rspeoml logis meap! forj ust

prior to the nost recent sanple, sanple 408 is the next 30 previ ous

- sanpl e and9sanpl e 406 i rifg stid valad of 2Rl firstisregiangaaplestocs\predétetihines hol d
value 414 is al so shown and the signal value of sanple 410 nust be greater

than the 19 t hr eshol @redfidid fvaluet 1R Alowidy daftl RRYiCARSE GF Q0plise hi' Sk ifRg
node. Negative pul ses woul d appear as a mrror image of Fig. 4.

Fig. 5 shaws a signal wepefighyRadipléiimt H¥aritherit!sad fRGbrbvibuSaiiEn 16k de -

12 than the negative of said predetermined threshold value;
13 a third threshold comparator connected to said third logic means for
14 comparing said valuel of safd second previous sample to a
15 predetermined thre.shold value and allowing said indication of a pulse
16 . at said second previous sample time if said value of said first previous
17 sample is greater than said predetermined threshold value; and
18 a fourth threshold comparator connected to said fourth logic means for
19 comparing said value of said second previous sample to a
20 predetermined threshold value and allowing said indication of a pulse
21 at said second previous sample time if said value of said first previous
22 - sample is les§ than the negative of said predetermined threshdld value.
1 6. The pulse detector of claims 1 or 2 further comprising:
2 a third logic circuit means connected to outputs of said comparators and
3 outputs of said plurality of data storage registers for indicating a pulse
4 | at said second previous sample time if a value of said third previous
5 sample is lower than a value of said second previous sample, a value
6 : of a fourth previous sample is lower than said value of said second
7 | previous sample, and a value of said first previous sample is lower than
8 said value of said second previous sample and the value of the second
9 previous sa.mple is nonnegative; and

i | LT "



8 sanpling of the pulse. Referri ng now to Firg. 5, a signal waveform

.502 I's shown as a '‘positive | evel above a baseline 503. Four sanples
are showyo 9/bdogihe nost recent sanpl e being sanpl e 510PCHAURYUIA04IBP i S
t he sanple previous to the nost recent, 508 is the next previous

sanpl e and sanple 504 is the ol dest of the four sanples shown. 5 These
sanples are also identified by the reference y[err] through y[err]. Also, a

t hreshol d 512 is illustrated, and sanple, (y[err] + y[err]) / 2 nust
be greater thad the threfohahdofid 2ircuit mehms dxmneasd ital engptsaofpsdid eontpnat@s and
tracki ng. Figs. 6, 7, and 8 show a high-level |ogic diagram of

the pul se detagtor 312 of  outputs bfsaid pisliy of Gxt@BRtorae refistefr for MicatHg & Pulse
Figs. 6, 7, and 8, signals 610 and 632 are 10 received fromthe

regi ster/de- mabti pl exer 207 #failtisecond prévioutGamgiediihe lif £1odiae SF s4id IthidBPrevigus
As di scussed above with respect to Fig. 2, the anal og section 126 sends two

sanpl es 13 - sample is greater than a value of said second previous sample, a value
14 'of a fourth previous sample is greater than said value of said second
15 ' previous s#mple, and a value of said first previous sample is greater
16 ~ than said value of said second previous samplé and the value of the
17 second previo;xs sample is negative.

1 7. The pulse detector of claim 6 wherein said first through fourth logic circuit means

2  further comprise:

3 a first threshold comparator connected to said first logic means for comparing
4 said value of said first previous sample to a predetermined threshold
5 value and allowing said indication of a pulse at said first previous
6 sample time if said value of said first preﬁous sample is greater than
7 said predetermined threshold value;
8 a second threshold comparator connected to said second logic xﬁeans for
9 . comparing said value of said first previous sample to a predetermined
10 threshold value and allowing said indication of a pulse at said first
11 | previous sample time if said value of said first previous sample is less
12 than the negative of said predetermined threshold value;
13 a third threshold comparator connected to said third logic means for
14 | comparing said value of said second previous sample to a
15 predetermined threshold value and allowing said indication of a pulse
16 at said second previous sample time if said value of said first previous
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at..a tinme to the digitalsection. Signal 610, also i gnated y[err], is
the digitized val ue for the signal |evel of the nost recent sanple.

Si gnajyofyaza3edh so designated y[err], is the di gi ti zepcyalises/é4234t he
signal level of the next prior to the must recent sanple. In the 15

. preferred enbodi nent, these two signals are each six bit digital values

stored in two's conpl enent nunber representation, with one of the
bits being the sign bit. Signal 610 is fed to a nmultiplexer 608 and

signal 63217 s fed to a semgpielisrgrédténhen edid phddictctineed threshold Walukj gtldexers are
controlled by an exclusive-OR gate 606 which has two signals 602 and

604 as itsig nputs. Hifgmah thRendIEIBMPhARS Winkhed thhaid Wureh WHie alehs ifsr | N

acqui sition 20 or tracking node, as described above, and signal 604

det er mi nesggrhet her the pibgaring saxddeﬁlﬁétgf daft 'd&c&ﬂntﬁ'&weﬁs SSafifplS &@P'd N9
node, as discussed above. en the pul se detector is in acquisition

and side sgypling m)deSI gf]edkﬁﬁnﬁﬁh gﬂ%&%ﬁ Tddsall'o%rfgr sﬂﬁkxg&‘iganonhof a flik

center sanpling node als 610 an be sel“ecte _
mul tipl exejs 608 s%c& bs"s% 1eé{§ﬁ8Etsta{21%a g ;58{104:55 'n
acqui sition node center sanp |ng I'n tracki ng node si npli ng,
the nul ti xers 608 and |

respecti vFe')% ze;/ S&%gﬁﬁéﬁgfﬁgéq@{%@g&?&eﬁmﬁ %T’t?&l?ef tgpéglﬁglﬁ%glﬁg' S
formed by adding signal 610 to signal 632 in sunm ng junction 628

and then divi-ding this sumby two with a divide by

1 8. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2  comprising: .

3 an analog to digitallconvc-rter for converting said signal to digital sample
4 values at controlled sampling times;
5 at least one data storage register connected to an output of said analog to
6 _ digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;
8 at least one comparator connected to said data storage registers, and
9 connected to said output of said analog to digital converter, for
10 comparing said stored digital sample value and a current digital sample
11 value from said analog to digital converter;
12 . at least one data storage register connected to an output of each of said at
13 least one comparator for storing a result of said comparing;

- 14 first logic circuit means connected to outputs of said at least one comparator
15 o and outputs of said at least one data storage register for indicating a
16 pulse at a first previous sample time if a value of a second previous

17 sample is less than a value of said first previous sample, a value of said
18 first previous sample is greater than a predetermined threshold value,

Tl [
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two circuit 630 to proddce signal 631. The sunming junction 628 is a-six -
bit add 30 circuit and the divide by two circuit 630 is a shift. The
si gnal G690 984304isents the sum - of the y[err] signal aR§TyPepI/P4a234
di-vided by two, therefore, it is the averdde of y[err] and y[err]

Crcuits 634, 636, and 638 produce a (1 +D)/2 signal for the previous

sanpl es. That is, delay circuit 634, which is a set of Dflip flops,

is used to delay the y[err] signal 610 by one clock cycle (two

sanpl e times)19 so it beconesvalngpbihevutput of saithiantiog to digital comverter is lower than

o 20 said value of said first previous sample and the value of the first

21 previous sample is nonnegative; and | ,
22 second logic circuit means connected to outputs of said at least one
23 comparator and outputs of said at least one data storage register for
24 indicating a pulse at a first previous sample time if a value of a second
25 previous sample is greater than a value of said first previous sample,
26 a value of said'ﬁrst previous sample is less than the negative of said
27 predetermined threshold value, a value of the output of said analog to
28 digital converter is greater than said value of said first previous sample
29 and the value of the first previous sample is negative.

1 9. A pulse detector for detectfng pulses in a continuous signal, said pulse detector

2  comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at controlled sampling times;
S at least one data storage register connected ;o an output of said analog to
6 | digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;
8 at least one comparator connected to said data storage registers, and
9 connected to said output of said analog to digital converter, for
10 comparing said stored digital sample value and a current digital sample
11 value from said analog to digital converter;
12 at least one data storage register connected to an output of each of said at”
13 least one comparator for storing a result of said comparing;

T e : e
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the summ ng junction 636, Summing junction 636 sung Y[err] with Y[err] and

di vi des the result by two to produce the average at signal 639. As
di sclwe®ds23947abl e 1, these (1+D)/ 2 signal s are use®PCVUSA3/04234 he
four cases that the pul se detector can<Zdecode. ’ Af ter passing

t hrough nul tipl exer 608, y[err] signal 610 is sent to Figs. 7 and 8 5
over y[err] signal 613. This signal is also delayed by delay circuit 617 to

beconme y[err] signal 614. In addition, y[err] signal 613 is connected
to a sign-Bit circufitst BgE citknit meanst qoapestediol qutputs of sdid atlegy -anetcofmparatarhe
six-bit digital value. This sign-bit is connected to an excl usive- OR

.circuit 618 along wth thmel ottpets dfissid ableastromediatg statage atgiste5fod indiéaing at he
sign-bit - 616 is connected to another summng junction 620 along with
t he outputl®f the 10 epubasi ¥ &rsOigroviouwssahpleltinaifch ealadobs Isedathd aevieus656.
The circuits 616, 618, and 620 convert the value of y[err] to an

absol ute vgtue, that is, safé islless haneoatRbfisdid fitst peevicus sgthpla) 4 Value of saidd
negative value to produce a positive value and is unchanged If it was

originallyg POSI t Kl pMAIJUE sanlpI€ ist e RENBhAl a PrARBrmBRA thieshdl@Ralue,
subtracted fromthe absol ute val ue . to produce a non-negative value if

the absol ujg val ue of y[ ghhlhelof i Gt lﬂroftsﬁﬁ'ﬁnﬂ'bggtgﬁl *talt nvetterif fowel im0l d-

The sunm ng junction 620 produces a hegatlve va the absol ute

val ue of yﬁ@r r] is less EQ&‘Waﬂx@eoEtdﬁioe ﬁg?l??%vgoﬁgssaénﬁ_lebfx?d éhe valuFT&ethg%erUt of

the sunm ng junction 62271'S passe 0. an | i T CUl
21 previous sample is nonnegative; and
22 second logic circuit means connected to outputs of said at least one
23 comparator and outputs of said at least one data storage register for
24 | _ indicating“a pulse at a first previous sample time if a value of a second
25 previous sample is greater than a value of said ﬁrs.t previous sample,
26 a value of said first previous sample is less than the negative of said
27 predetermined threshold value, a value of the output of said analog to
28 i digital converter is greater than said value of said first previous sample
29 and the valué of the first previous sample is negative;
30 a third logic circuit means connected to on'Jtputs of said at least one
31 ) comparator and outputs of said at least oﬁe data storage register for
32 indicating a pulse at said second previous sample time if a value of
33 said third previous sample is lower than a value of said second
34 previous sample, a value of said second previous sample is greater than
35 a predetermined threshold value, a value of said first previous sample
36 _ is lower than said value of said second previous sample and the value
37 of the second previous sample is nonnegative; and
38 a fourth logic circuit means connected to outputs of said at least one
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624 which extracts the slgn bit fromthe result and inverts it. This wll -
i ndi cat e whet her the absol ute value of y[err] is greater than or
equal t OVOH8/BAdkeshol d val ue 656. 20  The inverted sign-bi PGILUSARMP4ZINt
through a delay circuit 626. The out put si%énal 627 of the del ay
circuit 626 has a value of one if the absolute value of y[err] -del ayed by
one clock cycle, that is, Y[err] |s greater than or equal to the

t hreshol d val#:, and is zero 'GCL is_less Ehan thée t hreshol d.

In a sinilar nner y[ er r] “ORpIHAF outputs of spidaf, leastong data stopagetggistes for,
an excl usive- OR circuit 646, and a summ n Junctlon 648. The out put
of the sumni n‘d) i unct i on 64gindicating a pylse 2 s SGHABH HEEVIOWeSAmPS Fifedl g alne off
the y[err] signal is greater than or equal to the t hreshol d val ue
656. This restit is passed s$ai¢ shigh previqugriample isi greatet tsmoa avalper pfsaid second
inverted to indicate whether the absolute value of y[err] is greater t han
or equal to t¥e t hr epteyiods senple a6&Bie of 3@id second previousEangpleds Esothana
hi gh-1evel |ogic diagramof the section of the pul se detector 312

that detects 4l ses during getletermimetithreshdhefvaluej agd rovaloe ofisgid Hrst previous

-conmparator circuits 702 and 704 conpare the results of the |ast
three sanpl es44 aken of the sdngpliels gradter thhn said value oss:gmad:coﬁa réviousi3@mpRSind
‘recent sanple, y[err] signal 642 is the previous sanple, ylerr]

sbgnal d614 | s45 he sanpl e pr ti@ vahe @tﬁ@@écoﬁé%rev’ﬂhe satpleu ﬁeg@fwé he conpar at or
7 an

1 10. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2  comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at contrdlled sampling times;
5 at least one data storage register connected to an output of said analog to
6  digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;
8 at least one comparator connected to said data storage registers, -and
9' connected to said output of said analog to digital converter, for
10 comparing said stofed digital sample value and a current digital sample
11 value from said analog to digital converter;
12 at least one data storage register connected to an output of each of said at
13 least one comparator for storing a result of said comparing;
14 - first logic circuit means connected to outputs of said comparators and outputs
15 of said plurality of data storage registers for indicating a pulse at a first
16 previous sample time if a value of a third previous sample is lower
17 than a value of said first previous sample, a value of a fourth previous
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704 are connected to a ;munber

t he

peak at tinme n-1).

t racki ng equagi
det er Wangsy29diat her a positive pulse is detected at tine npCwtH9s/04234t he

is less than 5 ylerr],

I f y[err]

Is less than y[err]. These

ons shown in Table 1. AND gate 706

Qut put 736 of conparz8or 702 is a logical one if Y[e

and output 740 of conparator 704 is a | ogical
signals are ANDed together w

the inverted sign of the signal |evel of y[err] to produce '

18

19

20

21

24

26
27
28

29

10
11

12

sample is lower than a value of a second previous sample, and a value
of the output of said analog to digital converter is lower than said
-value of said second previous sample and the value of said first

previous sample is nonnegative; and

second logic circuit means connected to outputs of said comparators and

outputs of said plurality of data storage registers for indicating a pulse
at a first previous sample time if a value of a third previous sample is
greater than a value of said first previous sample, a value of a fourth
previous sample is greater than a value of a second previous sample,
and a value of the output of said analog to digital converter is greater
than said value of said second previous sample and the value of said

first previous sample is negative.

11. The pulse detector of claim 10 wherein said first and second logic circuit means

further comprise:

a first threshold comparator connected to said first logic means for comparing

said value of said first previous sample to a predetermined threshold
value and allowing said indication of a pulse at said first previous
sample time if said value of said first previous sarﬁple is greater than

said predetermined threshold value; and

a second threshold comparator connected to said second logic means for

This Sheet Has Been Replaced

comparing said value of said first previous sample to a predetermined
threshold value and allowing said indication of a pulse at said first
previous sample time if said value of said first previous sample is less

than the negative of said predetermined threshold value.
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a . ogical one fromAND gate 706 if a positive pul se has been detected at
tinme n. AND gate 708 determ nes whether there is ative
pul se atWOi%REF34 wi t h t he peak at t'gE n-1). Out put 7?&?@#& 234t or
702 is a logical one if y[err] is less thg 10 y[err], and output 742 of
. conparator 704 is a logical one if Y[err] is less than y[err]. These
signals are ANDed together with the sign of y[err] to produce a | ogical one
from AND gat,e £08 i.f negatd ve pulse is detected at tinme n.
. AND gates 716 lan 1@’30%‘{‘%%‘?%2‘9%{&/%%J“‘g’iafffs"é’"lpé‘s’&& ected at time n-1
with the peak at tine n-.2 Qutput 736 of co rator 702 i ndi cates that
'g/[err] i's Fes 15  thh ‘Q‘% lagi ?‘PC“MW W&W@fﬁ%ﬁﬂw&tﬂﬁsﬁﬂm&?mm B8fing
. del ayed by delay circuit 710, .indicates that y[er,rL@ifs | ess than

y[err] Signal 3744 i ndi cat esO4tRuts of3aid plpraliyy oflgtasiorage Regisiest o dndicating a pulse
ANDIi ng of signals 736, 748, and 744 indicate there is a negative pul se
det ect ed 4 at time n-1.at said second previoussample tinggifianchlusaots fourth pyevigus]
is greater than y[err]. Signal 746, the output of delay 20 circuit 712,
indicates thatS Y[err] is greatpe istitreer thirer vhlue Bf séifiBecogd prepimissampl, a Zdkie
and the. inverted signal 744, AND gate 718 indicates that a positive
pul se is detedted at tinme of a fifth previous sample is lowed hkam sdip waluef ofDRaid athérd
. 714 indicates that a pul se, either positive or negative,

7 previous sample, and a value of said first previous sample is lower than

8 said value of sai'd third previous sample and the value of said second

9 previous sample is nonnegative; and
10 a fourth logic circuit means connected to outputs of said comparators and
11 outputs of said plurality of data storage registers for indicating a pulse
12 at said second previous sample time if a value of a fourth previous
3 sample is greater than a value of said second previous sample, a value
14 of a fifth previous sample is greater than said value of said third
15 previous sample, and a value of said first previous sample is greater
16 than said value of said third previous“sample and the value of said
17 second previous sample is negative.

1 13. The pulse detector of claim 12 wherein said first through fourth logic circuit

2  means further comprise:

3 a first threshold comparator connected to said first logic means for comparing
4 said value of said first previous sample to a predetermined tﬁreshold
5 _ value and allowing said indication of a pulse at said first previous
6 sample time if said value of said first previous sample is greatef than
7 said predetermined threshold value;
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i's detected at time n, the output of OR gate 724 kndicates that a

positive or negatlv pul se is detected at tinme 'n-1. AND gate 720
deter her the magni tude of the pul se at ti peTRUYGoZ At er
t han Wﬁ?{ﬁg&ﬁol d value and it also 27 determ nes whether the pul se
detector is in tracking node. AND gate 726 determ nes whet her the

pulse at tinme n-1 was greater than the threshold and whether the
detector is in tracking node. Because of the recording code used in witing

data to 30 g the st A e&enmﬂealdw c&x]ﬂhira&;?%hﬁé&éd)ib séid REbGR FRR MEYR' for
occur at tinme n and al so at . Therefore, the outputs of and

gates 720 ang 726 are cr Osc% g%faﬁd fzﬁué%gald first preﬁ%&%nﬁ)?@toa@ﬁreamrﬁl&ed

prevent detection of pulses ocations at® once
t put of 728 and 7 t t
Py o Jaes 728 ane n%iea%&p A R SR st BAABOR S BALE B LA

_ are connecte
the circuit qu Flg. 8 previous sample time if said value of said first previous sample is less

12 than a negative of said predetermined threshold value;

13 a third threshold comparator connected to said third logic means for
14 comparing said value of sa-xid second previous sample to a
15 predetermined thréshold value and allowing said indication of a pulse
16 at said second previous sample time if said value of said first previous
17 | sample is greater than said predetermined threshold value; and

18 a fourth threshold comparator connected to said fourth logic means for
19 comparing said value of said second previous sample to a
20 -predetermined thresh.old value and allowing said indication of a pulse
21 at said second previous sample time if said value of said first previous
22 sample is less than the negative of said predetermined threshold value.

1  14. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2 comprising:

3 an analog to digital converter for converting said signal to digital sample

4 values at controlled sampling times;

S at least one data storage register connected to an output of said analog to

6 | digital converter for storing a previous digital sample value as said

7 digital sample value is created at said controlled sampling time;

8 at least one threshold comparator connected to said at least one data storage
9 register for comparing said stored digital sample value to a
cet Has Been Rep

|
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11, Fig. 8,shows a high level |ogic diagramof the portien of.

the pul se detector that inplenments the acquisition equations shown in
Tabl e 1 fwOa3MQB894i ti on node. Referring now to Fig. 8, sPETAUSEI04234
iindi cat es whether or not the detector is in28 acqui sition node. Sign-bit

gxtractor circuit 802 and sign-bit extractor circuit 804 5 extract the
sign bits fromthe values y[err] and y[err] respectively. These two sign

bits are exclusive NORed in XNOR circuit 808, whose output indicates
whet her the sidf of y[ erprédetermimpdathreshold valuej gn of y[err] Circuit 810
I-ndi cat es whet her the sign of Y[err] is not equal to the sign of

ylerr]. If botHlthese candbast arescompardtonmnnedied ousaidiat iohst AND dyet foRg6 refistdr,
i:-ndicate that a pulse is detected at time n (with the peak between tinme n

and time n- 1012 1) in acqui sinticofindttedao ahlouspud of paid thiresholecbnypatstoPaidofiikther
732 fromFig. 7 which i ndi cates whether a pulse is detected at tinme'n

in tracking modg, therefore, cohfétidd &24aid output! HElksdtMaioph@! BRItaldcotveRer, | By
detected in one of the nodes at tinme n.

14 comparing said stored digital sample values and a current digital
15 sample value from said analog to digital converter and for indicating
16 a pulse at a most recently storéd digital sample value if a next most
17 .. recently stored. digital sample value is a lower value than said most
18 ~ recently stored digital sample value and said current digital sample
19 value is a lower value than said most recently stored digital sample
20 : value and said most recently stored digital sample value is a greater
21 value than said predetermined threshold value; and |
22 at least one comparator connected to said at least one data storage register,
23 and connected to an output of said threshold comparator and further
24 connected to said output of said analog to digital converter, for
25 compariﬁg said stored digital sample values and a current digital
26 sample value from said analog to digital converter and for indicating
27 a pulse at a most recently stored digital sample value if a next most
28 recently stored digital sample value is a higher value than said most
29 recently stored digital samﬁle value and said current digital sample
30 value is a higher value than said most recently stored digital sample
31 - ~ value and said most recently stored digital sample value is a lower
32 value than the negative of said predetermined threshold value.

1 15. The pulse detector of claim 14 further comprising:
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The_'si gn-bit output of cechuit 804 is del'ayed one cleck cycle to indicate

t he sign of signal*y[err]. This signal is excltusive ORed wi th the
sign bj rr] by circuit 814, 15 whose output indi capgsydbsiohels t he
sign ﬁ@?&?ﬁ‘ﬁi s not equal to the sign ¢ Y[err]. The out put of
exclusive-OR circuit 810, after being inverted at the input of AND gate
818, I ndi cates whether the sign of Y[err] is equal to the sign of
Y[err]. Therefore, the output of . AND gate 818 indi cates whether a

pul se is detegcted in REAYIngindadlciRdtte@beiweBE sdld dnalog to digithlicBnidierRBa Kaid
between tinme n-1 and tinme Nn-2). This output is ORed wth the output 20

734 of Fig. 3 which indi Cﬁtgﬁoyygg%ﬁeﬁf&%éﬁgfngaﬂ%?ﬁﬁ%@sﬂi@gﬁ%ﬁ??ﬁ]?{;@de

at tine n- 1. Therefore, 826 1 ndrcates whet her

detected at- yime n-1, eithgqvbller wit athsQO:‘éEéftt 'aanoﬁfgut BP%A‘ih%afég?f%;rcggitaé ,

Figs. 9 through 11 show a circuit that 1 nplenerts t equati ons

This circuit, and the equatj Vi | |

the pulse 2 detector t elllt%%frlqé Ic?tﬂggaé?\éegé%Jgﬂ%eépftgﬁﬁgﬁr%ﬁfe@agg?@r%
contain different types of__ . patterns. For exanple, the circuit of
Figs. 6-8 works weli for a"BFEShbl e having a 2T pattern, which is an
alternating 1-0 pattern (10101010...), where a 1 indicates presence

of a pulse, a zero indicates absence of a pulse, and pulses alternate in

olarity. The circuit of Figs 9-11 allows a 2T pattern, a 3T pattern
?100 100?/_ ), land16anA4’Flsﬁ Setestan for detecting pulses in a con%nuou s?gna , said pulse de?cctor

2  comprising:

3 an analog to digital convertér for converting said signal to digital sample

4 values at controlled sampling times;

5 ~ at least one data storage register connected to an output of said analog to

6 digital converter for storing a previous digital sample value as said

7 digital sample value is created at said controlled sample time; and

8 at least one comparator connected to said at least one data storage register

9 and connected to said output of said analog to digital converter for
10 comparing a sign bit of each of said stored digital sample values and
11 a sign bit of a current digital sample value from said analog to digital
12 converter and for indicating a pulse at a most recently stored digital
13 : _sample value if a sign bit of a next most recently stored digital sample
14 value is not equal to a sign bit of said most recently stored digital
15 sample value and a sign bit of said current digital sample value is equal
16 ) to a sign bit of said most recently stored digital sample value.

1 17. The pulse detector of claim 16 further comprising:

2 averaging means connected between said analog to digital converter and said

i -, —
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I n al

Tables 1 and 2 detect pulses with the sa

(10001000 ...
Table 2 are the

| MOSS/2384kpt si de sanpling acqui si 6on node, the equilGTENSIB04RH h

of latency in3both
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10
11
12
13
14
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18
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Thus, the circuit of Fi gs. 9-111 and equations of
preferred enbodi ment and the best node.

| at ency. For side sanpling

‘acquisition, the. equations of Table 1 detect peaks one sanple
sooner that the equations of Table 2.
12 However, the equations of Table 2 are consistent in the anount

data storage registers for averaging an output of said analog to digital
converter with a most recent past output of said analog to digital
converter to produce an average value for storing in said data storage

registers.

18. A pulse detector for detecting pulses in a continuous signal, said pulse detector

comprising:

I

an analog to digital converter for converting said signal to digital sample
value; at controlled sampling times;

a first data storage register connected to an output of said analog to digital
converter and connected in such a manner as to store every other
sample; |

a second data storage register connected to an output of said analog to digital
converter and connected in such a manner as to store every other
sample, wherein said s;econd data register stores samples not stored by
said first data storage register;

a first threshold comparator connected to said output of saiq analog to digital
converter for comparing an absolute value of said output of said
analog to digital converter to a predetermined threshold value;

a third data storage register connected to an output of said first threshold
comparator for storing a result of said coxﬁparison;

a second threshold comparator connected to said first data storage register for
comparing an absolute value of an- output of said first data storage
.register to a predetermined threshold value;

a pair of comparators connected to said first and second data storage registers

AL



acqui sitjion and tracki ngodes, while with the equat(i-ons of Table 1 for
si de sanpl i ng, t he (atency I n acquisition node is one sanple shorter
than t WO baasMly in tracking mode. 5 The eqB&TTUYHR3/8423%abl e

2 show detection of a pulse at tine y[erB}. As with the circuits of
Figs. 6-8, the circuit of Figs. 9-11 processes two signal sanples
si mul taneously. The equations for the second sanple are the sane as the

equations of the first sanple shown in Table 2, with one tine delay.
Thus, for exdnple, y[err] 3nd connectethis) gaid optput epsaid apalpg tg figital] capvester fors -
repl aced by y[err], etc., for the second sanple. 10 Referri ng now

to Figs 9-122 Fig. 9 showscompagng ssidostorsdngigitaltsemple valpesoaxd at prrrent digital
conpare the values of y[err] y[err] Y[err] and y[err], and conpares y[err]
and y[err] t23 t he t hr eshol simple value/rtbmesaidMnslog vé digitel womgrtaradmt s have a
delay circuit, 924-938, on their output to al so ‘provi de a conparison
of yl[err], ylderr], y[®fiest logiodirdiieconnecttdeweoutpuis wftsaidt pais op rcomipdeatas landhe
i nputs necessary for the equations of Table 2, and the equival ent equations
for the 15 zgecond sanpl e @mneitsd tpaPeutBfaid second threshold cdth@arath, wherein

I mpl enents the equations of Table 2 for the current sanple, and Fig.

11 i npl ementz the equat i ongidfirst R Rircuit RAichtE a bhks bt DmBMIrBeENtS ITREPLdigital
Therefore, in the foll owi ng description, Figs. 10 and 11°will be

described toget her. sample value if a next most recently stored digital sample value is less

28 - than said most rer;ently stored digital sample value and said current
29 digital sample value is less than said most recently stored digital sample
30 value and said second threshold comparator indicates that an absolute
31 value of said most recently stored digital sample value is greater than.
32 ‘said predetermined threshold value and said next most recently stored
33 digital sample value is nonnegative;

34 a second logic circuit connected to outputs of said pair of comparators and
35 connected to an output of said second threshold comparator, wherein
36 said first logic circuit indicates a pulse at a most recently stored digital
37 . sample value if a next most rece_ﬁtly stored digital sample value is
38 “greater than said most recently stored digital sample value and said
39 current digital sample value is greater than said most recently stored
40 digital sample value and said second threshold comparator indicates
41 that an absolute value of said most recently stored digital sample value
42 is greater than said predetermined threshold value and said next most
43 recently stored digital sample value is negative;

44 a third logic circuit connected to outputs of said pair of comparators and
45 ) connected to an output of said third data storage register, wherein said
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In Figs. 10 and 11, NOR gircuits 1002 and 1102 determine if the absolute 20
val ue of the signal is dgreater than the threshold. As shown in Table 2,
this wooyzs94i son i s done in tracking node, but not in adyIn/LiSOBMA234
mode. Ml tipl exers 1020 and 1120 sel 82t side or center sanpling node.
Mul tipl exers 1008 and 1108 sel ect positive or negative pulses in
center sanpling node, and nultiplexers 1018 and 1118 sel ect positive
or negative pulses in side sanpling node. NAND circuits 1004, and 25 1104
i mpl ement t he 4guati ons for sseohdlogiainobit inglicates atpulse apsdid eext naosd réddMly stored

circuits 1010 and 1110 i npl enent the equations for center sanpling
negative pul se47 Mul t digitslxeinplel 98lGe ifl 10 corikdhext mosdt rhidntlyastbred digital
user to select one of two equations during center sanpling. These

equations are ghown i n Tabl esafppl@dalad isQess Shanfs@id next most rE¥ntly sioPeddigital sample
negative pul ses of center sanpling. This provides flexibility to the user

30 of the cigguit. NAND Ci {Aie bid 3id RN fecdrthOstdridR| BFRD Sarhpl€ vaREaS Y3 $han
for side sanpling, positive pulses, and 'NAND cirtcuits 1022 and 1122

i pl enent the gguations said h&k n?dép%ﬁ?xﬁﬁgltdr@@ digﬂﬁ%?%x@{(é?vamél &géai\,%tgir{d data

Condition 3 of Table 2 may be omtte Ing no

condition 4 issysed. storage re iﬁ%? W&o bE BIARE RlliePof BHNFHEKE most

storage nediumis recorded using s

52 recently stored digital sample value is greater than said predetermined
53 threshold value: and said next most recgntly stored digital sample value
54 is nonnegative; and

55 a fourth logic circuit connected to outputs of said pair of comparators and
56 connected to an output of said third data storage register, wherein said
57 " second logic circuit indicates a pulse at said next most recently stored
58 digital sample value if a second next most recently stored digital
59 ~ sample value is greater than said next most recently stored digital
60 ~ sample value and said most recently stored digital sample value is
61 ' greater -than said next most recently stored digital sample value and
62 said third data storage register indicates'that én absolute value of said
l63 next most recently stored digital sample value is greater than said
64 predetermined threshold value and said next most recently stored
65 digital sample value is negative.

1 19. The pulse detector of claim 18 further comprising:

2 averaging means connected between said analog to digital converter and said
3 ' data storage registers for averaging an output of said analog to digital
4 converter with a most recent past output of said analog to digital

SO0 O A THIS SHEET AAS BERN
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13 . . magnet s havi alternating north-south pgtes, the si gnal

detected by the read head w |l al ways have alternati ngcﬁ)_om tive and
negat i WO pa/3sH. Therefore, for detecting signals r eaHCT P934 04%3dnet i ¢
recordi ng nmedium the equations of Tabl 1 and 2 coul d be easily

nodified to detect a pulse only if the pulse is opposite in polarity to the
5 previ ous pul se detected. This could provide additional noi se i mmunity.
Havi ng thus described a presentl¥ preferred enbodi nent of the Bresent

S}

invention, i? will now be CRPYSFEE iuproduicAn avEFAge Xalpe Erstasng,in saif dgtastorage
have been fully
. 6 registers.

1 20. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2 comprising:

3 an analog to digital converter for converting said signal to digital sample
-4 values at controlled sampling times;

5 a first data storage registe-r connected to an output of said analog to digital
6 converter and connected to store every other sample;

7 - asecond data storage register connected to an output of said analog to digital
8 converter and connected to store every other sample, wherein said
9 second data register storés samples not stored by said first data storage
10 register;
11 a first logic circuit connected to an output of said first data storage register
12 and connected to an output .of said analog to digital converter,
13 | wherein said first logic circuit ind_icates a pulse at a most recently
14 stored digital sample value if a sign of a next most recently stored
15 digital sample value is not equal to a sign of said most recently stored
16 . digital sample value and a sign of an output of said analog to digital
17 converter is equal to said sign of said most recently stored digital
18 _ sample value;
19 a second logic circuit connected to outputs of said first and second data
20 storage registers, wherein said second logic circuit indicates a pulse at
21 _ said next most recently stored digital sample value if a sign of a second
22 next most recently stored digital sample value is not equal to said sign

m”lslllllﬂlillllrmllll ,I", R R



achieved, and it wll be~understood by those skilled-in the art that many .
‘changes in construction and circuitry and widely differing enbodi ments
and appl ipetozpgs4pf the 10 invention wil1 suggest thensel vepow/tiB93/04234
departing fromthe spirit and scope of the34 present invention. The

di scl osures and the description herein are intended to be

illustrative and are not in any sense limting of the invention, nore

preferably defined in scope by the foll ow ng clains.
23 of said next most recently stored digital sample value and said sign of
24 said most recently stored digital sample value is equal to said sign of
25 said next most recently stored digital sample value. ,

1 21. The pulse detector of claim 20 further comprising:

2 averaging means connected between said analog to digital converter and said
3 data storage registers for averaging an output of said analog to digital |
4 converter with. a most recent past output of said analog to digital
5. 7 converter to produce an average value for storing in said data storage
6 registers.
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Table 1. cqui sition

Tracking Side 1) SAG\([err]) = SGN([err]{ &[“err]
sequerWO 932391 t ered by Sanpl ed 2) SGN(y[err]) [err]PEENSIpA423H
(1+D)/ 2, then fed into :

Center Sampl ed tracking -

pul se detector Center y[err] sequence is filtered Pos Pul se
Neg Pul se Sanpled - by (1 +D)/2, then fed 1) y[err] > Thr

1) y[err], < -Thr 1/1Pnt o Si de Sanpl ed 2) y[err] >~
Y[err] 2) Y[err] < Y[err] acqui sition pul se

3) Y[errl.z. Yerfd . B T Y O 8 B I Y N 3 P det ect or
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where Thr..i.s..the..Threshal.d..val.ue
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Table 2- . Positive Pul se | ' Negati ve

Pul se Si de 1) Y[err] < Y[err] 1;) 2Y%z‘err] >
Y[ er r WO 9333944 2) Y[err] < Y[err] -PCT/USOYP423er 1] >
Y[-err] 3) Y[err] < Y[err] 3) Yerr] >
Y[err] Trk Only 4) Y[err] > Thr 4) -Y[err]
> Thr Cent er 1) Y[err] < prl 1) Y[err]
> Y[err] Sanpled 2) Y[err] < Y[err] 2) Y[err]
> Y[err] :
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3 ' : -3
O%__Y[er_r] < Y[err] r ) Y[errLr>(Y[err]

Y[err : Ylerr] > Y[err] FC‘K‘/@%’/OQM 4)
Yl ]W09:1Y1{hzr§§¢{l 4) -Y[err] > Thr where Thr is the
Threshold val ue 15
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CLAI M5, What is cl fa*rrred is: 1 1. A pulse dete(CIor for det ecting pul ses
in a continuous signal ‘', said pulse detector 2 conpri si ng an
anal Qg log/dbgi t al converter for converting said signal tBCa’{Qﬁ?ﬂpﬁ%npl e 4
val ues at controlled sanpling tines; 5 at | east one data storage '
regi ster connected to an output of sai d analog to 6

digital converter for storing a pr'q{\/il@us digital sanple value as said

406 ;08 410 412

y~ y~ y '
414
_ ad
402
404
/\/
—
Yn—3 Yn—2 Yn--l Yn

Tad "ad S~ ad
502
512
- . Vad
503 \
— 7
Yn—3 Yn~2 Yn—l Yn

FIG. 5



7 _- . di gi E'al sanple value is created (a-t said controlled
sanpling tines; 8 at | east one conparator connected to said data

st or agdOr93R3®ders, and 9 connected to sPCT/USHRM42 said
analog to digital converter, for 10 conparing said stored
digital sanple value and a current digital sanple 11

value fromsaid analog to digital converter; 12 at | east one

data storage register connected t®/@n output of each of said at 13
| east one conparator for storing a result of said conparing;, 14

first logic ci rcuﬁit meaf¥] connect ed toR) puts of sajdjat Jeast one
* conpar at or >_c l__ Sa & i
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15- . and(ﬁutputS'of said at |east oq@"data storage register

for ihdicating a 16 pulse at a first preyi e time
i f a Wi 9¥23¥41a second previous 17 sanp‘?&}lllgq%%?“than a
value of said first previous sanple, a value of 18 a
third previous sanple is | ower than said value of said second 19

previ ous sanple, a value of the outgr&)of said analog to digital 20
converter is |lower than said val ue said first previous sanple and the

21 . value of the first previous sanple is nonnegative; and

22 second logic circuit neans connected to outputs of said at

*l east one 23 o~ conpar at or and out put s¢rof] said at | east one
M

data storage register fom
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REPLACEMENT SHEET i (" 16 24
indicating a pulse at a first previous sanple tine'if a value of a second

25 WO 93/23941 previous sanple is greater than a val BETOISBP4R3HA; r st
previ ous sanple, 26 a value of a third previous sanple is
greater than said value of said 27 second previous
sanple, a value of the output of said analog to digital
' 7/10
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28.

conwerter isgreater than said

pr evi ous sanpl e and 29

sanmplwoigy/suedat i ve.

conti nuous signal,

4

sai d pul se detector
analog to digital converter for converting said signal to digital sanple

val ues at controlled sanpling tines;
| east one data storage register condfed to an output of said analog to

!
| ue of said first

the value of the first previous
1 2. A pulse detector for detecti REPUSIFH42H a

2 conpri sing: 3

5

an

at

~912 |
Yo~ 802 A A(BlL. Yn { Yn-1 ~942
908 | SY924  Ya-2(Yn-3 944
10 ) Yo > Yn-1 946’
B. A)B 5 ~Q26 Yn=2?Yn-3 948
~914 |
A A(BL, Yn { Yn-2 950
L Y928  Yn-2 ¢ Yn-4 952
. ~ Ya 2 Yp-2 ~954
B__AB Sy 930  Yn-2? Yn-4 956
~916
LA
ABS (A) S 93t [Yn—2| > THR 960
11 0B 958
B L |
SIGN Yn=2¢0 961
- 918 |
A A{Bl_, Yn-1¢ Yn-2 962
Lpp932 Ya-3¢Ya-4 964
X Yn—=12 Yn-2 966
B__AB| | r5pr934 Yn-3)Ya-4 ~~968
~920 . |
A A(BL, Yn-1¢ Yn-3 970
12936 Yn-3 (Yn-5 972
A Yn-12 Yn-3 974
9101 B__AB D ~ 938 Yn-3 > Yn-5 ~976
10 922
Yn—-1 A
Q04 ABS (A) [Yn~1/> THR 978
THRE\EHOLDt . )B 080
2% SIG/r:I/ Yn-1¢0 /981
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6

. . digiral converter for storing a(previous digital sanple
val ue as said 7 digital sanple 'value is created at said
cant reigd eg2sgrpl i ng ti mes; 8 at | east one coP@BUSN3/04234nect ed
to said data storage registers, and 9 . connected to said
out put of said analog to digital converter, for 10
conparing said stored digital sanplg/al ue and a current digital sanple
11 value fromsaid analog to digital converter; 12
at | east one data storage register connected to an output of each of said
at 13 | east one conparator for storing a result of said

sconpari ng; 14 first logic circuit neans connected-to outputs
of said at | east one conparator 1002
~1024 ACQUISITION SAMPLING
978 IYn-11> THR ) |
£-966 Ya-1) Yn=2 21004
~942 Yn ( Yn-1 N
1006 | 1008
Vad r
/Vg48 Yn"'2 ) Yn-3 M M
u U
Yo—=1) Ya- P
974 Yn—-1> Yn-3 . X | X
_ — 1010}
~962 Yn~-1¢ Yn-2 ‘
2946 Yn 3 Yn-1 N
1012
~944 Yn-2 { Yn-3 M :
a 1014

970 Yo-1 ¢ =3 (11 3 | f 1028

~1030 OPTION

1016 |
950 Y € Yn—2 1020
~956 Yn-2> Yn—4 1018 Wt
Yad L M
M U b-
Upb— X
X

' 1022
-~ ~954 Yp ) Yp-2
~952 Yn-2{( Yn-4

~ 981 Yo-1¢0 ]

_~1026 SIDE SAMPLING

FIG. 10




15. o ' and-out puts of said at |east one" data storage register

f-or indicating a 16 ( pul se at a first previous sanple
binme wb g8/2994ue of a second previous 17 PCT/3i593/04234 | ower
than a value of said first previous sanple, a val ue of 18

a third previous sanple is |ower than said value of said first previous
17

10/10

1024 ACQUISITION SAMPLING 1102
060 [Ya=21> THR n .
948 Yn-2) Yn=3 1104
/"962 Yn—1 ¢ Yn-2 T _

1106 | 1108

7’ Pl
968 Yn-3 ) Yn—4 M M
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~956 Yn-2) Yn—4 ;J( 1Y

| — 1110
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222 i e M 1114
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| 1122 ;J( P— X
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972 Ya-3< Yn-5
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19 sa{?’fpl e, a value of the output of said-analog to digital

converter is 20 | ower than said value of saidg,first

previ ous sanple and the value of the 21 firstiypf ";7@[{5.---0
sanpl e is nonnegative; and JIAGITAL PULSESBETECTORIi Cc circuit neans
connected to outputs of said at |east one 23 conpar at or

and outputs of said at |east one dahg$iFwaege register for 24
indicating a pulse at a first previdls sanpre tinme if a value of a second
25 previous sanple is greater than a value of said first

previ ous sanple, 26 a value of a third previous sanmple is
greater than ]gi%(i:lgse\(/iails l;.epu(l)s]; dse%ic’(cjor (312) that uses four samples (406, 408, 410, 412, 504,
506, 508, 510) of an analog signal to detect a pulse as soon as one sample beyond the time of
the peak of signal level at the pulse. The pulse detector can detect pulses by sampling at the
center of a peak of the pulse or by sampling at either side of the peak of the pulse. The pulse
detector detects pulses while tracking data, and it uses an alternate detection system for
detecting pulses while acquiring timing and gain lock on a signal having a known data pattern.
The detector uses either the sampled signal levels directly, or a moving average of two samples

to perform the detection.

Figure 3
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27 first previous sanple, a value of the output of said
analog to dlgltal 28 converter is greater than said val ue
.of said first previous sanple and 29 t he val ue of the

first previous sanple is negative. 6@ 1 3. The puls etector of clains 1
or 2 wherein said first and second I ogic circuit 2 ngmdgmﬁﬁe :
conpri se: 3 ' tosl-s@ﬂd

a first threshold conparator cTnnecip
first logic nmeans for conparing 4 seigy(a‘!muﬁ é)f spi g
first previous sanple to a predeterm ned threshold 1997
CLAIMS

What is claimed is:

1 1. A circuit for detecting pulses in a continuous signal, said circuit comprising:

2 an analog to digital converter for converting said signal to digital sarmple values at
3 controlled sampling times;

_ 4. at least one first data storage register connected to an output of said analog to.
5 digital converter for storing at least one previous digital sample value as
6 said digital sample value is created at said controlled sampling times;

7 at least one comparator connected to said at least one first data storage register,
8 and connected to said output of s_aid analog to digital converter, for
9 comparing a previous digital sample value and a current digital sample

10 value from said analog to digital converter;

11 at least one second data storage register connected to an output of each of said at

12 least one comparator for storing a result of said comparing;

13 first logic circuit means connected to an output of said at least one comparator, an

14 output of said at least one first data storage register, and an output of said

15 at least one second data storage register for indiéa;cing a pulse at a first

16 previous sample time if a value of a second previous sample is lower than

17 _ a value of a first previous sample, a value of a third previous sample is

i8 lower than said value of said second previous sample, a value of said

19 output of said analog to digital converter is lower than said value of said

20 first previous sample and said value of said first previous sample is

21 nonnegative; and

22

second logic circuit means connected to an output of said at least one comparator,

eet Has Been Replaced
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5

first previous 6 : sanple tinme if SEBEH’LRGEMEN'pmeTd
first previous sanple is greater than 7 Sad
predet erm ned threshold val ue; and a

sepomd, t | d
conparator connected to said second |016I c neans for Q?d‘ jm\F?ﬁ?
conparing said value of said first previous sanple tio -a--pfed-e-&-e-r-m_n.éd
threshol d value and allow ng said indicat i on of ap

Erz evious saipl e ti mst |h 1; nsé{ziuﬂ gmﬁt%fg%e‘ LICSST% ofi, |P“Ef{ %Eﬁg{%ﬂ Fﬁougs%e&s Et%”xﬁl at‘glE ngﬁu'lgﬁiss

val ue.
24

25
26

27

29

30

10
11
12
13
14
15

16

o

val ue and all owi ng said indicati op—oft—a—pulse _at said

| se at said first

said at least one second data storage register for indicating a pulse at said
first previous sample time if a value of said second previous sample is
greater than a value of said first previous sample, a value of said third
previous sample is greater than said value of said second previous sample,

a value of said output of said analog to digital converter is greater than

said value of said first previous sample and said value of said first

previous sample is negative.

2. A circuit for detecting pulses in a continuous signal, said circuit comprising:

an analog to digital converter for converting said signal to digital sample values at
controlled sampling times;

at least one first data storage register connected to an output of said analog to
digital converter for storing at least one previous digitdl sample value as
said digital sample value is created at said controlled sampling times;

at least one comparator connected to said at least one first data stbrage register,
and connected to said output of said analog to digital converter, for
comparing a previous digital sample value and a current digital sample
value from said analog to digital converter;

at least one second data storage register connected to an output of each of said at
least one comparator for storing a result of said comparing;

first logic circuit means connected to an output of said at least one comparator, an
output of said at least one first data storage register, and an output of said
at least one second data storage register for indicating a pulse at a first

previous sample time if a valie of a second previous sample is lower than

This Sheet Has Been Replacéd
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18 1 4. The pul se detector of clains 1 or §] 2
athirdlogic circuit means connected to out puts ;H@E-%E@gmgaé%r and 3
outputs of said plurality of data storage registefsffor rndicating p pul se

4 at said second preﬁi ous sanpl el tin@ {fIUN487ue| of said
third previous } )

17 a value of a first previous sample, a valtl;, of a third previous sample is
18 lower than said value of said first previous sample, a value of said output
19 of said analog to digital converter is lower than said value of said first
20 previous sample and said value of said first previous sample is
21 nonnegative; and

22 second logic circuit means connected to an output of said at least one comparator,
23 an output of said at least one first data storage register, and an output of
24 said at Jeast one second data storage register for indicatir{g a pulse at said
25 first previous sample time if a value of said second previous sample is
26 greater than a value of said first previous sample, a value of said third
27 previous sample is greater than said value of said first previous sample, a
28 value of said output of said analog to digital converter is greater than said
29 value of said first previous sample and said value of said first previous
30 sample is negative.

3. The circuit of claims 1 or 2 wherein said first and second logic circuit means further

2 comprise:

3 a first threshold comparator contained within said first logic means for comparing
4 said value of said first previous sample to a predetermined threshold value
5 and allowing said indication of a pulse at said first previous sample time
6 if said value of said first previous sample is greater than said
7 predetermined threshold value; and

8 a second threshold comparator contained within said second logic means for
9 comparing said value of said first previous sample to said predetermined

10

threshold value and allowing said indication of a pulse at said first
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1 4. The circuit of claims 1 or 2 further coxﬁprising:

10

11

12

13

14

15

16

17 .

18

19

a third logic circuit means connected to an output of said at least one comparator,

an output of said at least one first data storage register, and an output of .
said at least one second data storage register for indicating a pulse at a
second previous sample time if a value of said third previous sample is
lower than a value of said second previous sample, a value of a fourth
previous sample is lower than said value of said third previous sample, a
value of said first previous sample is lower than said value of said second

previous sample and said value of said second previous sample is

nonnegative; and

a fourth logic circuit means connected to an output of said at least one comparator,

an output of said at least one first data storage register, and an output of
said at least one second data storage register for indicating a pulse at said
second previous sample time if a value of said third previous sample is
greater than a value of said second previous sample, a value of said fourth
previous sample is greater than said value of said third previous sample,
a value of said first previous sample is greater than said value of said

second previous sample and said value of said second previous sample is

negative.

1 5. The circuit of claim 4 wherein said first through fourth logic circuit means further

2  comprise:

——

(N0 Wiy
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of a fourth previous sanple is (r e AT b fal ue
.of-said third 15 ' previ ous sanpl e, aﬁELPLngva ue §$E€'<:il d
first previous sanple is greater 16 thzan- iad val Qe }of
sai d second previous sanple and the value of the 17 [ 1997 { |
second previous sanple is negative. 191 5. The pul ge ctor of claim4
wherein said first through fourth logic circuit neagps 2 further
conprise: 3 a first threshold conparat or ~eerrected-ta _sajdffirst

| ogi ¢ means for conparing

3 a first threshold comparator contained within said first logic means for comparing
4 said value of said first previous sample to a predetermined thrt_:shold value
5 and allowing said indication of a pulse at said first previous sample tin;e
6 if said value of said first previous sample is greater than said
7 predetermined threshold value;
8 a second threshold comparator contained within said second logic means for
9 comparing said value of said first previous sample to said predetermined
10 threshold value and allowing said indication of a pulse at said first
11 previous sample time if said value of said first previous sample is less than
12 a negative of said predetermined threshold value;
13 a third threshold comparator contained within said third logic means for
14 comparing said value of said second previous sample to said
15 predetermined threshold value and allowing said indication of a pulse at
16 said second previous sample time if said value of said first previous
17 sample is greater than said predetermined threshold value; and
18 a fourth threshold comparator contained within said fourth logic means for
-19 com.paring said value of said scc.ond previous sample to said
20 predetermined threshold value and allowing said indication of a pulse at
21 said second previous sample time if said value of said first previous
22

sample is less than a negative of said predetermined threshold value.

1 6. The circuit of claims 1 or 2 further comprising:

2 a third logic circuit means connected to an output of said at least one comparator,
3 an output of said at least one first data storage register, and an output of
4

said at least one second data ~+~~3ge register for indicating a pulse at a

i e
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14
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second previous sample time if a value of said third previous sample is
lower than a value of said second previous sample, a value of a fourth
previous sample is lower than said value of said second previous sample,
a value of said first previous sample is lower than said value of said

second previous sample and said value of said second previous sample is

nonnegative; and

a fourth logic circuit means connected to an output of said at least one comparator,

an output of said at least one first data storage register and an output of
said at least one second data storage register for indicating a pulse at said
second previous sample time if a value of said third previous sample is
greater than a value of said second previous sample, a value of said fourth
previous sample is greater than said value of said second previous sample,
a value of said first previous sample is greater than said value of said

second previous sample and said value of said second ptevious sample is

negative.

7. The circuit of claim 6 wherein said first through fourth logic circuit means further

a first threshold comparator contained within said first logic means for comparing

said value of said first previous sample to a predetermined threshold value

and allowing said indication of a pulse at said first previous sample time

if said value of said first previous sample is greater than said

predetermined threshold value;

a second threshold comparator contained within said second logic means for

comparing said value of said first previous sample to said predetermined

EEN
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8 a second threshold conparator connected toj

means for 9 conparing said val ue of’ ‘al f@@@ @&g&]_ 3
sanple to a predeterm ned 10 thresho djval ue and al
said indication of a pulse at said first 11 2 1 JINeaTus
sample time if said value of said firsAl previous sarrpl < less 12

than the negative of said predeterm ned threshold val uye; 13
third threshold conparator connected to said third | og+e rmnnq for 14

al

conparing said value of said second previous sanple to a
predet ermi Hed threshol d vhresheldarMtlug and alloming Spid indigationt ¢fon paifse at paidsfirst

11 previous sample time if said value of said first previous sample is less than
12 a negative of said predetermined threshold value;

13 a third threshold comparator contained within said third logic means for
14

comparing said value of said second previous sample to said

15 predetermined threshold value and allowing said indication of a pulse at
. 16 ' said second previous sample time if said value of said first previous
17 sample is greater than said predetermined threshold value; and
18 a fourth threshold comparator contained within said fourth logic means for
19 comparing said value of said second previous sample to said
20 predetermined threshold value and allowiﬁg said indication of a pulse at
21 said second previous sample time if said value of said first previous
22 sample is less than a negative of said predetermined threshold value.
1 8. A circuit for detecting pulses in a continuous signal, said circuit comprising:
2 an analog to digital converter for cénverting said signal to digital sample values at
3 cont'rolled sampling times;
4 at least one first data storage register connected to an output of said analog to
S digital converter for storing at least one previous digital sample value as
6 said digital sample value is created at said controlled sampling times;
7 at least one comparator connected to said at least one first data storage register,
8 and connected to said output of said analog to digital converter, for
9 comparing a previous digital sample value and a current digital sample
10 value from said analog to digital converter;
11

at least one second data storage reaistar rnnnected to an output of each of said at
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16 . at said second previous sanple ti hE [ of
said first previous 17 sanple is gre t'é.r”?ﬁjéﬂ"%@fsﬁfﬂ
predeterm ned threshold value; and 18 a foudth threshold

conparator connected to said fourth |oghc neans for 1 2 ‘l JUN 1997
conparing said value of said second previous sanple t |
predeterm ned threshold value and allowi ng said indicafion of a pul se 21
at said second previous sanple tinme if said value of s first previous

22 12 sanpl deaistsonk esmpdriantor bering @ aésul of &fid &fmﬁnﬁg .edet er m ned
t hreshol d val ue. 1 6. The pul se detector of clains "2 further
conpri sing: 13 first logic circuit means connected to an output of said at least one comparator, an

14 output of said at least one first data storage register and an output of said

15

at least one second data storage register for indicating a pulse at a first

16 previous sample time if a value of a second previous sample is less than
17 a value of a first previous sample, a value of said first previous sample is
18 greater than a predetermined threshold value, a value of said output of said
19 analog to digital converter is lower than said value of said first previous
20 sample and said value of said first previous sample is nonnegative; and
21 second logic circuit means connected to an output of said at least one comparator,
22 an output of said at least one first data storage register and an output of
23 said at least one second data storage register for indicating a pulse at said
24 first previous sample time if a value of said second previous sample is
25 greater than a value of said first previous sample, a value of said first
26 previous sample is less than a negative of said predetermined threshold
27 value, a value of said output of said analog to digital converter is greater
28 than said value of said first previous sample and said value of said first
29 previous sample is negative.

1- 9. A circuit for detecting pulses in a continuous signal, said circuit comprising:

2 an analog to digital converter for converting said signal to digital sample values at

3 controlled sampling times;

4 at least one first data storage register connected to an output of said analog to .
5 digital converter for storing at least one previous digital sample value as

6

said digital sample value is created at said controlled sampling times;

THIS SHEET HAS BEEN |

i —————




2 athird logic circuit neans connected to oBIERhAG'EMENTsSHEET
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storage registers for indicating a pul se 4 JUN ai d
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sanple is lower than a value of said Second previous sa'n'p’r?“
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8 and connected to saxd output of said analog to digital converter, for
9 comparing a previous digital sample value and a current digital sample
10 value from said analog to digital converter;
11 at least one second data storage register connected to an output of each of said at
12 least one comparator for storing a result of said comparing;
13 first logic circuit means connected to an output of said at least one comparator,
14 output of said at least one first data storage register and an output of said
15 at least one second data storage register for indicating a pulse at a first
16 previous sample time if a value of a second previous sample is less than
17 a value of a first previous sample, a value of said first previous sample is
18 greater than a predetermined threshold value, a value of said output of said
19 analog to digital converter is lower than said value of said first previous
20 sample and said value of said first previous sample is nonnegative;
21 second logic circuit means connected to an output of said at least one comparator,
22 an output of said at least one first data storage register and an output of
23 said at least one second data storage register for indicating a pulse at said
24 first previous sample time if a value of said second previous sample is
25 greater than a value of said first previous sample, a value of said first
26 . previous sample is less than a negative of said predetermined threshold
27 value, a value of said output of said analog to digital converter is greater
28 than said value of said first previous sample and said value of said first
29 : previous sample is negative;
30 a third logic circuit means connected to an output of said at least one comparator,
__31 an output of said at least one first data storage register and an output of
This Sheet Has B
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storage registers for indicating a pulse 12 24 JUN&’gg?al d
" second previous sanple tine if a value of said third pyrevious 13

sanple is greater than a value of sai #second previ qus sanpl g, a varu

32 said at least one second data storage register for indicating a pulse at a
33 second previous sample time if a value of a third previous sarqple is lower
34 than a value of said second previous sample, a value of said second
35 previous sample is greater than said predetermined threshold value, a
36 value of said first previous sample is lower than said value of said second
37 previous sample and said value of said second previous sample is
38 | nonnegative; and

39 a fourth logic circuit means connected to an output of said at least one comparator,
40

an output of said at least one first data storage register and an output of

41 said at least one second data storage register for indicating a pulse at said
42 second previous sample time if a value of said third previous sample is
43 greater than a value of said second previous sample, a value of said second
44 previous sample is less than said predetermined threshold value, and a
45 value of said first previous sample is greater than said value of said second
46

previous sample and said value of said second previous sample is negative.

1 10. A circuit for detecting pulses in a continuous signal, said circuit comprising:

2 an analog to digital converter for converting said signal to digital sample values at
3 " controlled sampling times;

4 at least one first data storage register connected to an output of said analog to
5 digital converter for storing at least one previous digital sample value as
6 said digital sample value is created at said controlled sampling times;

7 at least one comparator connected to said first data storage register, and connected
8 to said output of said analog to digital converter, for comparing a previous
9

d1g1ta1 sample value and a current digital sample value from said analog
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of said second 15
first previous sanple is greater 16 ;
‘'said second previous sanpl e and the val ue of the 1%
second previous sanple is negative. 251 7. The pu

of a fourth previous sanple iswgreater than said val ue
previ ous sanpl e p= a_val ue of said

conprise: 3 a first threshold conparat

first |ogi fo means for cortrdpgirg{tarll%(_mvmen
11 at least one second data storage register connected to an output of each of said at
12 least one comparator for storing a result of said comparing;
13 first logic circuit means connected to an output of said at least one comparator, an
14

output of said at least one first data storage register, and an output of said

15 at least one second data storage register for indicating a pulse at a first
16 previous sample time if a value of a third previous sample is lower than
17 a value of a first previous sample, a value of a fourth previous sample is
18 lower than a value of a second previous sample, a value of said output of
19 said analog to digital converter is lower than said value of said second
20 previous sample and said value of said first previous sample is
21 nonnegative; and

22 second logic circuit means connected to an output of said at least one comparator,
23 an output of said at least one first data sforage register, and an output of
24 said at least one second data storage register for indicating- a pulse at said
25 first previous sample time if a value of said third previous sample is
26 grea.ter than a value of said first previous sample, a value of said fourth
27 previous sample is greater than a value of said second previous sample, a
28 value of said output of said analog to digital converter is greater than said
29 value of said second previous sample and said value of said first previous
30 sample is negative.

1 1L

The circuit of claim 10 wherein said first and second logic circuit means further

2 comprise:

3

a ﬁrst threshold ‘comparator contaxned w1thm said first logic means for comparing
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6 if said value of said first previous sample is greater than said
7 predetermined threshold value; and
8 a second threshold comparator contained within said second logic means for
9 comparing said value of said first previous sample to said predetermined

10 threshold value and allowing said indication of a pulse at said first
11 previous sample time if said value of said first previous sample is less than
a negative of said predetermined threshold value.
1 12. The circuit of claim 10 further comprising:
2 a third logic circuit means connected to an output of said at least one comparator,
3 an output of said at least one first data storage register, and an output of
4 said at least one éecond data storage register for indicating a pulse at a
5 second previous sample time if a value of said fourth previous sample is
6 lower than a value of said second previous sample, a value of a fifth
7 prev.ious sample is lower than said value of said third previous sample, a
8 value of said first previous sample is lower than said value of said third
9 .previous sample and said value of said second previous sample is
10 - nonnegative; and
11 a fourth logic circuit means connected to an output of said at least one comparator,.
12 an output of said at least one first data storage register and an output of
13 said at least one second data storage register for indicating a pulse at said
14 second previous sample time if a value of said fourth previous sample is
15 greater than a value of said second previous sample, a value of said fifth
This Sheet Has Been Re
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previous sample is greater than said value of said third previous sample,
a value of said first previous sample is greater than said value of said third

previous sample and said value of said second previous sample is negative.

13. The circuit of claim 12 wherein said first through fourth logic circuit means further
comprise:

a first threshold comparator contained within said first logic means for comparing
said value of said first previous sample to a predetermined threshold value
and allowing said indication of a pulse at said first previous sample time

if said value of said first previous sample is greater than said
predetermined threshold value;

a second threshold comparator contained within said second logic means for
comparing said value of said first previous sample to said predetermined
threshold value and allowing said indication of a pﬁlse at said first
previous sample time if said value of said first previous sample is less than
a negative of said predetermined threshold value;

a third thréshold comparator contained within said third logic means for
comparing said value of said second previous sample to said
predetermined threshold value and allowing said indication of a pulse at
said second previous sample time if said value of said first previous
sample is greater than said predetermined threshold value; and

a fourth threshold comparator contained within said fourth logic means for
comparing said value of said second previous sample to said

predetermined threshold value and allowing said indication of a pulse at

R said second previous sample time if said value of said first previous

ue
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detector for detecting pulses in a continuous signa

sample is less than a negative of said predetermined threshold value.

14. A circuit for detecting pulses in a continuous signal, said circuit comprising:

le.
|, said

an analog to digital converter for converting said signal to digital sample values at

controlled sampling times;

at least one data storage register connected to an output of said analog to

digital

converter for storing a previous digital sample value as said digital sample

value is created at said controlled sampling time;

at least one threshold comparator connected to said at least one data storage

register for comparing said stored digitai sample value to a predetermined

threshold value;

at least one comparator connected to said at least one data storage register, and

connected to an output of said threshold comparator and further connected

to said output of said analog to digital converter, for comparing said stored

digital sample values and a current digital sample value from said

to digital converter and for indicating a pulse at a most recently

analog

stored

digifal sample value if a next most recently stored digital sample value is

a lower value than said most recently stored digital sample value and said

current digital sample value is a lower value than said most recently stored

digital sample value and said most recently stored digital sample value is

a greater value than said predetermined threshold value; and

at least one comparator connected to said at least one data storage register, and

connected to an output of said threshold comparator and further connected

to said output of said analog to digital converter, for comparing said stored

S digital sample values and a current digital sample value from said

analog
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2 conpri si ng: 3 an analog to digital cop
converting said signal to digital sarrplg 4 ° : WMEEME&'{M[@[
controlled sanpling tines; 5 at | east onejd ta storage
regi ster connected to an output of said analog to 6 2 1 JUN 1397
digital converter for storing a previ2dus digital sanplfe ue as said
digital sanple value is created at said controlled sanpling tines; 8
at | east one conparator connected to said data storag egisters, and
connected to said output of said analog to digital converter, for

24 to digital converter and for indicating a pulse at a most recently stored

25 digital sample value if a next most recently stored digital sam_ple value is
26 a higher value than said most recently stored digital sample value and said
27 current digital sample value is a higher value than said most recently
28 stored digital sample value and said most recently stored digital sample
29 value is a lower value than the negative of said predetermined threshold
30 value.

1 15. The circuit of claim 14 further comprising:

2 averaging means connected between sajd analog to digital converter and said at

3 least one data storage register for averaging an output of said anzalog to

4 digital converter with a most recent past output of said analog to digital

5 converter to produce an average value for storing in said at least one data

6 storage register.

1  16. A circuit for detecting pulses in a continuous signal, said circuit comprising:

2 an analog to digital converter for converting saici signal to digital sample values at

3 controlled sampling times;

4 at least one data storage register connected to an output of said analog to digital

5 converter for storing a previous digital sample value as said digital sample

6 value is created at said controlled sample time; and

7 at least one comparator connected to said at least one data storage register and

8 connected to said.output of said analog to digital converter for comparing

9 a sign bit of each of said stored digital sarpple values and a sign bit of a
10

.. Curent d1g1tal sample value from said analog to digital converter and for
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10 coiparing said stored digital sgaple.value and a
current digital sanple 11 val ue fﬂmggmwprg], {o

* digital converter; 12 at | east one datga g$torage regisier|
connected to an output of each of said at 13 JUN 7Ie st one
conparator for storing a result of sai’d conpari ng; 13 ! 897 }ifst
logic circuit nmeans connected to outputs of said at}]l east—gne-conpar aj or
15 and outputs of said at least ong data storage reg ster
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13 bit of said most recently stored digital sample value and a sign bit of said
14 current digital sample value is equal to a sign bit of said most recently
15 stored digital sample value.

1 17. The circuit of claim 16 further comprising:

2 averaging means connected between said analog to digital converter aﬁd said at
3 least one data storage register for averaging an output of said analog to
4 digital converter with a most recent past output of said analog to digital
5 converter to produce an average value for storing in said at least one data
6 storage register.

1 18. A circuit for detecting pulses in a continuous signal, said circuit comprising:

2 ~ an analog to digital converter for converting said signal to digital sé.mple values at
3 controlled sampling times;

4 a first data storage register connected to an output of said analog to digital
5 converter and connected in such a manner as to store every other sample;
6 a second data storage register connected to an output of said analog to digital
7

converter and connected in such a manner as to store every other sample,

8 wherein said second data register stores samples not stored by said first
9 data storage register;
10 a first threshold comparator connected to said output of said analog to digital
11 converter for comparing an absolute value of said output of said analog to
12 digital converter to a predetermined threshold value;

i
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13 a third data storage register connected to an output of said first threshoid
14 comparator for storing a result of said comparison;
15 a second threshold comparator connected to said first data storage register for
16 comparing an absolute value of an output of said first data storage register
17 to said predetermined threshold value;
18 a pair of comparators connected to said first and second data storage registers and
19 connected to said output of said analog to digital converter for comparing
20 said stored digital sample values and a current digital sample value from
21 said analog to digital converter; and
22 a first logic circuit connected to outputs of said pair of comparators and connected
23 to an output of said second threshold comparator, wherein said first logic
24 circuit indicates a pulse at a most recently stored digital sample value if a
25 next most recently stored digital sample value is less than said most
26 recently stored digital sample value and said current digital sample value
27 is less than said most recently stored digital sample value énd said second
28 threshold comparator indicates t1_1at an absolute value of said most recently
29 stored digital sample value is greater than said predetermined threshold
30 value and said next most recently stored digital sample value is
31 nonnegative;
32 a second logic circuit connected to outputs of said pair of comparators and
33 connected to an output of said second threshold comparator, wherein said
34 first logic circuit indicates a pulse at a2 most recently stored digital sample
35 value if a next most recently stored digiﬁal sample value is greater than
36 said most recently stored digital sample value and said current digital

3 sample value is greater than saxd most recently stored digital sample value
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and the value of the first previous sanple is negatlve

39 said most recently stored digital sample value is greater than said
40 predetermined threshold value and said next most recently stored digital
41 sample value is negative;

42 a third logic circuit connected to outputs of said pair of comparators and connected
43

44 circuit indicates a pulse at said next most recently stored digital sample
45 value if a second next most recently stored digital sample value is less than
46 said next most recently stored digital sample value and said most recently
47 stored digital sample value is less than said 'next most recently stored
48 digital sample value and said third data storage register indicates that an
49 absolute value of said next most recently stored digital sample value is
50 greater than said predetermined threshold value and said next most
51 recently stored digital sample value is nonnegative; and

52 a fourth logic circuit connected to outputs of said pair of comparators and
53 connected to an output of said third data storage register, wherein said
54 second logic circuit indicates a pulse at said next most recently stored
55 digital sample value if a second next most recently stored digital sample
56 value is greater than said next most recently stored digital sample value
57 and said most recently stored digital sample value is greater than said next
58 most recently stored digital sample value and said third data storage
59 register indicates that an absolute value of said next most recently stored
60 digital sample value is greater than said predetermined threshold value and
61

said next most recently stored digital sample value is negative.

to an output of said third data storage register, wherein said second logic
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averaging means connected between said analog to digital converter and said first
and second data storage registers for averaging an output of said analog
to digital converter with a most recent past output of said analog to digital

converter to produce an average value for storing in said first and second

data storage registers.

20. A circuit for detecting pulses in a continuous signal, said circuit comprising:

an analog to digital converter for converting said signal to digital sample values at
controlled sampling times;

a first data storage register connected to an output of said analog to digital
converter and connected to store every other sample;

a second data storage register connected to an output of said analog to digital
converter and connected to store every other sample, whérem said second
data register stores samples not stored by said first data storage register;

a first logic circuit connected to an output of said first data storage register and
connected to an output of said analog to digital converter, wherein said
first logic circuit indicates a pulse at a most recently stored digital sample
value if a sign of a next most recently stored digital sample value is not
equal to a sign of said most recently stored digital sample value and a sign
of an output of said analog to digital converter is equal to said sign of said
most recently stored digital sample value;

a second logic circuit connected to outputs of said first and second data storage
registers, wherein said second logic circuit indicates a pulse at said next

most recently stored digital sample value if a sign of a second next most
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recently stored digital sample value is not equal to said sign of said next

most recently stored digital sample value and said sign of said most

- recently stored digital sample value is equal to said sign of said next most

recently stored digital sample value.

1  21. The circuit of claim 20 further comprising:

2 averaging means connected between said analog to digital converter and said first

\\!l\ll} L \\‘\!“ [ i s

and second data storage register for averaging an output of said analog to
digital converter with a most recent past output of said analog to digital

converter to produce an average value for storing in said first and second

data storage registers.
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FIELD OF THE INVENTION
This invention relates to computer systems and more particularly to data
storage and data communication devices within such computer systems. Even more
particularly, the invention relates to apparatus for detecting pulses resulting from bit
transitions within a data stream being read from a recording medium of a data storage

device or pulses in data being received from a data communication device.

- BACKGROUND OF THE INVENTION

In a computer data storage device, data is typically stored on magnetic media
by reversing the magnetic flux at each "one” bit location, and maintaining the same
flux direction at each "zero" bit location, called NRZI recording. When these flux
reversals pass a read head they cause a voltage change in the read head. The voltage
from the various flux reversals along.a data track appears as a varying signal level on
the output of the read head, with the voltage caused by each flux reversal appearing
as a positive or negative voltage pulse. These pulses must be detected by the
electronics connected to the read head, typicallv by detecting the peak of each pulse
to determine the pulse location.

Similarly, the voltage from a data transmission line appears as a varying signal
level on the input to a data communication device, such as a modem, with the voltage
of each bit change often appearing as a positive or negative voltage pulse.

In order to separate the voltage pulses from noise in the signal, the voltage
may be compared to a predetermined threshold, and only peaks whose magnitude
exceeds the threshold are considered to be possible pulses. If the peaks are too small
with respect to the threshold, the signal gain must be adjusted higher, and if the peaks
are too high the gain must be adjusted lower. To properly determine the gain setting,
pulses must be detected so that the gain adjustment can maintain the proper level for
a pulse peak.

Because the rotational speed of a disk may vary, a phase locked loop is used
to synchronize a detector to the times of the pulses. The peaks of the pulses caused
by bit transitions must be detected in order to correct for any timing deviations.

Several methods have been used to detect the pulses and thus the transitions

within the data. In the prior art, peak detection circuitry has ordinarily been analog
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Glover, entitled "Method and Apparatus for Reduced-Complexity Viterbi-Type

Sequence Detectors", which is incorporated herein by reference for all that is disclosed
and taught therein. However, most digital pulse detectors analyze the context of the
pulses, and do not detect a pulse until several samples have been taken beyond the
peak of the pulse. This latency in detecting pulses is a disadvantage when the location
of a pulse needs to be known in order to make timing and/or gain corrections.

It is thus apparent that there is a need in the art for an improved apparatus
which digitally detects pulses at the earliest possible time after the peak of the pulse

occurs. The present invention meets these and other needs.

SUMMARY OF THE INVENTION

It is an aspect of the present invention to detect signal pulses caused by bit
transitions within data being read from a data storage device.

It is another aspect of the invention to detect signal pulses within signals
received by a data communications device.

It is another aspect of the invention to detect the pulses using samples of the
signal wherein one of the samples occurs at a peak of the pulse caused by a bit
transition. :

Another aspect of the invention is to detect such pulses using samples of the
signal wherein samples occur on each side of a peak of the pulse and wherein no
sample occurs at the peak.

A further aspect is to detect a pulse within one half to one and one half
sample periods from the peak of the pulse.

A still further aspect is to use signal level moving averages of two samples for
detection.

The above and other aspects of the invention are accomplished in a digital
pulse detector that uses four samples of a read signal to detect a data transition as
soon as one sample beyond the time of the peak of the signal level at the bit

transition. The pulse detector detects peaks by sampling at the center of the peak or

by sampling at each side of the peak. The pulse detector detects pulses while

tracking, where the pattern of pulses is not known in advance, or while acquiring
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acquisition mode, using either center or side sampling in either mode. The detection
rules are summarized in Table 2.

In an alternative embodiment, the detector uses a moving average of two
adjacent samples, as well as individual sample signal levels, to perform the detection.
The alternative embodiment uses the sampled signal levels directly to determine peaks
in side sampled acquisition mode, and in center sampled tracking mode. In the other
two of the combinations, the alternative embodirﬁent detector uses two-sample moving
averages to determine peaks. The breamble pattern for acquisition in the alternative.
embodiment is restricted to be a repeating sequence of alternating polarity pulses with
a period of four sample intervals. This is more restrictive than the pattern handling
capability of the first embodiment, however, it permits the alternative embodiment to
perform earlier detection of the pulses in the side sampled acquisition case and it uses
simpler rules in acquisition. The detection rules for the alternative embodiment are
summarized in Table 1.

Both embodiments avoid using a signal threshold to qualify the pulses during
acquisition. This aspect prevents the gain at the beginning of the acquisition from
affecting acquisition, since the gain may be incorrect at the beginning of acquisition.
During tracking, where the pulses may be more widely separated, a threshold is used

to qualify pulses. This qualification prevents the detection of small noise-induced
pulses as data pulses.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other aspects, features, and advantages of the invention will be better

understood by reading the following more particular description of the invention,

presented in conjunction with the following drawings, wherein:
Fig. 1 shows a block diagram of the invention and the environment of the
invention;
Fig. 2 shows a block diagram of the circuitry that provides data samples to the
invention;
Fig. 3 shows a block diagram of the digital circuitry of the read channel

containing the invention;

Fig. 4 shows a signal waveform and illustrates center sampling of the pulses;
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Fig. 5 shows a signal waveform and illustrates side sampling of the pulses;

Figs. 6, 7, and 8 show a high-level ldgic diagram of the pulse detector of the

present invention for the équations of Table 1; and

Figs. 9, 10, and 11 show a high-level logic diagram of the pulse detector of the

present invention for the equations of Table 2.
DESCRIPTION OF THE PREFERRED EMBODIMENT

The following description is of the best presently contemplated mode of
carrying out the present invention. This description is not to be taken in a limiting
sense but is made merely for the purpose of describing the general principles of the
invention. The scope of the invention should be determined by referencing the
appended claims.

Fig. 1 shows a block diagram of the invention and a typical environment of
the invention. Referring now to Fig. 1, a computer system 100 contains a processing
element 102 which communicates to other elements of the computer system 100 over
a system bus 104. A keyboard 106 and a display 108 allow a user of the computer
system 100 to communicate with the computer system 100. A memory 110 contains
programs and data which cause the computer system 100 to perform operations
desired by the user.

A disk data storage system 112 is connected to the system bus 104 for storing
data and programs within the computer system 100. A disk cohtroller 114 within the
disk device 112 communicates to the system bus 104 and controls the operations of
a disk drive 118, possibly in conjunction with a local microprocessor (not shown)
within the disk data storage system 112. The disk drive 118 performs the storage
function, typically storing the data on magnetic media. A bus 116 connects the disk
controller 114 to the disk drive 118, specifically co.nnecting to a write channel 120 to
write data onto the disk through write heads and amplifiers 128. When data is being
read from the disk through the read head and amplifiers 128 the data comes back
through the read channel 122 which contains the pulse detector of the present
invention. The read and write heads may be physically the same heads. The data first
passes through the analog section 126 of the read channel 122 and then through the
digital section 124 of the read channel 122 before being sent on the bus 116 to the
disk controller 114. After being processed by the disk controller 114, the data is then

sent over the system bus 104 to the memory 110 where it is processed.
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disk drive 118, such as a circuit which moves the read/write heads over the surface of
the data storage media.

Although not shown in Fig. 1, the pulse detector of the present invention can
be used to detect pulses within data received from a transmission line, such as a
telephone line or local area network, in a data communications receiver. It may also
be used in any other device that must detect pulses within a signal.

Fig. 2 shows a block diagram of the analog circuitry 126 of the read channel
122. Referring now to Fig. 2, when a read head is passing over a track of the data
10  storage medium, it picks up a signal which is amplified by a preamplifier, not shown.
After this preamplification, the signal 201 is passed to a variable gain amplifier 202.
The signal is further amplified by the variable gain amplifier 202 and passed through
an analog equalizer circuit 204, which filters the signal as desired, for example, so as
to remove unwanted high frequencies and shape the remaining spectrum, to an
15  Analog to Digital converter 206. The A to D converter 206 converts the analog signal
into a digital value, providing six bits of digital information in the preferred
embodiment, and then the data is passed to a register/de-multiplexer 207. In the
preferred embodiment, the digital section 124 of the read channel 122 processes two
samples in parallel. To create these two samples, the register/de-multiplexer 207
20  stores every other sample taken by the A to D converter 206. After the second
sample is taken, the data from the two samples is passed to the data bus 230. The bus
230 is clocked by a single half-frequency clock signal.

The timing necessary for converting the data, also called taking a sample, in
the A to D converter 206 is supplied by a variable frequency oscillator 222 which is
25  controlled by the output of a digital to analog converter (DAC) 220. The input to the
DAC 220 comes from the digital section of the read channel 124 as timing feedback
signal 234.

The gain of the variable gain amplifier 202 is controlled through a gain
feedback signal 232 which originates in the digital portion 124 of the read channel
30 122, The pain feedback signal 232 is input to a summing junction 210 which has a
coarse gain control value as its other input. The coarse gain control can be set by the
disk controller 114, or a local microprocessor within the disk drive (not shown), to
provide a nominal gain level which is then adjusted up or down by the gain feedback

signal 232. After being summed with the coarse gain control value, the feedback
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glitches when it is changing values. Therefore, the filter 214 may be necessary to
remove these glitches in the feedback signal. After being filtered, the signal is
converted to an exponential value by the cxponcntial.convertcr block 216 and then
connected to the variable gajn amplifier 202. This conversion makes the small-signal
gain control dynamics independent of the input signal amplitude.

Fig. 3 shows a block diagram of the digital section 124 of the read channel 122
(Fig. 1). Referring now to Fig. 3, the digital data signal 230 from Fig. 2 is input to a
delay circuit 304 and a digital filter circuit 302. The digital data signal 230 is also
input to a multiplexer 306 whose output is connected to a second multiplexer 310 with
an output that feeds the pulse detector 312 of the present invention. The output of
the pulse detector 312 is connected to a gain control circuit 330 which provides the
gain feedback signal 232 that connects to Fig. 2. The output of the pulse detector 312
is also connected to a timing recovery circuit 328 whose output 234 connects to the
digital to analog converter 220 of Fig. 2. The output of the pulse detector 312 of the
present invention may also be connected to a sync mark detector 322 and an RLL
decoder 320, as shown in Fig. 3, or a more sophisticated data detector (not shown)
may be connected to the sync mark detector 322 and the RLL decoder 320. The
output of the RLL decoder 320 and the sync mark detector 322 are connected to the
disk controller 114 (Fig. 1) through the bus 116.

The pulse detector 312 of the present invention is designed to detect pulses
using one of two types of sampling methods, selected by the user. The first detection
method is called center sampling wherein one of the samples taken will arrive at or
very near the center, or peak, of a pulse. The location of the sampling is controlled
by the timing recovery block 328 of Fig. 3. In the other method of sampling, called
side sampling, the timing recovery block 328 will adjust the timing of the VFO 222
(Fig. 2) such that two samples are taken wherein one of the two samples appears on
one side of the peak of the pulse and the other of the two samples appears on the
other side of the peak. The user of the system determines whether center sampling
or side sampling is used by setting a bit in a control register through the interface 116
(Fig. 1).

For either center or side sampling, sampling can occur at two different times

within a data rccord being read from the disk media. The first time sampling occurs
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is called acquisition, because it occurs when the gain control and timing control are
acquiring the gain and timing relationships of the pulses. This occurs when the read
head is passing a preamble portion of the data record which always has a known data
pattern to facilitate acquisition of the timing and gain. When data is being
transferred, a different mode is used for the pulse detector, called tracking, since data
has an irregular and a priori unknown pattern of pulses.

Therefore, the pulse detector of the present invention is designed to detect
pulses under four separate conditions. The first condition is acquisition mode using
side sampling, the second is acquisition mode using center sampling, third is tracking
mode using side sampling, and fourth is tracking mode using center sampling.

The pulse detector analyzes the current sample of the amplitude of the signal
as well as the previous three samples of the signal amplitude. Using these four
samples, Table 1 shows equations for one embodiment of the pulse detector, and
Table 2 shows equations for another embodiment. )

In Table 1, y, is the current sample, Yaa is the first previous sample, and y,,, is
the second previous sample. The third previous sample is used only through the
moving averages, (1+D)/2 (described below). The equations of Table 1 will be
further described below with respect to Figs. 5 and 6. Also, the equations of Table
1 show pulse detection of a pulse whose peak occurs at time y,,, for center sampling,
or between y,, and y,, for side sampling tracking mode, or between y, and y,, for side
sampling acquisition mode. The circuits of Figs. 6-8 processes two signal samples
simultaneously. The equations for the second sample are the same as the equations
of Table 1, with one time delay. Thus, for example, y, in Table 1 would be replaced
Y Ya1 Yau Would be replaced by y,,, and y,, would be replaced by y,.,.

Fig. 4 shows a signal waveform of an isolated pulse and illustrates center
sampling of the pulse. Referring now to Fig. 4, a signal waveform 402 is shown having
a positive level above a baseline 404. Four samples of this waveform have been taken
with the sample identified by reference 412, y,, being the most recent sample. Sample
410, ¥,., is the sample just prior to the most recent sample, sample 408 is the next
previous sample and sample 406 is the oldest of the four samples shown. A threshold
value 414 is also shown and the signal value of sample 410 must be greater than the
threshold 414 for the pulse to be detected in tracking mode. Negative pulses would

appear as a mirror image of Fig. 4.

Fig. 5 shows a signal waveform of an isolated pulse and illustrates side
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sample being sample 510. Sample 508 is the sample previous to the most recent, 506
is the next previous sample and sample 504 is the oldest of the four samples shown.

5  These samples are also identified by the reference y, through y, ;. Also, a threshold
512 is illustrated, and sample; (¥, + ¥,2) /2 must be greater than the threshold 512
to be considered a pulse during tracking.

Figs. 6, 7, and 8 show a high-level logic diagram of the pulse detector 312 of
the present invention. Referring now to Figs. 6, 7, and 8, signals 610 and 632 are

10 received from the register/de-multiplexer 207 of Fig. 2 through digital data signal 230.
As discussed above with respect to Fig. 2, the analog section 126 sends two samples
at a time to the digital section. Signal 610, also designated y,, is the digitized value
for the signal level of the most recent sample. Signal 632, also designated y,,, is the
digitized value for the signal level of the next prior to the most recent sample. In the

15  preferred embodiment, these two signals are each six bit digital values stored in two’s
complement number representation, with one of the bits being the sign bit. Signal 610
is fed to a multiplexer 608 and signal 632 is fed to a second multiplexer 640. These
multiplexers are controlled by an exclusive-OR gate 606 which has two signals 602 and
604 as its inputs. Signal 602 determines whether the pulse detector is in acquisition

20  or tracking mode, as described above, and signal 604 determines whether the pulse
detector is in center or side sampling mode, as discussed above. When the pulse
detector is in acquisition and side sampling mode, or the pulse detector is in tracking
and center sampling mode, signals 610 and 632 will be selected by the multiplexers 608
and 640 respectively. When the pulse detector is in acquisition mode center sampling

25  or in tracking mode side sampling, the multiplexers 608 and 640 will select signals 631
and 639 respectively.

Signal 631 is called a (1+D)/2 signal and is formed by adding signal 610 to
signal 632 in summing junction 628 and then dividing this sum by two with a divide by
two circuit 630 to produce signal 631. The summing junction 628 is a six bit add

30  circuit and the divide by two circuit 630 is a shift. The signal 631 represents the sum
of the y, signal and y,, divided by two, therefore, it is the average of y, and y,,.

Circuits 634, 636, and 638 produce a (1+D)/2 signal for the previous samples.
That is, delay circuit 634, which is a set of D flip flops, is used to delay the y, signal

610 by one clock cycle (two sample times), so it becomes signal y,,, which is sent to
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the summing junction 636. Summing junction 636 sums y,, with y,, and divides the
result by two to produce the average at signal 639. As disclosed in Table 1, these

(1+D)/2 signals are used in two of the four cases that the pulse detector can decode.

After passing through multiplexer 608, y, signal 610 is sent to Figs. 7 and 8
over y, signal 613. This signal is also delayed by delay circuit 617 to become y, , signal
614. In addition, y, signal 613 is connected to a sign-bit circuit 616 which extracts only
the sign-bit from the six-bit digital value. This sign-bit is connected to an exclusive-
OR circuit 618 along with the other bits of the digital value 613. Also, the sign-bit
616 is connected to another summing junctioh 620 along with the output of the
10  exclusive-OR circuit 618 and a threshold value 656. The circuits 616, 618, and 620
convert the value of y, to an absolute value, that is, y, is negated if it was originally
a negative value to produce a positive value and is unchanged if it was originally a
positive value. The threshold signal 656 is then subtracted from the absolute value
to produce a non-negative value if the absolute value of y, is greater than or equal to
15  the threshold. The summing junction 620 produces a negative value if the absolute
value of y, is less than the threshold 656.

The output of the summing junction 622 is passed to another sign-bit circuit
624 which extracts the sign bit from the result and inverts it. This will indicate
whether the absolute value of y, is greater than or equal to the threshold value 656.
20  The inverted sign-bit is then sent through a delay circuit 626. The output signal 627
of the delay circuit 626 has a value of one if the absolute value of y, delayed by one
clock cycle, that is, |y,.|, is greater than or equal to the threshold value, and is zero
if it is less than the threshold.

In a similar manner, y,, signal 642 is sent to a sign-bit circuit 644, an exclusive-
25  OR circuit 646, and a summing junction 648. The output of the summing junction 648
indicates whether the absolute value of the y,, signal is greater than or equal to the
threshold value 656. This result is passed through a sign-bit circuit 650 and then

inverted to indicate whether the absolute value of y,, is greater than or equal to the
threshold value 656.

30 Fig. 7 shows a high-level logic diagram of the section of the pulse detector 312

that detects pulses during data tracking. Referring now to Fig. 7, comparator circuits
702 and 704 compare the results of the last three samples taken of the signal. Y,

signal 613 is the most recent sample, y,, signal 642 is the previous sample, and y,,

signal 614 is the sample prior to signal 642. The outputs of the comparator 702 and



1

3 a first threshold conparator connected to sai
. means for conparing vy sai d vatue of
previ ous sanple to a predeterm ned threshol d 5
~and allow ng said indication of a pulse agsaid first pre

sanmple time if said value of said first previous sanple i
1 7 sai d predeterm ned threshol*d val ue; a
. a second threshold conparator connected to said second |o

conparing said va og ?fcoﬁx?éc%dfﬂorashmﬂﬁ VdgOMRDS frxdt%@ BfAHE LSS
n S

at said

“threshold val ue a | ow ng said 1 ndication

P AL R T SHEET

I valrue
/ éisz 06T 1997

reater than

hd 8

ﬁc neans for

9

-

. previous sanple ttravkmgfeqsamhswhmwemTabéaild first previous sanple is |less

AND gate 706 determines whether a positive pulse is detected at time n (with
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rst

11

the peak at time n-1). Output 736 of comparator 702 is a logical one if y, , is less than

5 Y. and output 740 of comparator 704 is a logical one€ if y, is

less than y,,. These

signals are ANDed together with the inverted sign of the signal level of y,,, to produce

a logical one from AND gate 706 if a positive pulse has been detected at time n.

AND gate 708 determines whether there is a negative pulse at time n (with

the peak at time n-1). Output 738 of comparator 702 is a logical one if y,, is less than

10 y.2 and output 742 of comparator 704 is a logical one if y,, is less than y,. These

signals are ANDed together with the sign of y,, to produce a logical one from AND

gate 708 if a negative pulse is detected at time n.

AND gates 716 and 718 determine whether a pulse is detected at time n-1

(with the peak at time n-2). Output 736 of comparator 702 indicates that y,, is less

15 thany,, Output 740 of comparator 704, after being delayed by delay circuit 710,

indicates that y,, is less than y,,. Signal 744 indicates that y,, is negative, therefore,

the ANDing of signals 736, 748, and 744 indicate there is a negative pulse detected

at time n-1.

Signal 738 indicates that y,, is greater than y, ;. Signal 746, the output of delay

20

circuit 712, indicates that y,, is greater than y, ;. By ANDing signals 738, 746, and the

inverted signal 744, AND gate 718 indicates that a positive pulse is detected at time

n-1.

The output of OR gate 714 indicates that a pulse, either positive or negative,

is detected at time n, and the output of OR gate 724 indicates that a positive or

25  negative pulse is detected at time n-1. AND gate 720 determines whether the
magnitude of the pulse at time n was greater than the threshold value and it also

determines whether the pulse detector is in tracking mode. AND gate 726 determines

whether the pulse at time n-1 was greater than the threshold and whether the

detector is in tracking mode. Because of the recording code used in writing data to

30

the storage media in this application, a pulse can never occur at time n and also at

time n-1. Therefore, the outputs of and gates 720 and 726 are cross-coupled to AND

gates 728 and 730 to prevent detection of pulses in.both locations at once. Thus, the

output of gates 728 and 730 will indicate that a pulse occurred either at time n or at

time n-1 but not both. These outputs are connected to the circuit of Fig. 8.
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Fig. 8 shows a high level logic diagram of the pom-puls&dﬂegdr

that implements the acquisition equations shown in Table 1 for acquisition mode.

Referring now to Fig. 8, signal 602 indicates whether or not the detector is in

acquisition mode. Sign-bit extractor circuit 802 and sign-bit extractor circuit 804

extract the sign bits from the values y, and y,, respectively. These two sign bits are

exclusive NORed in XNOR circuit 808, whose output indicates whether the sign of
y, is equal to the sign of y,,. Circuit 810 indicates whether the sign of y,, is not equal
to the sign of y,,. If both these conditions are true, the output of AND gate 816 will
indicate that a pulse is detected at time n (with. the peak between time n and time n-
1) in acquisition mode. This output is ORed with output 732 from Fig. 7 which
indicates whether a pulse is detected at time n in tracking mode, therefore, signal 824
indicates whether a pulse is detected in one of the modes at time n.

The sign-bit output of circuit 804 is delayed one clock cycle to indicate the
sign of signal y, ;. This signal is exclusive ORed with the sign bit of y,, by circuit 814,
whose output indicates whether the sign of y,, is not equal to the sign of y,;. The
output of exclusive-OR circuit 810, after being inverted at the input of AND gate 818,
indicates whether the sign of y,, is equal to the sign of y,,. Therefore, the output of
AND gate 818 indicates whether a pulse is detected in acquisition mode at time n-1
(with the peak between time n-1 and time n-2). This output is ORed with the output
734 of Fig. 7, which indicates whether a pulse is detected in tracking mode at time n-
1. Therefore, output 826 indicates whether a pﬁlse is detected at time n-1, either in
acquisition or tracking mode.

Figs. 9 through 11 show a circuit that implements the equations of Table 2.
This circuit, and the equations of Table 2, provide an implementation of the pulse
detector that allows the preamble section of the data to contain different types of
patterns. For example, the circuit of Figs. 6-8 works well for a preamble having a 2T
pattern, which is an alternating 1-0 pattern (10101010...), where a 1 indicates presence
of a pulse, a zero indicates absence of a pulse, and pulses alternate in polarity. The
circuit of Figs 9-11 allows a 2T pattern, a 3T pattern (100100...), and an 4T pattern

(10001000...). Thus, the circuit of Figs. 9-11 and equations of Table 2 are the

preferred embodiment and the best mode.

In all cases except side sampling acquisition mode, the equations of both

Tables 1 and 2 detect pulses with the same latency. For side sampling acquisition, the

equations of Table 1 detect peaks one sample sooner that the equations of Table 2.
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the latency in acquisition mode is one sample shorter than the latency in tracking
mode.

The equations of Table 2 show detection of a pulse at time y,. As with the
circuits of Figs. 6-8, the ;circuit of Figs. 9-11 processes two signal samples
simultaneously. The equations for the second sample are the same as the equations
of the first sample shown in Table 2, with one time delay. Thus, for example, y, in
Table 2 is replaced by y,,, ¥.. is replaced by y,,z., etc., for the second sample.

Referring now to Figs 9-11, Fig. 9 shows a series of comparators, 912-922, that
compare the values of y,, .. Vo and y,3 and compares y, and y,; to the threshold
value. Most of the comparators have a delay circuit, 924-938, on their output to also
provide a comparison of ¥,,, Va3 Yasr @and ¥.s. These circuits thus provide all the
inputs necessary for the equations of Table 2, and the equivalent equations for the
second sample as discussed above.

Fig. 10 implements the equations of Table 2 for the current sample, and Fig.
11 implements the equations of Table 2 for the first previous sample. Therefore, in
the following description, Figs. 10 and 11 will be described together.

In Figs. 10 and 11, NOR circuits 1002 and 1102 determine if the absolute
value of the signal is greater than the threshold. As shown in Table 2, this
comparison is done in tracking mode, but not in acquisition mode. Multiplexers 1020
and 1120 select side or center sampling mode. Multiplexers 1008 and 1108 select
positive or negative pulses in center sampling mode, and multiplexers 1018 and 1118
select positive or negative pulses in side sampling mode. NAND circuits 1004, and
1104 implement the equations for center sampling positive pulses, and NAND circuits
1010 and 1110 implement the equations for center sampling negative pulses.
Multiplexers 1006, 1106, 1012, and 1112 allow a user to select one of two equations
during center sampling. These equations are shown in Table 2, equation 3, for
positive and negative pulses of center sampling. This provides flexibility to the user
of the circuit. NAND circuits 1016 and 1116 implement the equations for side
sampling, positive pulses, and NAND circuits 1022 and 1122 implement the equations
for side sampling, negative pulses. Condition 3 of Table 2 may be omitted during

tracking mode when condition 4 is used.

Because data recorded on a magnetic storage medium is recorded using small

’&%W‘é&eﬁqé?%‘”%(lﬂf Teblgilder sifg samplings e

8
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12 wherein sai qnafghéé ha\;igé Qkéqgatin%qlro}tg-shﬁ)&i p%le%,i thé k‘iigﬁal detected by the read head will

always have alternating positive and negative pulses. Therefore, for detecting signals

read from a magnetic recording medium, the equations of Tables 1 and 2 could be
easily modified to detect a pulse only if the pulse is opposite in polarity to the
S  previous pulse detected. This could provide additional noise immunity.

Having thus described a presently preferred embodiment of the present
invention, it will now be appreciated that the aspects of the invention have been fully
achieved, and it will be understood by those skilled in the art that many changes in
construction and circuitry and widely differing émbodiments and applications of the

10  invention will suggest themselves without departing from the spirit and scope of the
present invention. The disclosures-and the description herein are intended to be

illustrative and are not in any sense limiting of the invention, more preferably defined
in scope by the following claims.
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Table 1
Acquisition Tracking
Side 1) SGN(y,) = SGN(¥..) Y. sequence is filtered by -
Sampled 2) SGN(y,,) * SGN(y,..) (14+D)/2, then fed into
Center Sampled tracking
' pulse detector
Center Y. sequence is filtered Pos Pulse Neg Pulse
Sampled by (1+D)/2, then fed 1) yuq > Thr 1) Yoa < -Thr
into Side Sampled 2) Vo1 > Yoa 2) Yo1 < Va2
acquisition pulse 3) Vo1 > Va 3) Vo1 < Va
detector
where Thr is the Threshold value
Table 2

Side
Sampled

Trk Only

Center
Sampled

Trk Only

Positive Pulse

1) yn < Yn-z

2) Yn-'.i < Yn-l
3) You < Yoz
4)y,, > Thr

1) y n < Yn-l
2) Yo2 < Yaa
3) ¥o3 < Va2
or
Yn-J < yn-l
4) yn-l > Thf

where Thr is the Threshold value

Negative Pulse

1) Yn > Yn-z
2) Yn-l > Yn-l
3) yn-4 > Yn.l
4) Yo > Thr

1) y n > Yn-l
2) y n2 > Y a1
3) Yn-l > Yn-Z
or
yn-J > Yn-l
4) —yn-l > Thl'
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CLAIMS

What is claimed is:

1. A pulse detector for detecting pulses in a continuous signal , said pulse detector

2 comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at controlled sampling times;
5 at least one data storage register connected to an output of said analog to
6 digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;
8 at least one comparator connected to said data storage registers, and
9 connected to said output of said analog to digital converter, for
10 comparing said stored digital sample value and a current digital sample
11 value from said analog to digital converter;
12 at least one data storage register connected to an output of each of said at
13 least one comparator for storing a result of said comparing;
14 first logic circuit means connected to outputs of said at least one comparator.
15 and outputs of said at least one data storage register for indicating a
16 pulse at a first previous sample time if a value of a second previous
17 sample is lower than a value of said first previous sample, a value of
18 a third previous sample is lower than said value of said second
19 previous sample, a value of the output of said analog to digital
20 converter is lower than said value of said first previous sample and the
21 value of the first previous sample is nonnegative; and
22 second logic circuit means connected to outputs of said at least one
23

comparator and outputs of said at least one data storage register for

[Tl
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a value of a third previous sample is greater than said value of said
second previous sample, a value of the output of said analog to digital
converter is/greater than said value of said first previous sample and

the value of the first previous sample is negative.

2. A pulse detector for detect.ing pulses in a continuous signal, said pulse detector
comprising:
an analog to digital converter for converting said signal to digital sample
values at controlled sampling times;
at least one data storage register connected to an output of said analog to
digital converter for storing a previous digital sample value as said
digital sample value is created at said controlled sampling times;
at least one comparator connected to said data storage registers, and
connected to said output of said analog to digital converter,. for
comparing said stored digital sample value and a current digital sample
value from said analog to digital converter;
at least one data storage register connected to an output of each of said at
least one comparator for storing a result of said comparing;
first logic circuit means connected to outputs of said at least one comparator
and outputs of said at least one data storage register for indicating a
pulse at a first previous sample time if a value of a second previous
sample is lower than a value of said first previous sample, a value of

a third previous sample is lower than said value of said first previous

)
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sample, a value of the output of said analog to digital converter is
lower than said value of said first previous sample and the value of the

first previous sample is nonnegative; and
second logic circuit means connected to outputs of said at least one
| comparator and outputs of said at least one data storage register for
indicating a pulse at a first previous sample time if a value of a second
previous sample is greater than-a value of said first previous sample,
a value of a third iJrcvious sample is greater than said value of said
first previous sample, a value of the output of said analog to digital

converter is greater than said value of said first previous sample and

the value of the first previous sample is negative.

3. The pulse detector of claims 1 or 2 wherein said first and second logic circuit
means further comprise:

a first threshold comparator connected to said first logic means for comparing

said value of said first previous sample to a predetermined threshold

value and allowing said indication of a pulse at said first previous

sample time if said value of said first previous sample is greater than

said predetermined threshold value; and

a second threshold comparator connected to said second logic means for
comparing said value of said first previous sample to a predetermined
threshold value and allowing said indication of a pulse at said first
previous sample time if said value of said first previous sample is less

than the negative of said predetermined threshold value.
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4. The pulse detector of claims 1 or 2 further comprising:
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a third logic circuit means connected to outputs of said comparators and

outputs of said plurality of data storage registers for indicating a pulse
at said second previous sample time if a value of said third previous
sample is Iéwer than a value of said second previous sample, a value
of a fourth previous sample is lower than said value of said third
previous sample, and a value of said first previods sample is lower than
said value of said second previous sample' and the value of the second

previous sample is nonnegative; and

a fourth logic circuit means connected to outputs of said comparators and

outputs of said plurality of data storage registers for indicating a pulse
at said second previous sample time if a value of said third previous
sample is greater than a value of said second previous sample, a value
of a fourth previous sample is greater than said value of said third
previous sample, and a value of said first previous sample is greater

than said value of said second previous sample and the value of the

second previous sample is negative.

5. The pulse detector of claim 4 wherein said first through fourth logic circuit means

2 further comprise:

6

“

* [+ L M N *

a first threshold comparator connected to said first logic means for comparing

said value of said first previous sample to a predetermined threshold
valuec and allowing said indication of a pulse at said first previous
sample time if said value of said first previous sample is greater than

said predetermined threshold value;
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comparing said value of said first previous sample to a predetermined
threshold value and allowing said indication of a pulse at said first
previous sample time if said value of said first previous sample is less

than the negative of said predetermined threshold value;

a third threshold comparator connected to said third logic means for

comparing said value of said second previous sample to a
predetermined threshold value and allowing said indication of a pulse
at said second previous sample time if said value of said first previous

sample is greater than said predetermined threshold value; and

a fourth threshold comparator connected to said fourth logic means for

comparing said value of said second previous sample to a
predetermined threshold value and allowing said indication of a pulse
at said second previous sample time if said value of said first previous

sample is less than the negative of said predetermined threshdld value.

1 6. The pulse detector of claims 1 or 2 further comprising:

a third logic circuit means connected to outputs of said comparators and

outputs of said plurality of data storage registers for indicating a pulse
at said second previous sample time if a value of said third previous
sample is lower than a value of said second previous sample, a value
of a fourth previous sample is lower than said value of said second
previous sample, and a value of said first previous sample is lower than
said value of said second previous sample and the value of the second

prcvious sample is nonnegative; and
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at said second previous sample time if a value of said third previous

13 sample is greater than a value of said second previous sample, a value
14 of a fourth previous sample is greater than said value of said second
15 previous sample, and a value of said first previous sample is greater
16 than said value of said second previous sample and the value of the
17 second previox-xs sample is negative.

1 7. The pulse detector of claim 6 wherein said first through fourth logic circuit means

2 further comprise:

3 a first threshold comparator connected to said first logic means for comparing
4 said value of said first previous samplg to a predetermined threshold
5 value and allowing said indication of a pulse at said first previous
6 sample time if said value of said first previous sample is greater than
7 said predetermined threshold value;
8 a second threshold comparator connected to said second logic means for
9 comparing said value of said first previous sample to a predetermined
10 threshold value and allowing said indication of a pulse at said first
11 previous sample time if said value of said first previous sample is less
12 than the negative of said predetermined threshold value;
13 a third threshold comparator connected to said third logic means for
14 comparing said value of said second previous sample to a
15 predetermined threshold value and allowing said indication of a pulse
16

at said second previous sample time if said value of said first previous

* c L M s *
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sample is greater than said predetermined threshold value; and

a fourth threshold comparator connected to said fourth logic means for
comparing said value of said second previous sample to a
predetermined threshold value and allowing said indication of a pulse
at said second previous sample time if said value of said first previous

sample is less than the negative of said predetermined threshold value.

8. A pulse detector for detecting i)ulses in a continuous signal, said pulse detector
comprising:
an analog to digital converter for converting said signal to digital sample
values at controlled sampling times;
at least one data storage register connected to an output of said analog to
digital converter for storing a previous digital sample value as said
digital sample value is created at said controlled sampling times;
at least one comparator connected to said data storage registers, and
connected to said output of said analog to digital converter, for
comparing said stored digital sample value and a current digital sample
value from said analog to digital converter;
at least one data storage register connected to an output of each of said at
least one comparator for storing a result of said comparing;
first logic circuit means connected to outputs of said at least one comparator
and outputs of said at least one data storage register for indicating a
pulse at a first previous sample time if a value of a second previous
sample is less than a value of said first previous sample, a value of said

first previous sample is greater than a predetermined threshold value,

A
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a value of the output of said analog to digital converter is lower than

20 said value of.said first previous sample and the value of the first
21 previous sample is nonnegative; and

22 second logic circuit means connected to outputs of said at least one
23 comparator and outputs of said at least one data storage register for
24 indicating a pulse at a first previous sample time if a value of a second
25 previous sample is greater than a value of said first previous sample,
26 a value of said. first previous sample is less than the negative of said
27 predetermined threshold value, a value of the output of said analog to
28 digital converter is greater than said value of said first previous sample
29 and the value of the first previous sample is negative.

1

9. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2  comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at controlled sampling times;

5 at least one data storage register connected .to an output of said analog to
6 digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;

8 at least one comparator connected to said data storage registers, and
9 connected to said output of said analog to digital converter, for
10 comparing said stored digital sample value and a current digital sample
11 value from said analog to digital converter;

12 at least one data storage register connected to an output of each of said at
13

least one comparator for storing a result of said comparing;

L



1 16. A pul se detector for detecting pulses in a contiﬁ%POWEME&TaSHE%Tai d
pul se detector 2 conprfising: 3 an anal oagjtqg di gital comverter
for converting said signal to.digital sanple 4 22 OCT 199@l beg at
controlled sanpling tines; 5 at | east oneld stordge” repi gter
connected to an out put of said anal og fz%) 6 digita
converter for storing a previous digital sanple value—as._said 7

digital sanple value is created at said controlled sanple tine; and

al | east qge conpar gl ohe R ARRPheth' AniBsh & ol b BRF o EhE Gk UohBrator

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

36
37

38

and outputs of said at least one data storage register for indicating a
pulse at a first previous sample time if a value of a second previous
sample is less than a value of said first previous sample, a value of said
first previous sample is greater than a predetermined threshold value,
a value of the output of said analog to digital converter is lower than

said value of said first previous sample and the value of the first

previous sample is nonnegative; and

second logic circuit means connected to outputs of said at least one

comparator and outputs of said at least one data storage register for
indicating a pulse at a first previous sample time if a value of a second
previous sample is greater than a value of said first previous sample,
a value of said first previous sample is less than the negative of said
predetermined threshold value, a value of the output of said analog to
digital converter is greater than said value of said first previous sample

and the value of the first previous sample is negative;

a third logic circuit means connected to outputs of said at least one

comparator and outputs of said at least one data storage register for
indicating a pulse at said second previous sample time if a value of
said third previous sample is lower than a value of said second
previous sample, a value of said second previous sample is greater than
a predetermined threshold value, a value of said first previous sample
is lower than said value of said second previous sample and the value

of the second previous sample is nonnegative; and

a fourth logic circuit means connected to outputs of said at least one

0 g



9 and connected to said output of said

converter for 10 ! conparing a sign bit REPE
stored digital sanple values and 11

current digital sanple value fromsaid anghog to digit
converter and for indicating a pulse at a nost recentl
sanpl e value if a sign bit of a next npbst recenily stofe
14 value is not equal to a sign bit of said nDst recent]y
stored digitap 15 comparator afPIRpEts B kAIE adRestosT '
current digital sanmple value is equal 1 to a sign

said nost reagntly stored dingich@tg PURE At YAH Y&ond previous sample time if a value of

to digital

41 said third previous sample is greater than a value of said second
42 previous sample, a value of said second previous sample is less than a
43 predetermiried threshold value, and a value of said first previous
44 sample is greater than said value of said second previous sample and
45

the value of the second previous sample is negative.

1 10. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2  comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at controlled sampling times;
5 at least one data storage register connected to an output of said analog to
6 digital converter for storing a previous digital sample value as said
7 digital sample value is created at said controlled sampling times;
8 at least one comparator connected to said data storage registers, -and
9 connected to said output of said analog to digital converter, for
10 comparing said stored digital sample value and a current digital sample
11 value from said analog to digital converter;
12 at least one data storage register connected to an output of each of said at
13 least one comparator for storing a result of said comparing;
14 first logic circuit means connected to outputs of said comparators and outputs
15 of said plurality of data storage registers for indicating a pulse at a first
16 previous sample time if a value of a third previous sample is lower
17

than a value of said ﬁrst prcvious sample, a value of a fourth previous

P L
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18

19

20

N

24

26

27

29

10
11

12

17. The pul se detector of claim 16 further conprif SRERLACEMENT SHEET
aver agi ng means connec{ed between said anal og to di gi t gr—eonverter_and
REPLACEMENT SHEET

3 data storage{ragjs r
averagi ng an output of said anal og to c%_isgi t al ? %gé 6&%5?)

sample is lower than a value of a second previous sample, and a value
of the output of said analog to digital converter is lower than said

value of said second previous sample and the value of said first

previous sample is nonnegative; and

second logic circuit means connected to outputs of said comparators and

outputs of said plurality of data storage registers for indicating a pulse
at a first previous sample time if a value of a third previous sample is
greater than a value of said first previous sample, a value of a fourth
previous sample is greater than a value of a second previous sample,
and a value of the output of said analog to digital converter is greater
than said value of said second previous sample and the value of said

first previous sample is negative.

11. The pulse detector of claim 10 wherein said first and second logic circuit means

further comprise:

a first threshold comparator connected to said first logic means for comparing

said value of said first previous sample to a predetermined threshold
value and allowing said indication of a pulse at said first previous
sample time if said value of said first previous sample is greater than

said predetermined threshold value; and

a second threshold comparator connected to said second logic means for

comparing said value of said first previous sample to a predetermined
threshold value and allowing said indication of a pulse at said first
previous sample time if said value of said first previous sample is less

than the negative of said predetermined threshold value.

R R
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4 converter with a nost-recent past. ou dﬂﬂlﬂ

to digital 5 ( converter to produce an

storing in said data storage 6 reglster -2 1 18.
pul se detector for detecting pulses in a gontinuous signgl, gaﬂ@?pﬁﬂ?e
detector 2 conprising: 3 an anal og to digitfal er fo
converting said signal to digital sanple 4  "~.._

controlled sanpling tinmes; 5 a first data storage

connected t0o AN @t UL pise A1t SR LAM 16 ARk Bhprising:

2 a third logic circuit means connected to outputs of said comparators and
3 outputs of said plurality of data storage registers for indicating a pulse
4 at said second previous sample time if a value of a fourth previous
5 sample is lofver than a value of said second previous sample, a value
6 of a fifth previous sample is lower than said value of said third
7 previous sample, and a value of said first previous sample is lower than
8 said value of said third previous sample and the value of said second
9 previous sample is nonnegative; and
10 a fourth logic circuit means connected to outputs of said comparators and
11 outputs of said plurality of data storage registers for indicating a pulse
12 at said second previous sample time if a value of a fourth previous
13 sample is greater than a value of said second previous sample, a value
14 of a fifth previous sample is greater than said value of-said third
15 previous sample, and a value of said first previous sample is greater
16

than said value of said third previous sample and the value of .said

17 second previous sample is negative.

1 13. The pulse detector of claim 12 wherein said first through fourth logic circuit

2  means further comprise:

3 a first threshold comparator connected to said first logic means for comparing

said value of said first previous sample to a predetermined threshold

5 value and allowing said indication of a pulse at said first previous
6 sample time if said value of said first previous sample is greater than
7 sald prcdetermmed threshold value;

RN e Ill!
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every ot her

regi ster connected to an output of said analog to di
converter

aly 49
and connected in such a manner_as to storeleyef 20?ﬁ£ﬁ99€o
sanpl e, wherein said second data registg? stores sa
said first data storage register; 12
conpar at or connected to said output of said anal og t o drgrta
converter fgr conparing an absol ute val ue of said out

10

11

12

13

14

15

16

17

18

19

20

21

22

!
i

converter and connected in such:a
7 ( sanple; 8

| NREPLACEMENTOSEERT ¢
a rseeond—dat-a-st 0

it

| és—rot—stered-by

a figst threshold

13
ut of said
iﬁ second ?ogm means for

a second threshold comparator connected to sa
comparing said value of said first previous sample to a predetermined
threshold value and allowing said indication of a pulse at said first
previous sample time if said value of said first previous sample is less
than a negative of said predetermined threshold value;

a third threshold comparator connected to said third | logic means for
comparing said value of séid second previous sample to a
predetermined thréshold value and allowing said indication of a pulse
at said second previous sample time if said value of said first previous
sample is greater than said predetermined threshold value; and

a fourth threshold comparator connected to said fourth logic means for
comparing said value of said second previous sample to a
predetermined threshold value and allowing said indication of a pulse

at said second previous sample time if said value of said first previous

sample is less than the negative of said predetermined threshold value.

14. A pulse detector for detecting pulses in a continuous signal, said pulse detector
comprising:
an analog to digital converter for converting said signal to digital sample
values at controlled sampling times;
at least one data storage register connected to an output of said analog to
digital converter for storing a previous digital sample value as said
digital sample value is created at said controlled sampling time;
at least one threshold comparator connected to said at least one data storage

register for comparing said stored digital sample value to a

L.
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age

11
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t hreshol d val ue;
an output of said first threshold 16 gnpaf
- storing a result of said conparison; 17 28 a gedond tRiresho

: conparat or connected to said first data storage regisfeq] 202 (3% 1897
i conparing an absolute value of an output of sai® firs

register to a predeternm ned threshold val ue; 20
conparators gennected to sap@déiefsihedtliffesh8ROALetlat a skorage registers

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

15

analeg to digital converter to a-’p

a third data storagé rqggj Lo,
’ gﬁgﬁﬁ‘%'féﬁ BHEET

lat a st orage
a pair ot

man o |

at least one comparator connected to said at least one data storage register,

and connected to an output of said threshold comparator and further
connected to said output of said analog to digital converter, for
comparing Said stored digital sample values and a current digital
sample value from said analog to digital converter and for indicating
a pulse at a most recently storéd digital sample value if a next most
recently storcd- digital sample value is a lower value than said most
recently stored digital sample value and said current digital sample
value is a lower value than said most recently stored digital sample
value and said most recently stored digital sample value is a greater

value than said predetermined threshold value; and

at least one comparator connected to said at least one data storage register,

and connected to an output of said threshold comparator and further
connected to said output of said analog to digital converter, for
comparing said stored digital sample values and a current digital
sample value from said analog to digital converter and for indicating
a pulse at a most recently stored digital sample value if a next most
recently stored digital sample value is a higher value than said most
recently stored digital sample value and said current digital sample
value is a higher value than said most recently stored digital sample
value and said most recently stored digital sample value is a lower

value than the negative of said predetermined threshold value.

1 15. The pulse detector of claim 14 further comprising:

Wy



31 21 .. and connected to said out put ahet-og-1t-0

di'gital converter for (22 conpari hg ScIBEEWMWVQHEET
sanpl e values and a current digital 23

[ \ ¢ ) d.ﬂpl'c vou He
said andlog to digital converter; and a fji rsta boglcq m?CL
connected to outputs of said pair of conparators and 45

connected to an output of said second threshol d conparg

t or T wWherern
2 averaging means éonnected between said analog to digital converter and said
3 data storage registers for averaging an output of said analog to digital
4 converter with a most recent past output of said analog to digital
5 converter to produce an average value for storing in said data storage
6 registers.
1

16. A puise detector for detecting pulses in a continuous signal, said pulse detector

2 comprising:

3 an analog to digital converter for converting said signal to digital sample

4 values at controlled sampling times;

S at least one data storage register connected to an output of said analog to

6 digital converter for storing a previous digital sample value as said

7 digital sample value is created at said controlled sample time; and

8 at least one comparator connected to said at least one data storage register

9 and connected to said output of said analog to digital converter for
10 comparing a sign bit of each of said stored digital sample values and
11 a sign bit of a current digital sample value from said analog to digital
12 converter and for indicating a pulse at a most recently stored digital
13 sample value if a sign bit of a next most recently stored digital sample
14 value is not equal to a sign bit of said most recently stored digital
15 sample value and a sign bit of said current digital sample value is equal
16

to a sign bit of said most recently stored digital sample value.

1 17. The pulse detector of claim 16 further comprising:

averaging means connected between said analog to digital converter and said

OO A




26 said-first logic circuit indicates

o ¢ i Ui STat—a—est
recently stored digital { 27 sanmpl e’ val JﬁERLAﬁENENﬂ' Shiff
recently stored digital sanple value is |less 28

ot

: tren _ai
nost recently stored digital sanple value 3gnd said current 2?9 0CT 1997
gl gital sanple value is less than said nost recently stpre¢d digital sanple
.30

val ue and sai d second threshol<d conparator rndrcates

Lhat a | I _ val ue of said nosf recently stored

igital sanple;value is gre r - i tput 8&9afll analog to digit
pr edet er m nede% hreshol d val géﬁgﬁéiggé;ﬁegéﬁgxftm ?Ir‘t,)esf%\gurlge%ne(r)llt1 Ip;/1 st gr e?jna °3g3° S
digital sanple,value is non Ve, ' : O QI i |
connected to it puts of sai gg%ﬂreyalthcgﬁnpost recent pastZoﬁﬁWWsd@%hﬁlo@ toCdijital

that an absolute 31

pal aratorsan
S converter to produce an average value for storing in said data storage
6 registers.

-

1 18. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2 comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at controlled sampling times;
5

a first data storage register connected to an output of said analog to digital

6 converter and connected in such a manner as to store every other
7 sample;

8 a second data storage register connected to an output of said analog to digital
9 converter and connected in such a manner as to store every other
10 sample, wherein said s;econd data register stores samples not stored by
11 said first data storage register;
12 a first threshold comparator connected to said output of said analog to digital
13 converter for comparing an absolute value of said output of said
14 analog to digital converter to a predetermined threshold value;
15 a third data storage register connected to an output of said first threshold
16 comparator for storing a result of said comparison;
17 a second threshold comparator connected to said first data storage register for
18 comparing an absolute value of an output of said first data storage
19 register to a predetermined threshold value;
20

a pair of comparators connected to said first and second data storage registers

L



35
conpar ator, wherein 34

said firs ' CHCtT e
a pulse at a nost recently stored digital 37 mﬁ‘AEtMtﬁgaﬁﬂﬂE&’
if a next nost recently stored digital Banple value js
greater than said nost recently stored digital sanplie
current digital sanple value is greater than said ngst

42

conpected to an output of said sgcond threshol_d

38
ad e 0Td1g9gi

cently store 40

di gital sanple value and said second threshol d conparator 41
that an abgpl ute val ue ofang@bandtRsal tor RRERItbYt Off Ridgnalb Verterapre -
Is greater than said predeterm ned threshol and

. sai d next ppst

23
24
25
26
27
28
29
30
31
32

33

38
39
40
41

42

44

45

comparing said stored digital sample values and a current digital

sample value from said analog to digital converter; and

a first logic circuit connected to outputs of said pair of comparators and

connected to an output of said second threshold comparator, wherein
said first logic circuit indicates a pulse at a most recently stored digital
sample value if a next most recéntly stored digital sample value is less
than said most reéently stored digital sample value and said current
digital sample value is less than said most recently stored digital sample
value and said second threshold comparator indicates that an absolute
value of said most recently stored digital sample value is greater than
said predetermined threshold value and said next most recently stored

digital sample value is nonnegative;

a second logic circuit connected to outputs of said pair of comparators and

connected to an output of said second threshold comparator, wherein
said first logic circuit indicates a pulse at a most recently stored digital

sample value if a next most recently stored digital sample value is

‘greater than said most recently stored digital sample value and said

current digital sample value is greater than said most recently stored
digital sample value and said second threshold comparator indicates
that an absolute value of said most recently stored digital sample value
is greater than said predetermined threshold value and said next most

recently stored digital sample value is negative;

a third logic circuit connected to outputs of said pair of comparators and

connected to an output of said third data storage register, wherein said

L
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43

45

regi ster‘,

46

recently stored digital sanple wval UREP&%& %EE@T 44

athird logic circuit connected to outputs of said ‘pailr

nost recently stored

dnd

connected to-an output of said third- %ata stora7g |
wher ei n sai d 32 T 1997 |33
second logic circuit indicgtes a pul at _sai d next
“we o

46 second logic circuit indicates a pulse at said next most recently stored
47 digital sample value if a second next most recently stored digital
48 sample value is less than said next most recently stored digital sample
49 value and said most recently stored digital sample value is less than
S0 said next most recently stored digital sample value and said third data
31 storage register indicates that an absolute value of said next most
52 recently stored digital sample value is greater than said predetermined
53 threshold value. and said next most recently stored digital sample value
54 is nonnegative; and

55 a fourth logic circuit connected to outputs of said pair of comparators and
56 connected to an output of said third data storage register, wherein said
57 second logic circuit indicates a pulse at said next most recently stored
58 digital sample value if a second next most recently stored digital
59 sample value is greater than said next most recently stored digital
60 sample value and said most recently stored digital sample value is
61 greater than said next most recently stored digital sample value and
62 said third data storage register indicates'that an absolute value of said
63 next most recently stored digital sample value is greater than said
64 predetermined threshold value and said next most recently stored
65

digital sample value is negative.

1 19. The pulse detector of claim 18 further comprising:

averaging means connected between said analog to digital converter and said

data storage registers for averaging an output of said analog to digital

converter with a most recent past output of said analog to digital

[T
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storage register indicates that an absol ute val ue of sai nost 52
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t hreshol d val ue and said
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6 registers.
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20. A pulse detector for detecting pulses in a continuous signal, said pulse detector

2 comprising:

3 an analog to digital converter for converting said signal to digital sample
4 values at controlled sampling tiines;

5 a first data storage registe;' connected to an output of said analog to digital
6 converter and connected to store every other sample;

7 a second data storage register connected to an output of said analog to digital
8 converter and connected to store every other sample, wherein said
9 second data register stores samples not stored by said first data storage
10 register;
11 a first logic circuit connected to an output of said first data storage register
12 and connected to an output of said analog to digital converter,
13 wherein said first logic circuit indicates a pulse at a most recently
14 stored digital sample value if a sign of a next most recently stored
15 digital sample value is not equal to a sign of said most recently stored
16 digital sample value and a sign of an output of said analog to digital
17 converter is equal to said sign of said most recently stored digital
18 sample value;

19 a second logic circuit connected to outputs of said first and second data
20 storage registers, wherein said second logic circuit indicates a pulse at
21 said next most recently stored digital sample value if a sign of a second
22

next most recently stored digital sample value is not equal to said sign

AR



55 a fourth logic circuit connected to outputs of said pair of
‘conparators and 56 ( connected to af output of said third -
data storage register, wherein said 57 . .second | ogic
circuit indicates a pulse at said next nosg,recently stored 58

digital sanple value if a second next nost recently stored digital 59
~sanpl e value is greater than said next nost recently stored digital 60
‘sanpl e value and said nost recently stored digital sanple value is 61
greater than I d next nost t ol . 62
said third da?g st orage regiésf?g@q}e%éd/?@%at? é(ge%flﬂgt%r%ﬁélé%gg%@g%\%%#ﬁdgag%ds%na"f
di

gf’ eater than széi q hext m)sslai x%ggtnr%@(]ﬂ? ts%rx'gud dlgxtgls%%lplesv% e,l ig egfxitlﬂlig slﬁa sign of

25 said next most recently stored digital sample value.

1  21. The pulse detector of claim 20 further comprising:

2 averaging means connected between said analog to digital converter and said
3 data storage registers for averaging an output of said analog to digital
4 converter with. a most recent past output of said analog to digital
S converter to produce an average value for storing in said data storage
6 registers.
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3 an analog tg digital converter for confrt,i ng said signal to
digital sanple 4 r I

val ues at controélled sanpling tinmes; 5
a first data storage register .connected to an out put of
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11 ) a first quic circuit connected to an ,eutput of said first
data storage register (12 and coAnected to an out put of
said analog to digital converter, 13 nerein said first

l ogic circuit indicates a pulse at a nost recently 14 REP
stored digital sanple value if a sign of a next nobst recgnt JLQQ%MQNF SﬂgET

digital sanple value is not equal to a sign of "*saLd nost jrec tlﬁ store
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analog to digital 17 converter is equall tle—said sign of
said nost recently stored digital 18 sanpl e value; 19

a second logic circuit connected to outputs of said first—amd-secand data

406 408 410 412
% r r r

414

402

404
vad

Yn-3 Yp—2 Tn-1 M

FIG. 4

504 506 508 510

y~ ad ~ ~
502
512
Wl
503 \\\\
R f Ry
Yn-3 Yo-2 Yn-l_ Y

FIG. 5



. st or-age registers,
I ndi cates a pul se at

recently stored digital

613

wherein sai d_secon

sai d nex{ nost
sanple value if a sign of a second 22
sanpl e value is not equa

CENTER/SIDE
SAMPLING

604

%ty

to said

6

606

/\I

L L

602

/\/

ACQ/TRK

FIG.

/0656

THRESHOLD

5/10
N N
1 [ ~
« O |— mn
> N e
© ! L
N f o=
A © > >
o] 1\ A
< o~
> N 0 <
© Ol &| ©
') +
~N
QO
+
(@)
<
(o]
e =
0w
| |
~t =z
m
[ |
mm
© .
O
O > X
> D
3= =
fe'e)
—t M
r’){ ©
© _
o
Pl)
O o~
DU 9
O
©
™~ N
QO {
O < =
«—{
© o
- ~—i
< 1
S c
NL: 2

‘e
e
.....
...............................




23 . . of ?aid next nost
and said sign of 24
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claim 20 further conprising: 2
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1 (57) Abstract

Disclosed is a pulse detector (312) that uses four samples (406, 408, 410, 412, 504, 506, 508, 510) of an analog signal to de-
tect a pulse as soon as one sample beyond the time of the peak of signal level at the pulse. The pulse detector can detect pulses by
sampling at the center of a peak of the pulse or by sampling at either side of the peak of the pulse. The pulse detector detects
pulses while tracking data, and it uses an alternate detection system for detecting pulses while acquiring timing and gain lock on

a signal having a known data pattern. The detector uses either the sampled signal levels directly, or a moving average of two sam-
ples to perform the detection.




